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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

com

mittee 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

described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria ‘nege

..... i her—matntenance are
ded for the

different types of ISO documents should be noted. This document was drafted in acéordapce with the

editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atte

mtion is drawn to the possibility that some of the elements of this documént may be the subject of

patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or

on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any

constitute an endorsement.

For

frade name used in this document is information given for the-éonvenience of users gnd does not

in explanation of the voluntary nature of standards;, the meaning of ISO specifi¢ terms and

exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the

Wor

iso/fpreword.html.

Id Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see wiww.iso.org/

This

document was prepared by Technical Comntittee ISO/TC 184, Automation systems and integration,

Subcpmmittee SC 5, Interoperability, integratign, and architecture for enterprise systems and automation

applications.

This

revided. It also incorporates the Amendment ISO 15704:2000/Amd.1:2005.

The

Any

second edition cancels and replaces the first edition (ISO 15704:2000), which has been technically

main changes compared to the previous edition are as follows:
dlignment of terminology for consistency with other standards developed by ISO/TC 184/SC 5;

incorporation ofCthe rules and guidelines for modelling from ISO 14258 to express| enterprise-
feferencing architecture methodologies;

rrevision ef\content related to recursive structure and iterative methods;

fedrafting of life history concept to address enterprise change management;

diseussion of modelling dimensions necessary for user views, including the extent df detail and

composite models that span dimensions;

harmonization with ISO/IEC/IEEE 42010 and other International Standards related to architecture
for enterprise systems;

inclusion of discussion concerning the relationship of this document with other International
Standards related to architecture for enterprise systems (ISO/IEC 10746, IEC 62264, ISO 15745);

updating of Annex B on Generalized Enterprise Reference Architecture and Methodology (GERAM)
in accordance with GERAM 1.6.3.

feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

0.1 Rationale for enterprise architectures and models

Industrial and information age enterprises create and modify manufacturing and business operations
to improve performance in local and global markets. In operation they deploy a variety of resources
including people, information systems, automated machinery and business services. Individually and
collectively these resources provide the functional capabilities required to perform manufacturing
and business processes and their constituent activities. The arrangement, targeting and interworking

of resources need t
organizatiops

with agreed

Enterprises
ongoing ent
with multip
within the

parent comyj
and ongoin

upon criteria.

brprise engineering beneficial. Enterprises cooperate within a heterogeneous-€nviron
le constituents using different models and systems. In addition, most enterprises op
fontext of another enterprise with which it interoperates, as with a supply chain o
any. It follows that enterprise personnel have a variety of responsibilities in the conce
b development of the mission, business rules, manufacturing.afid business procg

organizational structures, and supporting resources and services. Becauseof the complexity inv

in enterpris
coordinatin
and interop

Generalized
constitute a
enterprise €
and adaptin
engineering
enterprise 1
way explici
continual b4

Such a refer

etc.) an

capture

e engineering, invariably it becomes necessary to deploy méans of assessing, structy

bration.

enterprise-referencing architecture concerns and“components of enterprise mode
reference base that provides a generally applicablé means of arranging and coordin
ngineering and associated technology development and deployment projects. By ado
g such a reference base, enterprise personiiel can cooperate in progressing enter

esources. By adopting appropriate tool'sets, enterprise personnel can reuse in a pra
- enterprise designs and models to\realize the benefits of enterprise engineering
sis and realize further improvements in enterprise operation.

bnce base needs to include capabilities that:

concerns of mission fulfitment stakeholders (manufacturing, transport, service deli
of business stakeholders;

describ¢ suitable solutions.to identified problems within the enterprise;

model the whole lifé hiStory of an enterprise integration project from its initial concept thr

development, operation and finally decommissioning or obsolescence; and

encom

o accomplish the enterprise mission, which requires suitable business rules and
es—th e—the-enterprise i e Ae-Serviees+1 Fance

operate under uncertain and changing market and environmental conditions|that make

ment
brate

r the

btion
sses,
blved
ring,

b and supporting these engineering activities, including fneans for collaboration support

lling
ating
bting
prise

projects, improving the enterprise, improving stakeholder's communications and utilizing

rtical
on a

very,

ough

ss the'people, processes, resources and organizations involved in performing, manalging,
and conltrolling the enterprise mission.

From an enterprise engineering perspective, the following distinction is drawn:

enterprise architecture refers to the arrangement of physical components, logical relationships, and

human interactions involved in the development, implementation and operation for a programme
such as enterprise integration or other enterprise related programme, usually including a set of
projects; and

system architecture refers to the arrangement of physical components and logical relations of a

system that is a constituent of an enterprise; for example, the computer-control-system part of an
overall enterprise or product.

This document does not present or adopt specific methodologies for creating or using enterprise
architectures or models. The focus is on establishing a reference base capable of supporting specific
enterprise programmes, rather than a design intended to fulfil the stated requirements.

Vi
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This document identifies an extensive collection of potential artefacts for expressing an enterprise-
referencing architecture and its associated methodologies. Not all of these artefacts will be applicable,
necessary or even desirable for all architecting efforts. The identification of these artefacts assures that
this document meets the needs of the widest possible number of enterprise-referencing architecture
and methodology situations. Users of this document need to assess not only the value of generating an
identified artefact but also the value of maintaining that artefact under the changing circumstances of
the referenced enterprise.

0.2 Rationale for this document

Well-des
refeneneefo . 3 atrd-desig > = redteng
in islands of integration. Where an island does exist, these standards assist the architect-or
create the translation necessary for the island to interact within an established conteXt. A
entefprise-referencing models enhances interoperability by establishing the elementsthat
in a odel intended to support enterprise architecture.

e a point of
of investing

designer to
standard for
ire required

igned standards in the domain of enterprise integration and modelling provid

This|document defines concepts, rules and requirements for architecture deseriptions thaft refer to an
enterprise, most often articulated as models, with the intent to guide and constrain othgr standards

or implementations that do or will exist on the topic. To realize this'ifitent, this documg
the doncepts to use when producing an enterprise-referencing architecture (see Clause §
consfructing enterprise-referencing models (see Clause 6). This(document provides a refi
guidelines and constraints for enterprise architecture and niodels to anyone engaged il

nt specifies
) and when
brence base,
W enterprise

activlities where models are utilized.

0.3 Benefits of this document
dels in this
h as well as

e purpose of

The fequirements of the reference base for enterprise-referencing architecture and md
docujment allow assessment of an enterprise architecture framework or other approac}
assof¢iated methodology and languages for completeness with respect to current and futur
the architecture effort. This document will:help guide development programmes.

Whe
map
infor

h conforming implementation designs have the same technology areas and nomenclg
to them readily, the information)from one enterprise or process is more readily sh
mation of another enterprise.or-process.

ture, or can
arable with

The | structure or
ecture of its

volved. This

penefit will be most relevant to any group charged with improving an enterprise infra
its processes. Such a group-will find it necessary to either select or create a reference archit
own |with terminology that pertains specifically to the company, industry, and culture in
document will help guidéthat selection or creation.

This|document expects users that are:

enterprise planners, builders, modifiers, and analysts using the requirements to check c

f theisactivity;

bmpleteness

¢nterprise-referencing model builders using the requirements to assure consistency between
models to enable model interoperability; and

developers of standards for enterprise representation using the requirements to assure consistency
between their standards and this document.

NOTE While the requirements specified herein cover a broad range of enterprise considerations, many users
find it advantageous to structure the topics considered into a specific framework for their own work. Such a
framework is a methodological choice of the user and goes beyond the scope of this document. Annex B discusses
a framework consistent with this document and other International Standards provide further framework
guidance.
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Enterprise modelling and architecture — Requirements for
enterprise-referencing architectures and methodologies

1 Scope

This document specifies a reference base of concepts and principles for enterprise architectures

that
unde

EITabIe emter prise UevVelOpIeNt, enterprise [Mtegration, emterprise [Mteroperabt
rstanding and computer processing. This document further specifies requirements. for

langfiages created for expressing such enterprise architectures.

This
stakd
chan|
form

This

ente]
mod

2
Ther

For t
ISO 4
)|

|
3.1

document specifies those terms, concepts and principles considered, (necessary
tholder concerns and to carry out enterprise creation programmes as, well as any

e projects required by the enterprise throughout the whole life of the"enterprise. Th

s the basis by which enterprise architecture and modelling standards ¢an be develope

document does not define standard enterprises, standard organizational structurg
prise processes, or standard enterprise data. In addition, this,standard does not specif]
lling processes.

Normative references

e are no normative references in this document.

Terms and definitions

he purposes of this document, the following terms and definitions apply.
nd IEC maintain terminological databases for use in standardization at the following g

EC Electropedia: availablé at http://www.electropedia.org/

SO Online browsing platform: available at http://www.iso.org/obp

archiitecture

conc
(3.9)
relat
the €

bptualizationdof the form, function, and fitness-for-purpose of an enterprise (3.4) in its

as embgdied in the elements of the enterprise, the relationships between those e
jonship-of'the enterprise to its environment and the principles guiding the design and
nterprise

ity, human
models and

to address
incremental
s document
d or aligned.

s, standard
y enterprise

ddresses:

environment
ements, the
evolution of

NoteH

£ rs Qs Tt s 4 rs 2 + £ £ 3 it rs H 1
OOy o CCar T et e TuT C T aiT CIIcCT PTSTCOUTTITCATTCrEatT CIItCT pristar Cimee T oar oS atvw o

s conceptual,

the expression of architecture as an architecture description is through models of the enterprise reality to which
the architecture applies. Detailed designs conforming to an enterprise architecture description often take less
abstract forms as they approach enterprise reality.

Note 2 to entry: The notion of fitness-for-purpose distinguishes architecture from other characteristics of design
by adding the obligation of elegance in efficiency and effectiveness to design form and function — a distinguishing
characteristic separating an ad hoc assemblage of parts necessary to conduct an enterprise from an intentional
composition of constituent elements necessary to achieve and sustain superior enterprise performance.

[SOURCE: ISO/IEC/IEEE 42010:2011, 3.2, modified — Content of original definition has been adapted to
the context of this document and Notes to entry have been added.]
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3.2
aspect
distinguishing characteristic, manifest by content projection from an integrating enterprise model (3.6)

Note 1 to entry: In this document the term aspect usually refers to a collection of concerns that are better
addressed by looking across various views (3.23), i.e. concerns best addressed by a view across other model
views. The scale and scope of these kinds of broad-based concern collections are poorly handled by a single model
representation but can be effectively rendered by selecting a composite view from existing model view content.

3.3

business process

ered, often nested, set of enterprise (3.4) activities that can be executed to achieve some

partially or
desired resy

34

enterprise
human unds
to offer prog

Note 1 to ent
cycle activiti

Note 2 to ent
enterprise) o

Note 3 to en
more than on
benefits fronf
on its own.

3.5
enterprise

discipline applied in carrying out any efforts to establish, modify, or reorganize any enterprise (3.4

Note 1 to er]
establish, mo|

3.6

enterprise
representat
their decom
accomplish

Note 1 to ent
identifies an
subsystems 4

It in pursuit of a specified objective of an enterprise or a part of an enterprise

rtaking or venture that has explicit and clearly defined mission (3.13), goals;-and objed
lucts or services, or to achieve a desired project outcome or business oytéome

ry: When in operation, an enterprise functions as a system that realizes the mission throug
s within a life history.

Fy: In this document, “enterprise” refers to concrete (e.g. company, project or extended supply
I abstract (e.g. virtual enterprise) entities.

try: One or more organizational unit participates in an enterprise. For an enterprise invq

their involvement, which most often occurs to address’some challenge that it is unable to ad

engineering

try: An enterprise engineering and,drchitecting methodology provides guidance for effoi
dify, validate or reorganize an enterprise.

model
on of an enterprise_(3.4) as well as entities within an enterprise, their interrelations
position and detailing to the extent necessary to convey what the enterprise inten
hnd how it operates

Fy: An enterprise model, which is used to improve the effectiveness and efficiency of the enter
l specifiés essential components and elements to any necessary extent of detail, includin
nd conStituent models of the enterprise, e.g. an enterprise architecture (3.1) model.

219439:2006, 3.23, modified — The words “abstraction of an enterprise domain

tives

h life

chain

lving

e such unit, each brings various resources (3.21) forward\for use, participating to the extent fhat it

dress

ts to

hips,

ds to

prise,
P any

that

[SOURCE: I

represents

i : oy n ] 1 1 1 [ T — £ + :
CIHILET PIIST CIILILICS  11ave DECIT 1TCPIdLCU WILID  TTPITSCIILALIOI O dII CIILET PI'ISC d5 W

1] as

entities within an enterprise”, the words “what it intends” have been replaced with “what the enterprise
intends”, and Note 1 to entry has been added.]

3.7

enterprise-

referencing

applicable to an entity (3.8) that is, or includes, or is part of an enterprise (3.4)

Note 1 to entry: A generic enterprise architecture (3.1), an architecture for a specific enterprise, and an
architecture that includes an enterprise as one of its elements are all enterprise-referencing architectures.
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entity
concrete or abstract thing in the domain under consideration

[SOU
3.9

RCE: ISO 19439:2006, 3.29]

environment
context that determines the setting and circumstances of technological, business, operational,
organizational, political, regulatory, social, and other critical influences and constraints upon an
enterprise (3.4), which affect or are affected by its development and behaviour, but are not controllable

by t
Note

[SOU
the d
been

3.10
fram
strug
archi

Note
descr

[SOU
been

3.11
gene

extent to which a concept generalizes entities in a category or group

3.12
life
set @
creat

Note
enter]

[SOU

3.13
life |
actu;

4+ H ik 1£
C CIILCT lJl IST ILOTII
1 to entry: In the case of a nested enterprise, its environment may be within the larger enterpj

RCE: ISO/IEC/IEEE 42010:2011, 3.8, modified — Content of original definitionhas bee
ontext of this document, incorporating content from ISO 19439:2006, 3.30,"and Note
added.]

ework
ture expressed in diagrams, text and formal rules which relatesthe elements of an ent
tecture (3.1) to each other

1 to entry: The purpose of a framework is to guide creation of one or more enterprise

iptions.

RCE: ISO 19439:2006, 3.31, modified — The words “the components of a conceptual
replaced with “the elements of an enterprise architecture”, and Note 1 to entry has be
ricity

ycle

f distinguishable phasescand steps within phases which an entity (3.8) goes throy
ion until it ceases to exist:

1 to entry: The phases”of a nested enterprise (3.4) can be steps within the life cycle of t}
prise.

RCE: 1SO 1943972006, 3.42, modified — Note 1 to entry has been added.]

jistory.

|, recorded and configuration managed sequence of phases and steps within phases t

ise.

h adapted to
to entry has

erprise (3.4)

architecture

entity” have
en added.]

gh from its

e containing

hat an entity

(3.8)
3.14

gaes through during its lifetime

mission
characterization of the effect that an enterprise (3.4) expects to achieve through the fulfilment of
functional requests for products or services

3.15

model
representation of certain entities and their characteristics either (a) using a formalism, or (b) using an
established or ad hoc modelling paradigm, approach, or technique

Note 1 to entry: An ad hoc model is more difficult to implement using an established design technique.

Note

© ISO

2 to entry: A model may be a subset of a broader model.

2019 - All rights reserved
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3.16

model-based

represented using a formalism which has a formal syntax and semantics, usually with a theoretical
basis, and expressible in a symbolic language

Note 1 to entry: Presentation of such models is often graphical but the definition mandates that the graphical
representation be translatable into a symbolic language, thereby constraining interpretation of the graphical
representation.

Note 2 to entry: In order to satisfy specific stakeholder (3.22) concerns, “model-based” is often used as a qualifier
to characterize a kind of design, or practice, e.g. model-based system engineering, model-based design, model-

based specifi

cation.

3.17

modelling dimension

conceptual
concerns an

Note 1 to ent

3.18
organizatiq
distribution|

Note 1 to entr
and authoriti

3.19

perspective

orientation

Note 1 to ent
experience, €

3.20

reference b
source of i
concepts, re

3.21
resource
entity (3.8) 1

Note 1 to ent
required by

identificatior
sufficient qud
by the variou

rollection of enterprise (3.4) entity (3.8) viewpoints (3.24) related by kinds offarchitec
d exhibiting reasonably distinct aggregating coordinates along a continuum

'y: Common modelling dimensions are life cycle, viewpoint, and genericity (3.11).

n
of responsibilities and authorities in the enterprise (3.4)

y: Within an organization, people are often given role titles designating collections of responsib
es with roles arranged in an accountability hierarchy.

pf a stakeholder (3.22) or model (3.15) user relative to an identified domain

ry: A stakeholder's orientation can be formed by stakeholder concerns, as well as by their tra
ultural background, and their motivations.

ase
nformation comprising descriptions of generalized enterprise (3.4) architecture
quirements and recommendations

hat provides seme or all of the capabilities required to execute an enterprise (3.4) acti

y: In this dogument, resource is used in the system theory sense of entities that provide capab
the system )and are an essential part of the system itself. The resource description includg

and description of consumables (such as energy, air, coolant) that are required to be press
ntities to operate the resource. In contrast, material is reserved for process inputs that are req|
s@ctivities such as raw materials, parts and assemblies.

tural

lities

ning,

(3.1)

ity

lities
s the
bnt in
uired

Note 2 to entry: In this document, the term “resource” applies to non-human entities involved in enterprise entity
operation. The involvement of humans is described by roles they carry out in the enterprise entity operation.

[SOURCE: ISO 19439:2006, 3.60, modified — The word “enterprise” has been deleted at the start of the
definition, the last sentence of Note 1 to entry has been removed, and Note 2 to entry has been added.]

3.22

stakeholder

individual, team, organizational unit, or class thereof, having concerns relative to their perspective (3.19)
about an enterprise (3.4), or its architecture (3.1), or in an architecture entity (3.8) of the enterprise

Note 1 to entry: Typical enterprise stakeholders include enterprise owners, enterprise customers, and enterprise
employees responsible for receiving or delivering either products or services, and those persons or organizations
(3.18) partnering with the enterprise to achieve its mission.

4 © IS0 2019 - All rights reserved
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Note 2 to entry: Enterprise architects are stakeholders of the enterprise architecture, but not necessarily
stakeholders of the enterprise itself. A user of enterprise architecture or related models is an enterprise

stake

holder. There can be observers of an enterprise that are not stakeholders for that enterprise.

[SOURCE: ISO/IEC/IEEE 42010:2011, 3.10, modified — Content of original definition has been adapted
to the context of this document and Notes to entry have been added.]

3.23

view
work product expressing a selective perception or representation of a model (3.15), which emphasizes
some specific feature or characteristic and disregards others

[soy
contg

3.24
view
ident
(3.27

Note
term
view

Note
enter]

RCE: ISO 19439:2006, 3.25, modified — Content of original definition has been ad:
ext of this document.]

point

ification of one or more kind of model (3.15) useful for addressing a collection of related

) concerns

1 to entry: When the term viewpoint is used without any qualifier it refers to the general ca
viewpoint is used with a qualifier, the viewpoint applies to a specificeollection of concerns, e.
boint, capability viewpoint, services viewpoint.

2 to entry: A viewpoint identifies one or more models necessary and sufficient for expressing
prise model (3.6) views (3.23) that address the specific collection of related stakeholder concerj

ipted to the

stakeholder

se. When the
r. operational

one or more
ns.

4 Abbreviated terms

CIM Computer Integrated Manufacturing

CIM(SA Computer Integrated Manufdcturing Open Systems Architecture
EA Enterprise Architecture

EAET Enterprise Architecture and Engineering Tool

EAM Enterprise Architecting, Engineering and integration Methodology
EI/EA Enterprise Integration/Enterprise Architecture

EME[S Entérprise Model Execution and Integration Services

EML Enterprise Modelling Language

EMO Enterprise Module

EM Enterprise Model

EOS Enterprise Operational System

FIRO Function, Information, Resource and Organization

GEM GRAI Evolution Method

GEMC Generic Enterprise Modelling Concept

GERA Generalized Enterprise Reference Architecture

GERAM Generalized Enterprise Reference Architecture and Methodology
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GIM

GRAI

IT

ODP

OMG

PEM
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oriented to
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b)
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j)

k)
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m)

GRAI Integrated Methodology

Graphs with Results and Actions Inter-related
Information Technology

Open Distributed Systems

Object Management Group

Partial Enterprise Model

Requil

identifyj]
define g
describ
identifyj]
identifyj]
specify
specify
identify
describ

provide
relation|

rements for enterprise-referencing architectures and models

ral requirements

ments for enterprise-referencing architectures and models are cast as a‘framework re
 principles of enterprise integration and interoperation found in Annex A.

ork comprises the requirements for enterprise-referencing architectures in Clause §

rements assist with planning enterprise integration and{interoperation by an indiv
ich determines and develops a course of action that.is<complete, accurate, and pro
future business developments and economy of resources. The planners shall establis
jectives among other potential objectives:

enterprise boundaries and relevant relationships to the environment in which it oper
resent and possible future enterprise objettives;

e significant tasks to perform;

the necessary kinds and quantity,of information;

relevant enterprise elementsand their relationships to enterprise objectives;
relationships among humans, processes, and equipment for the interoperation considg
sufficient managemerit functions and responsibilities;
relevant econOmic, cultural, and technological factors;
e the extent(of automation-support required;

modelling that can trace the whole life history of an enterprise entity including entit}
ship\evolution;

lying

) and
and
idual

perly
h the

htes;

red;

y and

describe decision-making structures and means for detecting inconsistencies;

maintai

n both human readable and machine processable forms of expression;

measure sufficiency and efficiency of enterprise architecting methodology as the extent to which
the enterprise achieves objectives.

Enterprise-referencing architectures and models can address the role of humans, the description of
processes, the identification of information, their relationships, and the representation of all supporting
technologies throughout the life cycle of the enterprise.

Effort applied to the development of architectures, models and views needs to remain cognizant of the
intended objectives and benefits to the enterprise, and to balance the effort required to achieve these
outcomes. Typically, effort will be constrained by cost and/or schedule.
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5.2 Applicability and coverage of enterprise architecture

5.2.1 Kinds of enterprise

Enterprise-referencing architectures and the models that represent those architectures should be
suitable for supporting the engineering of manufacturing and business enterprises of many conceivable
sizes or varieties. Supported enterprise entities may be independent enterprises, e.g. companies, or
parts of an enterprise, e.g. divisions, departments, or the business of collaborating and cooperating
enterprises, e.g. supply chains, virtual enterprises, or even the enterprise operational systems or
products. Reference architectures may exist for specific enterprises or systems, e.g. discrete parts
manufacturing, process industries, complex system of systems interactions and behgviours, and
information systems. The breadth and depth of the domain covered by an enterprisefreferencing
architecture and its representational models shall be identified clearly.

5.2.21 Characterizing enterprise architecture

A digtinguishing characteristic of enterprise architecture arises because of the nature of enterprise
creation and the purpose of the architecture relative to that enterprise. One kind of architecture —
systdm architecture — relates to the design of a system, e.g., the computer control syytem part of
an oyerall enterprise integration project. Another kind of architecture — enterprise architecture —
involves the design of the enterprise that produces that systemcarchitecture. Enterprise architecture
enables the creation of the system architecture by structuring¢he development and implefnentation of
a prdject such as an enterprise integration or other enterprisedevelopment programme, which includes
the dreation of architecture descriptions in support of enterprise products or services.

Any |elaboration or derivative of this document _as“a reference base for enterprisejreferencing
architecture and models shall be applicable for each enterprise entity within a specified domain.

The |concrete form of an enterprise architecture conceptualization shall be as an architecture
description, such description being suitable to the purpose for which the conceptualization|occurs.

NOTE1 In this document, the appearance of the term “architecture” often means its concrete form as an
archifecture description.

NOTH 2 Often one enterprise «architecture supports the development and implementation of another
enterprise, which produces its oWwn enterprise architecture in support of the development and implementation
of a groduct or service. See Annek B for more discussion of enterprise and architecture kinds and [relationships
amor]g enterprise architectres.

5.2.3 Enterprise-engineering and architecting methodology

A mdthodology\using this document or an elaboration or derivative of this document as|a reference
base| shall_provide the necessary guidelines and management techniques for the idenfification of
projécts orsprogrammes that support the deployment of an enterprise entity. Such a methpdology can
be miodéel~based. While the enterprlse engmeerlng process can result in a specific enterprise model, the
metH X ;

in Clause 6.

Such methodologies shall guide the user in the process of change management and provide methods
of progression for every kind of life cycle activity for any enterprise entity within the scope of the
reference base. These methodologies shall describe the process of enterprise integration and enterprise
modelling that may include conceiving, defining, expressing, documenting, communicating, certifying
proper implementation of, maintaining and improving the architecture of an enterprise. Different
methodologies can exist to accommodate different characteristics of the enterprise change processes,
whether complete integration processes, or incremental changes as experienced in a continuous
improvement process.

NOTE Enterprise architectures and models need not rely upon a specific methodology and its accompanying

framework. Potentially, many different methodologies and/or frameworks are possible to achieve the desired
outcome. The primary consideration is applicability and suitability in relation to these requirements.
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5.2.4 Enterprise design

Enterprise architectures and models shall identify the information and activities necessary for
managing, conceiving/defining, describing, designing, implementing, operating, maintaining,
decommissioning, and disposing of an enterprise, and shall arrange enterprise activities in a form,
e.g. a model, that allows a determination of their dynamic behaviour. Enterprise engineering uses
the identified elements and interactions to describe in both human and machine-readable form the

structure and behaviour of the enterprise.

5.2.5 Enterprise operation
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hirchitectures and models shall 1dentify the activities necessary for using the resu
ngineering in the operation itself. Such use may include model-based decision suppot
n operation monitoring and control.

itial concepts for enterprise-referencing architecture

n of conceptual orientation

brprise architecture property concepts are necessary to address the range of con
v stakeholders. Conceptual orientations express requirements for these properties.

eferencing architecture concepts shall support entérprise engineering, operatid
cesses, facility layout models, information system models, communication system ma

ts of
t and

erns

n of
dels,

dels, and models of enterprise resources, e.g. infoermation technology, manufactiiring

pffice automation.

nan oriented

architectures and models shall identify and provide the means to represent hy

man

h, such as organizational and operational roles, capabilities, skills, know-how, competencies,

Fies, accountabilities, authorization, and relationships to the organization.

cess oriented

rchitectures and models’shall identify and provide the means to represent the enter
Lich representations shall cover the behaviour of the operation including functionality,
functions, and sequencing of control. The representations shall recognize the life

(5.3.9.1) and life-history (5:3.9.2) concepts and shall support process-oriented operations.
5.3.4 Intqroperation oriented

Enterprise 4
and exchang

irchitecture and models shall identify and provide the means to represent collabora
res-of entities, both information and physical, with external organizations in the enter

prise
data
cycle
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rise

environmer

5.3.5 Dec

L

ision oriented

Enterprise architectures and models shall identify and provide the means to represent enterprise

decision-ma

king including the decision system structure, decision centres and decision processes.
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5.3.6 Realization oriented

5.3.6.1 Mission-fulfilment oriented

Enterprise architectures and models shall identify and provide the means to represent any process,
and its constituent activities, involved in realizing the established mission of the enterprise in terms of
providing enterprise products and services to its customers.

5.3.6.2 Mission-control oriented

Enter ny process,
and {ts constituent activities, for accomplishing management and control in support ofcthe mission of
the enterprise according to the criteria established by enterprise management.

5.3.4.3 Economic oriented

Entefprise architectures and models shall identify and provide the means’/to represent economic
characteristics of the enterprise through means to estimate and calculatethe economic pgrameters of
enterprise operation.

5.3.7 Technology oriented

Entefprise architectures and models shall identify and provide the means to represent all technologies
employed in the enterprise operation.

5.3.8 Environment oriented

Entefprise architectures and models shall identify and provide the means to represent pll concerns
relatpd to the interaction between the enterprise and its economic, social/political, and ecological
environment, including concerns relating to" the impact of creation, operation, transfomation and
decommissioning of the enterprise or of its constituent parts.

5.3.9 Lifetime oriented

5.3.9.1 Life cycle oriented

Entefprise architecturegs-and models shall identify and represent the life cycle phases that are pertinent
during the life of any-enhterprise. Different life cycle phases may have different models ;:&d different
mod¢ls may exist-at.an individual modelling phase. Where determined necessary, these models shall
have|the capabitity to interoperate and communicate with each other.

Life ¢ycle phases shall encompass all activities from inception to decommissioning at the ¢nd of life of
the dnterprise. The characterization of life cycle phases shall be with respect to mutual dependencies
and gifmilarity of model content rather than a presumed chronological sequence. Life cycle|phases may
be concurrent, repeated, or empty as the enterprise modelling situation necessitates.

NOTE1 Ifa phaseis decomposed, different subsets can have different dependencies and therefore scheduled
with more flexibly. This is particularly evident with software, where decomposition, to facilitate modularity, is a
desired practice.

NOTE 2 Feeding model information forward and backward in life cycle activities enables value added iteration
of enterprise processes that improves product quality. A phase can modify or extend the model of the previous
phase according to the evolving needs of the following phase.

NOTE 3  Other standards, particularly those aligned with ISO/IEC/IEEE 15288, use the term stage rather than
phase for a similar concept related to the development of a system. To maintain the distinctions between system
architecture and enterprise architecture, this document adopts the term phase to characterize segmentation of
activities during the lifetime of an enterprise.
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5.3.9.2 Life history oriented

The life history shall express the chronology of life cycle phase activities as they occur during the life
span of the enterprise. Enterprise architectures shall specify methodologies capable of representing
the life history of any enterprise; that is, the representation in time of activities carried out by the
enterprise.

5.3.9.3 Complementary role of life cycle and life history

Using the life-oriented concepts of 5.3.9.1 and 5.3.9.2, the architect identifies enterprise activities
within a life cycle phase, while life history allows the architect or user of the architecture to identify

the corresp
accommod
sequence of
the operatid
illustrative

NOTE1  Cq
of life cycle
cycle phase
often necessi
spiral approd
they actually]
history.

NOTE2  Of
instead of life
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those enterprise cenceérns that are captured by reference.

aEes the iterative nature of the life cycle activity dependencies while maintaining 'the

:Iteliverables (e.g. the waterfall approach). However, the actual practice of enterprise archite

nding time period in which the instances of these activities occur. This dual orient

life history. These activity phase iterations identify different change processesaequirsé
nal processes and/or the product development or customer services. See Figure B.3 f
bxample.

mmon acquisition practice mandates delivery milestones that strictly sequience the exed
hases chronologically such that the life history throughout acquisition,mirrors completion

ates a revisiting of specific phase activities to accommodate revisions and change orders (e.
ch and the agile approach), thus life history chronicles the occurperice of all activity iteratid
occur in time, while allowing the overall deliverable milestones to remain as selected views

her standards, particularly those aligned with ISO/IEC/AEEE 15288, use the term life cycle
history stage.

ise architecture shall identify all stakeholders for that enterprise and their indiv|
concerns with respect to their perspective regarding the enterprise. Stakeholders and
5 can change during the life-historyrof the enterprise, therefore the iterative performar
hses can need to address changedstakeholder concerns.

brise stakeholder perspective shall have one or more concerns related to va
ics of the enterprise life eycle and any individual concern can be shared by more
lder's perspective. /Fhe” enterprise architecture description shall identify the ex
between stakeholders, perspectives and concerns.

bion of a stakeholder perspective concern relative to the enterprise shall be in t
Fith those commmonly used within the enterprise. Since enterprise concerns are the dp
se architectures and models, enterprise architectures and models shall clearly ide
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An enterprise architecture shall provide a means for capturing and expressing collections of concerns,
originating from stakeholder perspectives, as viewpoints from which views of the enterprise are
made manifest during its lifetime. An enterprise viewpoint should establish the conventions for
creating, depicting, interpreting, and analysing one or more model views of the enterprise associated
with the viewpoint. Viewpoint conventions shall include the languages, notations, and kind of model
for expressing the associated views, and any modelling methods, techniques for analysing, or other
operations for the construction of the view.

An enterprise architecture description may use one or more viewpoints. Each viewpoint provides a
collective framing of enterprise related concerns expressed from the perspective of stakeholders.

Enterprise architectures and models shall specify a set of viewpoints sufficient for spanning the

expressed concerns of relevant stakeholder perspectives.
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A viewpoint within an enterprise architecture may specify more than one kind of model, e.g. an
information model, a process model, a simulation model, perhaps by application at different life cycle
phases. The application of such a viewpoint to the content of those models results in a view from
each model consistent with the viewpoint. In some situations, the several views resulting from the
application of a single viewpoint need to be composed into a more meaningful representation for
stakeholders (see 5.3.13 and B.3.1.5.3).

A viewpoint can result in more than one architecture view, again perhaps one for each kind of model
at each life cycle phase. Each view shall be associated with only one instance of the viewpoint's
application, i.e. each application produces only one view instance, but there may be many views
resulting from repeated instantiation of views by application of that one viewpoint. Similarly, each
selecmmmmmtaure view
for epch parameter selection, although that view can have different expression over the lifetime of the
enterprise entity.

The
the |

bnterprise view resulting from a viewpoint shall span the enterprise relative'to the concerns that
iew captures and expresses.

NOTH
corrg

A viewpoint is a point of reference for the specification of corresponding views and all[views have a

sponding viewpoint that governs view generation.

5.3.12 Model oriented

5.3.12.1 Representing enterprise architecture

Mode¢ls of enterprise architecture have an abstract quality making the isolation of non-grchitectural
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shou
miss

In ad
entel
Ther
pote
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prise models difficult. Architecture models, as‘tepresentations of physical or concepf
Ild not articulate those characteristics that-de not contribute to the success of th
on.

dition, since one enterprise may consistof several other enterprise entities (see 6.3.9
prise model for one enterprise may,be an enterprise architecture model for anothej
efore, as a reference base, this document considers all models with an enterpri
htially pertinent to enterprise architecture. Clause 6 presents requirements, recom

wing the requirements‘found in ISO/IEC/IEEE 42010, enterprise architecture modelg
e or more architecture/viewpoints and its associated stakeholder's architectural conc

In the coursé€)of enterprise development some enterprise architecture models can tiy

prise operational models or model-based executable enterprise processes, thus firmly
fecture of the.enterprise to its operations.

2.2 Model-based engineering

ual entities,
e enterprise

), part of an

enterprise.
ke scope as
mendations,

shall relate
PINS.

ansition into
binding the

bl-based enterprise architectures shall identify and provide the means to model ap enterprise

within the abstract space defined by conceptual modelling dimensions appropriate for the purpose of
the architecture. The model-based formalism as applied to a particular model view shall align with one
or more modelling dimensions of the enterprise and the same formalism can be useful for more than
one dimension.

NOTE See Warfield and Christakis discussion about understanding dimensions[Z0l,

5.3.12.3 Genericity

Model-based enterprise architectures shall provide the capability for representing generic enterprise
elements (6.4.1), partial enterprise models (6.4.2), and particular enterprise models (6.4.3).
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5.3.12.4 Model integration

If an enterprise-referencing architecture takes the form of more than one model, then either these
models shall be integrated or mechanisms shall be created to maintain their mutual consistency.

5.3.13 Model view oriented

5.3.13.1 Models and views

Enterprise architectures and models shall represent concepts that allow a description of an enterprise
as an integrated model, presenting different aspects of concerns to the user as model views. Views
should contpin a subset of the content of the integrated model in order to concentrate on relg¢vant
concerns or|aspects as specified in the governing viewpoint. The content of a model may be a npodel
fragment, i.¢. subset of the model, or specified portions of an instantiated model.

Different views may highlight certain aspects of an integrated model and hide othet aspects. Model
views are ah important means for verifying stakeholder concerns for completeness,)consistency, and
integrability of enterprise models. As a projection of model content, views are the model medium |used
by humans o understand the enterprise.

The conceptof view shall be applicable to models for any kind of enterprise@cross their entire life ¢ycle.

NOTE Implicit in this notion of modelling view is an integrated model from which facts are taken. However,
also possibleffor view projection is a federated model set consistent with a géverning viewpoint. If the constituent
models provlde the necessary linkage between models or model segmerits, then a satisfactory model view is
achievable.

5.3.13.2 Primary aspect for views

Two aspect$ are of primary importance in order to understand the enterprise: its structure and its
behaviour throughout its life cycle. For this doeument, an information view shall represent the
structural gspect of the enterprise as distinct ffiom its resource and organization arrangements{ and
a function viiew shall represent the behavioural aspects of the enterprise arising from the strucfural
connectiong within the enterprise as identified in that information view.

The informption aspect is an ordefly structured compilation, description, and representati¢n of
enterprise information. This information aspect describes the enterprise elements, their strudture,
relationships, the information.to) be supplied for function execution, and information descrjbing
function redqults. A physical medél may represent portions of an enterprise that take a physical foim as
a construction from descriptive information, e.g. a scale model built from a blueprint.

The functioh aspect ista-description and representation of activities and processes in the enterprise.
This functign aspect.describes the processing of elements and the concatenation of single procepsing
steps to prdcess chains, reflecting their logical connection and interdependence. The function agpect
emphasizes|thé'\representation of system behaviour, mutual dependencies, and influences of elements
during function’ execution in the enterprise. nl‘

This document does not address the following:
— the manner in which the model expresses the content of these views;
— which content these views should include or not include;

— the necessity of other basic views, e.g. resource view, organization view, economic view, decision
view, risk view, etc.

This document states only that there exists a minimum set of model views necessary to present
sufficient material to ensure the architectural concerns for completeness, consistency, and integrability
of enterprise architecture and models. Determining which views form that minimal set depends upon
the specific enterprise context and purpose for addressing architectural concerns of stakeholders.
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5.3.14 Enterprise interoperation oriented

5.3.14.1 Support for model interoperability

An enterprise is often large and complex, resulting in many models for many purposes being necessary
to describe what is happening at any one time and over time. Even small enterprise entities can need
models of different kinds to satisfy distinct viewpoints and aspects of an enterprise.

Stakeholders, especially users, want these many models to be portable. They want to be able to reuse
models across applications and not be dependent upon specific application and tool configuration.
They want to implement technology that will improve their capability to provide for information from
variqus models to be usable by applications and platforms throughout an enterprise.

Therefore, model representations for architectures in an enterprise context\ should support
interjoperation between models within and across organizations within the enterprisé env;llronment for
both|enterprise models and operations. Depending on the situation, there may,be\different approaches
to overcome existing interoperability barriers (see ISO 11354-1).

NOTH As enterprise interactions of systems of systems become more complex, models can haye limitations

on thpir ability to predict all behaviours that occur as an aggregation of multiple’complex system dyjnamic states.
Research into complex modelling and current limitations is ongoing.

5.3.14.2 Support for process interoperability

Interoperability requires processes to communicate withthe environment as well as internally with

the processes of other enterprise entities. The extent-and variety of successful commur
depeind on the skills of the humans observing the progesses and the quality of the software
enable the communication. Therefore, enterprise-réferencing architecture shall provide th
intertprocess communication to the extent necessary to satisfy stakeholder concerns.

NOTH
ident

5.3.15 Verification and validation oriented

Entefprise architectures and models should include the specification of quality ass
performance criteria that provide a means to assess both the verification of necessary 1
between models at adjacént ‘extent of design or detail, i.e. whether the detail designs cor
arch
design or detail, e.g~whether the operations of the enterprise satisfy the stakeholder's cong

NOTH
implgmentation thereby realizing intention and accomplishment of mission.

6

An enterprise-referencing architecturé can support capability profiles and collaborati
fy the communication capabilities and réquirements of the processes that have a need for con

tectural specificatioh, and validation of expected relationships between non-adjace

Broadly-speaking, validation assures the successful alignment of requirements throg

Components of enterprise-referencing architectures
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e means for

n views that
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form to the
nt extent of
erns.

gh design to

6.1 Enterprise-referencing models

6.1.1 Purpose of enterprise-referencing models

Enterprise-referencing models shall describe essential and relevant characteristics of an enterprise
consistent with one or more expressed viewpoints and shall match the extent of elaboration to the
extent of the concerns addressed by those viewpoints. Enterprise-referencing models are tools for
describing and representing an enterprise in the context of a given purpose. Such models may analyse
enterprise operations, guide their engineering and manage their operations. Since enterprises are often
analysed and modelled as systems, their models should conform to the relevant elements and principles
of the corresponding theory of systemsle3]l. Models shall have explicitly stated purpose, assumptions
and constraints.
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As appropriate, enterprise-referencing models shall address relevant concerns about the enterprise
necessary to:

a) conceive, design, procure, and construct an enterprise consisting of any set of related chosen
processes;

b) simulate the enterprise operation to verify both the model and the operation that the model
represents;

c) manage and operate an enterprise so that it can meet its objectives; and

d) supportan enterprise to modify, redesign, dismantle or reuse itself.
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understanding an enterprise in its entirety. As the purpose of an enterprise-referencing architecture
moves from narrowly focused stakeholder concerns to encompass a wide range of concerns throughout
the whole enterprise, model-based methodologies should become the norm for expressing enterprise-
referencing models.

6.1.2.2 Model-based enterprise-referencing models

For model-based enterprise-referencing architectures, the representations at different segments of a
life cycle or extent of genericity are often expressed as meta-representations, i.e. the models are distinct
abstractions rather than the contents of a generalized enterprise model view as perceived by the model
user. The enterprise-referencing model expresses either the means for generating another model more
closely associated with the enterprise reality, or the modelling components from which to generate
another model more closely associated with the enterprise reality.
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Being model-based means that there is a meta-model integral to the methodology that is used to guide
the expression of application domain models. Special care is necessary when considering architectures
and models with different meta-representations. To the extent possible, an enterprise-referencing
architecture should align meta-representations of similar abstraction to facilitate comprehension of
the underlying modelled entityl3]:

Figure 1 depicts the meta-relationship abstractions for an employee database using an entity-
relationship modelling paradigm.
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SOURCE: Martin R. and E. Robertson, “Meta” Matters[4¢l. Reproduced with the permission of the authors.

Figure 1 — Meta- relationship abstractions

Som¢times one)modelling meta-model satisfies model-based modelling for an entire domaip dimension
by providinig-a means for additional model detail, e.g. an information viewpoint across tle entire life
cyclg atallithree coordinates of the genericity modelling dimension.

EXAMPEE A TITATTageTTent teanT TeECOEMZES that describing product functiomatity Ts—am fmportant part of
enterprise-referencing architecture and identifies basic product features that an architect needs to assess for
feasibility within anticipated resource constraints. In this situation, the functional model for the management
team is at a different extent of abstraction than the process and resource models created by the architect to
assess feasibility.

NOTE A meta-relationship exists between an architectural viewpoint and an architectural model that
corresponds to the relationship between the viewpoint and the view of the models governed by that viewpoint.
This meta-relationship results from an instantiation of the model to produce the content present in the view.

6.1.2.3 Views of models

A model shall include statements and descriptions of its purpose relative to concerns of appropriate
stakeholder perspectives and the constraints imposed upon the modelling effort by the modelling
methodology and modeller assumptions. To ensure adequate completeness and consistency with the
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governing viewpoint, these artefacts should include a minimum set of derivable model views. Further,
because a view is a projection of model content for a specific purpose, an integrated model, i.e. a model
composed of other models sharing a common form sufficiently expressive to capture those details that
affect interoperability, provides the opportunity for a complete enterprise view rather than a view
constrained by lack of interoperability among its disparate models. The number and the kind of model
views for inclusion in that minimum set depends upon the methodology used and the purpose and
extent of model abstraction.

Consistency is a specific problem when dealing with views for two reasons:
a)
b)

the tendency to use views as an update mechanism;

extent df abstraction among view elements.

Updating thirough a view does not assure consistency for model content because of unknown effects
on the view complement, i.e. model elements not within the view and not subject to the ‘updatg¢ but
changed noietheless, e.g. the loss of referential integrity when a value changes as can’'oecur acrogs life
cycle phase[boundaries. A view containing elements of different abstraction extent‘presents different
versions relative to an underlying enterprise reality, e.g. a conflating of datasand model within the
same view. |Enterprise-referencing modelling and operational tools used toCnianipulate enterprise-
referencing|architectures and models shall be responsible for ensuringthe consistency of npodel
content and|fidelity of model views.

NOTE N
resources, arnj
Viewpoint s
mandatory c

ntrol,
pints.
gests

pcessary model views are those that present a useful combinatioi'of activities, information, co|
d process capabilities to satisfy stakeholder concerns as governed by the corresponding viewp
ecification in this document includes a call for several‘explicit architectural views and sug
mpliance with a minimal set of view specifications (se€’6.5).

6.2 Modelling languages

6.2.1 Requirements for modelling languages and constructs

Enterprise-1
modelling c
representat
with extern

eferencing architectures that are~model-based shall identify modelling languagg
pnstructs that allow description-ef enterprise operation. Modelling constructs shall §
on of the different parts of the modelled enterprise, including collaborative interoper
hl partners, and thereby ilmprove both modelling efficiency and model understanding.

'S Or
n[low
htion

ds of
exist

The represgntational form of mgdelling constructs shall be consistent with the descriptive nee
people creating and using enterprise-referencing models. Therefore, different languages can

to accommd
information|

date the aspects-velevant to different model users, e.g. business users, system desig
technology~modelling specialists. In addition, modelling languages can allow
[ basic consgructs into higher order constructs, e.g. macro constructs, to enhance modg

ners,
the
lling

formation o
productivity.

NOTE T
dialogue bet

stalidardized modelling constructs defined in ISO 19440 improve interchange of modelf and

e
;r!een enterprise modellers.

6.2.2 Expressiveness

Enterprise-referencing modelling languages shall be expressive enough to model human roles, operational
processes and their functional contents as well as the supporting information, office and production
technologies. Their semantics should be describable in terms of ontological theories. This suitability for
formal description is especially important if architectural models are to support the enterprise operation
itself, because such models need to be executable. However, natural language explanations of concepts
should support the definition of the formal semantics embodied in a model as well.

6.2.3 Semantics and syntax of an enterprise-referencing model

Models, as representations of enterprises, shall carry syntax and semantics such that the content of
the model is understandable to both humans and machines. The syntax of a model shall refer to the
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permissible arrangements of the representations of the elements and to the permissible kinds of
relations. The semantics of a model shall encompass the meanings of the elements and relations with
respect to enterprise-referencing model concepts. The syntactic form and semantic content of a model
may be different depending, for example, on the purpose of the model, its scope and the environment
of the enterprise. As machinery takes on a larger share of enterprise operations, properly conveying
model intention as well as control become more important.

6.2.4 Names, labels and glossary

Relative to purpose, context, and model constraints, the individual product, process, project, or
enterprise will have its own customary names, labels and terminology. To promote understanding
aboult programmes and other co-operative efforts, enterprise-referencing architectures [and models
shall|provide

3 consistent glossary including a syntax and semantics for use in enterptise-engineering and
integration efforts, or

g reference to other suitable glossaries.

Entefprise-referencing architectures and models shall use the glossaryContent consistently across the
entefprise or explicitly state differences in usage.

EXANPLE Table 1 has three life cycle phase columns with nanges*for each phase. These phafe names are
intended to describe appropriate constraints on the life cycle cofifenit, and enterprise-referencing models are
expe¢ted to use the given names consistently.

Table 1 — Mapping between system lifeCycle phases and system activities

Phase
Plan and Build Use and Operate Dispose and Recycle
Rple of Stakeholder (e.g. before sell/buy/ (e.g. after sell/buy/ (e.g. after|product
title transfer) title transfer) is no longdr useful)
Develop goals Define support needs Define recyclefdispose
Speciifies Define strategy Define use needs
Defineyproduct needs
Develop requirements Define use requirements |Define recyclefdispose
Define concept Define support require- requirements
Creafes i ments
Design product
Plan to produce product
Procure parts Use the product Recycle produft
Produce product Support product Dispose product
Uses Test product
Ship product
NOTE A particularly useful set of life cycle phase names are: domain identification, concept definition,

requirements definition, design specification, implementation description, domain operation, and decommission
definition. See also Annex B and ISO 19439.

6.2.5 Elements of interoperation

For each model element expressed using a modelling language, the syntax and semantics shall identify:

— form(s) of representation for the element;

© IS0 2019 - All rights reserved
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ties of the element;

dynamics of the interaction involved.

6.3 Models as representations

6.3.1 Representing enterprise characteristics

Various methodologies derived from general systems theory emphasize different characteristics of an
entity. The three most frequently utilized characteristics are entity structure, entity behaviour, and

entity hiera

rchy. These characteristics are not mutually exclusive

Entity strug
structure o
Entity beha
enterprise €
behavioural

While hiera
enterprise €
form for the
informal or
enterprise g
purpose.

NOTE A
functional, b
boundaries, ¢

To adequatd
include supj

ture as used in this document refers to a representation of the internal static.or Ig
[ the enterprise entity as distinguished from the external structure beyondthe e
Viour as used in this document refers to a representation of the dynamic responses d
ntity to both internal and external stimuli. The representation of both the'structura
characteristics is often captured through an entity hierarchy of decomp@ésition.

"chy is the primary structural form used to describe relationships ameng components ¢
ntity, hierarchy is not the only form used for this purpose. Many enterprises use a m

allocation of authorities and responsibilities among operational departments. Other
Formal networks of expertise to enhance the availability of eritical knowledge necessay
peration. Most often structural forms co-exist within anventerprise, each serving a sp

report from NIST[52] identifies other characteristics, identified as aspects, of possible reley
isiness, human, trustworthiness (security, privacy,safety, reliability, and resilience), timing,
omposability, and life cycle.

ly represent the architecture of an enterprise, an adopted modelling paradigm s}
port for many characteristics of an enterprise, particularly those characteristics of §

structure and dynamic behaviour. In addition, a-paradigm description shall state the characterist

an enterpris

e for which its authors believe it4sbest suited.

6.3.2 Concepts of internal structure

The structu
multiple suf

Structure c{
paradigms,
feature refée
beliefs. Map
and the env

The formal

ral characteristic has its.genesis in the observation that elements are not isolated but
porting interdependencies with other elements of an entity.

rries both a formal representation and a semantic feature. In most information modg
the formal feature refers to the layout of the graph and to the kind of edges. The sem
s to mappings of elements and relations to enterprise-referencing related concept;
pings mayvary widely depending on the purpose of the mapping as well as on the boun
ronment of the enterprise under consideration.

gical
ntity.
f the
| and

fthe
atrix
5 use
y for
peific

ance:
data,

1ould
tatic
cs of

have

lling
antic

and
dary

tural

phd semantic distinctions of the modelling approach should be a part of every struc

model's documentation, e.g. by reference to a published International Standard or work available to the
stakeholders for which the model is created. The representation of structure, particularly an integrated
structural model, of an enterprise-referencing architecture should avoid mixing representational
approaches.

The kind of internal structuring should be as unambiguous as possible to whatever facility is
interpreting the models, either human or machine.

6.3.3 Compatibility of structuring approaches

When alternative approaches to the representation of structure are necessary to properly address
stakeholder concerns, any distinctions, both syntactic and semantic, in the representational approaches
shall be clearly indicated as part of the model's documentation.
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Under some circumstances, models generated using different representational approaches are
amenable to federated interoperation. The enterprise-referencing modeller shall ensure that models
obtained by the different structuring approaches are able to interoperate where necessary to properly
address stakeholder concerns.

6.3.4 Concepts of enterprise-referencing behaviour

The behavioural characteristic relies upon the identification of variables, the dynamic features of
an enterprise-referencing entity, and their functional or other relationships. Associated with the
behavioural characteristic, to assess or measure the behaviour of the enterprise, an enterprise-
referencing architecture should define performance criteria or indicators for attainment of goals, e.g.

econ
to st
arch

NOTE

“blac

An e
in th
learn
kind

behajvioural distinction, making even more important the attention to architecture as

char

Ente
cond
cons
throt
and
integ
To f3

fitions, technology, and knowledge. One conseguence of changing conditions is th¢

bmic, interoperable capacity. The totality of these performance criteria and indicators,}
akeholder expectations shall constitute the fitness-for-purpose of the enterprise
tecture.

1 When the variables are restricted to input and output variables, the system is cor
k box”.

hterprise is a social hybrid system, determined by properties of himans and machiry
e enterprise, often modelled as objects or role-based resourcesy;have a different bel
ing and problem solving) from machines (e.g. acting and reacting) and sometimes nee
of information. Over time, the evolution of machines toward-human-like properties v

hcterize appropriate enterprise behaviour and fitness-forspurpose.

prises are dynamic and undergo continuous change due to factors such as chan

dering the enterprise as hierarchic in both structure and control to considering th
igh a distributed or heterarchical characteristic approach where enterprise units c
rooperate in both problem solving and action. In turn, this shift makes necessaryj
ration of functions within the enterprise and between enterprises than has occurred
cilitate this shift, an enterprise-reférencing architecture methodology should prov

with respect
-referencing

sidered as a

es. Humans
naviour (e.g.
d a different

yill blur this
a means to

ring market
b shift from
P enterprise
bmmunicate
far greater
in the past.
de for both

hiergrchic and heterarchical composition of dynamic elements.

NOTH
netw

2 Models using object-oriented languages and service-oriented architectures for co
brk-based software are twoways in which architecture is supporting a distributed enterprise

mposition of

6.3.§ Short-term and-long-term behavioural change

term. There
to make the
bn of change

Ano
is no
disti
in be

bserver can categorize the change in behaviour of a system as either short term or long
universally£ecognized distinction between short term and long term, but it is useful
hction at thetime of analysis. Criteria used in making the distinction include recogniti
haviour.time duration of specific behaviour, and rate of changes in behaviour.

EXANIPLE A drilling machine with a certain drill bit can illustrate behavioural change cpncepts. The
behayietr of the drill bit is of interest to the production-control system as it affects availability qf the drilling
machine for production purposes. The production-control system categorizes changes in the behaviour of the
drill bit as either immediate (short term) or continual (long term). An immediate behavioural change occurs
when the drill bit breaks, resulting in a disruption in production until it is replaced with a new bit. A continual
behavioural change occurs as the drill bit wears with use. Under usual conditions, the production-control system
would plan for a drill bit change at a prescribed time or when the product approaches the minimum quality
tolerance. Thus, the distinction made between short-term and long-term change allows the production-control
system to specify different behaviours to replace the drill bit.

At whatever enterprise entity extent modelled, the behavioural characteristics shall include recognition
of exception to expected behaviour, perhaps as part of an enterprise-referencing risk architecture, as
well as the composition of functionalities to achieve expected behaviour over time. As the enterprise
entity life cycle unfolds, attention to exceptions is an appropriate means for avoiding disruptions in
later phases.
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6.3.6 Representation of behaviour

6.3.6.1 Behaviour modelling

Enterprise-referencing models shall have features for describing behaviour; that is, to represent events,
actions, conditions, states, state changes, start states, end states, sequencing relationship between
actions, and the description of transformation functions including flow of information.

Properties of sequentiality shall be modelled to describe short-term changes whenever the tracing of an
individual element is necessary. Enterprise-referencing models used to analyse enterprise performance
or to simulate certain processes shall have features for representing effects of sequential phenomena
and the timfe duration of each sequence step. Enterprise-referencing models shall have featurds for
representing time duration, dynamic performance of processes, and sequential phenomena’jafter
specific units of time.

6.3.6.2 Time representation

ns of
 two

A means fo
duration, e.g
kinds of beh

 further analysis shall accompany the introduction of the property “time” in tery
., process time. This requirement is a precursor for simulation of behdviour. There arg
aviour description relative to time: static and dynamic.

6.3.6.3 Static representation

Static repre
process is a
modelling t}

bentation of behaviour is the description of the relations between elements, e.g., a bus
logical sequence of relationships between enterpriseelements. For this static descriy
e property time shall not be necessary because~it'is the potentially allowed sequen

ness
tion,
ce of

relationships. Time related information is missing, e.g. duration, concurrency.

6.3.6.4 Dynamicrepresentation

ents,
hips.
time

presentation of behaviour provides\information about dynamic properties of elem
oncurrency as well as about the time dependence of elements, attributes and relations
jour description is used to simulate the enterprise, the model shall be populated with
pbrmation, e.g., starting conditions, capacity, and workload.

Dynamic re
events and (

If the behav
relevant inf

6.3.6.5 Sqquentiality

milar
nable

Sequentialif]
states being
discriminat

y is a necessary basis to describe behaviour. Sequential cycles can be considered as sij
traversed at different times. Measuring sequential cycles in terms of time should e}
on betweendintilar cycles that progress at different rates.

NOTE This documient uses sequentiality in a broad sense for describing the ordering of activity-assodiated

events, i.e. influding serial, parallel, simultaneous, alternative, and repetitive relationships.

6.3.7 Concepts of hiprnrrhy

The hierarchy feature is based on the observation that an element of a system can itself be regarded as a
system, which is identified as a sub-system. Similarly, the system under consideration can be regarded
as an element of another system, which is identified as a super-system. These relationships imply
an assignment to different abstractions or more likely different detail stratum for system elements.
Because of interdependence, new properties can emerge at a higher stratum in the hierarchy. In the
realm of enterprises, an enterprise entity can subsume other sub-enterprise entities or be subsumed by
another enterprise entity.

Each stratum is describable in terms of structure and behaviour. Depending on the desired purpose,
specific methodologies are applicable. Steps down the hierarchy expose the inner structure of the sub-
system. In the case of an enterprise under development, observation, logical conclusion, or design can
provide the exposure. Steps up the hierarchy expose the behaviour of an enterprise in its environment.
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Enterprise-referencing architecture with a hierarchy feature shall identify the means by which the

expo

NOTE

sure of both structure and behaviour occur for each step in a hierarchy.

Hierarchy is a principle by which the ranking and sorting of real world items and abstractions occurs.

There are two kinds of hierarchies. Part-of hierarchies represent the composition/aggregation of elements or
the decomposition/disassembly of an enterprise or other system. Kind-of hierarchies represent the sorting of
entities into categories distinguished by either abstraction/concreteness or generalization/specialization, e.g.
set membership, type and subtype. Within models, the kind-of hierarchies classify building blocks for entities to
be modelled, while part-of hierarchies link models of different scope and detailing granularity.

6.3.8 Recursion in decomposition

The
mod
entel

butput of an enterprise entity can be a product, which can itself be another enterprise
], or it can be the strategic-definition entity planning an enterprise entity te, pr

simulltaneously and each occurring enterprise entity should have architecturalréepresent

strug
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NOT]H
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EXAN
level
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ture, behaviour, and fitness-for-purpose.

IPLE1 As a part of its operations, an Architectural, Engineering, and\Construction (A
"taken a project to design a new factory for its customer. The AEC compangenterprise (E1) isin
e and has been for several years. The project (E2), which consists of several corporate entitie
h enterprise-referencing model larger in scope than the AEC company.)The project is an enterp
bdel has progressed from concept phase (request for proposal aiid preliminary design) to op
act award). The new enterprise (E6), and its enterprise-referencing model, are in the plan/bui
ce/operate phase commences.

cholders can be roughly grouped into three role categories: those whose principal

specifying (S) enterprise entity capabilities, tho§e whose principal concerns lie with
prise entity capacity to provide the capabilitie§, and those whose principal concerns li
he capability to provide products and services. Specific enterprise entity activities,
ess the concerns within each of these roles=Each of these activities can be further deco
her set of similarly defined categories S;.€, and U, with corresponding sub-activities (s4

successive utilization of the same categories is a form of structural recursion tha
tectural model, as a pattern, to~each extent of decomposition. This recursive patter
eration of activities within.a'recursive structural decomposition, i.e. each extent of de

ities43].

Different kind$-of enterprise-referencing models can represent sub-activities, whether 4
rn role or not. Where determined necessary, different kinds of enterprise-referencing sub-a
Ve the capabilityito interoperate and communicate with each other.

IPLE 2 Im\a manufacturing enterprise entity, the activity “Produce” can be, in turn, separatq
activities.S, C, and U. Activity S is user-needs driven and comprises any activities finally 1
st fofiwhat to produce. Activity C is technology requirements driven and comprises any act
Fing in' how to produce the product/system in terms of a release statement. Activity U is tag

comp

rises any activities finally resulting in the shipment of the product. Each Kind of activity at

-referencing
bduce other

prise entities or enterprise-referencing models. Each of these enterprise entities.can e occurring

ations of its

EC) firm has
the operating

(E1, E3, E4),
rise (E5) and
bration (after
d phase until

concerns lie
creating (C)
e with using
S, C, and U,
mposed into
be Figure 2).

[t applies an
n results in
romposition

ders the same structure, albeit the iteration of activities can take different forms and ise different

ligned with a
rtivities need

d into lower-
esulting in a
jvities finally
k driven and
each level of

decomposition can provide feedback to a higher level.
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S2 C2 uz
Design Product
(Fromrole Creates, Table 1)
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Define requirements for erlriif:f:ﬁﬁif‘fo‘fis: &8 Perform design
the dedign B
& business rules,
. ,standards, principles
[}
\ 4 \ 4
S231 €232 U233
Feedbacicto Identify problem Use good commercial Assemble tools
decompgsed Partition problem design practice Do Analyses
S21and 22 Schedule design process Evaluate different Do preliminary design

A

v

Define required tools

Define required analyses

Solicit producibility
information

Solicit maintainability
information

approaches
Check concepts, in
developmentiaboratory
Follow business rules

"|| Follow.specification

réquirements

Do final design
Complete design release

2

00

Producibility Feedback, Support Feedback and Maintainability Feedback

Figure 2 — Decompose DesignProduct activity to show recursive structure of activities

6.3.9 Iterption

In the Figure 2 example; activities S, C and U are iterative in that they appear repeatedly at
decompositfon andvacross decompositions. Therefore, while shown in the figures as ordered
activities are notmecessarily sequential. The architect may return to previous activities to repeat

with update
Feedback, al

dAinput as nec

each
, the
them

Each performance of each activity may result in a different model. Every one of these different models
shall be subject to both change and version management. While recursion is structural in this context,

iteration is behavioural.

6.3.10 Availability and format of model information

In an operating scenario the relevant information captured by an enterprise-referencing model shall be
available to humans or machines responsible for successful operations. The information shall be either
in a neutral format or as specified by the using application.

22
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6.3.11 Management of constituent parts

The design of enterprise-referencing models shall occur in a manner that allows the management of

their

6.4

constituent parts by an automated configuration-management system.

Impact of genericity

6.4.1 Generic enterprise elements

Enterprise-referencing architectures and models may utilize generic elements of enterprise design

and

ndp]ling Such generic elements are. in increasing aorder of formality glnqcm‘itm

taxonomies,
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reprq

NOTH
whilg
term
can b

Two

shall
arch
prov
pres

of el
gene
refer

explicit to enable an observer to identify the origintof constituent parts of the architectur

desc

NOTH
in thd

to cofcrete while a decomposition hierarehy expresses the constituents of its top node.

-models, and ontological theories. These elements provide for consistency of enter
bsentations.

1  Aformalontologyisconsidered tobeatheorybecauseitstates constraints and permitted
a glossary simply states terms and definitions. A taxonomy is a form that exprésses relatio
based elements but generally lacks explicit constraints. A meta-model expresseSthe ways in
e used and an ontological theory adds inference capabilities for a network of elements.

kinds of generic elements exist for use in developing architectures-and models. Abstr4
provide a basis for the further expression of distinct detail elements to achieve
tecture or model instance in which the abstraction no longer exists. Generalized elg
de a basis for the further expression of architecture pinmodel by the addition of
brving the attributes of the generalized element. For.both kinds of generic element;
bboration often exists from the generic element to. the realized element instance.
ralized element and an abstract element, the realized elements populate the specifig
encing architecture or model. An architecture’model methodology shall make suc

Fiptions.

2 Abstraction gradients are sometimés-confused with decomposition hierarchies. The di
fact that an abstraction gradient exposes the semantic underpinnings for a transformation f

WTI

prise entity
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ships among
ich elements

ict elements
a concrete
ments shall
detail while
, a gradient
For both a
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h gradients
e and model

stinction lies
rom abstract

6.4.1 Partial enterprise models
Entefprise-referencing architectures that are model-based shall support the concepf of partial
enterprise-referencing madels, e.g. reusable reference models. Partial models can rangel from those

targg
busi
toc

architecture model expression and the rate of industry adoption. Partial models still neeq
to the requirements of the specific enterprise. Partial models may cover one or all of t
identified in-5.3.

ting industry segments, like automotive or refinery operations, to those targeti
ess processes;like labour allocation or order tracking. Partial reference models all
ture and réusé concepts common to many enterprises and thereby to increase the

ng common
pw the user
efficiency of
| adaptation
he concepts

6.4.3

Particutaremterprise modets

Enterprise-referencing architectures that are model-based shall support the creation of particular
enterprise-referencing models that describe part or all of any proposed or actual enterprise.

Enterprise engineering tools can utilize enterprise modelling languages and can provide for the
maintaining, creating, analysing, storing, and distributing of enterprise-referencing models.
Information technology integration services may support both model creation and model use. The
use of such services will ensure access to real-time information in the engineering and operational
environments of the enterprise.
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6.5 Enterprise perspectives and viewpoints
6.5.1 Primary concern perspectives

6.5.1.1 Identifying perspectives

Sub-clause 6.3.8 identified three role categories for stakeholders: those whose principal concerns lie
with specifying enterprise capabilities, those whose principal concerns lie with creating enterprise
capacity to provide the capabilities, and those whose principal concerns lie with using the capability
to provide products and services. Stakeholders with one of those roles, and potentially stakeholders
with more fharere-eof-thesereles—wilartenlateconeernspertaininesto-therelein—whichthey find

themselves,|i.e. the stakeholder's perspective.

Some concerns can be role specific, but many others can appear as a concern for more than one|role,
particularly|when considering the concerns across the breadth of life cycle phases. Conseguently,|role-
based perspectives alone are unlikely to provide sufficient discrimination for an integrated mode] that
describes a1 enterprise-referencing architecture. However, perspectives are an effective discriminator
for concerng relative to the purpose of the architecture effort, allowing similar ¢oncerns from diffgrent
perspectivep an alternative disposition.

The purposg of the enterprise-referencing architecture effort shall serve-as a filter for stakehplder
concerns, removing from consideration those concerns deemed mat relevant to the enterprise
mission reldtive to that architecture effort's purpose. Thus, the purpose of the enterprise-referencing
architectur¢ effort shall be the primary determinant of perspectives pertinent for specifying
appropriate| kinds of models and the resulting views that constitute the enterprise-referemncing
architecture description. From among those concerns deemed-relevant to effort purpose, an archjitect
shall identifly collections of related concerns as the basis\for articulating one or more viewpoints to
drive develgpment of the architecture specification effort. An individual concern may be appropriate
for more thgn one viewpoint.

For each vigwpoint in the set of articulated viewpoints, an architect shall identify one or more kipd of
modelling methodology suitable for conceptualiZing ways to harmonize the encapsulated concerps, to
represent that concern harmonization, and to’express potential solutions to the problem identifi¢d by
those concefns. From the models generated in response to the viewpoint specification, one or more
projection, an aspect view of the model content, should serve to address the concerns within| that
viewpoint. Where the same kind oftmodel is used to represent more than one viewpoint, consolidation
into a singlp integrated model {Syuseful to assure consistency and completeness of representation.
Where diffefent kinds of models’are used to represent one viewpoint, composition into a single vipw is
desirable byt can be difficultto achieve.

NOTE Ti}e phrase “architecture style” captures the distinction between representational purpose ¢f the
modelling effort and the'purpose or mission of the entity being modelled[3Z],

6.5.1.2 Typical‘viewpoints

This document identifies several viewpoints determined by years of experience to be essential for
articulating a holistic integrated enterprise-referencing architecture specification, i.e. they constitute
the coordinates of a holistic perspective dimension of the enterprise-referencing architecture. This
holistic perspective drives the collecting of various related concerns, i.e. viewpoints, with a set of
enterprise entity attributes focusing on one or more characteristics of the enterprise. As appropriate,
this holistic perspective applies to concerns associated with each life cycle phase of the enterprise.
However, a specific concern should reside within one viewpoint whenever possible to provide clarity
for stakeholders.

6.5.1.3 Function viewpoint

Concerns related to enterprise function allow the architect to generate function viewpoints.
Corresponding views shall describe and represent the activities and processes of the enterprise. A
function view, resulting from the projection of content from a model generated using a kind of model
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or models specified by the corresponding viewpoint, should describe the processing of elements and
the concatenation of single processing steps into process chains, reflecting their logical connection
and interdependence. A function view should emphasize the representation of enterprise behaviour,
required capabilities, mutual dependencies, and influences of elements during function execution of the
enterprise (see ISO 19440).

6.5.1.4 Information viewpoint

Concerns related to enterprise information allow the architect to generate information viewpoints.
Corresponding views shall be an orderly structured compilation, description, and representation of
enterprise entity information. An information view, resulting from the projection of content from a

mod
desc
exec

6.5.1

Conc
Corr

] generated using a kind of model or models specified by the corresponding viewp
'ibe the system elements, their structure, relationships, the information necessary
ition, and information describing function results (see ISO 19440).

.5 Resource viewpoint

erns related to enterprise resources allow the architect to generate resource
psponding views shall describe and represent enterprise entity assets, both t

components and human role capabilities, as utilized in the course of'enterprise operations
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6.5.1

Conc
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resulting from the projection of content from a model generated using a kind of mod
fied by the corresponding viewpoint, should describe resodrce instances that align wit|
ities according to required capabilities. Resource modelSanay structure resources for
as asset management (see 1SO 19440).

.6 Organization viewpoint

erns related to enterprise organization allaw the architect to generate organization
psponding views shall describe and represent the responsibilities and authorities
prise domain. An organization viewjresulting from the projection of content fr
rated using a kind of model or mogdels specified by the corresponding viewpoint, sh
btructure the different responsipilities for processes, material, information, resource
e enterprise, including the mapping of those responsibilities onto the organizational
ganizational groupings sueh\as departments, divisions and sections. An organizatio
provide a representation of)responsibilities for decisional activities into a decisional §
erification of consistencyand completeness (see ISO 19440).

See 6.5.1.8 foran/alternative or related decision viewpoint.

.7 Economnieviewpoint

erns related to enterprise economics allow the architect to generate economic
bsponding views shall describe and represent economic components, e.g. influence
rindices derived from other viewpoints, and analytical methods to inform econonj

mak

oint, should
for function

viewpoints.
bchnological
. A resource
el or models
h enterprise
applications

viewpoints.
within the
m a model
ould gather
and control
ntities and/
n view may
tructure for

viewpoints.
factors and
1ic decision-

brsZAn economic view, rpcnlfing from the projection of content from a maodel gener

aited using a

kind of model or models specified by the corresponding viewpoint, establishes the relations between
the economic target and the engineering project and is most critical early in the life cycle, when most
economic commitments occur, and late in the life cycle, when the assessment of economic performance
occursl32],

6.5.1.8 Decision viewpoint

Concerns related to enterprise decisions allow the architect to generate decision viewpoints.
Corresponding views shall describe and represent the decision centres and decision linkages for
planning and control decisions. A decision view, resulting from the projection of content from a model
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generated using a kind of model or models specified by the corresponding viewpoint, shall identify the
necessary relationships between decision centres.

EXAMPLE

In a manufacturing context, those relationships are those that are responsible for getting the
correct raw material/product at the correct time, on the correct machine, processed by the correct operator
while making decisions across multiple time horizons.

The concerns of a decision viewpoint are the enterprise decision-making structure that provides for
identification of decision topics, their categories, criteria and dependencies (see CEN/TS 14818).

6.5.1.9 Risk viewpoint

Concerns r¢
views shall
for the elim
projection (g

lated to enterprise risk allow the architect to generate risk viewpoints. Correspor]
describe and represent sources of risk to the enterprise and the means and mecharn
nation of risk or the mitigation of the impacts of such risk. A risk view resulting fror
f content from a model generated using a kind of model specified by the~cerrespor

viewpoint addresses the concerns related to risk, including security, privacy, safety, Teliability

resilience. |
enterprise, 1

6.5.1.10 Aj

Each of the

Vhile risk is identified as a distinct viewpoint, risk-based concerns are’ pervasive
equiring constant consideration both during development and operation[>3],

chitecting viewpoint

foncern-based viewpoints previously presented in 6.5.1.3through 6.5.1.9 has architec

features that contribute to an architecting viewpoint, i.e. a viewpaointgoverning certain character
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ire description development derived from concerns.driven by the architect's perspe
| for enterprise architecting informs the selection, of appropriate concerns and kin
lable to the other viewpoints and establishes the conventions by which a model vi
icted, interpreted and analysed. Architecting viewpoint conventions include the langu|
nd kinds of model utilized for producing.¥iews of an enterprise architecture, and
ethods, analysis techniques, or other operations pertaining to the view creation.

ncerns expressed by the architecture~viewpoint usually are present in other viewpoints as
e other viewpoints are crafted by the'architect using established concerns of stakeholders as

itional concern perspectives

opers may generaté additional perspective-based viewpoints and corresponding

for other collections of stakeholder concerns. Similarly, enterprise architects may identify addit]
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perspective
views (see |
specificatio}
a simulatior]

necessary to_enable the expression of the concerns of other stakeholders. For

5, a collectien-of concerns can yield viewpoints satisfied by projections across exi
B.3.1.5.3). Where views from many kinds of model are necessary to satisfy a view
1, e.g. andinformation model and graphical representation model of that information
modelfor monitoring information change, these multi-model artefacts label the resy

view compo|

sition ‘as an aspect of the enterprise. Thus, an enterprise aspect may consist of one or
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For many stakeholders, particularly those with senior management perspectives, these multi-model
aspect views are the most meaningful representation of the enterprise. An enterprise modelling tool
shall provide the means and methodology for composing multi-model aspect views to the extent that
such aspect views are possible.

6.6 Enterprise-referencing modelling framework

A variety of forms and varying extents of detail, often with many inter-relationships and dependencies,
characterize enterprise-referencing models, in particular, those models that convey enterprise-
referencing architecture. An enterprise-referencing modelling framework shall be a structured set
of categorical containers, which provide a means for arranging these many models and associated
material according to pre-determined generic viewpointsl4Zl. These viewpoints are usually collected
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into related groups or modelling dimensions that are arranged for a specific purpose. Such a framework
is an architecture for expressing enterprise entity structure, function and fitness-for-purpose.

EXAMPLE The abstract space defined by the dimensions of life cycle, genericity, and modelling viewpoints
forms a framework detailed in ISO 19439.

While a framework can structure some of the inter-relationships between the models and model
elements that it contains, there will be connections between models and model elements that are not
conveyed by the framework structure. An enterprise-referencing modelling framework shall explicitly
identify those relationships that it intends to arrange within the containment structure.

Because the modelling framework is a meta-model with respect to the models it contains, the framework
may |be applied recursively to its model contents to provide further elaboration or decemposition of
mode¢l componentsl43],

6.7 | Tools

-based tools
and models.
nentation in

To ai
shou
Such
one (

 the architect or modeller in enterprise engineering and integration projects, computer
Id support the development and management of enterprise-referencing architectures
tools shall adhere to one or more enterprise-engineering methodglogies with impler]
r more modelling languages.

Tools
and 1
man
analy
of er
entit|

shall ensure the maintenance of consistency between mgdél elements during model
efinement processes. Tools shall also provide analysis afid Simulation capabilities for the creation,
pulation, use, and management of enterprise entity -specifications and models, as well as their
sis, description, and evaluation. These capabilities are'necessary for decision-making in the course
terprise engineering. In addition, such tools may~support collaborative work acrosg enterprise
y boundaries.

deployment

cations and
aligned and

Engi
mod
up-t(

heering tools should enable the architect\or modeller to connect enterprise specif
bls with the real business process, so as(to keep the design specifications and models
-date while maintaining model consistency.

6.8 | Modules

Ente
conc
fami
entel

Fprise-referencing architéctures and models shall provide the capability for reprg
epts of enterprise reference modules or implementable building blocks or systems or

prise entity integration. One set of enterprise modules important to enterprise entity

senting the
products, or

ies of products for use)ds common methodological resources in enterprise entity engineering and

engineering

and integration is thedntegrating infrastructure or the set of integration-technology servi
for enterprise entity-engineering and operation in heterogeneous environments.

Fes required

6.9 | Enterprise operational systems

One
oper
software necessary to fulfil the enterprise objectives and goals in support of the enterprise mission.
The content of the enterprise is the result of satisfying the concerns of stakeholders by providing
appropriate capabilities either statically or on-the-fly by dynamic matching of required and available
capabilities.

result of the enterprise engineering process shall be a specification or model for thge enterprise

tional cxrcfnm The enternrice r\nnrqflr\n')] C‘rcfnm chall nr\nc‘Icf nF fho hnmanc‘ hardware and
.......................... po€ crcrOtict >ttt ot Tt tietl

6.10 Representation

Enterprise-referencing architectures and models shall provide guidance in the use of the associated
components of Clause 6, e.g. a framework or high-level, graphical interpretation. That framework or
graphical form should show the applicability of, and relations between, the different components.
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principles of enterprise integration and interoperation
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cepts that describe the nature of enterprise-referencing architectures and models

ion Processing (IFAC/IFIP) Task Force on Architectures for Enterprise Integration, v
simplify, integrate, and extend the work of enterprise engineering. This awark result
iment of the Generalized Enterprise Reference Architecture and Methedology (GER
Ipport those who plan, design, and implement complex enterprise-integration project
an updated version).

and 6.

icability to any enterprise

ork in computer integrated manufacturing (CIM) and enterprise integration was con
he field of discrete-parts manufacturing, and to computers and information hang

mission or any other such attributes and‘to all aspects of the enterprise. In additi
mistake to confine the integration disewssions to information and control systems 4

tomer product and service operations, or in the associated human and organizational
ion would greatly ease the overall system problem, i.e. a total solution needs to in
culture, and mission.

nterprise programmestshould go beyond information and control systems to encony
sion, vision, value, gdal) as well.

ce base for entérprise architecture can be extended to cover all possible enterpris
manufacturing/as a kind of customer service, providing concept, development, ddg
, productieny;and supply of goods to the customer. Thus, the mission-fulfilment area ¢
rchitectlire' would represent the customer service rendered by any enterprise even if
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No enterprise can exist in the long term without a business or mission, i.e. it needs to produce products
or services desired by its customers. The enterprise usually produces these products or services in
competition with other enterprises. Therefore, the enterprise identification and mission definition are

essential pa

rts of any enterprise-integration programme.

A.4 Separation of mission-fulfilment functions from mission-control functions

As described below, only two basic classes of functions are involved in operating any enterprise.

28
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One class comprises functions involved in fulfilling the mission, i.e. operating the processes that produce
the product or service. In the manufacturing plant these include all material and energy transformation
tasks and the movement and storage of materials, energy, goods-in-process, and products and services.

The other class comprises functions involved in the management and control of mission-fulfilment
to achieve the desired economic or other gains that assure the viability and continued successful
existence of the enterprise. These functions include the collection, storage, and use or transformations
of information to control the business processes, i.e. to develop and apply necessary changes to the
business processes to achieve and maintain their desired operation. Control includes all planning,
scheduling, control, data management, and related functions.

A.5 | Identification of process structures

Entefprise operation consists of many transformations of material, energy, and information that can be

categ
and
exec
of bo
activy
funcf

A.6

forized into two distinct classes: one for information transformations andcthe other
energy transformations. Many separate activities carry out these transformations
ited both concurrently and sequentially to constitute processes of an equivalent clas
th classes interface with each other in those activities that request dnd report status,

for material
that can be
Ss. Processes
hnd in those

ities that deliver operational commands. In combination these tranhsformations define the total

ionality of the enterprise being considered.

Identification of process contents

For many technical, economic, and social reasons, humans are involved in the impleme

exec
Othe

ition of many business processes of all kinds in mission fulfilment and in management

r processes may be automated or mechanized. The only three classes of implementat

ntation and
and control.
ion tasks or

busipess processes are

— information and control activities that can be automated by computers or other contro| devices,

— 1nission activities that can be automated by the mission-fulfilment equipment, and

— non-automatable activities carried out by humans, whether of the information and control or
ission-fulfilment class.

A simple way of showing where and how the human fits in the enterprise and how the digtribution of

func

A7

All €
entrg
and 1}
into

ions between humansand machines are accomplished is highly desirable.

Recognition of life cycle

nterprisés)‘of whatever kind, follow a life cycle from their initial concept in the

mind of an

bprenetir-through a series of phases comprising their development, design, constructi

, operation

maifiténance, refurbishment or obsolescence, and final disposal. This partitioning of the life cycle
phases is often considered specific to purpose. However, specific designations neithef negate the

existence of fundamental transitions through a life cycle nor eliminate a life cycle segment. Phases of
this life cycle are not necessarily sequential or linear in appearance. The life cycle principle applies to
the enterprise as a whole and to all its constituent parts.

Not only does this life cycle apply to the enterprise but also to the enterprise products as well. Carried
further, one enterprise can be the product of another. For example, a construction enterprise can build
a manufacturing plant, an enterprise, as its product. The manufacturing plant would then produce
its own product, such as an automobile. The automobile also has its own life cycle that goes through
similar steps to those discussed here.

The creation and modification of enterprise entities, e.g. development, design, construction, etc., and
their use, e.g. operation, are an essential distinction between life cycle phases. This distinction enables
the orderly move or release from the engineering environment to the operation environment, providing
for verification, testing and release of engineering results prior to operation.
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A.8 Enterprise integration

A.8.1 Evolutionary approach to enterprise integration

The integration of all the informational and customer product and service functions of an enterprise
can be a part of a master plan. The actual implementation of such integration may be broken up into a
series of coordinated programmes that are within the financial, physical, and technical capabilities of
the enterprise. These programmes can be carried out individually or collectively, as resources of the

enterprise allow. A master plan is useful for scheduling and coordinating programmes and activities.
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'ing management and control functions-available in the entity by design, and dynam
e parts that can interoperate. In practice, the typical scenario is a combination of thg
eve integration, and a task of management is to determine what balance of these two
meet the needs for an effective master planning/integration programme and its proje

'rend in enterprise architeeture is to favour dynamic configuration through the u
htation within the enterprise, whereupon a main actor entity, e.g. a company or a net
s, develops preparedness to dynamically configure or re-configure virtual enterpris
of the interoperable services of qualified participants.
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A.9 Modularity

Because of the massive nature of most enterprise integration programmes, modularity should occur
whenever possible. Thus, it would be helpful if all activities were defined in a modular fashion, along
with their required interconnections, so they can later be interchanged with other activities that carry
out similar functions but in a different manner should this be desirable. Likewise, these replacement
activities would also be best implemented in a modular fashion, permitting their later substitution by
still other different methods of carrying out the same function. The choice of these implementation
methods can be governed by independent design and optimization techniques if the activity
specifications are honoured.

Provided the modular implementation just stated is used, the interconnections between these modules
can be considered interfaces. If these interfaces are specified and implemented using company,
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industry, and national and/or internationally agreed upon standards, the interchange and substitution
noted above will be greatly facilitated.

A.10 Stakeholder concerns

Stakeholder concerns arise from the stakeholder's individual perspective relative to the enterprise. A
viewpoint expresses the kinds of enterprise models that can provide views relative to those concerns.
Such concerns become the anchor point of enterprise architecture development as stakeholder
viewpoints are a starting point to resolve those concerns.
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most important characteristics of today's enterprises is that they are facing a rap
jvironment and can no longer make predictable long-term provisions,“To adapt tg
erprises themselves need to evolve so that change and adaptation @re a natural dyn
than something occasionally forced onto the enterprise. This necéssitates the integr
prise operation and the development of a discipline that organizes all knowledge t}
lentify the need for change in enterprises and to carry ouf-that change expediently
ly. This discipline is called Enterprise Architecture (EA),‘which in turn relies on mu
and management sub-disciplines.

ch, carried out by the European CIM Architecture (AMICE) Consortium on CIMOSAI3]
boratory on GRAI and GIM[34], and by the Purdue.Cénsortium on PERAIZL], as well as se
luced reference architectures that were intendéd to structure all enterprise integr
hnd serve as a guide in enterprise integration programmes. The IFAC/IFIP Task For
es for Enterprise Integration analysed these architectures and concluded that even if {
pverlaps, none of the existing reference-architectures subsumed the others; each of
ng unique to offer. The recognition-0f the need to define a generalized architecture i
he work of the Task Force.

%

S

m the evaluation of existing ‘enterprise integration architectures [CIMOSA, GRAI/GIM
brprise Reference Architécture (PERA)], the IFAC/IFIP Task Force on Architecturg
ntegration developed an overall definition of a generalized architecture. The prop
was entitled the Gereralized Enterprise Reference Architecture and Method
GERAM deals with those methods, models and tools that are needed to build and mai
ed enterprise, belit a part of an enterprise, a single enterprise or a network of enterpr
brprise or extended enterprise).

S

Lly fromhis undertaking, with its predominantly manufacturing and control engine
nce, other reference architectures [or enterprise architecture (EA) frameworks] deve
focus‘on the development of an IT system. Some of these were extended into the
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Communications, Computer Intelligence, Surveillance, and Reconnaissance/Department of Defense
Architecture Framework (C4ISR/DoDAF)[33], Federal Enterprise Architecture Framework (FEAF)
[38], The Open Group Architecture Framework (TOGAF)[€Z], StairLike CIMI31]l, and more recently the
NATO Architecture Framework[2ll, and many others, including proprietary ones, and adaptations or
combinations of these reference architectures.

1) The content of this annex is a permitted derivative of GERAM v1.6.3 developed by the IFAC/IFIP Task Force
on Architectures for Enterprise Integration. This annex reflects updates and clarifications in GERAM, as well as
terminological changes necessary to enable a seamless use in conjunction with systems and software engineering
architecture related standards. The term “enterprise-referencing” is now used instead of “enterprise-reference”,
in order to indicate that requirements are not limited to a reference architecture for an enterprise. A reference
architecture is a subset of the scope for application of the GERAM requirements. See also B.3.1.5 on reference
architecture models.
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Many of these frameworks have been retrospectively mapped onto GERAMI28][55][60](61][44] jn order
to identify in a comparable manner their contributions, or potential incompleteness, as well as to
determine where those frameworks include additional detail deemed necessary in various typical
practical situations.

Compared to the frameworks mentioned above, GERAM is a lightweight framework. For example,
GERAM only identifies the need for enterprise engineering or enterprise architecture methodologies
but does not prescribe a single one-size-fits-all methodology. Practitioner communities can then
develop or adopt a methodology that is fit for the purpose of their context of use, and make it part of the
specific EA Framework.

GER fM—defines—a—too of-cotreepts SHg s—enterprisesfor-thejr entire life
histqry. GERAM is 1ntended to structure ex1st1ng enterprise 1ntegrat10n knowledge for use when
describing architectures involving an enterprise. The framework has the potential for application to
all tyjpes of enterprise. Previously published reference architectures can keep their-own identity, while
identifying through GERAM their overlaps and complementing benefits comparéd to others.

B.1.2 Scope of GERAM

The $cope of GERAM encompasses all knowledge needed for enterpriseehgineering/integration. Thus,
GERAM is defined through a pragmatic approach providing a generalized framework for dgscribing the
components needed in all types of enterprise integration processes, such as

— 1najor efforts for green field installation, complete re-engineering, merger, reorganizatiopn, formation
fvirtual enterprise or consortium, value chain or supply chain integration, etc., and

— incremental changes of various kinds for continueus'improvement and adaptation.

If the architecture development for enterprisesinitegration follows an engineering approach, then
the process can also be called enterprise engin€ering. When the practice of enterprise architecture
is ennEerprise engineering, it can be considered a case of system of systems engineering ¢f the socio-
techpical system that embodies the enterprise. However, GERAM also intends to be [suitable for
describing evolutionary scenarios applieable to complex systems that can be the result pf emergent
rath¢r than managed and engineered.change.

GERAM intends to facilitate the-mification of methods of several disciplines used in the chapge process,
such|as methods of industrial ,engineering, management science, control engineering, commmunication
and information technology, ie. to allow their combined use, as opposed to segregated application.

One [feature of the GERAM framework is that it unifies the two distinct approaches of enterprise
integration, those based on product models and those based on business process design. It also offers
new fnsights intothe project, programme, and portfolio management of enterprise integraftion and the
relatjonship ofintegration with other strategic activities in an enterprise.

An ithportant characteristic of enterprise architecture is the recognition and identification of feedback
loops en varlous levels of enterprlse performance as they relate to its products mission and strategic

A al ehvironment,
performance 1nd1cators and evaluatlon cr1terla of the correspondlng 1mpact of change are necessary.
The continuous use of these feedback loops is a prerequisite for the continuous improvement process
of the enterprise operation and its adaptation to existing or anticipated changes in the relevant market,
in technology, as well as internal and external social, organizational, economical, and ecological
environment.

B.2 Framework for enterprise architecture and enterprise integration

B.2.1 Framework overview

GERAM provides a description of all the elements recommended in enterprise architecting, engineering
and integration and thereby establishes a threshold for the collection of tools and methods from
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which any enterprise would benefit to more successfully tackle initial integration design and the
change processes that can occur during the operational lifetime of the enterprise. It does not impose
a specific set of tools or methods, but defines the satisfaction criteria for any set of selected tools and
methods. GERAM considers enterprise models as an essential component of enterprise engineering and
integration; this includes various formal and less formal forms of design descriptions utilized in the
course of design, as described in enterprise engineering methodologies, such as computer models, and
text- and graphics-based design representations.

The set of components identified in GERAM is shown in Figure B.1, while B.2.2 defines each component,
which is further specified in B.3.

—GERA EAMS EMts
Generglized Enterprise Enterprise Architecting, Enterprise Modeling
Referehce Architecture - Engineering and Integration Languages +
identifies foncepts of enterprise Methodology - describes process provide modelling constrticts for
integration of enterprise modelling of ptoeesses,
architecting/engineering technology and\human role

A

I implemented in

GEMCs

Genferic Enterprise \ 4

Modglling Concepts EAETs

(Theories and Definitions) - . .

define the|meaning of enterprise support Ente_rprls? Architecture and

modelling constructs Engineering Tools - support
enterprise engineering

PEMs A
. . EMs
Partial BEnterprise Models - v
provide reusable reference Enterprise Models - d to build
models gnd designs of human enterprise designs, and N used to bui
roleg, processes and models tosupport analysis
echnologies and operation
EMOs EOS
Enterprise MOdu.Ies - used tq implement, Enterprise Operational
models that provide configure and > Systems
Implemsntable opergtlonal execute support the operation of the
processgs, technologies and . .
. particular enterprise
hurpan professions

Figure B.1 — GERAM framework components

The GERAM framework identifies in its most important component, the Generalized Enterprise
Reference Architecture (GERA), the basic concepts for use in enterprise engineering and integrgtion,
e.g. enterpriseentities life cvcles and life histories of enterprise entities GERAM diq'ringnithq hetween
the methodologies for enterprise architecture (EAMs) and the modelling languages (EMLs) used by the
methodologies to describe and model the structure, content and behaviour of the enterprise entities.
These languages enable the modelling of the human roles in enterprise operation as well as business
processes and their supporting technologies. The modelling process produces enterprise models
(EMs) that represent all or part of enterprise operations, including its manufacturing or service tasks,
its organization and management, and its control and information systems. These models are used to
implement, configure and execute the enterprise operational system (EOS) as well as to improve the
ability of the enterprise to evaluate operational or organizational alternatives, e.g. by simulation, and
thereby enhance its current and future performance.

The methodology and the languages used for enterprise modelling are supported by enterprise
architecture and engineering tools (EAETs), enabling enterprise model creation, sharing,

34 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=b800333b04f336c3b0ad5a53d1ef00c2

ISO 15704:2019(E)

documentation, information management that includes versioning, status, and presentation to various
stakeholders, and in general the processes involved in the governance of any architecting effort.

Glossaries, meta-models and ontological theories can define the semantics of the modelling languages
and collectively constitute the generic enterprise modelling concepts (GEMCs). Using partial enterprise
models (PEMs), which are reusable models of human roles, processes and technologies, enhances the
modelling process.

Specific enterprise modules (EMOs) are pre-existing components and products like human skill profiles
for specific professions or common business procedures, e.g. banking and tax rules, or IT infrastructure
services, or any other product useful for supporting the operational use of enterprise models as
compoetentsinrthe-tmpltementationof-the-operational-system

Potentially, GERAM can characterize all proposed EA Frameworks and therefore developers of specific
eworks can gain from being able to commonly refer to the capabilities of their framewarks without
having to rewrite their documents to comply with GERAM. End users benefit from"GERAM(because the
AM definitions allow them to identify what they can and cannot expect frem a specific architecture
ework, e.g. in connection with an enterprise integration methodology and-its proposed supporting
components.

B.2.2 GERAM framework component definitions

B.2.2.1 Generalized Enterprise Reference Architecture (GERA)

GERA defines a number of enterprise related generic concepts recommended for use i enterprise
archltecture/engineering and integration endeavours. These concepts can be categorized ds:

— lhuman-oriented concepts

+- to describe the human roles as an integral part of the organization and operation of an
enterprise, and

— to support humans during enterprise design, construction, and change;

— process-oriented concepts for the description of the business processes for mission fulfilment as
yell as management and centrol of the enterprise;

— {fechnology-oriented coneepts for the description of the supporting technology involved in both
e¢nterprise operation;-e.g. production, management and control, and in enterprise |engineering
efforts, e.g. modelling and model use support.

B.2.2.2 Enterprise architecture and integration methodologies (EAMs)

EAMk describé the processes of enterprise engineering and integration. A methodolgpgy may be
expressedyin the form of a process model or structured procedure with detailed instructipns for each
entefprise engineering integration activity and task, as well as characteristics of the desirgd outcome.

B.2.2.3 Enterprise modelling languages (EMLSs)

EMLs define the modelling constructs for enterprise modelling adapted to the needs of people creating
and using enterprise models. Specifically, enterprise modelling languages provide constructs to
describe and model human roles, operational processes and their functional contents as well as the
supporting information, office and production technologies. GERAM expects that selected enterprise
modelling languages have the expressive power to ensure the models created can answer relevant
questions and concerns of stakeholders. The representations produced using the languages should be
uniformly interpreted and understood by all relevant stakeholders.
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B.2.2.4 Generic enterprise modelling concepts (GEMCs)

GEMCs define and formalize the most generic concepts of enterprise modelling with definitions
occurring in various ways. In increasing order of formality generic enterprise modelling concepts may

be defined as:

a) natural language explanation of the meaning of modelling concepts (glossaries);

b) some form of meta-model describing the relationship among modelling concepts available in
enterprise modelling languages;

c) ontological theories defining the meaning, i.e. semantics, of enterprise modelling language

concept

B.2.2.5 Partial enterprise models (PEMs)
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ress models, organization medels, to name a few. Partial models may also exist at va
bstraction, describing typical business models, capabilities, and architecture princ
model designation also ingludes reference models for typical architectural solutions, d

terprise architecture and engineering tools (EAETS)

ngineering methodology and offering enterprise modelling capabilities, e.g. model creg

design and use of enterprise models.
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In, analysis, sharing, and library and repository functions. Engineering tools should pr¢vide

B.2.2.7 Enterprise models (EMs)

EMs represent particular enterprise entities. Enterprise modelling languages can best express
enterprise models. EMs include various designs, e.g. models prepared for analysis or design, and
executable models to support the operation of the enterprise, e.g. model-based control or workflow
execution. For a particular enterprise, a set of EMs may consist of several models describing the
enterprise from various perspectives and aspects, and at different extents of abstraction.

B.2.2.8 Enterprise modules (EMOs)

EMOs are either products or human roles for utilization as building blocks in the implementation of the
enterprise. Examples of enterprise modules intended to supportthe operational use of enterprise models
are human role resources with given skill profiles for specific professions, types of manufacturing and
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logistic resources, common business equipment or applications, databases, communication, control,
computing (IT) software and hardware/equipment/devices.

B.2.2.9 Enterprise operational system (EOS)

An EOSis an operational implementation of a particular enterprise. A particular enterprise model, which
provides the system specifications and identifies the enterprise modules used in the implementation of
the particular enterprise system, guides an EOS implementation. An EOS is typically a socio-technical
system of systems.

B.3.

GERA specification

B.3.1.1 Fundamental concepts

GERA defines the generic concepts recommended for use in enterprise @rchitecture/engineering and
integration projects of all sizes and varieties. GERA classifies these genéric concepts, as outlined below,
to forus attention on the need for a comprehensive scope in enterprise modelling, and cpnsequently
to rdgspond to the widest range of stakeholder perspective concerns. GERA classifies these generic
concgpts as outlined below.

rocess-oriented concepts cover enterprise operations. including functionality and [information

b)

low among functions over the enterprise life cycle and activities in various life cyclg
ife history of the enterprise, types of participatinig enterprise entities, and enterpris
ith integrated model representation and modelwiews.

echnology-oriented concepts cover variousinfrastructures used to support processes
mong others the resource models, e.grinformation technology, manufacturing tech
ffice automation, facility layout medels, information system models, communica
odels, logistics models and models.of different kinds of equipment used in mission fu

Human-oriented concepts cover human aspects such as adequate capabilities, s
lhow and competencies as well as roles of humans in the enterprise organization an
The organizational relationships have to do with decision level, responsibilities and
yhile the operational, relationships have to do with the capabilities and qualitie
roles as enterprise-resource elements. To address interoperation with other humai
fechnology elements when realizing enterprise operations, the architecture needs to r¢
¢ommunication néquirements of humans.

phases, the
e modelling

and include
nology, and
tion system
[filment.

Kills, know-
d operation.
authorities,
5 of human
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bcognize the

f the arganization and operation of an enterprise. The constructs should facilitate t
enterprise models that describe

Modelling-cenistructs are necessary to facilitate the description of human roles as anlilztegral part

capture of

human roles

technology elements when realizing enterprise operations, and

the capabilities and qualities of human roles as enterprise resource elements.

the way in which human roles are organized so that they interoperate with other human and

An appropriate methodology, see B.3.2, is necessary to promote the retention and reuse of models that
encapsulate knowledge, i.e. know-how possessed by humans expressed as an enterprise asset, which is
an important consideration in enterprise engineering and transformation projects.

Examples of enterprise reference architectures, as architecture frameworks, are provided by
Architecture of Integrated Information Systems (ARIS)[62], CIMOSAI36l, GRAI/GIMI34], Integrated
Enterprise Modelling (IEM)[42], PERAIZLl, and many more that supplement or are derivatives of
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them. ISO 19439 defines a general Framework for Enterprise Modelling and this document defines
requirements that such frameworks need to satisfy.

B.3.1.2 Human-oriented concepts

B.3.1.2.1 Human roles

The role of humans in the enterprise remains fundamental and foundational. However sophisticated
and integrated an enterprise can be, humans will always make the final decisions. Enterprise is a
particularly human phenomenon With the emergence of decentralized organlzatlonal structures, flat
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iIchine operators, storeroom and inventory persons, ptogress chasers, secretaries, drivers,
nagement and systems consultants, systems integrators, system builders, and IT suppliers

ns and groupings of humans are given a nugiber of roles and responsibilities to carry out
y and cohesively, where each can involve different reporting lines and control procedures.
e, their roles can be expected to change over time as process requirements chang¢ and
nd group capabilities advance or decline. The ability to manage and deploy human role
ffectively and collectively under‘¢omplicated and changing circumstances is key t¢ the
position of an enterprise.

Iling all characteristics of-human roles within an enterprise is not practical, concept
p formally represent those human factors connected with enterprise integration.
on should achieve thieyharmonization of human roles with that of other human role;
clements, as an integral part of the organization and operation of an enterprise. H
constructs that-promote the capture of knowledge possessed by humans in the foj
erprise models.about:

S are
This

and
ence
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of individuals and groups of individuals;

in which organizational structures and constraints coordinate those roles, e.g. deleghtion

nsibilities and control and reporting procedures;

a) therole
b) the way

of respd
c) therole

capabilities and qualities of humans, treated like resource elements;

d) the development of individuals, their skills, knowledge and career paths.

Importance should be given to understanding when, by whom and how decisions are made in the
enterprise as well as who can fulfil certain tasks in the replacement of others. Therefore, current
human role models, including those related to organizational learning, have important use during the
operation of the enterprise, not only for enterprise transformation activities.

Knowledge about the roles of humans and ways in which those roles can be harmonized should
be capitalized and reused as an enterprise asset. The extent to which such knowledge becomes
formalized within computer processable models directly influences the extent to which knowledge
can be capitalized. Computer processable models based on common understanding naturally facilitate
analysis, transformation, storage and integration, whereas mental models retained and processed by
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humans are less tractable for such purposes. However, the retention and reuse of informal models, e.g.
cause and effect relationships and shared mental models or images, can provide benefit in realizing
improved enterprise cohesion. Hence even where formal modelling of human issues proves impractical,
deploying suitable social processes, human role organizational structures, methodologies and tools
that promote explicit model capture and visualization should encourage the retention and reuse
of knowledge. Even when explicit models are not available or able to express the knowledge itself,
expressing the characteristics of the competency relying on that knowledge supports strategic human
role resource decisions.

The ability to retain and reuse human factors knowledge can be of vital importance to the competitive
position of an enterprise. Its reuse can enable an enterprise to:

espond rapidly to new market opportunities or changes in environmental conditions;
eengineer its business and manufacturing processes;
prove its management and utilization of resources as new products and’services are|launched;

prove its resilience to the loss of core competencies that substantially rely on kn
uman assets.
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derations for trade-off analysis (see B.3.2.2).

.3 Process-oriented concepts

.3.1\ 'Process modelling concepts

Business process-oriented modelling aims to describe the processes in the enterprise by capturing both
their functionality, i.e. what tasks to perform, and their behaviour and all other characteristics relevant
in the context (throughput, speed, reliability, precision, various statistical properties, etc.), including
when and in which sequence to perform those tasks. To achieve a sufficiently complete description of
the processes, the guiding methodology (see B.3.2) recognizes a number of essential concepts. GERA
identifies the following process-oriented concepts:

a) enterprise life cycle and life cycle phases, which describe the kinds of activities involved in life
cycle processes of enterprise entities;

b) life history, which describes the instantiation in time of life cycle activities;

c) kinds of entities within the enterprise and their roles in each other's life cycle processes;
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d) enterprise modelling with integrated model representation using modelling viewpoints that can
guide modelling and generate relevant model views.

The following sections describe these concepts in more detail.
B.3.1.3.2 Life cycle concept

B.3.1.3.2.1 Life cycle phases

Figure B.2 shows the GERA life cycle for any enterprise or any of its entities. The different life cycle
phases define collections of related activities that are pertinent during the life of the entity. Life cycle
activities encompass all activities from identification to decommissioning at end of life of the enterprise
or entity. GERA defines seven life cycle activity collections characterized by dependency relationghips
rather than| chronology. A phase collection can subdivide further as demonstrated for the design
activities that partition into two sub-collections of activities based on the customary.subdivisipn in
many indugtries of design into preliminary and detailed design activities. The life cycle diagram
depicting tHe life cycle of an entity is itself a highly abstracted model of the enterprise enginegring
methodology.

— Identification

— Concept

— Requirements

——\Preliminary design
—Design
C}\ — Detailed design

O@ 7/ '|— Implementation

—— — Operation

life cycle phases ———

— Decommission

Figure B.2 — GERA life cycle phases

B.3.1.3.2.2 Entity identification

Entity identification consists of the set of activities that identify the context of the entity under
consideration in terms of its boundaries and its relation to its environment. These activities include
the identification of the existence and nature of a need, or the need for change of identity. Usually upper
management performs these activities because the identity of the entity has strategic significance.
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B.3.1.3.2.3 Entity conceptualization

Entity conceptualization consists of the set of activities necessary to develop the business concept
of the underlying entity, including the definition of the entity’s vision, mission, values, strategies and
strategic relationships, objectives, capabilities, operational concepts, policies, fundamental principles
and business plans. Usually upper management performs these activities with support from a range of

strategic analyses.

B.3.1.3.2.4 Entity requirement definition

Entity requirement definition consists of the set of activities necessary for developing descriptions of
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.3.2.5 Entity design

y design consists of the activities necessary for supportingthe specification of the en
mponents, which satisfy the enterprise requirements:The extent of design activities
n of all human role tasks, those of individuals and of‘'0rganizational entities, and all m
erned with the entity’s mission fulfilment, i.e. service to customers or production, ang
hgement and control functions. The design of thevoperational processes includes the ig
e necessary resources, which includes manufacturing, information, communication, cq
 applicable technology.

ife cycle phase can be subdivided toprovide additional structuring of life cycle activit

ﬂ)reliminary design of the ovefall enterprise specification that is sufficient to e
easibility, cost, time, and risk for securing management approval to proceed with the
entity transformation;
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final physical or virtual system that includes verification mechanisms.
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B.3.1.3.2.6 Entity implementation

Entity implementation consists of the set of activities that define all those tasks that are necessary to build
or re-build, i.e. manifest, the entity. This comprises implementation in the broadest sense, which covers:

a) commissioning, purchasing, (re)configuring and deploying all service, manufacturing and control
software as well as hardware resources;

b) hiring and training personnel, and developing or changing the human organization;

c) construction, manufacturing, or building the entity;

d) component testing and verification, system integration, testing and validation;
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e) releasing the newly deployed entity or its new version into operation;

f) creation of or update to the as-built documentation or implementation description.

NOTE1 The implementation description or documentation can deviate from the design specification of the
entity due to preferences or unavailability of specified components.

NOTE 2  Conceptually, component and integration testing is not necessarily considered part of the

implementation activity, because for testing it is necessary to create a build and release it into a test-operational
environment, and then operate the component, or the entire system, for testing purposes. In such cases,
implementation is subdivided into separate build and test collections of activities.

B.3.1.3.2.7
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Entity decommissioning

mmissioning consists of the set of activities necessary for decommissioning, recy
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The actual change activities consist of instances of life cycle activates B33.1.3.2.2 through B.3.1.8.
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Moreover, change processes can interact with one another. Within one process, such as a continuous
improvement project, multiple life cycle activities usually are active at any one time, e.g. concurrent
engineering design and implementation processes can execute within one enterprise engineering
process with considerable time overlap, and typically in parallel with the enterprise operation.

Life histories of entities are all unique, but all histories record processes that in turn rely on the same
kind of life cycle activities as defined in the GERA life cycles. For this reason, life cycle activities are a
useful abstraction in understanding the life history of any entity.

EXAMPLE Figure B.3 illustrates the relations between life cycle and life history representing a simple
case with a total of seven processes: three engineering processes, three operational processes, two partial
decommissioning processes and one decommissioning process.
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An Enterprise Engineering Project
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Figure B.3 — Iterative processes.in entity life-history

B.3.1.3.4 Entity interaction in enterprise integration

Figure B.4 shows one of several ways in which the life cycle activities of two entities can interact. The
operption of Engineering Project entity supports the life cycle activities for design and implementation
of the Factory entity, e.g. the EngineeringProject entity may be an engineering project that designs the
factdry for the Factory entity.

Convlersely the life cycle activities of the Engineering Project entity need information about the life
cyclg details of the Factory entity, i.e. another entity, such as a factory owner, needs to identify a plant,
definle its concepts and requirements, such as information about which life cycle activities ¢f the plant's
products are to be perférmied by the operation of this plant.

Many other relations between the life cycle activities of enterprise entities are possible. [However, in
every case only.the operational activities of entities influence the life cycle activities of other entities.
GERA introduces the concept of entity type and the relations between the different entity types. While
many categetiés of enterprise entities are possible to define as entity types, the following discusses
two different ways of categorizing enterprise types:

b) ageneric and recursive set.

The two sets have close relations to each other and both identify the product entity as the result of the
operation of other entities.
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Figure B.4 — Engineering Project and Factory life cycle interaction

B.3.1.3.5 Project-oriented enterprise

The projectroriented enterpris€, often with a short life history, meets the need for the ore-off
production pf another entity, €:8) enterprise engineering project, one of a kind manufacturing project,
EPC (enginegring, procuremeit, construction) project, building projects.

Close linkage with the.life cycle of the single product or service that it is producing or changing
characteriz¢ the project enterprise. The management system of project enterprises is typically st up
quickly, whifle the Fest is created and operated in stages in lock-step with the life cycle activities qf the
product of the project.

Project enterpri fated witly, or created by Tepetitive ring

; 3
enterprises, e.g. an engineering project created by an engineering enterprise.

The products of project enterprises may be diverse, such as large equipment, buildings etc., or an
enterprise (e.g. a plant, or an infrastructure enterprise).

NOTE Many very large infrastructure projects become a set of hierarchical sub-projects devoted to specific
aspects of the larger project, e.g. a new long distance high-speed highway requiring commissioning, preliminary
design, land acquisition, detail design, drainage, pavement, bridges, etc. These large projects are thus a system of
systems.
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B.3.1.3.6 Repetitive service and manufacturing-oriented enterprise

The repetitive service and manufacturing-oriented enterprise typically supports a family of products,
produced in a repetitive or sustained mode. During their life history these business enterprises
undergo multiple change processes, e.g. service enterprises, manufacturing plants, engineering firms,
infrastructure enterprises.

The products of the repetitive service and manufacturing-oriented enterprise may be diverse, such as
non-enterprise product entities (see B.3.1.3.7); or products that are enterprises themselves, e.g. project

enterprises are regularly created by engineering and building companies.
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1.5.7 Product entity

product entity refers to a very large class of entities including any artificial \prod
mer goods, services, hardware equipment, computer software, etc. These”entit
prises themselves, but GERAM describes their life cycles and their life histories can
the life cycle stages, as identified in ISO/IEC/IEEE 15288.

Technically speaking, a service product is not a product entity, but isfa service process af
vice functions performed by a service entity (see B.3.1.3.8) in support of aprocess of the servig
hieve this support for the user process, the service entity executes a sekvice process that utiliz
's resources to implement the desired function.

1.3.8 Enterprise recursion

sub-clause describes a generic and recursive set of\typical enterprise entity types
Lhe first entity generates, creates or changes the@econd, the second generates, create
hird, etc., and each generation has the same basic structural form. The following proy
Fsive relationships of this kind.

trategic Management entity: defines the necessity and the starting of any enterprise ¢
tegration effort.

kngineering/Implementation entity, e.g. project or programme: provides the mea
put the enterprise engineering efforts. The project or programme may use the s

¢of the enterprise entity, which may be a new production line, or a single product like a §

methodology needed for guiding the enterprise engineering, enterprise integration, an
operation activities.

lict, such as
ies are not
be arranged

ranging a set
e user entity.
s the service

n the sense
5 or changes
rides typical

ngineering/

hs to carry
brvices of a

Methodology entity like aconsulting service, to define, design, implement and build the operation

thip.
ngineering/

ted by the
r to provide

bresents the

provide the
d enterprise

e) Methodology entity: provides the methodology for use by other types of enterprise during their

operation, which operation in general leads to the creation of another entity type. Nam
strategic management entity and the engineering project may use such methodologi

ely, both the
cal support.

Management and engineering consulting companies are typically this kind of enterprise.

f) Engineering and Construction Contractors: represented as one for simplicity, contribute to the
technical work of Engineering/ Construction projects or programmes.

Figure B.5 shows the most important generative relationships among the involved entities, plus some
operational interactions. These generative relationships expose the fact that one entity's operation
contributes to one or more of the non-operational life cycle activities of another entity, thereby
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supporting the creation or change of that entity. Typically, additional operational interactions exist,
through both the Strategic Management entity and the Production entity contributing to the governance
of projects and programmes. If the project's mandate is factory maintenance or factory modernization,
then some additional or partial decommissioning will also occur.

Identifying the role of the different entities, their products and the relations between them demonstrates
the recursive characteristic of the first four entity types: a) to d). Figure B.5 depicts the recursive chain
of enterprise entity development.

Strategic Management
Entity (e.g., company

headquarters)
E‘l'lgiuc:l iug 7
Identification Implementation
Entity (e.g. project)
Concept . .
Requirements - (e.g. shipyard)
= ’
\Hreliminary design Initiates, Identification
Design = || definesand | Requirements
Detailed design establishes Concept
the Project Preliminary design
Implementation | [F— Design Requirements
Operationﬂ\ / Detailed design Preliminapy design
Plans and . .
I_D — builds Implementation Designs — Désignr ——
ecommissioning the Project and Détailed design
|~ Operation builds
Iniplementation
commissioning
Supports Operation
}?/[omp ar)ly 3 Decomrissioning
Methodology Entity anagement Engineering-& P Enti
(e.g. consulting Constriction roducth_ntlty
company) Contractor(s) (c.g. ship)
A
7
Concept Supports Concept ’ ’
Project f . f
Requirements Management Requirements Designs Requirements
and
Pyeliminary design | Pretiminary design builds Preliminary design
—— Design Contribute(s) —— Design (— Design
Detailed design to Project(s) | Detailed design Detailed design
Implementation Implementation Implementation
Operation Operation Operation
Ipecommissioning Decommissioning Decommissioning

Figure B.5 — Recursive classification of Enterprise entity

The Strategic Management entity will always start creation of any subordinate entity by identifying
scope, goal and objectives for the specific entity. Development and implementation of a new enterprise,
or new business unit, is then done by an Engineering/Implementation entity whereas a Production
entity is responsible for developing and manufacturing a new Product entity. All enterprise entities
have an associated and clearly identifiable entity life cycle. The operational part of the entity life cycle
always defines, creates, develops and builds the successor entity. The operation itself may be supported
by an associated methodology for enterprise engineering, enterprise operation, product development
and production support. These methodologies are usually expressed in some form of process definition
and used as a reference model, but possibly extended with models for other aspects, e.g. information
models, organizational models.
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Figure B.5 illustrates that the methodology entity also has alife cycle. There is a clear distinction between

— thelife cycle of the methodology entity, which is essentially the description of how a methodology is
developed and embedded as the service delivery process of a consulting company, and

— the manifestation of the methodology during the operation of the methodology entity, in support of
the consulting company's clients.

EXAMPLE The generative relations of the different entity types are also shown in Figure B.6, which
demonstrates the contributions of different entities to the life cycle of a Production entity. The Production entity
itself produces the enterprise's Product entity during its operation phase.

Il/fnu.tll'nq“m"nggn‘if;‘ AL
Identification Product: identity, business‘concept gnd
Strategic mandate of manufacturing éntity M
Management |_>
Entity Concept
A 4
Requirements . .
<:| Engineering
Product: Master plan of M Entity
Preliminary design
il Design Z
. Detailed design N
Construction Product: Building / Installation of NI
Entity :>
Implementation v
Manufacturing
<‘,:| and Service
Operation providers (e.g. from
supply chain)
Decommissioning <:| Various other
E .
Enterprise E:zi'jrp 7}: lszs
Product y P
Note: Wide arrows-tepresent life-cycle relationships and narrow arrows represent information producks
Figune B.6 — Contributions of entity types to Production entity
B.3.1.3.9 Process modelling
Processanodelling is the activity that results in various models of the management and contfol as well as
the sefvice and production processes, and their relationships to the resources, organizatidn, products,

etc. of the enterprise. Process modelling allows representation of the operation of entities within the
enterprise in all their aspects: functional, behaviour, information, resources and organization, etc. This
representation provides for operational use of the models in support of decision-making by evaluating
operational alternatives, and for model driven operation control and monitoring.

B.3.1.4 Technology-oriented concepts

B.3.1.4.1 Importance of technology to enterprise

Both the enterprise engineering process and the operational environment employ and are becoming
increasingly dependent upon a significant amount of technology. Technology is either production
oriented and therefore involved in producing the enterprise products and customer services, or
management and control oriented — providing the necessary means for communication, information
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processing, decision support and information sharing. Technology-oriented concepts provide
descriptions of the technology involved in both the enterprise operation and the enterprise engineering
efforts.

For the operation-oriented technology, such concepts need to relate to resource models and resource
organization models, e.g. shop floor models, system architectures, information models, infrastructure
models, and to communication models, e.g. network models, etc.

All these descriptions are applicable in the enterprise engineering environment as well. In addition,
there are specific needs for information technology to support enterprise engineering, e.g. engineering
tools, model development services and model enactment services for animation, simulation, and model-
based Oper]tluu controtatd-monttot lus.

B.3.1.4.2 Information technology support for enterprise architecture and integration

Information technology support for enterprise engineering architecture and integrdtion as well as
enterprise dperation should provide three main functions:

a) model Jportability and interoperability by providing an integrating (infrastructure agross
heterogeneous enterprise environments;

b) model driven operational support, e.g. decision support and operation-monitoring and contr¢l, by
providing real time access to the enterprise environment;

c) model reusability by providing a repertoire of reusable constructs and model elements.

These functjions result from the fact that in a system of systems context, like a typical enterprise,
creating the necessary models all at once is not possible, e g.when designing and configuring a syjstem
of systems, Integrating a large number of pre-existing models is normally necessary.

To enable ar} integrated real time support of the operation, both the process descriptions and the aftual
information| need to be available in real time for; decision support, operation monitoring and control,
and model maintenance.

Desirable irfteroperability needs to be undérstood, determined in the ecosystem in which strategic
management intends to operate, and,\as part of strategic management decisions, initiated as
preparedneps building projects for pragrammes necessary to achieve this intended interoperability| Pre-
existing intg¢rnational or industry infermation and process standards rarely satisfy all interoperability
requirementgs.

B.3.1.4.3 Enterprise model execution and integration service (EMEIS)

To illustratg the potential use of computer executable models for on-line operation of the enterprise,
Figure B.7 |llustrates‘the concept of an integrating infrastructure linking the enterprise model to
the real-world systéms. Integrating services act as a harmonizing platform across the heterogerneous
system env
The process—
Therefore, access to 1nformat10n and its transfer to and from the locatlon of use is Controlled by the
model and supported by the integrating infrastructure. The harmonizing characteristics of the
integrating infrastructure enables transfer of information across and beyond the organization. Through
the semantic unification of the modelling framework, interoperability of enterprise models is assured
as well.

NOTE EMEIS has several terms applied in practice, e.g. digital twin, digital thread, and is becoming common
with model-based operation for many manufactures of large system, e.g. oil & gas refinery and aircraft, where
maintenance services are a critical part of the manufacturing enterprise or frequent configuration changes are
necessary.
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Figure B.7 — Reference model of EMEIS

.5 Modelling framework for GERA

.5.1 Framework dimensions

\ provides an analysis and modelling framework that relies upon the life cycle

Life cycle dimension — providing for the controlled modelling process of enterp
iccording to life cycle actiyities;

Fenericity dimensiony= providing for the controlled particularization (instantiation) g
reneric and partialto particular; and

/iewpoint dimension — providing for the controlled manifestation of specific v
bnterprise:

'e B.8>shows the three-dimensional structure identified above that represents thi
ework. The reference part of the modelling framework consists of the generic and the p

of ge

foncept and

ifies the following three dimensions for defining the scope and content of enterprise modelling:

rise entities

rocess from

iews of the

s modelling
hrtial extent

aricity Cn]‘r Thaca ESTE72) Cr\]nmnc structuratho dafinitinnce Af conecante hacic and ymaaorg

TCT1ICIv Ty T Ircot-—tv oo ot ot TaT C T e Ot T O o O COTICC PO oot o G I T ©

constructs,

i.e. the modelling languages, and the model prototypes for description of an area of concern. The extent
of genericity represents the results of the modelling process, which is the model or description of the
enterprise entity at the state of the modelling process corresponding to the set of life cycle activities.

Throughout the life cycle, modelling languages should support the two-way dependency relationship
between models of adjacent life cycle phases. That is, the derivation of models from one state of
elaboration to a more elaborated state or the abstraction of elaborated models to one or more model in
a less elaborated state can occur without having to create different models for the different sets of life
cycle activities. This support capability aids in achieving coherence of models throughout the life cycle.
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NOTE The two left side columns represent the reference models; the right side represents the particular
enterprise mpdels.

Figure B.8 — GERA Modelling Framework

B.3.1.5.2 Enterprise modelling

Enterprise modelling is the activity that tesults in partial or particular enterprise models, e.g. various
models of the management and cofitrol as well as service and production processes, resoyrces,
organizatiof, products etc. of the enferprise. The life cycle activities of an entity define one or more
models of that entity. The result§ of enterprise modelling are all the various designs, models prepgared
for analysis,executable modelsto support enterprise operation, and so on produced during the lifgtime
of the enterprisel2Z]l. The emphasis in enterprise modelling is often on process and product models for
representing enterprised®perations.

However, thlere is no\preferred or generally applicable kind of process model and associated pr¢cess
modelling lgnguage; the selection of the appropriate kind of model depends upon the questions that the
model need$ to’be able to answer and the intrinsic characteristics of the modelled process.

Enterprise models in general represent a very complex reality. In order to reduce this complexity,
enterprise models need to enable the representation of certain portions of model content as views of
the model's content that are relevant to one or more concerns of the model user. These views allow
manipulation of the model for certain aspects of relevance to the user’s concerns without being
overwhelmed by the overall complexity of the entire model.

Enterprise modelling is not limited to process modelling of the enterprise. All other customary design
and analysis activities that create descriptions, or models of the enterprise in any phase of the life cycle
also belong to this category, e.g. engineering drawings, charts, and simulations. Information modelling
often proceeds or is concurrent with process modelling.
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B.3.1.5.3 Model view concepts

B.3.1.5.3.1 Viewpoint concept

To decrease the apparent complexity of the resulting enterprise models, GERA provides the model
view concept, which allows description of the operational processes as an integrated model, but with
presentation to the user in different sub-sets or model views of an integrated model (see Figure B.9).
Views contain a subset of facts present in the integrated model allowing the user to concentrate on
relevant questions that the respective stakeholders can consider using enterprise modelling. Different
views are made available highlighting certain aspects of the model and hiding all others. The concept of

model view is applicable for models of all entity types across their entire life cycle.
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¢ the utility of a view depends upon the availability of relevant model content, tthe

uring the necessary content for composing the associated view or views. A viewipointis t

Gsitates certain constraints for selecting the appropriate kind of modelnepresentati
ods for representation of facts about the entity.

model view concept of GERA assumes an underlying integratéd-model, which ma
rent kinds of models or partial models of the same kind integrated into a conceptual
h to project appropriate content to satisfy a view specification. Any model manipula
ge of the contents of a specific view, are reflected in all relévant views and aspects of t

p defines a viewpoint for the kinds of models often identified as desirable, allowing for

grained viewpoints. These viewpoints enable examination of various enterprise aspe

cts relative to framework content:
entity Model Contents viewpoint: function, information, resource, organization (FIRO)
entity Purpose viewpoint: customerservice and product, management and control;

[
1

entity Implementation viewpeint: human implemented tasks, automated tasks for mis
echnology, and managementand control technology tasks;

¢ntity Physical Manifestation viewpoint: software, hardware.

e aspect-oriented ‘viewpoints identify a few of the many possible ways in which G
ser and other¢stakeholder needs and concerns. Additional aspect-oriented viewpd
Esary to achieve the purpose of an architecture effort.

AM does\het require every view to be present in every life cycle phase (see Figure B.9).
e theseapture of all relevant facts, the scope of each aspect defined viewpoint should

s asSociated with a v1ewp01nt For example, it is not as important to have a separate SO

q

bholders are gathered into coherent viewpoints that govern the kind of model-app

ollection of stakeholder concerns into appropriate model view specifications,the creat

RAM-compliant candidate architecture frameworks ot reference architecture may pr¢

pre model view. GERA identifies the following\wiewpoints that represent the differen
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fion, i.e. any
he model.

the fact that
bscribe even
"ts from one
t enterprise

bion support

ERA adapts
ints can be

However, to
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ftware view

Methodology decides Wthh model to produce based upon the spec1f1cs of a Vlewpomt collectlon of
stakeholder concerns and which modelling language or formalism to use to describe that model.
In other words, the enterprise engineering process needs models for some pragmatic purpose. For
example, models can be used to:

— express a design choice;
simulate a process to find out some process characteristics, such as cost or duration;

analyse an existing process for finding inconsistencies or other problems in the information or
material flow;

analyse decision functions and find missing decisional roles.

© IS0 2019 - All rights reserved 51


https://standardsiso.com/api/?name=b800333b04f336c3b0ad5a53d1ef00c2

ISO 15704

:2019(E)

Generic
Modelin Partial } Viewpoint according
. . g ﬁ . to genericity
viewpoints 4 Particular

Instantiation (Genericity)

Identification | I, I/ ustomer service . . .
f } Viewpoint according
Concept | L |,, i Management to purpose
i and control
Requirements | L Software } Viewpoint according to
Hardware Lol it
J’relzmmmy qesign T t physteat-mantfestation
Dgsign
. . 1 t Resource
Petailed design Organization } Viewpoint according.to
Implementation | Inforrpatlon model content
Function
Opferation
Dgcommission ————— 1
— Automated Viewpoint according to
Life cycle J\ s Human mieans of implementation
A
phases L\
Reference Architecture Particular AxChitecture

NOTE
can define an

The model v
the early ef
content froi
e.g. ISO/IEQ
different ex
specific viey
according td

B.3.1.5.3.2

GERA identi
entity: Fung

The Functio
business pr

This figure shows four aspect-oriented viewpoints and associated view contents. Engineering

[fies four different model content views for the user-oriented representation of an enter

d support other modelling views.
Figure B.9 — The modelling view concept

iew concept is the generalization of thewview concepts of many architectures beginning
forts of CIMOSA[3¢], GRAII34], and others and is consistent with the extraction of reld
h information systems available-in*current enterprise modelling products and stand

10746, ISO/IEC/IEEE 42010.. The GERA modelling framework allows for languag

v depending on which anhalysis capability, and therefore expressive power, is neceg
the enterprise engineering methodology's needs.

Entity model contént viewpoint

tion, Information, Resource and Organization (FIRO).

h view,represents the functionalities as activities and the behaviour as flow of control
cesses of the enterprise. This view represents decisional activities of management re

tools

with
vant
ards,
es of

pressive power to create model views. This flexibility enables a choice of language i any

sary,

prise

fthe
lated

operations @

s well as transformational and suppaort activities. The functional view of the manage

ent

and control

NOTE

system of an enterprise or entity is indeed the functional model of its decision system.

The management and control system of the enterprise is often called the decision system.

The function view includes functional models, process models, decisional models, which differ in their
expressive power and competency, i.e. in terms of what analysis questions these models can answer,
but all address some aspect of enterprise function.

The Information view collects the knowledge about enterprise material and information objects as
they are used and produced in the course of enterprise operations. An enterprise information model
structures the relationships among objects identified from the relevant activities of the function view as
the information view for information management and the control of the material and information flow.
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The Resource view represents the resources, i.e. human roles and technical agents as well as
technological components of the enterprise as they are used in the course of enterprise operations.
Resource models structure the assignment of resources to activities according to resource capabilities
and need for that capability, e.g. for asset management.

The Organization view represents the responsibilities and authorities for all entities identified in
the other views (processes, information, and resource) and provides the structure of the enterprise
organization by establishing the identified organizational units into larger units such as departments,
divisions, sections, etc.

The entlty Model Content Vlewpomt model v1ews of FIRO form the prlmary source of content from

B.3.1
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ts from a prOJectlon through the FIRO content flltermg for specifics assoc1ated with't
Ct that different view captures. As needed, other primary source modelling viewisyma
upported by the engineering tools, e.g. ecological, economic, and risk.

entity Model Content view in particular has wide applicability because many cui
lling languages generate models that fit in this category.

.5.3.3 Entity purpose viewpoint

ose of the part of the enterprise entity that is being modelfed.

The Customer Service and Product view represents the'model contents relevant to the
peration and to the results of that operation. This view represents the mission fulfil

¢nterprise.

The Management and Control view represents the model contents relevant to mang
¢ontrol functions necessary to control mission fulfilment, i.e. that part of the ent
produces products or delivers services:fop the customer.

e aspect views delineate the scopé-of the enterprise, ensuring that the scope shou
the mission fulfilment part and the management part of the enterprise. An enterprise
odology may propose preparation of separate models or descriptions for these two vig

.5.3.4 Entity implementation viewpoint

different views, based upon the division between human and automated tasks, re
ns for implementation of the enterprise.

he Human_Activities view represents all information related to the tasks human
accomplishy‘The view distinguishes between the tasks that can be done by humans,
humanizability, and those that will be done by humans, the extent of automation, i.e
iseftilautomation.

w most often

e enterprise
y be defined

rently used

following two aspect-oriented views allow representation of the model contents according to the

enterprise’s
ment of that

gement and
brprise that

d extend to
engineering
PWS.

present the

roles are to
he extent of
the limit of

iew includes

1nformat10n related to two distinct aspects those tasks carrled out by mission support technology
and those tasks carried out by management and control technology, i.e. technology tasks. The
implementation view distinguishes between the tasks which can be done by machines, the extent

of automatability, and those which will be done by machines, the extent of automation,

useful human endeavour.

information regarding trade-off opportunities involving labour and capital utilization (see B.3.2.2).

© IS0 2019 - All rights reserved

the limit of

Rapid innovation of technology across domains makes this viewpoint the primary source of

53


https://standardsiso.com/api/?name=b800333b04f336c3b0ad5a53d1ef00c2

ISO 15704

:2019(E)

B.3.1.5.3.5 Entity physical manifestation viewpoint

Two different views allow representation of the physical manifestation of the enterprise.

— The Software View represents all information resources capable of controlling the execution of
the operational tasks in the enterprise. These resources include any computer programme, either
stored in a computer or in any other control device enabling the execution of an operational task or
a set of instructions for human roles with defined skills such that the instructions for the humans
enable performance of a task that they otherwise would not be able to carry out. Software can
specify controllable states, e.g. a configuration description of manufacturing hardware such that
the hardware in that configuration can perform a task provided that configuration is maintained
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The Ha
sets of
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Figure B.10
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rdware View represents all physical resources that have the capability to perform
asks in the enterprise. These resources include a computer system with given performn

bristics, an employee with given skills, or a machinery with given functionatlity:

GERA with aspect views

shows an overlay of the different viewpoints and associated views’identified above.
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Figure B.10 — GERA Modelling Framework with Modelling Viewpoints and associated Views
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B.3.2 Specification of EAMs

B.3.2.1 Methodologies for enterprise transformation

Enterprise architecture and integration methodologies describe the processes of enterprise
transformation, such as the engineering of enterprise integration. The GERA life cycle concept identifies
the scope for enterprise engineering methodologies.

A fundamental methodological aspect of Enterprise Integration/Enterprise Architecture (EI/EA) is
that in fact EI/EA should not have a separate methodology in the sense of following a process that is
completely separate from existing management and engineering processes. Rather, to ensure that there

are n

- p

dssociated engineering processes and methods.
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o gaps or missing decisions, the EI/EA methodology needs to combine and harmonize

anagement processes and associated methods in strategic and tactical enterprise n
rtfolio, programme and project management, as well as business analysis and.alignn

b management and engineering practices, which improvement.¥s)a kind of transfi

Creating a mature enterprise architecting practice requirés the building up of the o
of governance, management and support functions in addition to'the technical (architecting an
ions — and probably adopting standard process models forcarrying out these functions.

roviding methods of progression for every kind of life cycle activity, an enterprise
odology helps the user in the process of the enteérprise engineering of integration proje
e overall integration of a new or revitalized efiterprise or in management of on-going

y engineering analysis and description pr modelling tasks. The requirements and des
ity sets mostly involve engineering tasks throughout the process, including the p1
prise models and designs.

Fprise engineering methodologies describe the process of enterprise integration ar
in the engineering tasks of enterprise modelling. Different methodologies can exist th
Fent aspects of the enterprise change processes. These can be complete integration g
mental changes as experienced in a continuous improvement process.

bnterprise integratien process itself is usually directed to a repetitive service, or mg
prise or a project enterprise. The methodology may be specifically oriented to
prise or entity~under consideration.

I'prise integration may itself be carried out as a specific project or programme. But thd
maysbegin at any of the enterprise’s life cycle phases, not necessarily with iden
bpt phase.

existing:

lanagement,
hent;

n organization to adopt an EI/EA methodology is equivalent to a systematic process ifnprovement

brmation or

prise integration endeavour, thus calling for a “bootstrapping” thethodology to effectyate.

rganizational
d evaluation)

engineering
cts whether
change. The

r two sets of these life cycle activities, identification and concept, are partly mandgement and

gn life cycle
oduction of

d guide the
ht will cover
rocesses, or

nufacturing
the type of

integration
fification or

Therefore, in an enterprise engineering methodology, the processes relating to the different tasks
of enterprise engineering should be defined independent of each other in order to allow for their
combination in the context of the specific engineering task.

EXAMPLE An engineering project for a new production facility does not necessarily need to begin with
the identification and concept definition phases of the plant because it is possible that the customer, who is
commissioning the designing and building of the plant, has carried out these activities already. In this situation,
the engineering project enterprise should only specify the requirements and carry out the design/detailed
design, and implementation or building of the plant. Such an engineering project utilizes only the requirements,
design, and implementation portions of a complete enterprise engineering methodology.

A large number of methodologies exist for enterprise transformation and engineering, including those
popularized in the software and systems literature. While all these methodologies are based upon valid
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ideas, none can be said to be the best, because the actual set of activity instances and their sequence

will depend on the following:

— the type of entity that is being developed or transformed;

— the knowledge, skills, expertise and experience of the managers, analysts, architects and developers

involved;

— the knowledge, skills, expertise and experience of the customers, both in technical and management

terms, including clients and end users;

— the availability of good reference models;

— the availability of reusable components or products (modules in GERAM terminology).

An enterprise engineering methodology often has a distinctive pattern of life cycle activities/evide
the associatpd life history. A simple waterfall methodology has a linear appearance of lifé ycle actiy
in the life h]story while an agile methodology has a repeating series of full waterfall\like segmer

nt in
rities
ts in

the life histgry of activities as each new sprint occurs. Most methodologies have overlapping segments

of activitieq occurring as iterations of design, implementation, and testing-eperation. Figure
depicts the |ife history pattern for an idealized application of the spiral develepment methodolo

the context pf a systems engineering V-model approachl63],

Identification

Concept a

Requirements

Detailed Design

Implementation

Life cycle activities

Operation

Preliminary Design

Decommission

concept
requirenjents
analysis

a
b

c

d requirenents specification
e analysis

f

software| design

NOTE1 T
and Impleme

detailed design
coding

unit test
system test
acceptance test

NOTE 2  Build is omitted, both for unit and integration testing and acceptance testing.

NOTE 3  Test-bed is needed to test both the unit and the system in operation.

NOTE 4  Depiction is omitted of the various alpha, beta and version releases.

B.11
gy in

éliteration occurring between Requirements and Preliminary Design and between Detailed Diesign

Figure B.11 — Life history pattern of spiral development using system engineering V-model

Process models or descriptions with detailed instructions for each kind of activity of the integration
process may describe enterprise engineering methodologies. Thisallows not only abetter understanding
of the methodology, but provides for identification of information to be used and produced, resources
needed and relevant responsibilities to be assigned for the enterprise engineering process in the course
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of project management of integration projects. A process representation of a methodology can employ
the relevant enterprise modelling languages. Enterprise engineering methodologies may also use
modelling methodologies as components. A modelling methodology is a methodology with the aim of
giving help to model developers who use a modelling language or set of languages. It describes how a
model can be developed and validated, either starting from scratch or using pre-defined partial models.

Typical contemporary enterprise integration/enterprise architecting methodologies, include: TOGAF
Architecture Development Method (ADM)Ie¢], Unified Modelling Language (UML) 2.5 with scope of IT
architecture development (see ISO/IEC 19505), Purdue Guide for Master Planning with scope of factory
automation[Zll, NATO Architecture Framework (NAF) 4.0[21], Control Objectives for Information
and Related Technologies version 5 (COBIT5) with scope of aligning enterprise strategy and IT
archjtecture developmentitil, Networked Enterpriset>tiiz?tetc. In the ruture, such meéthodologies
are ljkely to take into account or rely upon the standards for system engineering lifeicy¢le processes
(ISOfIEC/IEEE 15288), architecture development processes (ISO/IEC/IEEE 42020),and architecture
evalyation (ISO/IEC/IEEE 42030).

An HAM may also be considered to provide partial process models for rélevant management and
engiheering functions of enterprise entities involved in enterprise transformation. From a|deployment
aspert, the processes, activities and tasks that implement these functions.can be distributdd in various
wayq among roles in a particular enterprise.

B.3.2.2 Human factors

The major part of a methodology is a structured approach that defines not only all the steps/phases to

follof
the p
and s

The
Tech

v in an engineering and/or integration project, but¢lso the way of involving as much
eople working in the company, the eventual users,dn the analysis and design of the m3
ervice system.

involvement of internal stakeholders is an‘dmportant success factor for an integrat
hiques used to build new manufacturing and service systems are still difficult to un

businpess users of the future system, particularly in the domain of the information technolg

conti
the d
inves

The

thus
clear
desig
desig

B.3.2

Anot
i.e. W

as possible
nufacturing

ion project.
lerstand for
gy. Through

nuing involvement prior to development and implementation, these stakeholders ca
esign solution of the new or improved system will meet their needs and expectatio
tment constraints, and will result in successful validation of the system in operation.

involvement of people of the company facilitates final acceptance of the designed
shortens the transitiontime between the old and new systems. The methodology s
distinction between.the two major design efforts: user-oriented design and technold
n. Care is necessdary*when engaging people to assure suitable competency and skill in
n efforts.

.3 Assigning tasks to human roles and machines

her critical aspect of human involvement in the enterprise is the role of humans in thg
Ithh tasks do they perform and how do they interact with automation. For most

“““““““““““

)

verify that
s, including

system and
hould make
gy-oriented
the various

P enterprise,
enterprises,

hum

1 1 i £ oo Bnd i d +l 1
Hvervremenrtecontintestsaceerer auus rateotf L,uausc aneaHaer ot.au\.uus the-tasKr

between human roles and machines is essential.

lationships

To understand the role of humans in the implementation of enterprise functions, one approach is to
assign the appropriate tasks and functions developed in the Requirements modelling life cycle phase
to the human role element of the system by first considering the functional tasks grouped into three
categories at the Preliminary Design modelling life cycle phase (see Figure B.12).

This assignment separates the tasks of enterprise Mission Fulfilment and Enterprise Management and
Control, as defined during requirements analysis, into

— the automated information tasks that become the Management and Control Information Systems
Architecture functions,
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— the automated manufacturing and service tasks that become the Mission Support Equipment
Architecture functions, and

— theremainder of non-automated tasks becoming the functions carried out by humans as the Human
and Organizational Architecture.

The split of functions for implementation between humans and machines forms the first definition of
the implementation of the resulting system. Three separate elements in the implementation scheme are
necessary because while humans participate in all three elements, automation participates in only two
of these elements. This distinction is illustrated in Figure B.12 where dash lines represent the limits of

automation

— the Ext

to curr¢ntly automate the tasks and functions because many tasks and functions require hy

innovat

be automated with then available technology, and

— the Ext
implem

of comIehension, range of vision, physical strength, etc.

Another kin
in the enter

— the bouyndary between the Human and Organizational Architecture and the Management

Control

— the boy

Equipm|
Each of the

economics df human labour resources change.

As long as requirements are fulfilled, e.g. timing, co-ordination, cost, risk, it makes little differ
whether humans or machines carry out a speeific function or task, or which utilization of organizat

structure o

consideratigns as well as technical constraints determine the actual extent of automation. Econ

political, so
technology

58

and the limits of human involvement where

ent of Automatability boundary is the absolute extent of technologies in their capa

jon, human accountability, human ability to handle unexpected situations, etc., and cg

ent of Humanizability boundary is the maximum extent to which humans can be us
ent the tasks and functions because of human abilities related to speedyof response, brg

of boundary, the Extent-of-Automation, is the extent of autom@ation carried out or pla
brise. The Extent-of-Automation, indicated by dotted lines inFigure B.12 defines

Information System Architecture, and

ent Architecture.

e four boundaries can fluctuate frequently as automation capabilities advance an

- human-relations requirements occurs. Therefore, political and human relations-H

fial, i.e. customs, laws ahd directives, union agreements, etc., as well as currently avai
1l influence the relativeposition of these Extent of Automation boundaries.
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bd to
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4 Project, programme and portfolio management

der to perform the analysis, the design and the implementation within an enginee
ration project efficiently, the methodoglogy needs to align with the available project and
hgement techniques in terms of planhing, budgeting and control, follow-up, etc.

pical separation can be made between a Project life cycle and Enterprise Syste
B.3.1.3.4). Within the projeet.or programme life cycle, and guided by the various phaség
fe cycle of the system thatis designed/built by the project,

he “management and control” part of the project life cycle covers project management
he “service to te'customer” part covers the execution (operation) of the project.

|s sense one of the main activities within the project or programme management's op¢
hing of time and resources and the control of the steps to be executed and defined i
ycle. In:the case of a programme, or of a very large project that has many sub-projed
t is§pent on designing, establishing and coordinating these sub-projects, and establig
jonship between strategic goals of the enterprise and programme and project mandat

gure B.12 — Boundaries of Automatability, Humanizability and Extent of Automption for
defining three Implementatien Architectures

ring and/or
programme

m life cycle
s defined in

and

ration is the
the system
ts, the main
hing a close
bS.

The life history of a project or programme contains at least these three stages in time:

a) start-up, aimed at defining the organization (various teams and managers), preparation (definition
of the what, who, when and how), planning and the structure of the project or programme;

b) mission fulfilment, where project operations fulfil the project's mandate, under the guidance
of project management and control, aimed at acceptance of deliverables (hard and/or software,
machines, various installations...), monitoring of progress and continuous planning, managing
problems and change, contracting suppliers, executing reviews, auditing, etc.;

c¢) wind-down and dissolution, aimed at the general acceptance and the final evaluation of the project.

Widely used contemporary management methodologies for project management include among others:
for project management, the Project Management Body Of Knowledge (PMBOK)[58] and Projects In
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Controlled Environments version 2 (PRINCE 2)[5Z]; for programme management the Programme
Management[26l[59]; and for portfolio managementl42],

B.3.2.5 Economic and performance aspects

A methodology needs to take the economic aspect into consideration. In fact, the choice of various
investments depends upon objectives that are often contradictory. To help designers choose the best
solution, an examination of both technical and economic views at the different steps of an integration
project is necessary.

The methodology should allow the decomposition of the strategic goals of the company into objectives

related to e
technical so

a)

b) measur
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proposed sd

calculat

compar

Technical-e
Methodolog

B.3.2.6 Ot

Ifintended f
may specifyj
domain, e.g.

B.3.3 Spe

The engined
implementa
are created.

Enterprise 1
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Aich function; and a technical-economic evaluation needs to follow the specification d
ution. The economic evaluation can be partitioned into these three steps:

e the cost of the solution;
e performance of the solution;
e the solution costs with the budget.

his approach is on the one hand, to compare the project cost againstthe investment byl
ther hand, to compare the solution performances against the téchnical objectives de
mpany strategy. This comparison informs a determinatiop-0f the economic viability d
lution.

onomic evaluation approaches can be found in:ECOGRAIZ3], GEM (GRAI Evol
y) and Activity Based Costingl32] among others.

her aspects

br applicability of the methodology, an enterprise engineering and architecting method
a number of other aspects deemed necéssary to design for and evaluate depending o
risk elements of security, and safety.

cification of EMLs

ring of an enterprise iga;highly sophisticated, multidisciplinary management, desigr
Lion effort during which various forms of descriptions and models of the target enter

models need t0 Yepresent the enterprise operations from various modelling viewp
specify différent modelling approaches to satisfy the collection of stakeholder conc
inguages utilized needs to be capable of expressing the models of all areas defined i
rameweoik of the GERA. For each area of the GERA modelling framework, the enter
methodology may select a different modelling language that is suitable for the expre
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of the respgq

ctive models. In practice, the set of languages will be smaller than the set of areas

o be

modelled,

ftiTone tanguage suitabie for IMoTe tiam one area.

A complete set of enterprise modelling languages needs to satisfy the following:

covered for every enterprise entity type;

areas, if the information content of the model so requires.

every area represented in the modelling framework (see Figure B.8 and Figure B.10) needs to be

amodel developed in one subject area needs to be able to be integrated with models of other subject

More than one modelling language may cover any subject area of modelling because the languages have
different expressive power, e.g. it is possible that a language is useful only for the description of the
subject area but not suitable for certain analysis tasks, or the languages that belong to the function
view can differ in their capability of expressing certain characteristics of functions: dynamics of the
function, behaviour of the function or the subdivision of the function into function types such as product
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