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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that
are members of ISO or IEC participate in the development of International Standards through
technical committees established by the respective organization to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also
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0 Introduction

0.1 Rationale for architecture processes

The complexity of human-made systems has grown to an unprecedented level, which leads to new
opportunities and greater challenges for organizations that create, trade and utilize systems. To
address these opportunities and challenges, it is increasingly necessary to apply concepts, principles,
procedures and tools to make better architecture-related decisions, more effective architectures,
better architecture strategy and increased architecture maturity. Architecture-related activities are

1SPDE Ol proie ana entcterp d
practice in commercial, government, civil a

conpsidered to be systems, such as enterprises, services, data, business functions, mission ares

as become

nditionally
s, product

lings, families of systems, software items, etc. The concept of architecture useddnlthis document goes

beyond the traditional use where the architecture entity is a system. This allows for a more g
usgge of architecture when the processes in this document are applied. TheSe entities are
more complex and architecture practices are increasingly adopted to manageé the complexity

Within enterprises and the engineering disciplines, acknowledgement is increasing for
added by architecture, both as a practice and in the realization ofiartifacts that guide engin
management activities.

Th
ISQ
eff
ens

s document complements the architecture-related processes identified in ISO/IEC/IE
/IEC/IEEE 12207 and ISO 15704 with activities and, tasks that enable architects and othe|
ectively and efficiently implement architecture practices. Implementing these practice
ure that the architecture has greater influence gn*business and mission success.

0.2 Use of the term architecture in this document

This document uses the term architecture:ifi'a broad sense. When the word architecture is us
any qualifier the word refers to the general case where the architecture entails the fundamentd
andl properties of an architecture entity. When a qualifier is prepended to the word archite
indicates that the architecture applies to that entity, such as in the following cases:

System Architecture: Whehn:the entity is a system.

Enterprise Architecture: When the entity is an enterprise.

Th
of 1
buj
mi
lin

e following are kinds of architecture entities that can be dealt with by the architecture
his document:@enterprise, organization, solution, system (including software systems), g
iness, data (as.a data element or data structure), application, information technology (as a
bsion, product, service, software item, hardware item, etc. The kind of entity can also be

There can be cases where the word architecture is prepended by the subject of interest, not by

e, family(of Systems, system of systems, collection of systems, collection of applications, etf

bneralized
becoming

the value
pering and

FE 15288,
s to more
5 can help

bd without
1 concepts
cture, this

processes
ubsystem,
ollection),
a product

the entity
hitecture,

being architected, such as in the following examples: security architecture, functional ar

physical architecture and so on. See E.4.1 for more examples.

Finally, there are cases when the word architecture is prepended by the purpose of the architecture, for
example integration architecture, coherence architecture, design-control architecture, etc. See E.4.1 for
more examples.

0.3 Purpose

The purpose of this document is to set the standard of performance for the governance, management,
conceptualization, evaluation and elaboration of architectures, and activities that enable these
processes. This document can be used as a process reference model in establishing architecture
practice and be used across a range of contexts and situations. It provides guidance in conforming to
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the architecture processes specified in this document, and, in a larger context, to facilitate trading in
systems, products and services.

0.4 Field

of application

The processes specified in this document apply in the context of:

development, implementation, operation, sustainment, decommissioning and disposal;

the type of architecture to be developed;

understanding, developing and evolving entities through their life cycle stages such as conception,

organ

description; and

archit]

The intent
as the ent
users of th

When the

adapt
devel
syster]
alone

of sys
servid
occur

to ind
archit]

0.5 Refel

This docu
guidelines
that resul
the creati
ISO/IEC/1
ISO/IEC 31
as a proce

Systeins can vary widely in terms of purpose, domain of application, complexity, size, nove

Systems addressed by this document can be configured with one or more of the following ki
tem elements: hardware, software, data, humans, processes (e.g. processes for providing

The processes in this document can belised to define the architecture of a system as well

jzation(s) acting as users, customers and providers of the solution specified by the architeet

ecting of entities.

is to provide processes applicable across a wide spectrum of architecting.domains (s
brprise, systems, services and software domains) for use by a broad rarge of architects :
ese practices.

entity is a system then it is necessary to consider that:

hbility, qualities, locations, life spans and evolution. This decument specifies processes for
pment and use of architecture that involves human-madé systems including one-of-a-k
hs, mass-produced systems and customized, adaptable)systems either as a complete sta
Kystem or systems embedded and integrated into larger, more complex and complete syste

es to users), procedures (e.g. operatordnstructions), facilities, materials and natur:
Fing entities.

ependently define the architectiire of a system of systems involving that system or
ecture of an element of that system, such as a software, data or hardware item.

ence model for processes

ment provides a process reference model defined according to the ISO/IEC TR 24
. This process reference model is characterized by process purpose and process outcor
F from the suc€essful execution of the relevant tasks in each of the process activities, :
bn of relevant'work products, following the process constructs of ISO/IEC/IEEE 15288 3
LEE 12207¢Therefore, this document is useful to support process assessment as specified
002.ISOAEC/IEEE 15288:2015, Annex C provides information regarding the use of proces
5s reference model.

lre

Ich
ind

ty,
the
ind
hd-
mns.

nds

11y

as
the

(74
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ind
ind
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Ses

The proce

Eses cpprifind inthis documentare npp]irnh]p-

concurrently, iteratively, incrementally and recursively to an architecture entity or its elements; and

— for the management and control of portfolios, programs and projects pertaining to the entities

being

architected.

0.6 Intended audience

The architecture processes specified in this document apply in the context of an enterprise or an
extended enterprise, as well as on individual organizations or projects within the enterprise.

This document is applicable to organizations in their roles as both acquirers and suppliers of architected
entities or their elements, and is useful for a single organization in a self-imposed mode or in a multi-

viii
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party situation involving agreements between parties. Parties can be from the same organization or
from different organizations and the situation can range from informal agreements to formal contracts.

The principal intended users of this document are architects and others who create, express, evaluate,
communicate and document architectures. Other users include:

clients, acquirers, designers, service providers, sub-contractors, users and operators of systems

and others who need to understand architectures;

developers and other stakeholders who need to understand, interpret and analyze architecture

descriptions to establish, maintain and transform enterprises, systems or other entities;

Ad

expressing their research discoveries related to-novel methods or techniques that enable or in

pra
thd

0.7
Th

chief information officers, chief engineers, program/enterprise managers, auditors;. in
assessors and those who oversee and evaluate architecture entities and their develepme

managers of architecting endeavors who establish, plan, monitor and control Such under

people involved in enterprise-wide activities that span development of multiple systems
services and software, including those that seek to establish and codify architecture fr3
architecture viewpoints and architecting methods;

business analysts who need to understand the norms for the{architecture process ay
outcome sufficiently in order to verify whether a given architecture description (a) is
with their stakeholder needs, and (b) does not risk leaving any of their needs uns
contradicted; and

developers of tools and methods used in support of arehitecting practices, architecture g
and management, and enablement of architecturéprocess implementation.

Hitional users include researchers who can use.this document to provide a common fran

ctices of architecting, architecture goverfiance and architecture management, as well as
enablement of these practices.

Benefits from use of this document
s document provides a process-framework that:

contributes to the identification of job roles and responsibilities in the organization, i
requisite skills and competencies;

facilitates properoversight, accountability, consistent governance and management, and
within and between architectures;

enables proper implementation of architecture governance directives and change man3
architéctures; and

facilitates the effective planning and tracking of the architecture effort.

Hependent
nt;

takings;

products,
meworks,

d process
consistent
htisfied or

pvernance

lework for
hprove the
jmproving

1long with

alignment

gement of

A set of well-specified architecture activities results in:

an architecting capability that is applicable to all architecture efforts, irrespective of size and
complexity;

aframework that provides a consistent approach for developing an architecture based on addressing
stakeholder concerns and for identifying the aspects of the architecture that would be required to
address those concerns;

standardized architecture approaches that can be adopted by enterprise, system, information
technology, software, product and service architects;

an effective mechanism that facilitates the understanding and communication of the problem and
corresponding solution to various stakeholders; and
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— acommon vocabulary that facilitates communication between stakeholders.

Various groups and individuals benefit from the use of standardized architecture processes, including:

solution acquirers in helping them characterize the business context, evaluate providers' proposals,

identify alternatives, make informed decisions, and in facilitating collaboration between providers
who will work together on architecture development and governance;

solution space, and define and justify their deliveries;

solution providers in helping them understand the problem/request, elaborate a proposal in their

soluti
evaluz

decisi
creati
for th

other
stand

0.8 Limit

No formal
document
requireme

This docu

The 1SO/I
cycle prog

specification is to be compatible with the quality?management system provided by ISO 9001,

service m
the inforni

This docu
recording
(documen

This docu
standard.

PTT_USErs 1N Nelping them express the operational CONtEXt, characterize their needs. d
ite providers' proposals in the context of their problem space;

bn makers and program/project managers in helping them consider a range of options dur
bn and usage of architectures which are considered as a source of information@nd as a b3
e rationale when decisions are made; and

bodies such as legal, safety and security authorities, in helping them assess compliance w
hrds, policies, directives, treaties, regulations and laws.

ations

Consequently, meeting all requirements in this document-does not necessarily mean that
nts related to architecture processes specified in those‘other documents are met.

nent does not specify a particular life cycle modelto‘be used when applying these process

EC/IEEE 24748 series provides guidance for life cycle definition and application of

hnagement system provided by ISO/IE€:20000-1 (also published as IEEE Std 20000-1), :
ation security management system ptovided by ISO/IEC 27000.

ment does not specify detailed-information items in terms of format, explicit content :
media. ISO/IEC/IEEE 15289, addresses the content for life cycle process information itg
fation).

ment does not specify any particular architecture framework or architecture documentat

ind

ing
sis

ith

traceability is made between ISO/IEC/IEEE 15288, ISO/IEG/AEEE 12207, ISO 15704 and this

all

es.

life

esses. Although this document does not establish a management system, the intent of this

Lhe
ind

ind
ms

jon
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Software, systems and enterprise — Architecture
processes

1
Th
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ement of

a (
end
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1SQ
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vod

3.1
act
set

[Sq

s document establishes o set of prnrncc Hpcrripfinnc for the gnvnrn:\nrﬂ and - mana

ollection of architectures and the architecting of entities. This document also estg
blement process description that provides support to these other architecture processes.

e processes defined in this document are applicable for a single project, as well as\for an or
forming multiple projects. These processes are applicable throughout the life(of'dn architg
ection of architectures. These processes are applicable for managing and performing thg
hin any stage in the life cycle of the architecture entities.

hex D describes the relationships between this document and otherstandards.

Normative references

bre are no normative references in this document.

Terms and definitions
the purposes of this document, the followingteérms and definitions apply.

, IEC and IEEE maintain terminological~databases for use in standardization at the
Iresses:

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

IEC Electropedia: available at http://www.electropedia.org/

IEEE Standards Dictiofiary Online: available at http://ieeexplore.ieee.org/xpls/dictionar

blishes an

banization
pcture or a
activities

following

y.jSp

E Definitions for“other terms typically can be found in ISO/IEC/IEEE 24765, which pi
abulary for system and software engineering, available at www.computer.org/sevocab.

ivity
of cohesive tasks (3.23) of a process (3.16)

URCE: I[SO/IEC/IEEE 15288:2015, 4.1.3]

ovides the

3.2

architecting
conceiving, defining, expressing, documenting, communicating, certifying proper implementation of,
maintaining and improving an architecture (3.3) throughout the life cycle (3.11) for an architecture

ent

ity (3.6)

Note 1 to entry: The entity to be architected can be of several kinds, as illustrated in the following examples:
system, enterprise (3.9), solution, business, data, application, information technology, mission, product, service,
software, etc. See E.4 for more information on this topic.

Note 2 to entry: Certifying the proper implementation of an architecture is sometimes captured as a formal
statement by the architect to the client or user that the system, as built, meets the criteria as ready for use.
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[SOURCE: ISO/IEC/IEEE 42010:2011, 3.1 modified — The word “system” has been replaced with
“architecture entity”; the original NOTE has been removed; Notes 1 and 2 to entry have been added.]

3.3

architecture

fundamental concepts or properties of an entity in its environment and governing principles for the
realization and evolution of this entity and its related life cycle (3.11) processes (3.16)

Note 1 to entry: Architecture entity (3.6) is the term used in this document when referring to the entity being
architected or the entity subject to architecture processes. The fundamental concepts or properties of the
architecture entity are usually intended to be embodied in the entity’s components, the relationships between
componentfs, and the relationships between the entity and its environment.

Note 2 to emtry: The concept of architecture used in this document applies broadly to the entity being architedted
or evaluate{d. This allows for a more generalized usage when the elements in this document are applied-

Note 3 to dntry: The entity to be architected can be of several kinds, as illustrated in the folewing examplles:
enterprise [3.9), organization (3.14), solution, system, subsystem, business, data (as a data'€lement or data
structure),| application, information technology (as a collection), mission, product, s€rvice, software itpm,
hardware item, product line, family of systems, system of systems, etc. It also spans the’variety of applicatipns
that utilize digital technology such as mobile, cloud, big data, robotics, Internet of:\things (IoT), web, deskfop,
embedded pystems and so on.

Note 4 to entry: Representation of the concepts or properties of an entity and-governing principles is capturefl in
architectuile models (3.13).

Note 5 to ¢ntry: Architectures can address a wide range of concerns(3.8) expressed, for example, throfigh
architecturle views (3.24) and models, as illustrated in the folléwing examples associated with particylar
kinds of architectures such as: security architecture, functionalharchitecture, physical architecture, resiliejnce
architectuile, etc.

34
architectyire collection
group of afchitectures (3.3) held by an organizatign+3.14) that is subject to governance and managemgent
by the orghnization as a whole

Note 1 to ¢ntry: The architectures in the collection can have relationships with each other (as in the cas¢ of
product lings). The architectures in the collection can be based on the same reference architecture.

3.5
architectyire description
work prodict (3.26) used to.€xpress an architecture (3.3)

[SOURCE: [SO/IEC/IEEE 42010:2011, 3.3, modified — The abbreviated term has been removed.]

3.6
architectlire entity
thing beir1tg cansidered, described, discussed, studied or otherwise addressed during the architectiing

(3.2) effor

EXAMPLE The following are kinds of architecture entities that can be dealt with by the architecture (3.3)
processes (3.16): enterprise (3.9), organization (3.14), solution, system (3.22) (including software systems),
subsystem, business, data (as a data element or data structure), application, information technology (as a
collection), mission, product, service, software item, hardware item, product line, family of systems, system of
systems, collection of systems, collection of applications, etc.

Note 1 to entry: When referring to the architecture itself of these architecture entities, it is common practice to
place the name of the kind of entity in front of the word architecture. For example, the phrase system architecture
is used when the thing being dealt with during the architecting effort is a system. Likewise, for the other kinds of
entities that are being dealt with during the architecting effort.

© ISO/IEC 2019 - All rights reserved
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3.7

architecture framework

conventions, principles and practices for use by architecture-related (3.3) activities that have been
established within a specific domain of application or community of stakeholders (3.21)

EXAMPLE1 Generalised Enterprise Reference Architecture and Methodology (GERAM) (see ISO 15704)
includes an architecture description framework (called the GERA Modelling Framework).

EXAMPLE 2  Reference Model of Open Distributed Processing (RM-ODP) is an architecture framework. See the
ISO/IEC 10746 series.

Architecture
Framework
) are some

he way this
ctures”.

resilience,
scence are
economic,

"ganization
e and they
to address
in a single

elaxations,
ctices (see

plakce containing collections of work products (3.26) and useful information items for peopje to read,

Note 1 to entpy: In a repository (3.19), work products and other items are preserved for future retifieval when

3.1

life cycle
<entity> set of distinguishable phases (3.15) or stages (3.20) that an entity goes through from its
conceptualization until it ceases to exist

3.12
life cycle
<architecture> set of distinguishable phases (3.15) or stages (3.20) that an architecture (3.3) goes through

Note 1 to entry: The architecture life cycle starts with the identification of a need for the architecture and ends
when it is no longer needed.

© ISO/IEC 2019 - All rights reserved
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3.13

model

abstract representation of an entity or collection of entities that provides the ability to portray,
understand or predict the properties or characteristics of the entity or collection under conditions or
situations of interest

Note 1 to entry: A model can use a formalism that could be based on mathematical or scientific principles and
concepts. A model can be generated using an established metamodel. Metamodels are often used to facilitate
development of accurate, complete, consistent and understandable models.

Note 2 to entry: A model can be used to construct or express architecture (3.3) views (3.24) of the entity.

Descriptivg models and analytic models are two kinds of models. A model should be governed by a model kin
accordancgq with ISO/IEC/IEEE 42010.

Note 3 to

special case models for particular conditions or situations. A reference model can be used to (€éneourage
enforce uniformity of architectures and architecture elements.

 in

try: A reference model can be used to capture a general case that is used as the basis.for’creating

hnd

Note 4 to e¢ntry: The model can be an architecture model, architecture entity (3.6) mddel, concept mode| or
reference nmodel, as the case may be.

3.14

organizatlion

group of people and facilities with an arrangement of responsibilities,@authorities and relationships
EXAMPLE Company, corporation, firm, enterprise (3.9), institution,charity, sole trader, association, or pgrts
or combinaftion thereof.

Note 1 to ¢ntry: An identified part of an organization (even as\small as a single individual) or an identified
group of orjganizations can be regarded as an organization if.it‘has explicitly stated responsibilities, authorifies

and relatio
society, car

hships. A body of persons organized for some specific purpose, such as a club, union, corporation or
be an organization.

Note 2 to gntry: One or more organizations will participate in an enterprise. In case of multi-organizafion
enterpriseq, each of the organizations brings various resources forward for use in the enterprise and they
participate{to the extent that they benefit from\their involvement. The purpose of the enterprise is to addfess
some challpnges that these participating organizations cannot readily address on their own. Within a sijgle
organizatidn, an enterprise may refer to.a subset of the organization which is typically addressing particulgrly
challenging or complex issues, often overa defined duration, and may undertake this with certain relaxati¢ns,
tightening Jor otherwise authorized(modifications of standard corporate processes (3.16) and practices. See
definition d¢f enterprise.

3.15

phase

period of fime in the life'cycle (3.11) during which activities are performed that enable achievement of
objectives|for that phase

3.16

process

set of intetrelated-orinteractingactivities-that transformsinputsinte-outputs

[SOURCE: IS0 9000:2015, 3.4.1, modified — The words “use inputs to deliver an intended result” have
been replaced with “transforms inputs into outputs”; Notes 1 to 6 to entry have been removed.]

3.17

project

endeavor with defined start and finish criteria undertaken to create a product or service in accordance

with speci

[SOURCE:

fied resources and requirements

ISO/IEC/IEEE 15288:2015, 4.1.33, modified — Note 1 to entry has been removed.]
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3.18

registry

book or system (3.22) for keeping an official list or record of work products (3.26) and the associated
information items

Note 1 to entry: Repository (3.19) and library (3.10) items should be recorded in registries to enable better
management and governance of these items.

3.19

repository
place where work products (3.26) and the associated information items are or can be stored for
prgservation and retrieval

Note 1 to entry: Repository items should be under configuration control.

Nofe 2 to entry: In a repository, work products and other items are preserved for future réfrieval whiien needed,
whereas in a library (3.10), working data is temporarily stored and retrieved as necessary.

3.20
stage
period within the life cycle (3.11) of an entity that relates to the state of\itS description or realization

Note 1 to entry: As used in this document, stages relate to major progress and achievement milestones of the
entjty through its life cycle.

Nofe 2 to entry: Stages often overlap.
[SQURCE: ISO/IEC/IEEE 15288:2015, 4.1.43]

3.21
stakeholder
rolg, position, individual or organization (344) having a right, share, claim or other interest in an
ardhitecture entity (3.6) or its architectures3.3) that reflects their needs and expectations

3.22
sygtem
corpbination of interacting elements organized to achieve one or more stated purposes

Nofe 1 to entry: A system is semetimes considered as a product or as a set of services.

Nofe 2 to entry: In practige, the interpretation of its meaning is frequently clarified by the use of anfassociative
noyn, e.g., aircraft system. Alternatively, the word “system” is substituted simply by a contextfdependent
syrlonym, e.g., aircraft;-though this potentially obscures a system principles perspective.

Note 3 to entpy~A system element is a discrete part of a system that can be implemented to fulfilll specified
requirementsyA system element can be hardware, software, data, humans, processes (3.16) (e.g., prfocesses for
prgviding.service to users), procedures (e.g., operator instructions), facilities, materials, and naturally occurring
entjties((e;g., water, organisms, minerals), or any combination.

altgantru:- A cuctam can hao commnricad of manltinlo cnhouctame For avamnlg an adecraft cuctam i
Note-4-to-entry-A-system-can-be-comprised-ofmultiple-subsystems—FEorexamplean-aireraft-system-can include
an avionics subsystem and a radar subsystem. The distinction between a system and a subsystem is a matter of

perspective, and as such the radar subsystem can be referred to as a radar system in some contexts.

[SOURCE: ISO/IEC/IEEE 15288:2015, 4.1.46, modified — in Note 1 to entry “the services it provides” is
replaced by “a set of services”; Note 3 to entry is from ISO/IEC/IEEE 15288:2008; Note 4 to entry has
been added.]

3.23

task

recommended action intended to contribute to the achievement of one or more outcomes of an
architecture (3.3) process (3.16)

© ISO/IEC 2019 - All rights reserved
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3.24
view

<architecture> information item expressing the architecture (3.3) from the perspective of specific
stakeholders (3.21) regarding specific aspects of the architecture entity (3.6) and its environment

Note 1 to entry: When the term view is used without any qualifier it refers to the general case. When a qualifier is
prepended to the word view, this indicates that the architecture view is specific to a particular viewpoint (3.25),
such as illustrated in these examples:

operational view: when the associated viewpoint is dealing with operations;

servic

3.25
viewpoin
<architec
(3.24) to

Note 1 to §
a qualifier
concerns, s

. 3 1 . DI . . 3 1. 1 .
FS VIEW. WIICTL LIIC d550CIdLEt VICW DULIIU IS Uedlllly WILIL SETVICCS.

!
ure> conventions for the construction, interpretation and use of architecture-{3.3) vig
dress specific concerns (3.8) about the architecture entity (3.6)

ntry: When the word "viewpoint" is used without any qualifier it refers to the general case. W
is prepended to the word viewpoint, this indicates that the viewpoint appli€s to a specific se
Lich as in the following examples: operational viewpoint, capability viewpoint, services viewpoint

Note 2 to entry: ISO/IEC/IEEE 42010 specifies that an architecture view shall he governed by its viewpoint.

3.26
work pro
artifact as

4 Conf

4.1 Gen

This docu
in Clauses
marked by
despite th

4.2 App

The proce
entity, sug

Huct
sociated with the execution of a process (3.16)

prmance

eral

ment specifies requirements, recommendations and permissions for architecture proces
6 through 11. Requirements are marked by the use of the verb "shall". Recommendations
 the use of the verb "should". Peymissions are marked by the use of the verb "may". Howe\
e verb that is used, the requirements for conformance are specified as described below.

roach to conformance

sses specified in(this document are suitable for use during any stage in the life cycle of
h as an enterpfise, a project, a system or a product. Recognizing that particular projects

organizations may not'need to use all of the processes provided by this document, implementat

typically
organizati

nvolves_Selecting and declaring a set of process activities suitable to the enterpr

provides tiwo primary ways to claim conformance — full conformance and tailored conformance.

PWS

hen
L of

Ses
hre
er,

an
or
ion
se,

n or ‘project. To accommodate that flexible implementation approach, this documgent

4.3 Full conformance cases

It is recognized that particular projects or organizations may not need to use all of the processes
provided by this document. Therefore, implementation of this document typically involves selecting
and declaring a set of processes suitable to the organization or project.

A claim of full conformance declares the set of processes for which conformance is claimed. The
selected processes, for which conformance is claimed, are declared. Full conformance is achieved by
demonstrating that requirements for the declared set of processes, as tailored, have been satisfied.
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To claim full conformance, a user of this document shall demonstrate conformance with respect to one
or more of the following three criteria:

Claiming “conformance to outcomes” asserts achievement of all required outcomes of th
set of processes.

NOTE 1
guidance rather than requirements, regardless of the verb form that is used in the provision.

NOTE 2

e declared

In this situation, the provisions for activities and tasks of the declared set of processes are

Some users could have innovative process variants or life cycle models that achieve the objectives

of the declared set of processes without implementing all of the activities or delivering all the work products.

4.4

WH
sel

defined in Annex A. The claimof tailored conformance shall include the modified text

thd
prd

andl work products asstailored. Tailored conformance can also entail selection or modificatio

alt
as

prd

5

rnese users can instedd assert conrormance to tne outcomes ortne decliared set o1 processes.

Claiming “conformance to activities” asserts achievement of all requirements for the'a
the declared set of processes.

NOTE3 Conformance at the task level is considered to be too constraining in mlost’situationg
specified in this document are recommendations only.

Claiming “conformance to work products” asserts achievement of all'.reéquired work pr
specified in the fifth subclause in each process description) assqeiated with the decls
processes.

NOTE4 In tailoring, work products required in this document\can be modified (added to, c
retitled). The titles of work products can be tailored to satisfyrequirements of an organization,
or agreements based on the tailored conformance to this document. The contents of the wo
correspond to the selected or tailored processes.

NOTES5 The three criteria—conformance to outéomes, conformance to activities, and confi
work products—are not necessarily equivalent sinee specific performance of activities could ne|

cases, a higher level of capability than just the achievement of process outcomes and delivery
products.

Tailored conformance

pcted or adapted clauses and subclauses shall be identified in accordance with the Tailori

relevant clause or subclause. Tailoring may be performed by process, outcomes, activ
ducts and tasks. Tailered conformance shall demonstrate achievement of the outcomes

hough the tasks.dare not required for conformance purposes. All the levels of tailoring are

vided to show relevance of this tailoring.

Proc¢ess overview and application

"tivities of

. The tasks

pducts (as
red set of

bmbined or
ts projects,
k products

brmance to
ed, in some
bf the work

en use of this document establishes a set of processes that do not qualify for full conforinance, the

g process
to replace
ties, work

activities
n of tasks,
hcceptable

long as consequence of a partial conformance is understood and accepted. A rationale shall be

5.1

General

This document describes each of the architecture processes in terms of a purpose, desired outcomes,
and a list of activities for achieving those outcomes. Tasks are recommended for implementing those

act

ivities. Table 1 provides the purpose of each process.

Table 1 — Architecture processes and their purposes

Clause Process Purpose
6 Architecture Establish and maintain alignment of architectures in the architecture collection
- Governance with enterprise goals, policies and strategies and with related architectures

© ISO/IEC 2019 - All rights reserved
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Table 1 (continued)

Clause

Process

Purpose

7

Architecture
Management

Implement architecture governance directives to achieve architecture collection
objectives in a timely, efficient and effective manner

(ee}

Architecture
Conceptualization

Characterize the problem space and determine suitable solutions that address
stakeholder concerns, achieve architecture objectives and meet relevant re-
quirements

Ne}

Architecture
Evaluation

Determine the extent to which one or more architectures meet their objectives,
address stakeholder concerns and meet relevant requirements

10

Architecture
Elaboration

Describe or document an architecture in a sufficiently complete and coxrgct
manner for the intended uses of the architecture

11

Architecture
Enablement

Develop, maintain and improve the enabling capabilities, services and resourges
needed to perform the other architecture processes

These arc
particular
the core p
interactio
with extel]

The archit
over time
Architecty
status floy
interactio

hitecture processes and their key interactions in terms of typical information flows fdr a
team, project, organization or enterprise are depicted in Figure 1. The interactions betwe¢en
Focesses are not labeled here but are depicted in more detail in Figur€.2."Not all the possible
s are shown in Figure 1 and Figure 2 for implementing these processes. Typical interactipns

nal processes are described in Annex C.

ecture processes may execute concurrently with interactjens'between them and iteratiing
. At the same time, governance directives and mamagement instructions flow from
re Governance process to the Architecture Management process and operational plans and
vs from the Architecture Management process to the Architecture Governance process. The
s between the core processes are described in 5.4-
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Architecture

Governance

Architecture Collection Objectives,

Management Governance Directives & Guidance

Plans & Status

Architecture

5.2

Th
sy9
req
org

Architecture Management %&1{

Execution Management Instructio

Plans & Status

Management N

uidancq

=

<

Core
Processes Architecture
Conceptualization

Architecture Architecture
Evaluation & Elaboration

& R

r

\\Q Enablement
Architecture s\Q Requests & Feedback
Process Enablers (

Figur, \Qci Architecture processes and their interactions
O

Relationshi %rchitecture to other processes and information elements

bre are other\life cycle processes that are affected by these architecture processes. Fo
ents may be derived from the architecture and the architecture may be
. The specific nature of how architecture and requirements are related to ea

ion dependent so cannot be specified in this document.

Li

Architecture Enablement Groy

ess

ping

- example,
driven by
h other is

prification,

acquisition, supply, quality management, investment management and so on, but the specific nature of
these relationships cannot be specified in this document. The architecture processes shall interact with
other processes and information elements as described in Annex C.

Iteration of the architecture processes with the Business or Mission Analysis process, System
Requirements Definition process, Design Definition process and Stakeholder Needs and Requirements
Definition process is often employed so that there is a negotiated understanding of the problem to be
solved and a satisfactory solution is identified. The results of the architecture processes are widely
used across the other life cycle processes. Architecture processes may be applied at many levels of
abstraction, highlighting the relevant detail that is necessary for the decisions at that level.
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5.3 Architecture Governance and Management processes

Architecture governance and management processes are applicable to a collection of architectures,

typically i

n an enterprise or project context. During architecture governance and management, the

stakeholders who make financial, governance and technical decisions are identified, documented and
included in performance of the activities of these processes. The governance process ensures proper
oversight and accountability, and identifies, manages, audits and disseminates all information related
to architecture collection decisions. It is applicable for all architecture efforts in an organization.

The mana
architectu
appropria
issued to

especially

Architectd

appropriaf

collection
objectives
compliand

NOTE 1
all archited

NOTE 2
based arch

Architectd

gement process 1mp1ements governance dlrectlves and guldance and captures this in an

e controls are 1mplemented to dlrect course correctlons Instructlons and guldance
he core processes as a means to provide further direction beyond what the plan_provic
with respect to directing how the architecture(s) should be developed and used.

objectives to be pursued and establishes the strategy to be adopted for4chievement of th
It uses the management plans and status regarding the architecture/collection to mon
e with governance directives and guidance.

The governance framework typically comprises a set of controls ovér'the creation and monitorin
ture process components, work products and outcomes.

Absolute control may not be possible in cases like: SOS situatigns, federated architectures, consortifim-
tectures, public-private partnerships, etc.

re management specifies the management plans‘and instructions that are used to drive fhe

core architecture processes. It uses the execution plans dnd status of the core processes to monitor

compliang
managem
in implen
managem

NOTE 3

5.4 Arc

Key inter
illustrated
processes
can be use
concerns
identificat
in mind ar

e with management plans and instructions. In addition to management instructia
ent guidance is developed as a means tocassist those following the plans and instructi
enting governance directives and in*Carrying out work to be in better alignment w
bnt intent.

ns,
bns
ith

See Annex G for additional information regarding architecture governance and management.

hitecture Conceptualization, Evaluation and Elaboration processes

hre
Fee
hat

ictions between the core processes (Conceptualization, Evaluation and Elaboration)

in Figure 2. These‘processes can also be triggered by other processes external to these th
Conceptualization/specifies the objectives of the architecture and the quality measures t
d in the assesstment of its value. Value is defined in terms of the extent to which stakeholder
are addressed. These architecture objectives are based on the problem/opportunity
ion and definition that occurs in this process. Architecture concepts are generated with value
d arethen assessed using these quality measures.

10
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Other Processes

Architecture
Conceptualization

Problem Space Definition,
Architecture Objectives,
Critical Success Criteria,
Solution Space Definition

Architecture Architecture

Evaluation Elaboration
Architecture Models & Views,

Architecture Descriptions

\
Evaluation Results, Evaluatim%o
Findings & Recommendatti

o)

Figure 2 — Interactions between the f@processes and with other processes

A\
Conceptualization aids architects and othér%gm characterizing the problem space, sypthesizing

potential solutions, formulating candidat itectures and expressing these architectureg in a form
thgt is suitable for the intended uses. The\name of the process being “conceptualization” doeg not mean
thdt the results are necessarily at t&@nceptual" level, or consist of a set of conceptual nmodels and
viefws. The results could include a “legical” architecture or a “physical” architecture, depending on the
nafure of the situation. xO

Dufing early stages, it ca Qg)important to be agile and quick in conceptualizing many glternative
ardhitectures. Some of thea.e’ early architecture descriptions are little more than sketches. After doing
sevieral quick rounds valuation and conceptualization, there can then be a smaller numbgr of viable
ardhitectures that orth capturing in a more complete form and storing in the repgsitory for
later use. A more @mplete form of architecture description would be developed during architecture
elaporation. @

Co ceptu@%on can use the results of architecture elaboration, when appropriate. Architecture
corceptualization only needs to describe the architecture to the level of specificity and granularity
thgt i$ suitable for its intended users, which in many cases does not require significant elaboration.
Theé_elaboration of archite e views, models and de iption an often o ater in lifecycle
of the architecture, after the architecture has become more mature and the extra effort of elaboration
becomes worthwhile. Elaboration can often be deferred until after several architecture alternatives
have been examined for their suitability, and they are selected down to one or a few alternatives for
further examination and eventual use downstream in the engineering effort.

During evaluation, there could be a recognition that alternative architecture concepts are needed to
more completely search the tradespace. However, in some cases there can be only a single architecture
that is being evaluated for its suitability. Value assessments can be based on analysis of relevant
architecture attributes and properties of the situation, or on an assessment of how much value is
delivered to, for example, an operational setting or to individual users. The assessment and analysis
results, along with estimates of assessment uncertainty, are returned along with key findings and
recommendations, to determine if the proposed architecture sufficiently addresses stakeholder
concerns. If not, then additional cycles between conceptualization and evaluation are pursued.
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When further elaboration of the architecture is needed then the architecture objectives, architecture
concepts and properties are expressed in a sufficiently complete and correct manner that can be
delivered and used as the basis for more complete modeling, delineation and decomposition of these
concepts and properties. Elaborated models and views, along with supporting materials, can be used to
provide more detailed understanding of the architecture and to check for consistency with the original
concepts and alignment with the objectives.

During evaluation, there can sometimes be a need for more complete models and views. In these cases,
elaboration could be requested to generate additional models and views. During evaluation these
models and views can be annotated with the results of the evaluation and with comments on strengths

and weakpesses-of the-architeetureoritsdeseripiop——0 9

NOTE
disaggrega
level is alig

Any of th
varying sd
descriptio
the architg

5.5 Arc

Architectd

These processes can be repeated for each level of decomposition, refinement, realization, abstract
hed with relevant architectures above and below that level.

e architecture processes can generate or contribute to an architecture) description|
ope, granularity and formality. However, the elaboration process captures the architect
h in a sufficiently complete and correct manner for the intended uses/and intended user
ecture downstream from the architecture effort.

hitecture Enablement process

re enablement selects, modifies and develops capabjlities, services and resources
the other processes. In this document, these things are called enablers. This process

support of
be used tI

provide e
Architecty
organized

The other
enablers &
are neces
to the Ard
Architecty
faced whe
use throug

EXAMPLE
architectur
and refere
personnel
library, reg
licenses for

enable the development of an individual architeeture or a collection of architectures
abling resources, capabilities and services to all@nchitecture endeavors of an organizati

and integrated.

architecture processes request enablerséto assist in performing the activities, utilize
nd provide feedback in terms of the effectiveness of the enablers and the changes t
bary to improve their effectiveness,*These other processes also may contribute enabl
hitecture Enablement process which can then be made available for use by other proje
re enablement tracks the usage’and usefulness of the enablers and the difficulties that
n utilizing these enablers. Architecture enablement establishes and maintains enablers
rhout the organization.

Enabling capabilities include, among other things, procedures, methods, tools, framewo
e viewpoints, work-product templates, decision support systems, storage, configuration managenm
hce models. Enabling services include, among other things, infrastructure, technologies, ski
hnd automation ;agents. Enabling resources include, among other things, architecture reposit
istry, committication channels and mechanisms, human and technical resources, and training
tools andmethods.

The key e
provides

nablers are the architecture repository, library and registry. The architecture reposit

on,

Fion, etc. of the architecture. In such a case, the processes need to ensure that the architecture at fhat

of
ire
b of

in
Can

or
on.

re enablement ensures that the information.regarding the different enablers is uniformly

the
hat
ers
Cts.
hre
for

Fks,
ent
led

DIy,
hnd

DIy
Hes

des

i échanisms to store, manage and manipulate architecture work products. It also provi
approprlaﬁmsmmmmm

services to the projects or organizations for finding and organizing information. It also catalogs and
stores source materials for ready access by all those involved in an architecture effort. In support of
the repository and library is an architecture registry, where the items can be referenced as to their
intended uses, anticipated limitations, location in the repository or library, pointers to other relevant
materials that enable proper utilization, and to their stage of development.

NOTE See Annex F for additional information regarding architecture enablement practices.

5.6 Relationship of architecture to design

Architecture processes provide one or more architecture alternatives that frame the concerns of
stakeholders and addresses their key requirements. Architecture can be widely used across the life
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cycle processes of the architecture entity. Architecture processes can be applied at many levels of
abstraction, highlighting the relevant features that are necessary for the decisions at that level.

As defined in 3.3, architectures provide the fundamental concepts or properties of the architecture
entity and associated governing principles. Architectures should be described using a set of views and
models that are complete, consistent and correct. The completeness of an architecture view or model is
determined relative to its intended use.

Design, as defined in ISO/IEC/IEEE 15288, is a technical process providing sufficient details about
the architecture entity and its elements to enable an implementation consistent with architecture. An

eff

ctive architecture guides the design activities in such a way that it allows for maximum fI

exibility in

thd

Th
rel

design tradespace.

rough use of the Design Definition process in ISO/IEC/IEEE 15288, insights are)gaine
htion between the requirements specified for the architecture entity and the emergent

andl behaviors of the architecture entity that arise from the interactions and teldations be

ele

ments and between the properties of those elements.

Sometimes the elements of the architecture entity are initially notional ufiti¥Design Definiti

in
“

a
int
Int

ard

prd
De
des

Th
cotj

SO/IEC/IEEE 15288 has occurred since this depends on the actual.dé€sign(s) to be done. §
reference architecture” is created using these notional elements @s,;a'means to convey ar
bnt and to check for design feasibility.

brfaces and interactions between elements are defined ataevel of detail necessary to
hitectural intent and could be further refined in the DesignDefinition process. The Design
cess considers any applicable technologies and their(gontribution to the system soluti
inition provides the level of the definition necessary for realization, such as drawing
ign descriptions, software code, task descriptiofis,-etc.

b Design Definition process provides feedback to the architecture processes to cong
firm the concepts and properties of the architecture entity, along with the allocation, p3

andl alignment of architectural entities to elements that compose the architecture entity.

/

5.
All

Architecture adaptation

the processes are involved with’adaptation of the architecture to a given situation. Conceptf

andl Elaboration act directlyte’make the architecture evolve and adapt. Evaluation provide

for

decision making on architecture evolution and change. Architecture-related decision

m

e in conjunction with the architecture processes, but this is usually the responsibilit

otHer process wherethe decision is most relevant. Governance and Management provide dire
insftructions for architecture evolution and change. Enablement provides enabling capabilitig
andl resources that support the other processes in adapting the architecture.

5.

Process application

d into the
pbroperties
tween the

bn process
ometimes
hitectural

onvey the
Definition
bn. Design
5, detailed

olidate or
irtitioning

ualization
5 evidence

could be
y of some
ctives and
S, services

5.8.1. Criteria for processes

The determination of architecture processes in this document is based upon three basic principles:

Each architecture process has strong relationships among its outcomes, activities
products.

The dependencies between the processes are reduced to a minimum.

A process is capable of execution by a single organization in the life cycle.
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5.8.2 Description of processes

Each process of this document is described in terms of the following attributes:
— The title conveys the scope of the process as a whole.

— The purpose describes the goals of performing the process.

— The outcomes express the observable results expected from the successful performance of the
process.

.y
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— The tasks are recommended actions intended to contribute to the achievement of oner mpre
outcomes (i.e. results) that come about due to execution of the process.

— The Work products help achieve the desired outcomes and can be produced based an,the activities
of the|process.

Additional detail regarding this form of process description can be found in ISOAEE TR 24774.

5.8.3 Ge¢neral characteristics of processes

In addition to the basic process attributes described above, progesses may be characterized|by
other attrfbutes common to all processes. ISO/IEC 33002 identifiés’common process attributes that
characterize six levels of achievement within a measurement framework for use in process assessmient
activities. [ISO/IEC/IEEE 15288:2015, Annex C includes the list,of process attributes that contributg to
the achievement of higher levels of process capability as defined in ISO/IEC 33002.

ISO/IEC 33020 specifies a process measurement framewaork for assessment of process capability.

Annex C ip this document specifies how system life cycle processes in ISO/IEC/IEEE 15288 should
use architecture-related information. Annex C in.this document also specifies how the architectfire
processes(should use information items from ISO/IEC/IEEE 15288 processes.

5.8.4 T4diloring

Annex A i normative and defines the'Basic activities needed to perform tailoring of this document.

Tailoring may entail the changing or removal of architecture processes. It may be performed for many
reasons ifcluding the scalelof the architecting endeavor, the purpose of the desired architectpre
(such as the kind of architecture sought), and the approach to architecting which is employed. For
example, if the purposetof the architecting endeavor is to devise an architecture from an extant system
or system| design (i2.-to employ reverse architecting) then certain processes, such as architectpre
conceptuallization(inthis particular case, may not need to be performed.

In all cases where such tailoring of architecture processes is employed, the rationale behind fhe
tailoring ghall’be recorded. Recording of the rationale assists stakeholders in determining the value
arising from the architecting effort and the confidence they should attribute to its outcomes.

Note that tailoring may diminish the perceived value of a claim of conformance to this document. This
is because it is difficult for other organizations to understand the extent to which tailoring may have
removed desirable provisions. An organization asserting a single-party claim of conformance to this
document may find it advantageous to claim full conformance to a smaller list of processes rather than
tailored conformance to a larger list of processes.

The processes described in this document are not intended to preclude or discourage the use of
additional processes that organizations find useful. In particular, governance and directives of the
organization can be applied for tailoring of the architecture governance and management processes
and therefore tailoring of the process outcomes and the other architecture processes.

© ISO/IEC 2019 - All rights reserved
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The purpose of the Architecture Governance process is to establish and maintain alignment of
architectures in the architecture collection with enterprise goals, policies and strategies and with
related architectures.

NOTE

See Annex G for additional information regarding architecture governance and managem

distinction between these related but separate processes.

ent and the

6.2
As
a)

b)

Th

Outcomes
a result of the successful implementation of the Architecture Governance process:

Architecture collection objectives are addressing current and anticipated)business nej
enterprise and its customers and suppliers.

Architecting activities and decisions are aligned with enterprise and ¢entextual concern|

NOTE1 Concerns can include organizational standards, policies, business priorities, relevant
and regulations.

Architecture decisions supported by rationale are made with appropriate autho
communicated to stakeholders.

The various architectures within the architecture-csllection are consistent with, and in ali

The various architectures within the architecture collection are in alignment with eac
necessary.

amongst the key stakeholders.

[E 2  Architecture governance’-outcomes are applicable across the organization while a
hagement outcomes are applicable across the entire collection of architectures.

Implementation

h

ap

organization shall implement the activities in 6.4 (numbered as 6.4.N) in accord
licable organization policies and procedures with respect to the Architecture Governang

The activities.may be performed in any order that is deemed appropriate. The organizat
implement the Televant tasks (identified as list items under each 6.4.N activity) as appropr
sityiation,

The.organization should store organization policies and procedures to facilitate widespre

eds of the

S.

Constraints

rities and

pnment to,

the goals, objectives, strategy and vision of the grgdnization responsible for the architecting effort.

h other as

Agreement of the purpose, objectives and goals for the architecture collection is npaintained

Ichitecture

hnce with
e process.
on should
jate to the

ad access,

1] - | L4
enanre dUUILIg dIIU TIILUUT dgT TULUI T 1TUST.

6.4 Activities and tasks

6.4.1 Prepare for and plan the architecture governance effort

a)

b)

Identify the set of architectures to be included in a single architecture collection that requires

governance oversight.

Identify the set of existing architectures or reference architectures which may have direct

applicability to the architecture collection and can be used as guiding oversight.

© ISO/IEC 2019 - All rights reserved
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f)

g)

h)

j)

k)

D)

16

Identify, define or establish architecture-related standards and policies driven by organizational

policies, strategy and vision.

Establish roles, responsibilities, accountabilities, authorities and organizational structures

to

support the Architecture Governance process and reporting requirements and alignment with

other relevant architectures.

Establish the architecture governance organizational structure that is consistent with the defined

roles, authorities, responsibilities and accountabilities.

Establish guiding principles, policies and directives for performing architecture governance.

NOTE[L  These guiding principles, policies and directives delineate the procedures and work instnuctipns
to be gerformed by those who execute the governance activities. This is to ensure the governance-dibectjves

are trgnsparent and consistently followed. Sometimes a secretariat is used to administer these :procedy
and work instructions and to ensure they are properly followed.

Identify, define or establish architecture-related reusable elements from the. !Set of exist
architectures or reference architectures.

NOTER These reusable elements can be governance directives, guiding principles, work instructi
goverrjance organizational structure or procedures.

Identify knowledge assets (historical information, successful outcetes) that can aid in governa
of thefarchitecture collection.

Establish governance forums to carry out architecture goverfiance work instructions in accorda
with guiding principles.

Ensurfe responsibilities are appropriately assigned by ttilizing a responsibility matrix.

Defing procedures for identifying, managing, auditing and disseminating information related
architiecture governance decisions.

1) Link these procedures to architecturescollection strategies, policies and objectives.

2) Mpap these procedures to resources and constraints to support strategy, planning :
décision making.

Plan the architecture governdnge effort using the Project Planning process in ISO/IEC/IEEE 152
as a gliide.

NOTEB IS0 21500 and.ISO 21505 can be used as guidance for the planning effort.
1) Establish thescope of the architecture governance effort.

2) Establish/metrics for the architecture governance effort.

res

ing

ns,

nce

1ce

to

nd

88

NPTE 4~ Annex B contains information about defining metrics for architecture processes. See B|2.1

for example metrics for architecture governance.

3) Identify the data and information needed for the architecture governance effort.
4) Obtain access to enablers needed for the architecture governance effort.

NOTES5  The enablers can be obtained from the Architecture Enablement process. When enablers

are

obtained from other sources, these can become candidate enablers for use by other architecture efforts

through the Architecture Enablement process.

EXAMPLE1  Architecture governance enablers could be tools and methods that support
accountability gap analysis, implementation gap analysis, objectives gap analysis and capacity gap

analysis.

© ISO/IEC 2019 - All rights reserved
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6.4.2 Monitor, assess and control the architecture governance activities

a)

b)

g)

h)

j)

k)
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5) Specify the work products and their outlines to be produced through performance of this

process.

6) Identify and define architecture governance work elements and associated resource

S.

EXAMPLE 2 Architecture governance work elements could be policy documents, strategic objectives,

vision, mission, values of the architecture governance board.
7) Develop architecture governance schedule and define associated milestones.

Produce an architecture governance plan that contains the planning information.

Obtain necessary approvals and funding for the plan.

Collect the data and information needed for the architecture governance effort.

Monitor and assess how changes to industry, governmental diréetives and guid
technological change could impact the architectures being governed:

NOTE1 The evolution of disruptive technologies can impact the architectures being goy
Frequency Slice Processor as a new technology impacts the controlsystem architectures.

Monitor and assess how changes to industry, governmment and technology could i
governing directives and guidance.

Monitor and assess how changes to industry, govérnment and technology regulations a1
could impact the governing directives and guidance.

Monitor and assess metrics for the architecture governance effort.

Identify and assess risks and opportunities associated with the architecture governance
Ensure that other processes are prgperly using architecture governance directives and g
NOTE 2  See C.1 for recommended interactions with system life cycle processes.

NOTE3  See C.2 for recomimended interactions with enterprise life cycle processes.

Report architecture governance activity plans and status in accordance with
requirements.

Assess and control the architecture governance effort using the Project Assessment al
process indSO/IEC/IEEE 15288 as a guide.

NOTE4._) 1SO 21500 and ISO 21505 can be used as guidance for assessment and control.

Manage decisions about the architecture collection associated with architecture govern

ance, and

erned. E.g.

mpact the

d policies

effort.

uidance.

reporting

nd Control

hnce using

the Decision Management process in ISO/IEC/IEEE 15288 as a guide.

NOTES5  ISO 21505 can be used as guidance for strategic decision making.

Manage risks associated with architecture governance using the Risk Management process in

ISO/IEC/IEEE 15288 as a guide.
NOTE6 IS0 31000, ISO 21500 and ISO 21505 can be used as guidance for risk management.

Establish configuration control management mechanism to govern the changes in the ar
collection.

6.4.3 Establish architecture collection objectives

a)

Examine current and future business needs.

© ISO/IEC 2019 - All rights reserved
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b)

d)

e)

NOTE 1

process in ISO/IEC/IEEE 15288.

1y

2)

3)

This task is an examination of information that comes from the Business or Mission Analysis

Examine current and future enterprise objectives that shall be achieved, such as maintaining

competitive advantage.

Examine and evaluate the current and future enterprise vision, including strategies, proposals
and supply arrangements (whether internal, external, or both) in support of the enterprise

objectives.

NOTE2  The examination can consider the external or internal pressures acting upon the enterpr

ise,

sych as business change, technological change, economic and soclal trends and political inffuences.

Examine specific objectives of the strategies and proposals that are being evaluated.

Examine current and future mission needs for those missions supported by the enterprise.

NOTEB  This taskis examination of information that comes from the Business or Mission/Analysis prog
in ISOJIEC/IEEE 15288.

1y
2)

3)

Examine current and future mission objectives that shall be achieved,

Examine and evaluate possible future use of entities being architected, including strateg
proposals and supply arrangements (whether internal, exterhal’or both) in support of
mlission objectives.

NPTE4  The examination can consider the external or internal pressures acting upon the enterpy
sych as technological change, economic and social trends,and political influences.

Examine specific objectives of the strategies and proposals that are being evaluated.

Establish architecture strategy by making the rélevant decisions about the architectures in
architecture collection.

1y

2)
3)
4)
5)

Discover, develop, define and evaluate the overall goals of the architecture collection as a wh
i)| Identify work to be performed to achieve these goals.

ii] Create a configuration ofresources which are necessary ingredients in meeting these go

—

iif) Establish means of medsuring governance effectiveness.

Define architecturg-goevernance policies related to the architecture collection.
Define a set of governance principles that apply to the architecture collection.
D

eterming-adherence to objectives based on governance compliance criteria and strategies

Egtablish management criteria for control of architecture governance practices, dispensati
a

es,
the

ise,

Lhe

ble.

hls.

DNS

1|1d c¢ompliance.

Identify the architecture collection objectives to be pursued and desired levels of achievement
for each.

Establish procedures to investigate and capture how the architecture collection objectives can be
changed when necessary.

6.4.4 Make architecture governance decisions

a) Establish and issue governance direction in the form of directives and guidance for architectures
in the architecture collection.

18

1) Develop and issue governance directive(s) that drive the appropriate evolution of architectures

in the architecture collection.
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NOTE1 Governance directives could be about specific architecture patterns, reference
architectures, standards, frameworks, principles, tools, methods, etc. that would need to be applied to
the architectures or used when architecting.

2) Implement a governance framework that supports this governance directive so as to define
conceptual and organizational structures and provide a structured decision-making approach.

NOTE2  The governance framework typically comprises a set of controls over the creation and
monitoring of all architecture process components, work products and outcomes.

NOTE 3  Absolute control may not be possible in cases like: SOS situations, federated architectures,

b)

d)

f)

6.4.

b)

e L <1 load 4 lo1l. H . 4 1o 4
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3) Establish a decision-making mechanism that minimizes or avoids potential cxnflicts of
interests with escalation in the organization if the problems cannot be propetly addressed by
architecture governance.

4) Develop and issue directives on mandated standards to be used,during exg¢cution of
architecture processes.

Assign responsibility for, and direct preparation and implementatiefy of, directives, starjdards and
policies that set the direction for architecting efforts.

Analyze architectural dependencies to exploit the associations amongst the architectyres in the
architecture collection.

NOTE4 Dependencies could be capabilities, resources;services, reference architectures, agsumptions,
principles, vocabulary, ontologies and so on.

Make strategic decisions within the scope“of architecture governance responsibilities and
authorities using the Decision Management process in ISO/IEC/IEEE 15288 as a guide.

NOTE5  ISO 21505 can be used as guidance'for strategic decision making.
Elevate other decisions to the appropriate enterprise decision forum.

Review and communicate the decisions.

5 Monitor and assess.compliance with governance directives and guidance

Monitor the governance of the architecture collection by utilizing appropriate means.
NOTE1 In order to see how well the architectures are helping to achieve the enterprisqd goals and
objectives, architecture governance can monitor metrics from the development and use of actpal entities
based on the:architecture.

NOTE<2\/ A dashboard is a common way of doing this.

Ensure that the architectures comply with external obligations and internal work practifes.

d)

NOTE 3  External obligations can vary between countries where the instances of architecture entity and
its life cycle activities can occur.

Monitor management plans and status and assess compliance with governance directives and
guidance for the architecture collection.

Allow the appropriate authority to access directly an entity constructed according to a design
based upon an architecture description for an architecture to verify that it conforms to obligations
established by governance directives.

NOTE 4  This access is to enable verification that a system, an enterprise, a software item, a service or
other kind of architecture entity conforms to obligations established by governance directives. Merely
checking the architecture for conformance could be insufficient since the architectural features could lack
proper translation into design or operation of the entity.

© ISO/IEC 2019 - All rights reserved
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e) Check compliance with external obligations to be applied and standards that affect architecture
governance.

6.4.6 Review implementation of governance directives and guidance

This activity includes the tasks necessary for closing out one iteration of the architecture governance
endeavor by the organization driving the endeavor.

a) Review all information to assert that the architecture governance work is complete and that the
architecture collection objectives have been met.

b) Establish proceduresto capture,investigate and resolve the various reasons for non-implementatjion
of governance directives and guidance.

NOTE Document and retain the investigation and the rationale to support later reviews, Resolutipns
may rgquire modification of the directives and guidance.

c) Colledtlessons learned regarding architecture governance as reported from the other architectpire
procegses and make these lessons available to future projects.

d) Recorf lessons learned and communicate to all relevant stakeholders.
1) Contribute to best practices for architecture governance.
2) Sgrutinize effectiveness of governance directives and guidanoe.

e) Exami]ne the effectiveness of the governance policies and nitiate steps to revise the policieq as
necessary.

f) Identify and select the changes to be made to the architecture governance directives and guidarce.

g) Incorporate the changes into the architecture governance directives and guidance.

ing work products shall be produced:

cture governance plan,

cture governance directives and guidance,
cture governance compliance status report, and

cture collection objectives.

The purpose of the Architecture Management process is to implement architecture governance
directives to achieve architecture collection objectives in a timely, efficient and effective manner.

NOTE See Annex G for additional information regarding architecture governance and management, and the
distinction between these related but separate processes.

7.2 Outcomes
As aresult of the successful implementation of the Architecture Management process:

a) Architecting activities are in alignment with architecture governance directives and guidance.

© ISO/IEC 2019 - All rights reserved
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b) Architecting activities are identified and prioritized, maximizing value to relevant stakeholders
given available resources.

c) Inputs, including stakeholder inputs, and resources for architecting are identified, made available
and utilized effectively.

d) Architecture collection objectives are monitored and assessed for achievement.

NOTE Architecture governance outcomes are applicable across the organization while architecture

management outcomes are applicable across the entire collection of architectures.

7.

The organization shall implement the activities in 74 (numbered as 7.4.N) in @ceord
applicable organization policies and procedures with respect to the Architecture Mahagemel
The activities may be performed in any order that is deemed appropriate. The\otganizat
implement the relevant tasks (identified as list items under each 7.4.N activity)-as appropr

sit

Ar
refi
en

7.4
7.4

a)

b)

Implementation

ation.

hitecture management work products should be stored in the architecture repository

ourage future reuse.
Activities and tasks

.1 Prepare for and plan the architecture management effort

Identify and categorize architectures into .an“architecture collection based on their
respective purpose and scope, time validityand alignment with each other.

Identify architectures, used and to:b€ worked, in the architecture collection th
architecture management oversight

Develop a charter for management of the architecture collection.

hnce with
1t process.
on should
ate to the

for future

erence and audit. The repository should be used to facilitate wideSpread access, enable auditing and

relevance,

Wt require

NOTE1 IS0 21500 and ISO21505 can be used as guidance for developing the charter.

1) Identify organizational assets (people, resources, processes) that influence managerhent of the
architecture cellection.

2) Identify knowledge assets (historical information, issues and defect resolutions, [successful
outcomes)-that can aid in management of the architecture collection.

3) Identify internal and external factors and criteria that influence management of the
architecture collection.

4) /Tdentify in-scope and out-of-scope items that influence management of the arghitecture
calloctin

5) Identify skill gap of people involved in architecture management and establish training and
improvement plans to address the gap.

6) Develop a statement of work in alignment with the charter for management of the architecture

collection.
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7) Define measurable architecture management objectives and related success criteria for the

architecture collection.

Develop the architecture management organizational structure.

Identify the necessary managerial roles, responsibilities and authorities that are concerned

with or involved in architecture management.

Define an architecture management control hierarchy corresponding to the identified roles

and responsibilities.

EfiSure proper delegation of management responsibilities In the architecture managem
cgntrol hierarchy.

hierarchy.

Plan the effort for managing the architecture collection using the Project Planning process
ISO/IEC/IEEE 15288 as a guide.

NOTER  1SO 21500 and ISO 21505 can be used as guidance for planning of thesmahagement effort.

Establish the scope of the architecture management effort.
Identify metrics and metrics data collection strategy for the-arehitecture management effoj

NDTE3  Annex B contains information about defining metries for architecture processes. See B}
for information on architecture metrics.

Collect the data and information needed for the architecture management effort.

Optain access to enablers needed for the architecture management effort.

NOTE 4  The enablers will usually be obtained from the Architecture Enablement process. W
ernfablers are obtained from other sources; these can become candidate enablers for use by ot

piojects through the Architecture Enablément process.

EXAMPLE 1 Architecture management enablers could be tools, methods and procedures
sgheduling, budgeting, and costanalysis.

process.
Identify and defifie;architecture management work elements and associated resources.

EXAMPLE 2 Architecture management work elements could be work breakdown structure,
bieakdowmnstructure.

Developyarchitecture management schedule and define associated milestones.

ent

Ensure proper allocation of roles to identified role players in the architecture managemient

in

o

2.2

hen
her

for

Specify the work products and their outlines to be produced through performance of this

isk

Obtain necessary approvals and funding for the architecture management plan.

Monitor, assess and control the architecture management activities

Report architecture management activity plans and status.

Monitor and assess whether architecture governance directives and guidance are being followed.

Monitor and assess metrics for the architecture management effort.

Identify and assess risks and opportunities associated with the architecture management effort.

d)
1y
2)
3)
4)

e)
iy
2)
3)
4)
5)
6)
7)
8)
9)

7.4.2

a)

b)

c)

d)

22
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)

g)

h)

7.4.3 Develop architecture management approach

b)

ISO/IEC/IEEE 42020:2019(E)

Ensure that other processes are properly using architecture management work instructions.
NOTE1 See C.1 for recommended interactions with system life cycle processes.
NOTE 2  See C.2 for recommended interactions with enterprise life cycle processes.

Report architecture management activity plans and status in accordance with reporting
requirements.

Assess and control the architecture management effort using the Project Assessment and Control
process in ISO/IEC/IEEE 15288 as a guide.

NOTE3 IS0 21500 and ISO 21505 can be used as guidance for assessment and control.

Manage decisions about the architecture collection associated with architecture management
using the Decision Management process in ISO/IEC/IEEE 15288 as a guide.

NOTE 4  ISO 21505 can be used as guidance for strategic decision making.

Manage risks associated with architecture management using the Risk Management process in
ISO/IEC/IEEE 15288 as a guide.

NOTE5 IS0 31000, ISO 21500 and ISO 21505 can be used as guiddanee for risk management.

Identify architecture management approaches, , cénstraints, methods, tools and fechniques
according to architecture governance policies, djreCtives and guidance.

NOTE1 Management by objectives, management by measurement and management by policies are
examples of management approaches.

NOTE 2 Annex H provides information(on mapping of processes to architecture frameworks. TOGAF,
DoDAF and NAF are examples of architecture frameworks that contain architecture management methods.

Develop architecture managenieént plans in accordance with governance directior)s for the
architecture collection.

1) Identify architecturecollection requirements and other concerns.

2) Define architecture management scope statement (scope description, acceptande criteria,
architecture deliverables, exclusions, constraints, assumptions).

3) Establish‘specific architecture management goals that address the architecture|collection
objectives and specify the reasons for their sufficiency.

4) Prioritize the goals in terms of their importance in achieving architecture collection pbjectives.

5) -Create a work definition that provides a common framework for the overall plahning and
control of the architecture collection

6) Establish the resources necessary for performing the architecture management work elements
and assign responsibility and authority to the management hierarchy.

7) Define management measures that allow assessment of compliance with the architecture
management goals.

Ensure the architecture collection is established and maintained in accordance with the relevant
architecture management plans.
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d)

f)

g)

7.4.4 Perform management of the architecture collection

Architectyre management is about management of the architecture collection.

Develop the architecture management schedule in accordance with the architecture management
plan(s).

1) Develop the schedule for the activities identified in the work definition and define precise and
measurable milestones.

2) Define the activities, their dependencies and resources necessary for creating and managing
the architecture collection.

3) Estimate the duration of each of the activities and include them as part of the schedule.

Devel Dp a budget and associated justification to manage the architecture collection.

Securf adequate types and quantities of funding and resources to properly implement the(planned
architecture activities.

NOTEB  If it is not within the remit of the Architecture Management process to provide funding and
resourices for the planned architecture activities, then this process could champion these needs to |the
organifzational entity that can.

Adapt{the architecture management plan using an agile approach accordifig to new information
1) Agdjust management activities, schedule, directions and goals in response to new informatign.
2) repare adaptive management actions that respond to new problems or opportunities.

P
3) Apply new knowledge, insights and technologies thatContribute to achieving architectpire
mfanagement objectives.

NOTE1 Pften, it is necessary to manage individual architectures in the architecture collection and cduld

require individual directions and additional tasksZo specific architecture endeavors.

a)

b)

c)

d)

f)

g)
h)

24

Establish and issue management diréction in the form of documented instructions and guidahce
for the architecture collection.

Establish and issue management instructions and guidance on mandated standards and policie$ to
be us¢d during execution of architecture processes.

Assign resources to all\the identified roles in accordance with the sequence of tasks that needg to
be performed.

Activdte the ngeéssary tracking systems which can capture work performance information and fise
it to control.architecture development.

Perfonithe tasks defined in the architecture collection management plan to achieve fhe
architecturecottectiomrobjectives:

Assess architecture management measures, work performance information, resource utilization,
probable risks and new opportunities and manage changes to improve work performance.

Provide relevant information to all stakeholders as outlined in the architecture management plan.

Periodically confirm that work performance results conform to the architecture collection
requirements including deviations and dispensations.

NOTE 2  An appropriate periodicity of confirmation can be inversely proportional to the magnitude of
effort involved in performing the tasks outlined in the architecture management plan.
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j)

k)

D)

m)

7.4.5 Monitor architecting effectiveness

a)

b)

d)

f)

ISO/IEC/IEEE 42020:2019(E)

Set strategic directions for architectures in the architecture collection that addresses policy
decisions.

Establish individual plans for the development or revision of architectures in the architecture
collection.

Manage decisions about the architectures in the architecture collection using the Decision
Management process in ISO/IEC/IEEE 15288 as a guide.

NOTE 3 IS0 21505 can be used as guidance for strategic decision making

Mamage T1SKS associated with archnitecture management Using the RISK Management process in
ISO/IEC/IEEE 15288 as a guide.

NOTE4 IS0 31000, ISO 21500 and ISO 21505 can be used as guidance for risk management.

Manage changes to the architectures using the Configuration Management process in
ISO/IEC/IEEE 15288 as a guide.

Monitor and control work performance by tracking, reviewing-and regulating the progrgss to meet
the management objectives based on the architecture management plan.

1) Monitor work performance to identify variances frentthe architecture management|plan.

2) Monitor management issues and recommengd, preventive action in anticipation qf possible
problems.

3) Monitor status reports and recommend €orrective action when necessary.
4) Monitor management plan executionzprogress against the schedule estimates.

5) Monitor health of the architecture collection using the identified management megsures and
identify any areas that requiré‘additional attention.

6) Monitor the status of the/architecture collection scope and manage changes to|the scope
baseline.

7) Monitor the status-ef the architecture collection schedule and manage changes to the schedule
baseline.

Monitor effectiveness of the architecture management effort.
NOTE 1 Plan, schedule, budget, approach, outcome and performance are typical monitored eldments.

Assess.attual outcomes against planned targets and make corrective actions when necegsary.

Collect and communicate performance information to all relevant stakeholders al: periodic

trtervats:

1) Maintain accurate and timely information concerning the architecture collection.
2) Assess whether the architecture management objectives are being reached.

3) Provide forecasts to update current schedule information.

Define quality assurance actions and audits that confirm execution of the architecture management
plans using the Quality Assurance process in ISO/IEC/IEEE 15288 as a guide.

Report architecture management activity plans and status in accordance with reporting
requirements.
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g)

h)

Maintain a list of known needs and gaps and periodically perform analysis and prioritization to

select

architecture activities to be performed.

Assess and control the architecture management effort in accordance with the Project Assessment
and Control process in ISO/IEC/IEEE 15288.

NOTE

2 IS0 21500 and ISO 21505 can be used as guidance for assessment and control.

7.4.6 Prepare for completion of the architecture management plan

incorporate the changes into the architecture management plan, schedule, budget and

the aychitecture collection objectives have been met, so that architecture management chan
may ble closed, or there are significant gaps that necessitate and-drive changes to the architect

Check| compliance with standards that affect the architectures in the architecture collection.

as paift of architecture management.

2) Sgrutinize effectiveness of management approaches that were adopted in order to address
architecture managementproblem.

Select{the changes'to be made in the next iteration of the architecture management plan, sched

This activ
endeavor.
NOTE
planned to
a) Close
b) Revie
mana
c) Revie
mana
d) Asses
e)
f) Estab
g) Recor
1) C
h) Identi
mana
i)
budge
j)  Analy
and th
k)

tvincludes the tasks necessary for rlnqing out one iteration of the architecture managem

nt

This could be because the architecture life-cycle has come to a closure and a new architectur
be taken up.

pxecution of the architecture management plan when appropriate.

v all information to determine whether any mid-stream changes“@re necessary :

bement approach.

v all information to determine whether the architecture manageément work is complete :

bement plan, schedule, budget and approach.

5 metrics for the architecture management effort;

ish procedures to investigate and captureithe various reasons for management actions tal

[ lessons learned and communicateo all relevant stakeholders.

ntribute to best practices for architecture management.

fy changes to be made to the architecture management plan, schedule, budget and
bement approach;

t and the management approach.

b is

ind

the

ind
pes
Ire

KEN

the

the

11e,

exmanagement approach and adapt accordingly.

e the/impact of the selected changes on the architecture management plan, schedule, budlget

Incorporate the changes into the architecture management plan, schedule, budget and the
management approach.

7.5 Work products

The following work products shall be produced:

26

architecture management plan,

architecture management status report,

architecture management work instructions and guidance,
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— architecture management charter,
— execution plan, and

— execution status report.

8 Architecture Conceptualization process

8.1 Purpose

The purpose of the Architecture Conceptualization process is to characterize the problem [space and
detlermine suitable solutions that address stakeholder concerns, achieve architecture-objertives and
meget relevant requirements.

NO[FE1 The name of the process being “conceptualization” does not mean that the nesults are nefessarily at
the| “conceptual” level, or consist of a set of conceptual models and views. The results|could includg a “logical”
architecture or a “physical” architecture, depending on the nature of the situation,

NO[E 2  Identification of solutions can occur in any of the architectur€ processes or in any|of the life
cycle processes. Solutions are not limited to just the Architecture Coneéptualization procesd. However,
corjceptualization is where there is a special focus on identifying solutions; but with also an emphadsis on fully

understanding the complete problem space. This also entails the defihition and establishment of afchitecture
objgctives, as well as negotiation with key stakeholders on prioritization of their concerns.

8.2 Outcomes

As p result of the successful implementation of the Architecture Conceptualization process:
a) | The problem being addressed is clearly defined and understood.

b) | Architecture objectives that address thekey stakeholder concerns are established.

c) | The architecture’s key concepts-and properties, and the principles guiding its formulation,
application and evolution, are clearly defined.

d) | The architecture is clearly.gorceived and key tradeoffs are understood with respect to the problem
being addressed and the relevant stakeholder concerns.

e) | Tradeoffs among .architecture objectives and feasibility limitations are identified] and the
architecture objettives targeted to be addressed by the architecture are clearly specified.

f) | The candidate-solutions for the problem are clearly defined and understood.

8.3 Implementation

The orgdnization shall implement the activities in 8.4 (numbered as 8.4.N) in accordhnce with
applicable organization policies and procedures with respect to the Architecture Concepfualization
process. The activities may be performed in any order that is deemed appropriate. The organization
should implement the relevant tasks (identified as list items under each 8.4.N activity) as appropriate
to the situation.

Architecture conceptualization work products should be stored in the architecture repository for future
reference and audit. The repository should be used to facilitate widespread access, enable auditing and
encourage future reuse.

NOTE Below are a few guidelines that can assist in the implementation of this process.

a) Customers and users can have a special role to play in the architecture development effort. They are
sometimes paying for the architecting effort and usually have to live with the resulting solution for years to
come. They also have a key role in helping to specify the architecture objectives and the evaluation criteria.
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b)

d)

f)

g)

h)

8.4 Actjvities and tasks

8.4.1 Prepare for and plan the architecture conceptualization effort

a)
b)

c)

d)

28

During early stages, it is sometimes important to be agile and quick in conceptualizing many alternative
architectures. Some of these early architecture descriptions can be little more than sketches. After doing
several quick rounds of evaluation and conceptualization, there can then be a smaller number of viable
architectures that are worth capturing in a more complete form and storing in the repository for later use.
A more complete form of architecture description would be developed in the Architecture Elaboration
process.

An important aspect of architecture conceptualization is to allow the analysts, project participants and
various stakeholders to understand the tradespace of potential options that can meet the objectives.
(See 8.4.6 for more information on the nature of a tradespace.) Typically, a varied and distinctive mix of
architectural solution concepts can be considered in order to allow the tradeoff between various constraints
and C IICCTIITS. Ill. Uth\.«l vvUl do, ;.ll. d\,a“us vvith d LUIIIP}LA Pl Ub}\,lll .)l.la\,\" (2991 \'At\,lloivb LA}I}UI at;uu Uf the
solutign space is necessary as part of the conceptualization process in order to eventually select thé-njost
appropriate solution.

The céndidate architecture(s) can be derived from or can be already existing architecturse(s) in [the
archit¢cture collection under architecture management oversight or from other sources.

The set of views generated for the architecture(s) do not have to be complete at this poifit since a minimal
set of yiews could be sufficient to determine whether the proposed architectures.arefit for purpose. The
Architpcture Elaboration process can fill in the necessary details where appropridté.

There|could be existing requirements to be considered as drivers of the‘candidate architecturg(s).
These |requirements can sometimes come from execution of the requiréments processes described in
ISO/IEC/IEEE 15288, namely the Stakeholder Needs and Requirements Definition process and the Sysfem
Requifements Definition process. These requirements can also come thyough the Acquisition process. These
requirpments could include relevant mandates and imperatives, in¢luding relevant policies, regulations gind
standqrds.

In addition to requirements, another driver of the candidate’ architecture(s) could be needs, wants aind
expectjations identified during execution of the Business.or Mission Analysis process in ISO/IEC/IEEE 15288.
Needs|can either be designated as objectives or stated.asyrequirements.

Additipnally, the situation context can also serve~ds a driver for synthesizing solutions and formulafing
candidate architectures. The source information about the situation context might not be stated as
requirpments. It can come from the assumptiens in the domain or from best-practices in the domain.

Identify the general nature of the problem area(s) that needs to be addressed.

Defing the expected) purpose, scope, objectives and level of detail of the architectpre
conceptualizatiomeffort.

Establish the.architecture description framework(s) to be used throughout the architecting effort
for depeloping the views and models of the architecture based on expressed stakeholder desireg or
analysisief Stakeholder needs.

Define one or more architecture conceptualization approaches that are consistent with the
architecture governance and management directions and are consistent with the purpose, scope
and objectives of this effort.

NOTE1 It could be the case that more than one approach is needed to conceptualize different aspects of
the architecture. For example, mathematical algorithms can be employed to generate architecture concepts
for dealing with various data collection problems while employing an “expert panel” for generating concepts
for dealing with security issues.

NOTE 2  There are various architecting strategies and approaches to consider when planning how to
conceptualize architectures. Several examples of these are described in E.3. There are various kinds, views
and styles of architectures that can be considered as delineated in E.4.

Select or develop the required architecture conceptualization techniques, methods and tools.
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f)

g)
h)

j)
k)
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Plan the architecture conceptualization effort using the Project Planning process in
ISO/IEC/IEEE 15288 as a guide.

NOTE3 ISO 21500 and ISO 21505 are also useful references for planning of the architecture
conceptualization effort.

1) Document the purpose, scope and objectives of the architecture conceptualization effort.

2) Establish metrics for the architecture conceptualization effort that enable a determination of
when the architecture conceptualization task is complete.

S tteTrtify-thred - . ted-fortt - — —
4) Obtain access to enablers needed for the architecture conceptualization effort.
NOTE4  The enablers will usually be obtained from the Architecture Enablement profess. When
enablers are obtained from other sources, these can become candidate enablérs for ugde by other

projects through the Architecture Enablement process.

EXAMPLE Architecture conceptualization enablers could be toolsy/ methods and prodedures for
brainstorming, collaboration, conceptual modeling, etc.

5) Identify and define architecture conceptualization work elements and associated regources.

6) Specify the work products and their outlines to be (ppoduced through performance of this
process.

7) Develop architecture conceptualization schedule‘and define associated milestones.
Produce an architecture conceptualization plafwthat contains the planning information.
Obtain necessary approvals, resources andfunding for the plan.

Collect the data and information needed for the architecture conceptualization effort.
Ensure personnel are trained in theuse of identified techniques, methods and tools.

Ensure personnel have necessary and appropriate access to relevant architecture worl products,
data and information.

.2 Monitor, assess and control the architecture conceptualization activities
Report architecfure conceptualization activity plans and status.
Monitor andiassess whether architecture governance directives and guidance are being followed.

Monitar )and assess whether architecture management instructions and guidance |are being
followed.

Monhitor and assess metrics for the architecture conceptualization effort.

h)

Identify and assess risks and opportunities associated with the architecture conceptualization effort.

Maintain traceability of architecture conceptualization results to the source material used during
the process.

Ensure that other processes are properly using architecture conceptualization products.
NOTE1 SeeC.1 for recommended interactions with system life cycle processes.
NOTE2  See C.2 for recommended interactions with enterprise life cycle processes.

Implement corrective actions where necessary to modify the work plan or realign the work with
the plan.
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i)

Assess and control the architecture conceptualization effort in accordance with the Project
Assessment and Control process in ISO/IEC/IEEE 15288.

NOTE 3 IS0 21500 and ISO 21505 are also useful references for assessment and control.

8.4.3 Characterize problem space

b)

d)

f)

30

Identify the potential problem area(s) that needs to be addressed.

NOTE 1  The “problem” could actually be an expectatlon for improvement without necessarily being

Identify current and projected situation(s) in the problem space.

NOTER  The problem space and the solution space are abstract. In simple terms, the problem space relgtes
to the|world of end-user challenges and motivations, which is usually captured infthe form of validated
problejm statements and specified needs. The solution space focuses on the application of products, services
and tdchnologies that will adequately address end-user problems and needs:VA systemic approach is
important to apply in both the solution space and the problem space to ensure)that viable alternatives|are
not overlooked and that the most effective solution can more readily be identified and applied.

Identify problems and opportunities in the current and projected-situation(s).

NOTEB  The concept of “problem” is used here in the same sensgysed in ISO/IEC/IEEE 15288: “difficylty,
uncertainty, or otherwise realized and undesirable event, set 0f/events, condition, or situation that requjres
invest]gation and corrective action.” A problem space is aymental representation of a problem (or sef of
problejms) that contains knowledge of the initial state and the goal state of the problem(s) as well as possjble
internjediate states to be searched in order to link up the,beginning and the end of the task.

Identify relevant aspects of the identified situation(s).

NOTEH#  An aspect is a way in which a, thing, idea, situation or domain can observed, considered or
regarded. A clear understanding of the different aspects involved can help ensure that the full natur¢ of
the pr¢blems and opportunities are welltanderstood. It is a common error not to consider these things with
respedt to these different aspects. An aspect is not the same as a concern although there might be sqme
conceifns identified when considering something from a particular aspect. For example, the logistics aspect
can belused to help understand and-address concerns such as safety, reliability, maintainability, availability,
supportability, etc.

EXAMPLE1  PESTEL {s)a common approach used in strategic planning methodologies - political,
econoinic, social, technological, environmental, legal aspects of a situation.

EXAMPLE 2 Other aspects that can be used as the basis for problem space characterization: demographic,
ethical, logistical, recreational, constructional, mission, business, logical, mathematical, strategic,
operatfional, ta¢tical, philosophical, ontological, axiological, epistemological, constructivist, positivist.

Examine{current and future business and mission needs with respect to these problems and
opportunities.

NOTES5  This task entails the examination of information that could potentially come from execution of
the Business or Mission Analysis process described in ISO/IEC/IEEE 15288. The findings from this problem
space analysis could be useful as feedback to the Business or Mission Analysis process.

NOTE 6  Refer to the Business or Mission Analysis process in ISO/IEC/IEEE 15288 for more information
on the distinction between business needs and mission needs.

Identify stakeholders and their concerns corresponding to each of these problems and
opportunities.
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h)

ISO/IEC/IEEE 42020:2019(E)

NOTE 7  The stakeholders could be those concerned about the architecture itself or those concerned
about the systems or other entities the architecture is dealing with. Therefore, architecture concerns can be
different from entity concerns and vice versa.

Identify and analyze any formal and informal requirements that apply to this situation and
document which requirements are relevant to current effort and how they would flow to the
evaluation criteria.

Identify value, if any, that stakeholders will receive when the stakeholder concerns are addressed.

Identify and prioritize quality measures associated with these stakeholder concerns that can be

j)

k)

D)

.4  Establish architecturelobjectives and critical success criteria

used as the basis 1or development and evaluation of the architecture.

NOTE 8 Quality attributes can be related to any kind of entity. Quality attributes_for software and
computer systems have been specified in ISO/IEC 25010, otherwise referred to as SQUaRE (systems and
software quality requirements and evaluation). Quality measures are not only a fumetion of the problem
space but could also derive from things in the solution space. Quality measures relative to problem space
can be for example like “ends objectives,” whereas quality measures relative to_ solution spacq can be for
example like “means objectives.”

Identify and characterize how the problems and opportunities afféct different stakehplders and
their priorities in addressing these items.

Identify and characterize complexities of each problem and'‘0pportunity, its cause and gffect, and
how it is being addressed currently in each of the identified-situations.

Identify and characterize the cause and effect relationships for the identified problem(s)
EXAMPLE 3  Inference networks can be used tofcharacterize cause-effect relationships anld can take
various forms depending on the situation such as problem tree, influence diagram, Bayesian network, causal

loop diagrams, fishbone diagrams, etc.

Formulate a clear statement of the prioblem(s), including risks, opportunities which could be
addressed and constraints which are to'be satisfied in the solutions.

Produce a problem space definitiofr'report.

Use identified problems and related risks and constraints as the basis for gathering, analyzing and
negotiating requirements.

Classify requirements by stakeholder needs to help identify who is interested in each prpblem and
opportunitys

Determiite boundary conditions, root causes, drivers and relevant scenarios for each|identified
problem’and opportunity.

Détermine gaps or shortfalls of current or planned solutions in addressing the pr(rblem and

g)

UpPOT tuITity-
Identify relevant assumptions, degrees of freedom, constraints, conditions and challenges.

Identify and define architecture objectives that address the problem(s) and opportunities with
respect to the stakeholder concerns, requirements or quality attributes, or that take advantage of
identified opportunities.

EXAMPLE A generic example of an objective to take advantage of an opportunity is for the architecture
of interest to support reuse of an entity across various technologies, protocols, platforms, operational
venues, market segments, etc.

Develop a quality model that captures the relevant quality measures and defines the relationships
between the measures.
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h)

d)
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NOTE1 There are generic quality models such as in ISO/IEC 25010 that can be used to help inform
development of the specific quality model in this activity. The quality model can show how all the measures
are related to each other and can sometimes indicate the relative priorities for the various quality measures
in the model. (See E.6 for further details).

Define critical success criteria that can be used to assess the extent to which the problems(s) are
resolved and to inform exploration and selection of alternatives.

NOTE 2  These success criteria are directly related to aspects of the problem(s) in the problem space, and
are primarily concerned with achieving desired “ends”. As such, these are sometimes called ends objectives.
In some domains, the ends objectives are related directly to desired “effects” and are the basis for so-called

basedamatysis—These ftertaarediffere o]y crated to e cd objective ID'I"!'I

Ends objectives are sometimes called “fundamental” objectives. Information on the'distinction
betwegn ends objectives and means objectives, and how to apply them, can be found in the Bibliography.[See

If rel¢vant, include relative weighting of success criteria, using a normalizéd scale, to help

If necessary, translate the critical success criteria into evaluation criteria'that can be used durfing

Defing¢ more specific objectives, where necessary, to be achieved in addressing the problems and
opporjtunities and relate these to the established architecture objectives and success criteria.

Identify existing or previous solutions to determinedif these can be used as potential solution(s)|for
the cuyrrent or projected situation under examinatien.

NOTE|[L  Solutions can be found in current or future architectures and can sometimes address more than

one prpblem or opportunity. The collection of architectures is sometimes called an “architecture landscape”.

Identify problem mitigation strategies that can achieve the specific objectives and serve as potential
solutipn(s).

1) Consult with subject matter-experts for relevant technologies, design patterns and solutjion
approaches.

2) Perform technology-scan for relevant technologies.
3) Perform problemy/solution pattern scan for relevant solutions to similar problems.
P

4) rform npatural system metaphor scan for possible naturally occurring solutions to simjlar

problems:

5) Pé¢rferm risk assessment of the identified strategies.

NOTE2 The architecting strategies and approaches described in Annex E suggest solution
approaches that could help in finding the correct problem mitigation strategies.

6) Identify relevant architectural patterns, heuristics, and tactics.

NOTE 3 Domain architectures, reference architectures, and architectural patterns can be used in
forming potential solutions or parts of solutions. Further details on these can be found in Annex E.

Review the resulting relationships between problem mitigation strategies and problem causes to
assure the completeness of the potential solution(s).

NOTE 4  Strategies might apply to multiple objectives. It could be important to clearly specify the
relationships between strategies and objectives to facilitate the examination of solution completeness.

© ISO/IEC 2019 - All rights reserved
© IEEE 2019 - All rights reserved


https://iecnorm.com/api/?name=b2b93151cb8d5c9eaf0d3f974df169ab

f)

ISO/IEC/IEEE 42020:2019(E)

Formulate purpose statement(s) for each potential solution.

NOTE 5
addressing the entire problem or all aspects of the problem.

Characterize strengths, weaknesses and tradeoffs for each potential solution.

NOTE 6

The solution might not be addressing the entire problem or all aspects of the problem.

There might be a different purpose statement for each solution since the solution might not be

Therefore,

itis important to understand where the solutions fall short and the tradeoffs that are to be considered when

choosing among alternative solutions.

g)

h)

j)

8.4

NO
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........ Fheeds-wants-and-expectationstor-each-potential solution:

NOTE7  Expectations are what someone regards as likely to happen, which might have nethin
what they need or want. Expectations can drive the solutions as much as what might be néeded o1
a person.

If needs, wants or expectations drive the solutions, then negotiate with)those stake
determine which of the needs, wants or expectations are to be translated into requirems
solution and the relative priority of each.

Determine consequences and obligations associated with the needs, wants and expectd
translate these into requirements or objectives on each of thegoldtions.

NOTE 8  Since there can be more than one solution to the problem that can achieve the objecti
above in task (a), this is where the objectives (or requirements}.are established for each of those

Identify relevant critical success factors and key petformance indicators for each potentis

NOTE 9
perspective on which the solution is based. Sucgess factors are relative to the purpose for tha
solution. The proposed solutions might also be*addressing different aspects/parts of the problg
factors and performance indicators can be based on the identified stakeholder concerns or qualit
from problem space analysis.

.6 Characterize solutions and the tradespace

E1 This activity characterizes the solutions and tradeoffs from the technical perspective,

ects such as ease of realization, compatibility with other solutions, trends in the technology s
omplementary to architécture evaluation, which examines the proposed solutions in terms

keholders and quality attributes delivered by each solution. The previous activity is focused on th
dentification of potential solutions while this activity is focused on the characterization of thos
se can be done simultaneously, but often they are done by different people since some who are v¢
innovative mightnot be as analytical and as precise as needed during the characterization activit

[E 2
atisfying.architecture objectives and stakeholder concerns. The tradespace often does not includ

that will-completely satisfy the architecture objectives and stakeholder concerns. Tradespace analysi

andg

b to do with
wanted by

holders to
nts on the

tions, and
ves defined

bolutions.

] solution.

Success factors could be different for{each potential solution. They depend on the problem

particular
m. Success
I attributes

onsidering
bace, etc. It
bf value to
b "creation”
b solutions.
ry creative

y.

Tradespace is the range and extent of parameters, properties and characteristics that are relevant

b a solution
is used for

lyZing’'the relevant constraints, conditions and challenges involved in large complex problems w

sta

keholders and multiple objectives. It involves the identification and understanding of tradeoffs

h multiple

t
1involved in

choosing between competing solutions. Tradeoffs can be within each solution and between solutions (and the
problems/opportunities they are intended to address).

a)

b)
‘)

Examine the context in which stakeholders perceive value and formulate value propositions for

each potential solution.

Identify strengths, weaknesses, opportunities and threats for each potential solution.

Identify other important aspects related to each potential solution including, but not limited to, the

following.

1) Identify and characterize risks for each potential solution.

2) Identify cost and schedule considerations for each potential proposed solution.
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f)

g)

h)

j)

34

3) Identify areas for potential reuse of existing architecture elements and the risks associated
with this reuse.

4) Identify assumptions with respect to each potential solution.

5) Identify additional problems that might be caused by each potential solution.

6) D

etermine remaining gaps or shortfalls after implementing the proposed solutions.

Harmonize elements of each potential solution to ensure that it can be realized in a coherent and

cohes

NOTE
harm

Identify and characterize the tradeoffs involved in achieving the architecture objectiyves;
1) b¢tween and within proposed solutions,
2) between these solutions and the status quo, and

3) be¢tween proposed solutions and other possible solutions (i.e. thosenotbeing proposed).

N

«

Identify and characterize negative and positive influerices and interactions between propo

soluti

NOTE

solutigns, is called in this document the “tradespace”. More information on how to explore the tradesp
can be|found in the Bibliography. See for example, Trade-off Analytics, Parnell 2017[34],

Formylate a roadmap for implementingthe proposed solution(s).

NOTE
Some
formu

is not achievable in a timely or efficient manner.

Defing

addre

NOTE
are pr

define

b¢tween proposed solutions and the status quo (which can be _considered as one of the alterna
splutions” to be considered). Typical tradeoffs to consider are th€ following: cost vs performance, (
vq schedule, weight vs speed, accuracy vs timeliness, acquisition cost vs operating cost, ease of us
sqcurity, flexibility vs predictability, agility vs robustness,risk’vs reward, etc.

ive manner.

If architectural patterns or tactics have been employed (see E.3.3 for further details) then’s
ization could be necessary to ensure they are properly applied to the situation at hand.

DTE 4  Tradeoffs can be within each solution and between solutions. There are also trade

bns and pre-existing/planned solutions.

b The collection of tradeoff considerations},along with the influences and interactions betw

-

b  The purpose of the roadmap is to help in identifying possible pathways to achieving the solut
bf these pathways can reyedlotherwise unanticipated difficulties that need to be considered w
ating candidate architectures in the next activity. It might also reveal some cases where the soluf

5s the specified.problem(s) and to inform exploration and selection of alternatives.

7 Thege\Success criteria are directly related to aspects of the solution(s) in the solution space,

H.during problem space analysis.

Lich

bff's
ive
ost
b VS

ced

een
ace

hen
ion

b success criteria-that can be used to assess the extent to which the proposed solution(s)

hnd

marily_coricerned with the “means” by which a solution addresses the identified problems. As sych,
these qre sometimes called means objectives. These criteria are different but related to the “ends objectiy

”

es

Ends objectives are sometimes called “fundamental” objectives. Information on the distinction between
ends objectives and means objectives, and how to apply them, can be found in the Bibliography. See for
example, Handbook of Decision Analysis, Parnell 2013[43] and OMG Business Motivation Modell34],

Identify issues and areas for improvement in the proposed solution(s).

Establish and capture the desired functional and non-functional characteristics based on the
identified solution(s) with respect to the purpose of each solution that corresponds to the
stakeholder concerns, relevant requirements and constraints, and quality attributes identified
during problem space analysis.
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:2019(E)

Quality attributes can be related to any kind of entity. Quality attributes for software and

computer systems have been specified in ISO/IEC 25010, otherwise referred to as SQuaRE (systems and

software quality requirements and evaluation).

8.4.7 Formulate candidate architecture(s)

a)
b)

d)

f)

g)

h)

j)

k)

Identify the solution(s) to be architected.

Devise structural, behavioral and organizational concepts and properties, as approp

riate, that

support the desired functional, non-functional and other (e.g. operational, business, environmental

impnr“r) characteristics

EXAMPLE1 These concepts and properties could be expressed in the form of informatiomn-t
like constructs such as information flows, control flows, data structures, operationalcrules,
diagrams, state transition diagrams, timelines, roadmaps, etc.

EXAMPLE 2  These concepts and properties could be expressed in other forms such as r
financial models, economic models, simulation models, sensitivity models, queuing’'models (as wj
kinds of continuous and discrete event simulation models), geospatial modelsfmanagement mode
models, social- and environmental-impact models, value stream models, etcx

NOTE1 Domain architectures, reference architectures and architectural patterns can be used
potential solutions or parts of solutions. Further details on these cawbe found in Annex E.

NOTE 2  Architectural patterns and related tactics, along with' heuristics, (see E.3.3 for furt
could be employed to deliver desired characteristics.

Identify and characterize the tradeoffs between cdndidate architectures for each solutio

Identify key characteristics that provide insightinto the architecture and use the key char
to define the context and scope of the architecture(s).

NOTE 3  The key characteristics are based on identified stakeholder concerns, relevant red
quality attributes, architecture objectives‘and other relevant factors. A mapping between such
the key characteristics can be developéd to aid in traceability.

NOTE4  Consideration can be given to various architecture solution concepts as delineated in }
various architecture life concepts and life cycle models as delineated in E.2.3 and E.2.4.

Formulate principles, implications, guidelines, protocols and standards for each
architecture.

Decompose, wheen necessary, and allocate the key characteristics to components, pro
other kinds ofielements that make up each candidate architecture.

Identify €he processes and activities that, when arranged or performed in a specific
provide or enable the identified characteristics.

echnology-
bvent/trace

sk models,
ell as other
s, business

in forming

her details)

.

hcteristics

uirements,
Hrivers and

E.2.2 and to

candidate

esses and

brder, will

ction and

Identify rules governing the components, their composition, aggregation, intera

e desired

Determine that each candidate architecture provides the desired solution characteristics or

enables them to be realizable.
Identify issues and areas for improvement in the architecture(s).

NOTE 5

If a promising architecture with high stakeholder value does not close (i.e. it does not meet

all the requirements) due to a constraint imposed by a requirement, it is helpful to discuss with relevant
stakeholders to determine whether the requirement can be relaxed or whether some other compromise can
be reached that allows the promising, high-value architecture to close. This could involve securing a waiver
on a requirement or changing the requirement.

If more than one architecture is devised, select the best architecture(s) for use downstream.
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8.4.8 C4gpture architecture concepts and properties

NOTE 6  The Architecture Evaluation process can be used to facilitate selection of the most suitable
architecture(s). The results of problem space analysis can be used as a basis for the evaluation criteria.
Often an initial screening of candidate architectures is conducted prior to sending these for evaluation to
avoid unnecessary effort in evaluating candidates that are duplicative, too costly or risky, unsuitable or
infeasible, etc.

NOTE 7  Sometimes the selection of the architecture(s) going forward is made through decisions outside
the scope of the architecture processes. In that case, the candidate architectures are presented to decision
makers along with an assessment of these architectures. This might entail involvement of the Decision
Management Process or the Portfolio Management Process described in ISO/IEC/IEEE 15288.

NOTE1 [This activity could use the results of the Architecture Elaboration process when appropripte.
Architecture conceptualization only needs to describe the architecture to the level of specificity and.granularity
thatis suitgble for its intended users, which in many cases does notrequire significant elaboration.The‘elaboration
of architecfure views, models and descriptions will often occur later in the life cycle of the architecture, after
the architefture has become more mature and the extra effort of elaboration becomes worthwhile. Elaboration
could also pccur only after several architecture alternatives have been examined for théir suitability, and they
are selected down to one or a few alternatives for further examination and eventual‘use downstream in [the

engineering effort.

a)
b)

‘)
d)

e)

f)

g)
h)

j)

k)

D)

36

Identify the uses and users of architecture views and models.

Defing the purpose, scope, breadth and depth for the necessaryarchitecture views and models.

Identity key aspects to be addressed by the architecture views'and models.
Identify relevant stakeholders and concerns with respectto the architecture views and models.

Specifly the form(s) of expression for the necessary.architecture views and models suitable for their
intended users for this stage of development.

Identify, select, develop or modify enablers to support generation of the necessary models and
views| such as the following items:

1) architecture viewpoints, modeling methods and view generation methods, model kinds,
2) apchitecture frameworks, médeling templates, view templates and metamodels, and
3) mlodeling tools and techniques.

NOTE2  These enablers could have been already selected or developed by the Architecture
Emablement process) If these are selected or developed by the Architecture Conceptualization prodess
thlen these can<be\provided to Architecture Enablement to be placed in the organization repository|for
uge by other@rehitecture efforts.

Captu[:e architecture decisions and architectural characteristics in the specified form.

Capturekey architectural concepts, properties of interest, rationales, conditions, constraints and
assumptions in the specified form.

Capture architectural guidelines, principles, protocols and standards in the specified form.
Capture components, their composition, interdependence and their interactions in the specified form.

Capture identified processes, activities and tasks that aid in achievement of architecture and
solution characteristics.

Develop an architecture description consisting of relevant viewpoints, views, models, model
correspondences and express them in the specified form with a level of detail, correctness and
completeness suitable for their intended use.

NOTE 3  SeeISO/IEC/IEEE 42010 for more information on these architecture description concepts.
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8.4.9 Relate the architecture to other architectures and to relevant affected entities

NOTE 1

:2019(E)

It is common that a new architecture is replacing or subsuming existing or planned design elements.

In such a case, the new architecture can be mapped to the design, for example, to help understand the impact of
implementing the architecture. It could also be important to map the architecture to other relevant elements
such as policies, processes, doctrine, organizations, training, logistics, personnel, facilities, etc.

a)

b)

Identify relevant entities and other architectures that relate to architecture elements and the

nature of these relationships.

Define the correspondences, interfaces and interactions between the relevant entities

and other

d)

)

8.4.

architectures with each other and with the architecture being expressed.
Partition, align and allocate requirements to architecture elements and related entities.

NOTE 2  During this task, sometimes additional factors that drive the architecture'will be fo

und, which

might result in changes to the architecture. Also, this provides an opportunity to help clarify the meaning

and intent of requirements and to ensure that all the relevant requirements can belmet by the ar

Map affected entities and other architectures to relevant architecture” concepts, prop
other attributes.

Formulate principles and precepts expected to be used duringexecution of the life cycle
for the architecture entity.

NOTE 3  Architecture information can be used in other systems life cycle processes as specifie

EXAMPLE1  The architecture could dictate as a matter of principle for example that elements
single place to store all data rather than having theiréown storage location.

NOTE4 A preceptis “a general rule intended:to regulate behavior or thought” that might nof
level of being a principle.

EXAMPLE 2
to determine possible design features:that can be devised to better accommodate future a
characteristics (i.e., sometimes called®hooks” in the design).

Formulate principles and precepts for design and evolution of the architecture entity.

10 Coordinate use of conceptualized architecture by intended users

Identify intended.\users of architecture conceptualization information, including
architecture deScriptions, models and data.

NOTE1 WUsers of this information could be different than the original set of users identi
the initial/generation of architecture models and views. These users could be those doing ey
elaboration of the architecture, architects of related systems and other collaborators and rev
provide inputs and feedback to the conceptualization of the architecture, those managing the c
they-Can gain some understanding of the nature of an architecture, analysts who need to und

Chitecture.

erties and

processes

d in C.1.

are to use a

rise to the

An example precept is that:designers are to look at the future evolution of the a[:chitecture

chitecture

relevant

ied during
hluation or
ewers who
bllection so
brstand the

architecture as the basis for their analysis, managers who need to use the architecture for pl

hnning and

b)

scoping a project, design engineers who need to use the architecture to get an early start on
design and to give feedback on the architecture that will drive their design, and so on.

NOTE 2
architectural information.

conceptual

Interactions with project processes are delineated in B.1, which could suggest potential users of

Prepare architecture conceptualization information and data, along with supporting material, for

use by others.

Deliver architecture conceptualization information and data to intended users and other
parties.
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NOTE 3  This could occur as a direct delivery to intended recipients, as a posting to the architecture
repository, or in a formal release through some organizational release process. The particular mechanism
for the delivery could be a factor in determining how best to package the information and what steps needs

to be taken to validate the information and data before it is released.

NOTE4  Sometimes the conceptualized architecture is not mature or complete enough for use by those

who need to know about the architecture or to use the architecture information in performing their dut

ies.

In such cases, it could be necessary to prepare a more complete set of architecture views and models through

the Architecture Elaboration process before this information is suitable for use downstream.

d) Monitor use of architecture conceptualization information to collect feedback on the architecture

and oyrtheformramdcontentsof threarchitecturework products—

e) Commjunicate architecture conceptualization information to interested parties.
f) Incorlorate feedback into the architecture descriptions, views and models.

g) Incorporate feedback into the architecture conceptualization effort when this is,hot otherw
captured in architecture descriptions, views and models.

8.5 Work products

The followjing work products shall be produced:
— architecture conceptualization plan,

— architecture conceptualization status report,
— problem space definition report,

— architecture objectives,

— qualitly model, and

— architecture views and models.

EXAMPLE Work products from Architeeture Conceptualization can be captured, for example, as prob
formulatiofps (concepts, abstractions, scopé-and relationships definition), problem structures (cause/ef
relationships, objectives hierarchies, fieeds, wants and expectation), solution structures (compone
connectors), and principles and guidelines. Solution elements could also include such things as polid
procedureq, rules, organizations, people and a variety of other entities and practices.

NOTE uring early stages)'it is sometimes important to be agile and quick in conceptualizing m
alternative|architectures. Some of these early architecture descriptions will be little more than sketches. A
doing several quick rounds. of evaluation, there might then be a smaller number of viable architectures that
worth capturing in a mere complete form and storing in the repository for later use. The more complete forn]
architecture descriptioh would be developed in the Architecture Elaboration process.

ise

fect
nts,
ies,

hny
Fter
are
h of

9 Archjtécture Evaluation process

9.1 Purpose

The purpose of the Architecture Evaluation process is to determine the extent to which one or more

architectures meet their objectives, address stakeholder concerns and meet relevant requirements.
EXAMPLE Architecture evaluations can be performed to answer questions such as:

a) Isthe architecture sufficient to address expected operational uses and situations?

b) Isthe architecture sufficiently flexible and extensible to address the evolving needs?

c) Isthe quality of the architecture acceptable to stakeholders?
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d)
e)
f)

ISO/IEC/IEEE 42020

Is the architecture addressing stakeholder concerns?
Is the architecture addressing stated objectives? and

Can the architecture be implemented successfully?

9.2 Outcomes

As aresult of the successful implementation of the Architecture Evaluation process:

a)

The basis for evaluation findings and recommendations are clearly communicated and u

:2019(E)

nderstood

b)

A

d)

B
9.3
3

Th
org

by the relevant decision makers and key stakeholders.

Relationship between stakeholder concerns and evaluation findings and recommendati
established.

The projected costs, risks, opportunities and tradeoffs associated with impleme
architecture(s) are understood and well founded.

Stakeholders are able to understand the extent to which the architectiire addresses thei
and intended operational uses, and where and why there are shortfalls.

Value of the architecture(s) to relevant stakeholders is understood by those doing the ar
NOTE The “value of the architecture” referred to aboveds,a’determination of the extent t
architecture addresses stakeholder concerns and intended operational uses. This implies tha

that is being architected, when implemented, will be capable of providing some degree of satisfa
entity is implemented in accordance with the architectute description.

Implementation

e organization shall implement the activities in 9.4 (numbered as 9.4.N) in accordance with
anization policies and procedures with respect to the Architecture Evaluation process. Th

bns is well
nting the
[ concerns
chitecting.

which the

the entity
Ction if that

applicable
P activities

maly be performed in any order that js~deemed appropriate. The organization should implement the

relevant tasks (identified as list item§ under each 9.4.N activity) as appropriate to the situatipn.

Ar¢hitecture evaluation work products should be stored in the architecture repository [for future

reference and audit. The repos$itory should be used to facilitate widespread access, enable auditing and

engourage future reuse.

NO['E Below are afew'guidelines that can assist in the implementation of this process.

a) | This clause specifies the requirements on architecture evaluation activities while ISO/IEC/IEEE 42030
specifies the.requirements on an architecture evaluation framework and its elements.

b) | Architécture evaluation is most useful when it focuses on areas that are high risk or on particularly strong
concérns held by key stakeholders.

¢) | The process activities are based on the concepts and principles specified in ISO/IEC/IEEE 42030 on an
architecture evaluation Iramework: evaluation objectives, value assessment objectives, architectural
analysis objectives and factors for evaluation, assessment and analysis.

d) This process is for evaluating one or more architectures (i.e. the fundamental concepts or properties of an
architecture entity) rather than just evaluation of an architecture description (AD) (e.g. views and models)
for those architectures. The evaluation could use an AD as the basis for getting information about the
architecture but this is not the only way.

e) Customers and users can have a special role to play in the architecture development effort. They are
sometimes paying for the architecting effort and usually have to live with the resulting solution for years to
come. They also have a key role in helping to specify the architecture objectives and the success criteria.

f)  Conduct the architecture evaluation effort in such a manner as to avoid potential bias or conflict of interest.

One common way of doing this is by using an independent party to perform the evaluation.
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9.4 Activities and tasks

9.4.1 Prepare for and plan the architecture evaluation effort

a)

b)

d)

f)

g)

h)

40

Formulate judgments to be made by architecture evaluation based on the potential decision(s) that

can be supported by the architecture evaluation effort.

Define the expected purpose, scope, objectives and level of detail of the architecture evaluation effort.

EXAMPLE1  Scope caninclude things such as selection of the best alternative among several, identification

of alternatives that meeta minimum criterion set, determination of best alternatives to include in a portfq

Review stated purpose, scope and objectives of the architecture evaluation effort with the spon
architiect and other interested parties.

Defing¢ one or more architecture evaluation approaches that are consistent with the larchitect
goverhance and management directions and are consistent with the purpose, scope and objecti
for this effort.

NOTE[L Insome cases, the approaches defined here could be a function of the€valuation criteria defi
in 9.4.8. Also, approval of the evaluation plan can sometimes depend on the gvaluation criteria to be u
Therefore, the remainder of this planning activity could depend on completion.of the criteria determinat

Select{the evaluation approach to be used.

Selector develop the requisite architecture evaluation techniques, methods and tools.

NOTER  The items selected or developed here could be a fufiction of the evaluation methods defineLin

9.4.4 apd the measurement techniques defined in 9.4.5. Als0) approval of the evaluation plan can someti
depenE on these methods and techniques to be used. Thetefore, the remainder of this planning activity cd
dependl on determination of these methods and techniques.

Selectjor develop one or more architecture evdluation framework(s).

NOTEB This framework is different thanhe architecture description framework typically used as
basis for generation of architecture views-and models. The architecture evaluation framework can con
of genpralized evaluation objectives ané criteria, value models, assessment measurements and meth
scorecprd templates, business case heatmap templates, dashboard constructs, etc.

Colledt any relevant regulatoty requirements that dictate when and where an evaluation is to
perfofmed and possibly who should be involved in the effort.

Plan the architecture-evaluation effort using the Project Planning process in ISO/IEC/IEEE 152
as a gliide.

NOTE#  ISO 214500 and ISO 21505 are also useful references for planning the architecture evaluation eff

1) Dpcumient the purpose, scope and objectives of the architecture evaluation effort.

lio.

bOT,

lpre
vVes

hed
ed.
on.

es
uld

the
Kist
ds,

be

88

prt.

2) Establish metrics for the architecture evaluation effort

3) Identify the data and information needed for the architecture evaluation effort.

4) Obtain access to enablers needed for the architecture evaluation effort.

NOTES5 The enablers will usually be obtained from the Architecture Enablement process. When
enablers are obtained from other sources, these can become candidate enablers for use by other

projects through the Architecture Enablement process.

EXAMPLE 2 Architecture evaluation enablers could be tools, methods and procedures for value

modeling, optimization, value measurement, meeting facilitation, etc.

5) Identify and define architecture evaluation work elements and associated resources.
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9.4.2 Monitor, assess and control the architecture evaluation activities

a)
b)
‘)
d)
e)
)

g)
h)

j)

k)

ISO/IEC/IEEE 42020
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6) Specify the work products and their outlines to be produced through performance of this

process.

7) ldentify subject matter experts necessary to support the architecture evaluation effort.

NOTE 6  This could require access to the architecture development lead and other people

involved in

architecture conceptualization and elaboration. Stakeholders and implementers are sometimes needed

to participate in the effort.

8) Develop architecture evaluation schedule and define associated milestones.

Produceamrarchitectureevahmationplamthatcontatnstheplanning tnformation
Obtain necessary approvals, resources and funding for the plan.

Collect the data and information needed for the architecture evaluation effort.
Determine how and when to involve stakeholders in the architecture evaliufation effort.
Ensure personnel are trained in the use of identified techniques, methods and tools.

Ensure personnel have necessary and appropriate access to relevant architecture work
data and information.

Report architecture evaluation activity plans and status.

Monitor and assess whether architecture goverftance directives and guidance are being
Monitor and assess whether architecture mahagement directives and guidance are being
Monitor and assess metrics for the architecture evaluation effort.

Identify and assess risks and oppoxztinities associated with the architecture evaluation g

products,

Followed.

y followed.

bffort.

Maintain traceability of archjtecture evaluation results to the source material used ¢luring the

process.

Ensure traceability and integration of information that was assessed in tasks above.
Ensure that otherprocesses are properly using architecture evaluation products.
NOTE1 Seel.Ifor recommended interactions with system life cycle processes.

NOTE 2 < See C.2 for recommended interactions with enterprise life cycle processes.

Implement corrective actions where necessary to modify the work plan or realign the
theplan.

work with

ASSESS and CONtrot the arcnitecture evatuation etfort im accordance witit the PToject A
and Control process in ISO/IEC/IEEE 15288.

NOTE 3 IS0 21500 and ISO 21505 are also useful references for assessment and control.

ssessment

Manage risks associated with architecture evaluation in accordance with the Risk Management

process in ISO/IEC/IEEE 15288.

NOTE4 IS0 31000, ISO 21500 and ISO 21505 are also useful references for risk management.
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9.4.3 Determine evaluation objectives and criteria

NOTE1 The evaluation criteria consist of both the value assessment criteria and the architectural analysis
criteria. Value assessment criteria are the conditions that are to be met by or the tests that are to be passed by
the entity being assessed. This assessment is a determination of the extent to which stakeholder concerns and
architecture objectives are going to be met. Architectural analysis criteria are the conditions that are to be met
by or the tests that are to be passed by the entity being analyzed in terms of those concepts and properties that
contribute to the value assessment activity. This analysis is a determination of the extent to which stakeholder
needs and requirements are going to be met.

Since the evaluation could be about determination of architecture suitability for some use different than
the originfii purpose of The architecture, the evatuation objectives may be different from the objectives
used in copceptualization of the architecture(s). In that case, the conceptualization objectives sheuld be
examined [to determine to what extent they apply to this evaluation.

The evalufation objectives and criteria should be based on the results of problem spaee analysis
performed during architecture conceptualization or elsewhere, when applicable.

a) Identify relevant mandates and imperatives, including relevant policies and standards.
b) Identify relevant stakeholders and their concerns for the architecture(s) being evaluated.

NOTE The stakeholder concerns to be considered during the architectire evaluation might be diffeyent
from the stakeholder concerns addressed during the original conceptualization of the architecture. The
evalualtion, for example, might be tasked with determining if the architeeture can be suitable for some otfher
purpose than that originally envisioned.

c) Defing value assessment objectives and criteria that<contribute to key success factors, key
indicators and decisions that need to be made.

NOTEB  During Architecture Evaluation, those value assessment criteria defined during Architectjure
Conceptualization can be evaluated for relevance ,in“the evaluation effort, and if necessary, additignal
criterip can be added or existing criteria can be madified to reflect the evaluation context.

d) Defing architectural analysis objectives and criteria that support the value assessment objectiyes
and ctiteria.

NOTEH#  Consider the agreed-upon guality attributes for the architecture as candidates for architectyral
analysjis criteria.

e) Determine value assessment and architectural analysis objectives and criteria structure and
relatignships.

NOTE The relationslips between value assessment and architectural analysis criteria helps deternjine
the extent to whieh\stakeholder concerns are addressed. These relationships can often be structufred
in such a way to‘faeilitate doing the value assessment and correlating this with the analysis results. See
ISO/IEC/IEEE42030 for more details on this.

f) Determine-relationships between value assessment objectives and criteria and architectyral
analysisobjectives and criteria and elements of value or utility (e.g. value function, utility curvej).

NOTE 6  This task will determine how the two sets of objectives and criteria map to the “value curves”
that represent the figures of merit for the architecture. See Trade-off Analytics, Parnell 2017[42] for example.

g) Examine evaluation objectives and criteria with respect to requirements and validate them against
stakeholder concerns and intended operational uses.

h) Inform each stakeholder about the validation of evaluation objectives and criteria that are traceable
to their respective concerns, needs or requirements.
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9.4.4 Determine evaluation methods and integrate with evaluation objectives and criteria

a) Select or develop value assessment and architectural analysis methods that support the defined
value assessment and architectural analysis objectives and criteria.
NOTE1 These methods might have been developed by the Architecture Enablement process. If so, then
they will be located in the architecture repository. If these methods are developed here, then they can
be supplied to architecture enablement as candidate items to be made appropriate for reuse across the
organization.
b) Identify and define factors for evaluation, assessment and analysis with respect to the selected or
developed methods.
c) | Review assessment and analysis objectives, criteria and methods and associated fa¢tors,|scales and
weights with the sponsor and architect.
d) | Identify sources of information for use during application of the value assessment and arghitectural
analysis objectives and criteria.
NOTE 2  Some information will come from analysis, but other informatiofivcould come from otljer sources,
such as prior evaluation efforts, operational experience, industry databas§es, system verification activities
and research activities.
9.4.5 Establish measurement techniques, methods and tdols
NOFE1 Many architecture evaluations can be performed adequately without invoking a substaptial multi-
tiefled structure of value assessment and architectural analysislayers. At a minimum, the evaluation|will assess
each alternative against the objectives and criteria. It does not always need to be quantitative, ajd does not
alwlays need to apply measurement scales. More informatioh on how to perform evaluations using m¢asurement
techniques, methods and tools can be found in the Bibliography. See for example Trade-off Analytjics, Parnell
20771421,
NO[E 2  Weights are not absolutely required. since this is nearly always a multi-objective probldm, and the
godl will usually be to present to the stakeholders the tradeoffs between those objectives, not negessarily to
mathematically determine the "best" solution.
a) | When appropriate, utilize scales and weights as a means to measure factors and propeifties of the
architecture.
1) Define analysis scalés for measuring against the analysis objectives and criteria, if agpropriate.
2) Define assessient scales for measuring against the assessment objectives and [riteria, if
appropriate:
3) Specifyrweights for assessment and analysis objectives and criteria, if appropriate.
NOTFE 3 Some methods do not use weights, while others depend on them to achieve mofe accurate
results. There are different kinds of weights, such as importance weights, swing weights andl criticality
weights. The methods chosen will usually specify the kinds of weights to be used. Sep Trade-off
Analutice Dornall 2017[42] £00 nv ol
Analyties Parnel 204742 for example-
4) Determine where on these scales the architecture is now and identify desired point(s) for
future levels of achievement.
b) Identify appropriate measures for the relevant architecture concepts and properties.
c) Identify metrics to be determined from the measures.

NOTE4  There is an overlap between measures and metrics. Both can be qualitative or quantitative,
but what distinguishes them is important. Measures are concrete, usually measure one thing, and are
quantitative in nature (e.g. I have five apples). Metrics describe a quality and require a measurement baseline
(e.g. I have five more apples than I did yesterday). Measures and metrics can be useful for setting program
priorities, allocating resources, and measuring performance. See ISO/IEC/IEEE 15939 for information on
the measurement process.
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d) Define relationships between measures, metrics and evaluation objectives and criteria.

e) Identify sources of information for obtaining values for these measures and metrics.

f) Identify techniques, methods and tools appropriate for these measures, metrics and evaluation
objectives and criteria.

g) Estimate the likely accuracy, errors and degrees of uncertainty in results when using these
measures, metrics and evaluation objectives and criteria.

9.4.6 crlmammmmmmmum—

a) Identify relevant information for the chosen value assessment and architectural analysis methods.
NOTE If possible, reuse existing data and results from previous evaluations of this~kind, if |the
informjation available is still valid.

b) Colledt all relevant and necessary information, including required architecture views and mode]|s.

c) Creat¢ additional information if not readily obtainable (i.e. non-existenty inaccessible) and if]its
creatipn is feasible within the available time without causing disruptions.

d) Examj]ne and qualify collected artifacts in terms of completeness, correctness and consistency.

e) Develpp an understanding of the architecture, the architecture~quality attributes, key decisipns

a)

b)

f)

g)

44

9.4.7 AIalyze architecture concepts and properties and assess stakeholder value
i

and cgncerns about the architecture or associated architectuke entities.

Identify the architecture or the architecture alternatives that will be subject to the evaluation.

NOTE[l  The architecture(s) can come from the ar’chitecture conceptualization or elaboration activitigs.
NOTER  The status quo is sometimes one of-the alternatives that could be considered.
NOTEB  Development of these alternatives could be outside the scope of the evaluation activity. Howeer,
sometimes the evaluation activity determines that there is an insufficient number, variety or extenf of

alternatives that have been predefinedand that additional alternatives need to be generated.

Elimimate alternatives that are-similar to each other and that do not provide a discriminating cpse
with rlespect to the evaluation objectives and criteria.

Identify where altermatives fail to meet identified mandates and imperatives and propose changes
to th¢ architectures- (or new alternatives to consider) that would meet these mandates gnd
imperptives.

Use the assessment and analysis method(s) as specified in the evaluation work plan to assess
architecture for the identified purpose.

Use selected evaluation methods to determine concepts and properties of the architecture
(alternatives) with respect to the evaluation objectives and criteria.

EXAMPLE Examples of methods to determine these concepts and properties include elements such as
analysis, observation, simulation, prototyping, experimentation, inspection, audit, review, walk-through
and expert judgment.

Identify areas for potential or planned reuse of existing architecture elements and the risks
associated with this reuse, when appropriate.

Identify and characterize costs, risks and opportunities, when appropriate.
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NOTE 4 Risksand costs will have been identified during architecture conceptualization for each potential
solution under consideration. The risks and costs identified here for the architecture under evaluation
might be related to the previously identified risks and costs for the proposed solutions. It is sometimes
necessary to assess potential implementations of the architecture to determine other risks and costs that
might arise. This could involve interaction with a development project or organization to devise potential
implementations that can be used as the basis for risk identification and assessment and the basis for cost
estimation and projection.

Identify the causes of risk and propose modifications to the architecture to mitigate these risks.

Evaluate the architecture or the architecture alternatives against the identified quality attributes,

.8 Characterize architecture(s) based on assessment results

h | 1 1.1 1 h 1 -
SUARCIIUIUCT COIICCTILIS dllU dI'CIITLECTUT € ODJELLIVES.

Characterize the accuracy of, the degrees of uncertainty associated with and the extent qf errors in

the measurements used and other results obtained during the evaluation.
Perform sensitivity analysis to help understand which factors are dominant
Produce an architectural analysis results report.

Produce a value assessment results report.

When multiple alternatives are being considered, develop-Screening criteria to use as|a filter to

facilitate dismissal of alternatives from being further evaluated.
Screen alternatives from further consideration.

NOTE1 Similarity is not the only reason for sereening. This activity is for examining tradeoffs using the
results of the prior analysis and assessment¢Alternatives that don’t “highlight” the tradeoff ¢riteria are
screened. Two alternatives that present the exact same tradeoffs are not examined. A set of alterpatives that
“span” the tradespace is also examined.

Identify and characterize tradeoffs with respect to quality attributes, stakeholder
architecture concepts and propetties, costs, risks and opportunities.

concerns,

NOTE 2  This activity analyzes the proposed solutions in terms of value to stakeholders gnd quality
attributes delivered by éach solution. It is complementary to architecture conceptualizaion, which
characterizes the solutions and tradeoffs from the technical perspective, considering aspects sudh as ease of
realization, compatihility with other solutions, trends in the technology space, etc.

NOTE 3  Tradespaceisthe range and extent of parameters, properties and characteristics that dre relevant

in potentially satisfying architecture objectives and stakeholder concerns. The tradespace oftg
include anyssolution that will completely satisfy the architecture objectives and stakeholde
Tradespacé€ analysis is used for analyzing the relevant constraints, conditions and challenges
problems/where you have multiple stakeholders and multiple objectives. It involves the identif]

n does not
- concerns.
involved in
ication and

understanding of tradeoffs involved in choosing between competing solutions. Tradeoffs can be yithin each
sohition and between solutions (and the problems/opportunities they are intended to address).

d)

e)

Assess whether, and the extent to which, relevant mandates and imperatives, including relevant
policies and standards, are met by the architecture(s).

NOTE4  Sometimes the architecture meets the objectives and addresses stakeholder concerns, but
does not meet a mandate or imperative. It might be possible to get relief from meeting such mandates or
imperatives, so it would be good to examine this possibility.

NOTES5 It is sometimes better to eliminate architecture alternatives that fail to meet mandates and
imperatives earlier in the process to avoid expending considerable resources in the further evaluation of
these items. However, it could also be helpful to see how far off these are from meeting the mandates and
imperatives.

When multiple alternatives are being considered, assess results of this analysis to determine, as
appropriate, the best architecture(s) among the alternatives.
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f) Assess results of this analysis to determine, as appropriate, the quality of the architecture, or the
extent to which the architecture achieves architecture objectives, meets relevant requirements or

addre

sses stakeholder concerns.

g) Assess results of this analysis to determine, as appropriate, where the architecture(s) fail to meet
objectives and satisfy stakeholder concerns.

h) Review analysis and assessment results with the sponsor, architect and other interested parties.

9.4.9 Formulate findings and recommendations

a) Identiky and characterize findings from the evaluation.

b)

c)
d)

e)
f)

g)

h)

Analy

ze the findings.

Validdte the findings with subject matter experts and other relevant parties, as appropriate.

Asses
Devel

Identi

5 implications of findings.
p recommendations.

fy how the findings and recommendations can contribute to (eyolution of the evalua

architectures, evolution of other architectures and evaluation of othef.drchitectures.

Identi

fy how the findings and recommendations can contributé to relevant organization :

projedt decisions and milestone determinations.

Revie

v findings and recommendations with the sponsar;drchitect and other interested parties

9.4.10 Cgpture and communicate evaluation results

a)
b)

c)

d)
e)
f)

g)

h)
j)
k)

D)

46

Identi

fy the audience for communicating the eyaltiation results.

Select{the most relevant result and elaborate' on key findings and recommendations.

Devel
these

bp an evaluation report summarizing the findings and recommendations and describing h
were developed.

Obtaip approval for report, if appropriate.

Prese
Prese

NOTE

ht findings and recommendations to decision makers, if relevant.
ht to key stakeliolders and architects.

If a promising architecture with high stakeholder value does not close (i.e. it does not meef

the reiuirements) due to a constraint imposed by a requirement, then discuss with relevant stakeholder

deter
allows
or cha

ine whether the requirement can be relaxed or whether some other compromise can be reached
the promising, high-value architecture to close. This could involve securing a waiver on arequiren

ked

ind

ow

all
5 to
hat
ent

hgifng the requirement.

Capture responses from these presentations (e.g. issues, action items, risks, observations,
perspectives).

Captu

re resolutions of issues raised during reviews and presentations for future reference.

If required or requested, iterate relevant parts of the evaluation.

If evaluation is updated, review changes with the sponsor, architect and other interested parties.

Update report, if necessary, based on feedback from presentations.

Archive report and responses received during presentations.
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9.5 Work products

The following work products shall be produced:

10

10
Th

suffficiently complete and correct manner for the intended uses of the architecture.

NO
spe
NO
Lik
the

The
and

10
As

a)

b)

g)
h)

architecture evaluation plan,
architecture evaluation report,
architecture value assessment results, and

architecture analysis results.

:2019(E)

Architecture Elaboration process

{1 Purpose

e purpose of the Architecture Elaboration process is to describe or document an archite

E1 Thisclausespecifiestherequirementsonarchitecture elaboration\activities while ISO/IEC/
cifies the requirements on architecture description elements.

[E2 The elaboration process is not necessarily working oh ‘the “logical” or “physical” a1
bwise, the conceptualization process is not necessarily working on the “conceptual” architectu

kinds of architectures that are relevant depend on the situation at hand. See Annex E for discussi
several other kinds of architectures.

{2 Outcomes
A result of the successful implementatiomof the Architecture Elaboration process:

Architecture viewpoints and metamodels are suitable for developing the appropriate ar
views and models.

Architecture views and models are captured to an appropriate level of detail for thei
purposes, using selected-architecture modeling/description languages and notations to
necessary for their intended use.

Architecture views-and models are accurately and completely expressed to capture the fu
concepts and properties of the architecture to the extent necessary for their intended us

Architecture views and models are adequately expressed to capture the principles and
the architecture that guide development and evolution of the entity being architected.

Architecture description is under configuration control and made available to all relevar

cture in a

[EEE 42010

chitecture.
re. Each of

ke processes can work on any or all three of these “kinds” of'architecture (or even none of these three kinds).

bn on these

chitecture

 intended
the extent

ndamental
E.

recepts of

t parties.

Avrchitecture dpcr‘ripfinn continues to bhe nlignpd with r‘hnngpc to the architecture entityl

during its

development.

Alignment of the architecture with relevant requirements and design characteristics is achieved.

Alignment of the architecture with other relevant architectures is achieved.

NOTE
as between conceptualization and elaboration. As the architecture views and models are refi

Alignment is a shared responsibility between architecture governance and management, as well

ned during

elaboration it is possible that the alignment established earlier by these other processes is diminished.

Where misalignment is noticed during elaboration, it is important to make this known to the othe
to ensure that appropriate mitigation can occur, where possible and appropriate.
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10.3 Implementation

The organization shall implement the activities in 10.4 (numbered as 10.4.N) in accordance with
applicable organization policies and procedures with respect to the Architecture Elaboration process.
The activities may be performed in any order that is deemed appropriate. The organization should
implement the relevant tasks (identified as list items under each 10.4.N activity) as appropriate to the
situation.

The Architecture Elaboration process may need to handle system architectures (in the sense used
in ISO/IEC/IEEE 15288), software architectures (in the sense used in ISO/IEC/IEEE 12207), and

enterpris

Architecty
reference

encourage

NOTE

a) Archit
stakel

b) The Ay
by the
during
architg

c) Archit
the cu

formedl), and to future envisioned architectures (to set architectural target levels against which plan
ctures should make progress through the inclusion of relevant features and/or the provision of

architectures (in the sense used in ISQO 1 '-'{7(\4) r‘]ppnnding onthe situation at hand

re elaboration work products should be stored in the architecture repository for fut
hnd audit. The repository should be used to facilitate widespread access, enable auditing 3
future reuse.

Below are a few guidelines that can assist in the implementation of this process.

pcture description concepts considered in this document are those described/in JSO/IEC/IEEE 42
older concerns, viewpoints, model kinds, views, models, architecture description.

chitecture Elaboration process is typically applied to one or more architetture descriptions produyj
Architecture Conceptualization process. However, there could be casés where this process is app
the “reverse” architecting of a system or other entity. Another cagecould be creation of a product
cture based on knowledge of several existing or imagined systems or other entities.

ecture Elaboration process can be applied to current architectures (to articulate and expound w
fFrent architecture is), to planned architectures (to definé the architectural basis on which they

onary capabilities).
C/IEEE 15288 specifies activities for dealimg-with systems that are designed and built by proje
ograms within an organization. In the context of implementing the processes in this document,
ies in ISO/IEC/IEEE 15288 have limited;value for engineering the enterprise itself.

ews in an architecture descriptioncan be created in any of the architecture processes. However,
omplete and refined set of views are generally created in the Architecture Elaboration process. Th
created in the Architecture Elaboration process are usually composed of architecture models {

hitecture description.
vities and tasks

epare for\and plan the architecture elaboration effort

fy the intended users of the architecture description to be generated by this elaboration eff

Identify~the question(s) to be addressed by the architecture elaboration effort.

ire
ind

10:

ced
ied
ine

hat
are
hed

cts
the

the
ese
hat

m to selected viewpoints @and ' model kinds. ISO/IEC/IEEE 42010 provides requirements and guidajnce

Drrt.

Determine the set of stakeholder concerns and architecture objectives that will be addressed
during the architecture elaboration effort.

Define the expected purpose, scope, objectives and level of detail of the architecture elaboration

Define one or more architecture elaboration approaches that are consistent with the architecture
governance and management directions and are consistent with the purpose, scope and objectives
of this effort.

or develop the requisite architecture elaboration techniques, methods and tools.
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g)

h)

i)
j)
k)
D)

m)
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NOTE 1 If the development is going to be extensive, it might be appropriate to have the Architecture
Enablement process develop these items. But in any case, it might be prudent to nominate these items for
standardized use throughout the organization by providing these to the Architecture Enablement process
for possible further development and for placing them in the architecture library and registry.

Identify, select, develop or modify architecture frameworks, viewpoints, modeling templates, view
generation methods and metamodels to be used for generating the necessary models and views.

NOTE 2  Frameworks, viewpoints, modeling templates, view generation methods and metamodels could
specify modeling formalisms, languages and notations that enable the modeling effort to be more effective
in providing key insights and communicating clearly.

Plan the architecture elaboration effort using the Project Planning process in ISO/IEC/EEE 15288
as a guide.

NOTE 3 ISO 21500 and ISO 21505 are also useful references for planningy‘of the afchitecture
elaboration effort.

1) Document the purpose, scope and objectives of the architecture elaboration effort.
2) Establish metrics for the architecture elaboration effort.
3) Identify the data and information needed for the architecture’elaboration effort.
4) Obtain access to enablers needed for the architecture elaboration effort.
NOTE4  The enablers will usually be obtained from the Architecture Enablement profess. When
enablers are obtained from other sources, thesg’ can become candidate enablers for ude by other

projects through the Architecture Enablement process.

EXAMPLE Architecture elaboration enabléexs “could be tools, methods and procedures| for model
development, view creation, document production, change control, etc.

5) Identify and define architecture eldboration work elements and associated resourcef.

6) Specify the work products and' their outlines to be produced through performance of this
process.

7) Develop an architecturé-elaboration schedule and define associated milestones.
Produce an architectutelelaboration plan that contains the planning information
Obtain necessary‘approvals, resources and funding for implementing the plan.
Collect the data’and information needed for the architecture elaboration effort.
Ensure personnel are trained in the use of identified techniques, methods and tools.

Ensure personnel have necessary and appropriate access to relevant architecture worl products,
data’and information.

10.4.2 Monitor, assess and control the architecture elaboration activities

a)
b)
‘)
d)
e)

Report architecture elaboration activity plans and status.

Monitor and assess whether architecture governance directives and guidance are being followed.
Monitor and assess whether architecture management directives and guidance are being followed.
Monitor and assess metrics for the architecture elaboration effort.

Identify and assess risks and opportunities associated with the architecture elaboration effort.

1) Implement risk mitigation efforts for risks deemed sufficiently critical to warrant such action.
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f)
g)

h)

j)
k)

D)

n)

10.4.3 Identify or develop architecture viewpoints

a)

b)

50

2) Implement opportunity pursuit efforts for opportunities deemed sufficiently worthy to
warrant such action.

Maintain traceability of architecture elaboration results to the source material used during the
elaboration effort.

Ensure that the architecture description is maintained.
Ensure that the architecture description is under proper change control.

Provide developed or modified viewpoints to the Architecture Enablement process for possible use
as an prganization standard.

Ensurje that the elaboration effort is consistently using architecture elaboration products,
Ensurje that other processes are properly using architecture elaboration products.

NOTE[L  See C.1 for recommended interactions with system life cycle processes.

NOTER  See C.2 for recommended interactions with enterprise life cycle processés.

Implement corrective actions where necessary to modify the work plan\or’ realign the work with
the plan.

Manage risks associated with architecture elaboration using,the' Risk Management procesy in
ISO/IEC/IEEE 15288 as a guide.

NOTE B ISO 31000, ISO 21500 and ISO 21505 are also usefukteférences for risk management.

Manage changes to the architecture descriptions, “iews and models using the Configuration
Management process in ISO/IEC/IEEE 15288 as a guide.

Select} adapt or develop viewpoints and-nmiodel kinds based on stakeholder concerns.

NOTE[L  Relevant viewpoints might:have already been identified or developed during the Architectjure
Concejptualization process. These are.examined to see if they can be used as-is or if they need to be modified
or exppnded for use during elaboration.

NOTER  Anarchitecture viewpoint governs the view(s) that will be created and addresses a particularfset
of stalfeholder concerns. ItSissusually best to have the people who develop the viewpoint be those who fare
most fpmiliar with the nature of the problem being resolved and the relevant stakeholder concerns bging
addregsed. Where possible, generalize the viewpoint to enable its use in other architecting efforts of this
kind. ISO/IEC/IEEE%42010 can be used to assist in developing viewpoints.

NOTEB If the.development is going to be extensive, it might be appropriate to have the Architectjure
Enabldment-process develop these items. But in any case, it might be prudent to nominate these items|for
standqrdized use throughout the organization by providing these to the Architecture Enablement prodess
for pogsible further development and for placing them in the architecture repository.

Identify expected users of architecture elaboration information, including relevant architecture
descriptions, models and data.

Establish or identify potential architecture framework(s) to be used in developing models and views.

NOTE4  Relevant architecture frameworks might have already been established or identified during the
Architecture Conceptualization process. These are examined to see if they can be used as-is or if they can to
be modified or expanded for use during elaboration.

NOTES5  Frameworks and viewpoints usually come with metamodels that could be modified or configured
for this particular purpose. Metamodels (and related data schemas) can be used to inform the relative
completeness and consistency of an architecture description by identifying constituent architecture entities
and relationships that are useful and possibly necessary to capture and describe.
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Capture rationale for selection of framework(s), viewpoints, templates, metamodels and model kinds.

Define purpose and scope of each model and view to be developed.
Select, modify or develop supporting modeling methods and tools.

Select, develop or modify architecture frameworks, modeling templates and metamo
used for generating the necessary models and views.

Select, modify or develop relevant metamodel specifications and templates.

dels to be

10

Th
ade

Spé
thd
for

a)

b)

f)
g)
h)

4.4 Develop models and views of the architecture(s)

e extent and variety of the models and views should be limited to those models,'and
quately address the specified concerns, questions and the purpose, scope, breadth
cified in the architecture elaboration plan. The models and views should complylwith, or ¢
selected framework and viewpoint. The models and views should fulfill stated stakeholg
specific views to be produced.

For each viewpoint, define the architectural context and boundafies in terms of inte
interactions with external entities to establish the purpose and scope of the viewpoint.

For each viewpoint, identify the kinds of entities and their\relationships to be modele
address key stakeholder concerns and address architecture objectives.

NOTE1 Elements in the model of the architecture wilkrepresent things that exist as par
discrete units. They are neither necessarily tangible objects nor visible items. Examples of mod
include such items as organizations, facilities, activities, roles, personnel, techniques, process
rules, principles, objectives, capabilities, nodes, lifiks, systems, system elements, interfaces, dat|
layers, protocols, hardware items, software items,etc.

Modify the metamodels and view templates associated with selected architecture framnj
ensure the relevant modeling elements.and relationships can be accommodated.

Identify specific entities and relatienships between these entities to be modeled that w
key stakeholder concerns andaddress architecture objectives.

Allocate relevant concepts; properties, characteristics, behaviors, functions, features or c
to the entities and relationships to be modeled.

NOTE 2  This allocation could have been done in the Architecture Conceptualization proces
allocation is chedked to see if it is still relevant and of sufficient detail to use here. If not, more
added as appropriate for the intended use of the elaborated architecture description.

Identify relevant principles and precepts that will guide evolution of the architecture ent

Select;adapt or develop models of the architecture.

Fiews that
hnd depth
onform to,
er desires

Ffaces and

[l that will

ficular and
eled things
s, policies,
h elements,

eworks to

11 address

pnstraints

. If so, this
details are

ity.

Campose views from the models in accordance with identified viewpoints to exjpress how

j)
k)
D)

m)

the architecture addresses stakeholder concerns, architecture principles and precepts, and
architecture objectives, and meets stakeholder and system requirements.

Identify risks and opportunities that have become apparent in the architecture views and modify
the architecture to address significant risks and opportunities where appropriate.

Harmonize the architecture models and views with each other.
Generate or modify the architecture description based on relevant models and views.

Modify the architecture description based on feedback from issue resolution arising during various
stages in the development life cycle of the relevant architecture entity.

Place architecture description in the architecture repository.
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10.4.5 Relate the architecture to other architectures and to relevant affected entities

NOTE 1

It is common that a new architecture is replacing or subsuming existing or planned design elements.

In such a case, the new architecture will be mapped to the design, for example, to help understand the impact
of implementing the architecture. It could also be important to map the architecture to other relevant elements
such as policies, processes, doctrine, organizations, training, logistics, personnel, facilities, etc.

a) Identify related entities and other architectures that relate to architecture elements and the nature
of these relationships.

b) Define the interfaces and interactions between the related entities and other architectures with

each dther and with the architecture being elaborated.

c) Identify areas for potential reuse of existing architecture elements and the risks associated with

this reuse.

d) Partitjon, align and allocate requirements to architecture elements and these relatéd)éntities.

e) Map 1jelated entities and other architectures to relevant architecture concépts, properties and

other pttributes.

f) Formulate principles and precepts expected to be used during executign,of the life cycle procesges

for th¢ architecture entity.
NOTER  Architecture information can be used in other systems lifecyele processes as specified in C.1

g) Formylate principles and precepts for design and evolution ofithe architecture entity.

10.4.6 Assess the architecture elaboration

a) Assesp each architecture view and model against.architecture elaboration objectives, purpofses

and qtiestions.

b) Validdte elaborated architecture against theiintent of the conceptualized architecture and identify

and ptirsue resolution of any discrepanciés or disconnects.

c) Assess the suitability of the architecture description.

NOTE This assessment of thé\architecture description is separate from evaluation of the architecture
that happens during the Architecture Evaluation process. However, these activities are sometimes dpne
concufrently or in close cooperation since the quality of the architecture description could impact [the

effectipeness of the architecture evaluation.

1y
2)

3)
4)

5)

Agsess the architecture description to determine if it meets the needs of intended users.

Agsess the-atchitecture description to determine if it is comprehended by potential users gnd
rglevantstakeholders.

Aksess the architecture description for consistency, completeness and correctness.

Assess whether the architecture description fully and accurately reflects the architecture
concepts.

Assess whether architecture views are consistent with the selected viewpoints.

d) Verify the consistency of architecture work products with descriptions and depictions of the
architecture entity or other associated entities of interest (e.g. system design drawings, concept of
operations, construction drawings, user manuals, etc.).

e) Update the architecture description to address identified redundancies, gaps and shortfalls.

f) Place updated architecture description in the architecture repository.

g) Place updated architecture description under change control, when appropriate.
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Identify views and models that can be generalized for reuse by other projects.

10.4.7 Coordinate use of elaborated architecture by intended users

a)

:2019(E)

Identify users of architecture elaboration information, including relevant architecture descriptions,

models and data.

NOTE1  Users of this information could be those doing evaluation or elaboration of the architecture, those
managing the collection so they can gain some understanding of the nature of an architecture, analysts
who need to understand the architecture as the basis for their analysis, stakeholders who have particular

concerns relevant to certain models and views, managers who need to use the architecture for p

nning and

b)

f)
g)
h)

10
Th

scoping a project, design engineers who need to use the architecture to get an early start oncde
give feedback on the architecture that will drive their design, and so on.

NOTE 2  Interactions with project processes is delineated in B.1, which could suggest.potent]
architecture-related information.

Maintain the architecture elaboration information and data and supporting material as
used by users to clarify intent, correct errors found, tailor views*anid models for parti
and incorporate lower level architecture information where appropriate.

Maintain change control of architecture elaboration-related data items and inform users
changes.

Deliver architecture elaboration information and data-to intended users.

NOTE 3  This delivery could occur as a direct)delivery to intended recipients, as a pos

sign and to

ial users of

Prepare architecture elaboration information and data and supporting material for use by others.

it is being
ular uses,

bf relevant

ing to the

NO

architecture repository, or in a formal release through some organizational release process. Th¢ particular
mechanism for the delivery could be a factor iidetermining how best to package the informatiogn and what
steps need to be taken to validate the information and data before it is released.
Monitor use of architecture elaboration information to collect feedback on the architectyire and on
the form and contents of the architécture work products.
Communicate architecture elaboration information to interested parties.
Incorporate feedback interthe architecture descriptions, views and models.
t5 Work products
e following work products shall be produced:
architecture elaboration plan,
architecture elaboration status report,
afchitecture viewpoints,
model kinds,
architecture views,
architecture models, and
architecture descriptions.
TE These work products are usually developed by either the Architecture Conceptualization or

Architecture Elaboration processes. However, in some cases where these products can be made in a generalized
manner for use by multiple architecting efforts, then these products could be generated instead by the
Architecture Enablement process so they can ensure the products are created in such a manner that they are
suitable for use in the various relevant situations.
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11 Architecture Enablement process

11.1 Purpose

The purpose of the Architecture Enablement process is to develop, maintain and improve the enabling

capabilitie

NOTE

s, services and resources needed to perform the other architecture processes.

appropriate.

EXAMPLE

architecturn
and refere
personnel
library, reg
tools and ny

11.2 Out
As aresulf

a) Enabl

are ag
b) Enabl
c)
d)

e)

Enabl
Enabl

Perso
servia

11.3 Imp

The organfization or project shall implerhent the activities in 11.4 (numbered as 11.4.N) in accorda
cable organization policies,and procedures with respect to the Architecture Enablement

with appl
process. T
should im
to the situ

Architecty
reference
encourage

11.4 Acti

Enabling canahilities include among other things nrocedures methaods tools framewo
5 ) o Y 5 5o P Y Y Y

e viewpoints, work product templates, decision support systems, storage, configuration manageny
hce models. Enabling services include, among other things, infrastructure, technologies,, ski
hnd automation agents. Enabling resources include, among other things, architecture (reposit
istry, communication channels and mechanisms, human and technical resources, andicenses
ethods.

comes
of the successful implementation of the Architecture Enablement process:

ng capabilities, services and resources are available when and/where they are needed §
cessible by those who need them.

ng capabilities are suitable for and accessible to the architécture process activities.
ng services are suitable for and accessible to the architecture process activities.
ng resources are suitable for and accessible to.tHe architecture process activities.

hnel have the requisite knowledge and skills for proper use of the enabling capabilit
es and resources.

lementation

he activities may be performed in any order that is deemed appropriate. The organizat
blement the relevant tasks (identified as list items under each 11.4.N activity) as appropri
ation.

re enablement.work products should be stored in the architecture repository for fut
hnd audit. The'repository should be used to facilitate widespread access, enable auditing :
future reuse.

vities and tasks

This could involve the acquisition or development of these capabilities, services and resources, as

rks,

ent
led

DIy,
for

ind

es,

hce
jon

ate

ire
ind

11.4.1 Prepare for and plan the architecture enablement effort

management of the architecture collection.

evaluation and elaboration of architectures.

es and resources.

1  These guidelines, policies, strategies and constraints could be obtained from the architect

governance directives and architecture management guidance.

a)
b)
0)
servic
NOTE
54

Identify the enabling capabilities, services and resources needed for support to governance and

Identify the enabling capabilities, services and resources needed for support to conceptualization,

Identify the guidelines, policies, strategies and constraints for deploying the enabling capabilities,

ure
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d)

f)
g)

k)
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Identify and define the necessary roles and responsibilities of people involved in the architecture
enablement effort.

Plan the architecture enablement effort using the Project Planning process in ISO/IEC/IEEE 15288
as a guide.

NOTE 2  ISO 21500 and ISO 21505 can be used as guidance for planning of the architecture enablement
effort.

1) Establish the scope of the architecture enablement effort.

o2

2y Establishmretrics for thearchitecture emabtement effort:
3) Collect the data and information needed for the architecture enablement effort;

4) Obtain access to capabilities, services and resources needed for the architecture ehablement
effort.

5) Specify the work products and their outlines to be produced thtotigh performance of this
process.

6) Identify and define architecture enablement work elementsand associated resourceg.
7) Develop architecture enablement schedule and define asseCiated milestones.
8) Develop necessary control and communication planstor architecture enablement.
Produce an architecture enablement plan that contains the planning information.

Obtain necessary approvals, funding and resodrces for the plan.

4.2 Monitor, assess and control the architecture enablement activities
Report architecture enablement activity plans and status.

Monitor and assess whether architecture governance directives and guidance for architecture
enablement are being followed:

Monitor and assess whether architecture management directives and guidance for architecture
enablement are being followed.

Monitor and asseSsinetrics for the architecture enablement effort.
Identify the enablement issues arising from changes to governance directives and guidance.
Identify the'enablement issues arising from changes to management instructions and gujdance.

Identify and assess risks and opportunities associated with the architecture enablement effort.

Monitor and assess whether architecture enablers are being utilized properly.

Monitor and assess whether the architecture repository and library are being utilized properly.

Implement corrective actions to modify the work plan or realign the work with the plan where
necessary.

Assess and control the architecture enablement effort using the Project Assessment and Control
process in ISO/IEC/IEEE 15288 as a guide.

NOTE ISO 21500 and ISO 21505 can be used as guidance for assessment and control.
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11.4.3 Manage the architecture process enablers

a)

b)

f)

11.4.4 A¢quire, develop and establish enabling capabilities, sérvices and resources

a)

b)

<)

d)

f)

g)

h)

j)

k)

56

Manage decisions about architecture process enablers using the Decision Management process in
ISO/IEC/IEEE 15288 or ISO/IEC/IEEE 12207 as a guide.

NOTE1 ISO 21505 can be used as guidance for strategic decision making.

Manage risks associated with architecture process enablers using the Risk Management process in
ISO/IEC/IEEE 15288 or ISO/IEC/IEEE 12207 as a guide.

NOTE 2 IS0 31000, ISO 21500 and ISO 21505 can be used as guidance for risk management.

Manage changes to the architecture process enablers using the Configuration Management pregess
in ISOYIEC/IEEE 15288 or ISO/IEC/IEEE 12207 as a guide.

Manage the architecture repositories, libraries and registries using the Information/Vlanagemént,
Knowledge Management and Configuration Management processes in ISO/IEC/IEEE 15288| or
[SO/IEC/IEEE 12207 as a guide.

Manage the quality of architecture process enablers using the Quality Mamagement and Quality
Assurpnce processes in ISO/IEC/IEEE 15288 or ISO/IEC/IEEE 12207 as aguide.

Manage infrastructure associated with architecture process enablers using the Infrastructpre
Management process in ISO/IEC/IEEE 15288 or ISO/IEC/IEEE 12207 as a guide.

Identify capabilities, services and resources that can be\everaged for facilitating achievement of
architecture vision, strategy, goals and objectives.

Develpp a catalog of capabilities, services and resources that can be used by the other architectpire
procegses and put this catalog in the architectute registry.

Develpp and establish an architecture repository that can be used to store architecture-related
information and data.

Establish access control measures“for the architecture-related information and data in the
architecture repository.

Establish access control measures for the architecture-related information and data in the
architecture library.

Establish access control measures for the architecture-related information and data in the
architecture registry.

Identify and.establish reusable architecture frameworks and viewpoints that can be used [for
conceptualization, evaluation and elaboration of architectures.

Establish*work product templates that can be used by the other architecture processes.

Define measurement systems that can aid in measurement of progress in the execution of the
architecture processes.

Develop the requisite information and information flows needed for governing and managing the
architecture collection.

Select, develop and establish architecture frameworks, architecture description languages,
modelling templates and architecture viewpoints that can be used by the architecting processes.

NOTE1 Architecture frameworks and viewpoints are often key enablers for development of architecture
descriptions. Refer to ISO/IEC/IEEE 42010 for requirements and guidance on developing architecture
descriptions, architecture viewpoints and architecture frameworks. Annex H provides information on
mapping of processes to architecture frameworks.
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11

a)
b)

)

d)

f)
g)
h)

j)
k)

11
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Identify areas of improvement and additional training to be provided in order to
architecture vision, strategy, goals and objectives.

Establish activities, events and controls that can be applied for architecture enablement.

drive the

NOTE 2 Events are milestones, reviews, audits, key decision points, quality gates, etc. Controls are

checklist, entry criteria, exit criteria, decision trees, etc.

4.5 Deploy enabling capabilities, services and resources

Deploy the architecture repository for maintaining the architecture work-products.

Align activities, services, resources, capabilities and information cohesively for\pr
effective architecture enablement.

Deploy capabilities, services, activities, events and controls for support to the other ar
processes.

Deploy the appropriate organizational resources, capabilities, assets;(activities and s¢
provision of architecture enablement.

Deploy architecture viewpoints, modelling templates and architeéture frameworks.
Deploy architecture work product templates.
Deploy information structures and information flows hecessary for architecture enabler]

Deploy mechanisms to collect relevant dataafid information needed for the ar
enablement effort.

Deploy mechanisms to collect relevant data-and information needed for managing the ar
repository.

Provide training on enabling capabilities, services and resources.

Certify personnel on requisite kniowledge skills for relevant enabling capabilities, se
resources.

4.6 Improve architecture enablement capabilities, services and resources
Identify gaps and-shortfalls in
1) architecttire frameworks, modelling templates and viewpoints,
2) enahling capabilities, services and resources,

3) _mechanisms used to collect data and information “related to” or “used in” ar
enablement,

pvision of

chitecture

rvices for

nent.

chitecture

chitecture

'vices and

chitecture

4) architecture repository contents and structure,
5) architecture library contents and structure,
6) architecture registry contents and structure,

7) work product templates and guidelines,

8) information structures and flows related to performing the other architecture processes,

9) enablement activities, events and controls,
10) architecture governance enablers,

11) architecture management enablers,
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b) Examine gaps and shortfalls to identify potential improvements.

c) Propose improvements to the enabler development activity.

d)

11.5 Woi
The follow

58

12) architecture conceptualization enablers,

13) architecture evaluation enablers,

14) architecture elaboration enablers, and

15) decision support systems.

Monit|

archit]
archit
archit]
archit]
catalg
catalo
catalo

archit]

'k products

ing work products shall be developed:
ecture enablement plan,

ecture enablement status report,
ecture framework,

ecture viewpoint,

g of enabling capabilities,

o of enabling services,

g of enabling resources, and

ecture work product templates.

pr development of the improved enablers to ensure the expected improvements are achieyed.
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Annex A
(normative)

Tailoring process

NOTE This annex is an adaptation of ISO/IEC/IEEE 15288:2015, Annex A.

A.1 General
This Annex provides requirements for the tailoring of architecture processes in this.<document.

NOE1 Tailoring is not a requirement for conformance to this document. In fact, tailoring is no{ permitted
if a|claim of "full conformance" is to be made. If a claim of "tailored conformance”,is'"made, then thi$ process is
apglied to perform the tailoring.
NO[E 2  Additional guidance for tailoring can be found in the ISO/IEC/1EEE 24748 series on the application of

life|cycle processes.

A.2 Overview of architecture processes

A.2.1 Process usage

The architecture processes defined in this document can be used by any organization whenlacquiring,
using, creating or supplying a system, as well as.wien operating, evolving or transforming an ¢nterprise.
They can be applied at any level in an enterprisé and at any stage in the life cycle of the architecture or
asdociated systems.

The functions these processes perfornvare defined in terms of specific purposes, outcomes gnd the set
of gctivities and tasks that constitute‘the process.

A.2.2 Introduction to process ordering

Ea¢h architecture process inf Figure 1 can be invoked, as required, at any time throughout the life cycle.
The order that the processes are presented in this document does not imply any prescripgtive order
in their use. However) sequential relationships are introduced by the definition of a life cyjcle model.
The detailed purpose and timing of use of these processes throughout the life cycle are [nfluenced
by [multiple fagtors, including social, economic, organizational and technical consideratioys, each of
whiich can yaly during the life of an architecture. An individual architecture life cycle is thusfa complex
aggregation-of processes that will normally possess concurrent, iterative, recursive and time fependent
chgractenistics. Concurrent use of processes can exist within an organization (e.g. when the architecture
is Heing'elaborated at the same time that a architecture is conceptualization is improving), and between
organizations (e.g. when an organization unit governs and manages contracted architecting activities).

A.2.3 Process iteration

When the application of the same process or set of processes is repeated on the same level of an
architecture structure, the application is referred to as iterative. The iterative use of processes is
important for the progressive refinement of process outputs, e.g. the interaction between successive
architecture evaluation efforts can incrementally build confidence in the suitability of the architecture.
[teration is not only appropriate but also expected. New information is created by the application of
a process or set of processes. Typically this information takes the form of questions with respect to
architecture objectives, stakeholder needs, analyzed risks or opportunities. Such questions should be
resolved before completing the activities of a process or set of processes.
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A.2.4 Process recursion

The recursive use of processes, i.e. the repeated application of the same process or set of processes
applied to both the whole architecture and successively to several parts of the architecture structure,
is a key aspect of the application of this document. The outcomes from one process application are used
as inputs to invoked processes at the next recursion level in order to get a more detailed or mature
architecture structure. Such an approach adds value to successive architectures in the architecture

structure.

A.2.5 Life cycle stages

The changing nature of the influences on the architecture (e.g. operational environment chang
new oppoftunities for architecture entity implementation, modified structure and responsijbilities

organizati
life cycle ¢
approach
planning,
cycles by
approach

The discus
imply any
enabling s

A.2.6 P
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success cf
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tasks identified in this document. Creating detailed descriptions of process instances enables bet

managem
product re

Further el
of architeq

A.2.7 Process reference model

ISO/IEC/I1
higher tha
is applical
these pro
process. T
than simp

ns) requires continual review of the selection and timing of process use. Process use in
an be dynamic, responding to the many external influences on the architecture(The life cy
hlso allows for incorporating the changes in the next stage. The life cycle stages assist
execution and management of architecture processes in the face of this complexity in
broviding comprehensible and recognizable high-level purpose and structure. The life cy
lso allows for incorporating the changes in the next stage when defided<riteria are satisf

sion in this clause on iterative and recursive use of the architecture processes is not mean
specific hierarchical, vertical or horizontal structure for the arehitecture, system-of-inter
ystem, organization or project.

ocess instantiation

tified by product quality risks, detailed descriptions of process instances in the con]
cific product may also be created. Instantiation of processes involves identifying sped
iteria for a process instance, derived from-the product requirements, and identifying
tivities and tasks needed to achieve the»success criteria, derived from the activities 4

ent of product quality risks by establishing the link between the process and the sped
quirements.

hboration of these concepts caivbe found in the ISO/IEC/IEEE 24748 series on the applicat
ture processes over a life.cycle.

LEE 15288:2015,(Ahnex C defines a Process Reference Model (PRM) at a level of abstract
n that of the detailed requirements contained in the main text of this document. The P
le to an orgahization that is assessing its processes in order to determine the capability
esses. Th&purpose and outcomes are a statement of the goals of the performance of e
his statement of goals permits assessment of the effectiveness of the processes in ways ot
e canformity evaluation.
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A.3 Tailoring process steps

A.3.1 Purpose

A 1 pa | HOA | £, £ 4o £ 41 DRNL HOA | 4o £
T LUdll UT USTU ddS suluauu: TU1 DPCLlllLdLIUll Ul UIT T'INIVI, CUIISIUTT dAtIUIT Ul lJl otess

The purpose of the Tailoring process is to adapt the processes of this document to satisfy particular
circumstances or factors that:

a) surround an organization that is employing this document in an agreement;
b) influence a project that is required to meet an agreement in which this document is referenced;
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reflect the needs of an organization in order to supply products or services.

A.3.2 Outcomes

As aresult of the successful implementation of the Tailoring process:

a)

b)

Modified or new life cycle processes are defined to achieve the purposes and outcomes of a life
cycle model.

Justification for tailoring is provided in support of ensuring a successful outcome to the architecture
processes.

A3

If ¢
acd

b)

0.3 Activities and tasks

his document is tailored, then the organization or project shall implement thé followirlg tasks in
ordance with applicable policies and procedures with respect to the Tailoring process, as fequired.

Identify and record the circumstances that influence tailoring. These-influences include, but are
not limited to:

1) instability of, and variety in, operational environments;

2) risks, commercial or performance, to the concern of interested parties;

3) novelty, urgency, size and complexity;

4) starting date and duration of utilization;

5) integrity issues such as safety, security, priyacy, usability, availability;

6) emerging technology opportunities;

7) profile of budget and organizational resources available;

8) non-availability of the service§’of enabling products, services or other enabling item
9) roles, responsibilities, accountabilities and authorities in the overall life cycle of the fystem;
10) the need to conform:te’other standards.

In the case of properties critical to the architecture entity, take into account the life cycle ptructures
recommended orimandated by standards relevant to those properties.

Obtain input frem parties affected by the tailoring decisions. This includes, but may not be|limited to:
1) the-stakeholders for the architecture entity(ies);

2) cthe interested parties to an agreement made by the organization;

3)” the contributing organizational functions.

d)

Make tailoring decisions in accordance with the enterprise and project management processes to
achieve the purposes and outcomes of the selected life cycle model.

NOTE1 Organizations establish standard life cycle models as a part of the Life Cycle Model Management
process. It is sometimes appropriate for an organization to tailor processes of this document in order to
achieve the purposes and outcomes of the stages of a life cycle model to be established.

NOTE 2  Projects select an organizationally-established life cycle model for the project as a part of the
Project Planning process. It is sometimes appropriate to tailor organizationally adopted processes to achieve
the purposes and outcomes of the stages of the selected life cycle model.
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f)

g)

h)

62

NOTE 3 In cases where projects are directly applying this document, it is sometimes appropriate to tailor

processes of this document in order to achieve the purposes and outcomes of the stages of a suitable
cycle model.

life

Select the life cycle processes that require tailoring and add, modify or delete relevant outcomes,

activities or tasks.

NOTE 4 Irrespective of tailoring, organizations and projects can always implement processes that achieve
additional outcomes or implement additional activities and tasks beyond those required for conformance to

this document.

Record the rationale for the tailoring in terms of the reason for tailoring, the architecture prod
impadted and the nature and extent of such impact.

Providle sufficient information for future determination of the purpose and rationale for mak
these decisions.

eSS

or
ies

or

ing
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(informative)

Defining metrics for architecture processes

:2019(E)

B.‘ Gt:llt:l dl

It yvould be difficult to provide a definitive list of process metrics that would be_applicpble in all

sithiations. Therefore, this annex provides guidance on the information that can be-censid¢red when

pracess metrics particular to an organization are defined.

Twp definitions can be considered for metrics:

— | A composite of two or more measurements resulting in a value thatdefines a character{stic of the
process. [SEI]

— | A quantifiable entity that allows the measurement of the achievement of a process gogal. Metrics
should be SMART—specific, measurable, actionable, relevant'and timely. Complete metrif guidance
defines the unit used, measurement frequency, ideal target value (if appropriate) and also the
procedure to carry out the measurement and the procedure for the interpretation of the agsessment.
[ISO/IEC 33001]

B.2 Guidelines for developing architecture process metrics

B.2.1 Metrics for governance effort

— | Business resources indicators like key performance indicators, key business indicators, value chain,
financial measures, business excellence scores.

— | Architectures status and eyolution/intentions with regards to business objectives.

— | Associations amongstthe'architectures of interest: models identifying commonalities, differences
and dependencies.

B.2.2 Metrics ferrmanagement effort

— | Indicators'allowing monitoring of architecture tasks and enabling planning evolution in¢lude:

— Scope (breadth of coverage, level of details, partitioning characteristics).

<~ Schedule (time period, delivery schedule dates, provision for risk, etc.).

— Resource utilization (staffing availability, manpower loading limitations, facility availability
dates, capacity restrictions, and use of particular materials or reusable hardware or

software units).

Indicators allowing monitoring whether governance directives and guidance are being followed

include:

— Statusor progress of management process via critical success factors, and numeric and graphical

key performance indicators.

— Decision-making aids used to help to define actions when variations and trends are pointing out

some risks.
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B.2.3 Metrics for conceptualization effort

— Indicators allowing monitoring whether directives and guidance are being followed include:
— Governance directives and guidance.
— Management directives and guidance.

— Check-lists to verify if conceptualization techniques, methods and tools are available, and if
personnel are trained in their use.

— StatufmmwunmﬁmjmmeWWmd
graphjcal key performance indicators.

— Indicqtors of risks and opportunities include:
— Indicators of risks with regards to likelihood and severity, and opportunities tglbe’anticipated.

— Monitoring aids used to trigger warning and alert when variations and trends are pointing put
sgme risks.

— Indicators of opportunities.
— Degpendencies within the process.

— Degpendencies between this process and other processes.

B.2.4 Metrics for evaluation effort

— Indicqtors allowing monitoring whether directives and guidance are being followed include:
— Gpvernance directives and guidance.
— Management directives and guidance.

— Checktlists to verify if evaluation technigues, methods and tools are available, and if personnel pre
traingd in their use.

— Statug and progress of evaluatiofyyprocess via critical success factors, and numeric and graphjcal
key pérformance indicators.

— Indicqtors of risks and opportunities include:
— Indicators of risks with regards to likelihood and severity, and opportunities to be anticipated.

— Monitoring<ids used to trigger warning and alert when variations and trends are pointing put
same risks (e.g. unsatisfied stakeholders).

— Injdicaters of opportunities.

— Dependencies within the process.

— Dependencies between this process and other processes.

B.2.5 Metrics for elaboration effort

— Indicators allowing monitoring whether are directives and guidance being followed include:
— Governance directives and guidance.
— Management directives and guidance.

— Check-lists to verify if elaboration techniques, methods and tools are available, and if personnel are
trained in their use.
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Status and progress of elaboration process via critical success factors, and numeric and graphical

key performance indicators.

Indicators of risks and opportunities include:

— Indicators of risks with regards to likelihood and severity, and opportunities anticipated.

— Dependencies within the process.

— Dependencies between this process and other processes.

N it 3 | P2 I PN 3 do1 4 1o P & | Y
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risks e.g. deviation with respect to architecture description rules, consistency with ‘re
elaboration process, etc.

— Indicators of opportunities: bypassing techniques, customization, etc.

.6 Metrics for enablement effort

o out some
quirement

Indicators allowing monitoring whether directives and guidance are'being followed inclyde:

— Governance directives and guidance.
— Management directives and guidance.

Check-lists to verify if enablement information and eommunications technology (ICT)
and tools (e.g. licenses, documentation) are available @nd used.

Check-list to verify performance of training, coaching and mentoring.

Status of enablement process via critical success factors, and numeric and graphical key pe
indicators.

Indicators of risks and opportunitiesiinclude:

— Indicators of risks with regards to likelihood and severity, and opportunities to be a

resources

-formance

hticipated.

— Monitoring aids used to trigger warning and alert when variations and trends are p¢inting out

some risks. For example: users administration, interface consistency with other tool
export format), ihpdct of software upgrades (software bloat), storage capacity, o
access delay, recurrent software bugs, etc.

— Indicators-‘of opportunities (e.g. software bypassing, information and comm
technolegy-(ICT) infrastructure enhancement, etc.).

— Dependencies within the process.

— (Dependencies between this process and other processes.

5 (import/
vercritical

linications
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Annex C
(normative)

Interactions with other processes and uses of architecture

C.1 Rel

The architfecture processes should interact with the following categories of system life cycle proces

(per ISO/1
— agree
— organ|
— techn
— techn
The links

— When
For ex
interf

— When|
For ej
archit]

— When
proce

— When
cycle

Table C.1d
in ISO/IE
processes

When the
system lif
the INCOS

orrshipwitd tsof Hfe-cvl ,

F:C/IEEE 15288) and software life cycle processes (per ISO/IEC/IEEE 12207):
ment processes;

jzational project-enabling processes;

cal management processes;

cal processes.

ire identified in three cases:

system or software life cycle processes provide information to architecture-related procesges.
ample, the validation process in ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 may identify
hces required for validation and fulfillment of conStraints related to the architecture.

architecture processes provide informatjonto a system or software life-cycle procgss.
tample, the Architecture Elaboration process in this document might provide a validafed
ecture description package to the design-definition process.

an architecture process in this docuiment is implemented inside a particular system life cycle
5s in ISO/IEC/IEEE 15288 and ISOAIEC/IEEE 12207.

alife cycle process is realized within an architecture process, such as an example of doing|life
radeoffs, competitive desigus, etc.

escribes how architecture should be used during each stage of a system life cycle as describped
[/IEEE 15288. Théurelationship between system life cycle stages and these architectpre
is discussed in A.2:5.

systems engineering process is applied to things like a product line or an enterprise, these
e cycle stages may not be appropriate. For this description, the stages are those described in
E SE Handbook[38] and 1SO/IEC/IEEE 24748-1:2018, Figure 5.

Table C.1 — Architecture use along a system life cycle

15288 Stages Architecture usage

Concept Selling the program, procurement of funding, discovery of needs with stakeholders, opportunity
assessment, operational analysis, exploration of system concepts and concepts of operations,
exploration of support concepts, problem definition, understand feasibility and alternatives

Development Requirements definition, concept of operations development, system analysis, system design,
verification planning, support system design, organizational interface design, support data
mapping, etc.

Production Problem resolution, production planning, integration planning

Utilization Operational planning, training of users, logistics planning, defect resolution

Support Problem resolution, anomaly investigation, evolution planning, define support workflows,
support function interactions
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Table C.1 (continued)

15288 Stages

Retirement

Architecture usage

Reuse planning, decommissioning decision, repurposing analysis

System and software life cycle processes in ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 should use
architecture-related information as specified in Table C.2.

Table C.2 — Uses of architecture by ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 processes

il-S-ZSS——System—l-i-ﬁe—eyele
12207 process Uses of architecture by this process q
Clause N
( e
6.1 Agreement processes o l/
6.1.1 Acquisition Basis of supplier evaluation.
6.1.2 Supply Basis of solution to be supplied.
6.2 Organizational project-enabling processes /Q/
6.4.1 Life cycle model man- |Identification of systems and system elemnents, system transitign points.
agement
6.4.2 Infrastructure man- |Identification of infrastructure ne€ded by systems.
agement
6.4.3 Portfolio management |Identification of systems and-system elements, system transitjon points,
system inter-dependencies.
6.4.4 Human resource man- |Determination of nece$sary knowledge, skills and expertise.
agement
6.4.5 Quality management |Identification of.systems and system elements.
6.2 Knowledge manage- |lIdentificatiorkof architecture features to be used for tagging ipformation
ment items in knowledge repository, management of architectures and architec-
ture information.
6.3 Technical management pg‘%&ses
6.3.1 Project planning Identification of systems and system elements, system transitjon points,
system attributes and measure, system inter-dependencies.
6.3.2 Project assessment, Identification of systems and system elements, system transitjon points,
and control system attributes and measures.
6.3.3 Decision management |Architecture evaluation recommendations. Identification of systems and
system elements, system transition points, system attributes andmeasures.
6.3.4 Risk management Identification of systems and system elements, system transitjon points,
system attributes and measures, system inter-dependencies.
6.3.5 €onfiguration manage- |Identification of systems and system elements, system interfades, system
ment configurations and options.
6.3.6 Information management | Identification of architecture features to be used for tagging ifformation
items to be managed.
6.377 Measurement Tdentification of SyStems and SySTeN elements, System transition points,
system attributes and measures.
6.3.8 Quality assurance Identification of systems and system elements, system transition points,
system attributes and measures.
6.4 Technical processes
6.4.1 Business or mission Understanding of current and planned architectures and related systems.
analysis
6.4.2 Stakeholder needs Understanding of current and planned architectures and related systems.
and requirements Identification of architecture features and functions.
definition
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Table C.2 (continued)

15288
& 12207
Clause

System life cycle
process

Uses of architecture by this process

6.4.3

System requirements
definition

Identification of systems and system elements, system transition points,
system attributes and measures. Understanding of current and planned
architectures and related systems. Identification of architecture features
and functions.

6.4.4

Architecture definition

Basis for definition of architecture, architecture conceptualization, archi-

tecture elaboration

6.4.5

Design definition

Basis for design of system and non-system solutions.

NOTE Design definition can employ architecture at lower levels‘withiph a
system hierarchy, e.g. at the system element level.

6.4.6

System analysis

Identification of systems and system elements, system transition poir]ts,
system attributes and measures. Understanding of current and planred
architectures and related systems. Identification of architecture featutes
and functions.

NOTE Problem analysis will occur as (part of the Architectpire
Conceptualization process.

6.4.7

Implementation

Understanding of intended use of architectire-related systems.

6.4.8

Integration

Identification of systems and system. elements, system transition poirjts,
system attributes and measures., Understanding of current and planrjed
architectures and related systemsxIdentification of architecture featutes
and functions.

NOTE Integration addresses the composition of systems from tHeir
constituent elements and, the integration of systems into their operatiopal
context/environment. Such' considerations are identified, conceptualized 3nd
elaborated by architecting. So, architecting can be applied for this purpose.

6.4.9

Verification

Identification of:Systems and system elements, system transition poirjts,
system attributes and measures. Understanding of current and planrjed
architectures;and related systems. Identification of architecture featutes
and functions.

6.4.10

Transition

Identification of systems and system elements, system transition poir]ts,
system attributes and measures. Understanding of current and planrjed
architectures and related systems. Identification of architecture featutes
ahd functions.

6.4.11

Validation

Identification of systems and system elements, system transition poii]ts,
system attributes and measures. Identification of architecture featufes
and functions.

6.4.12

Operation

Identification of systems and system elements, system transition poir]ts,
system attributes and measures. Understanding of current and planried
architectures and related systems. Identification of architecture featufes
and functions.

6.4.13

Maintenance

Identification of systems and system elements, system transition poir]ts,

system attributes and measures. Understanding of current and planned
architectures and related systems. Identification of architecture features
and functions.

6.4.14

Disposal

Identification of systems and system elements, system transition points.
Understanding of current and planned architectures and related systems.

Architecture processes in this document should use system and software life cycle-related information
as specified in Table C.3.
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Table C.3 — Information used by ISO/IEC/IEEE 42020 architecture processes

15288 & System life cycle process Information used by architecture processes
12207 Clause
6.1 Agreement processes
6.1.1 Acquisition Acquisition plans, supplier evaluation criteria.
6.1.2 Supply Proposed solution attributes.
6.2 Organizational project-enabling processes
6.2.1 Life cycle model management |Life cycle models of systems and system elements.
6.4.2 Infrastructure management |Infrastructure features, functions and services.
6.4.3 Portfolio management Portfolio evaluation criteria, program and projeet degendencies.
6.4.4 Human resource management|Knowledge, skills and expertise of current or planned|personnel.
6.4.5 Quality management Quality assessment criteria.
6.4.6 Knowledge management General information from knowledge repository.
6.3 Technical management processes /Q /V
6.3.1 Project planning Project plans.
6.3.2 Project assessment and Project assessment data.
control
6.3.3 Decision management Architecture-relateddecisions, decision criteria.
6.3.4 Risk management Identification of system risks and risk mitigation plaps.
6.3.5 Configuration management |Identification©f*configuration items. Baselined requirements
and requiréments changes (proposed and actual).
6.3.6 Information management General information from information repository.
6.3.7 Measurement Measurement parameters and values.
6.3.8 Quality assurance Quality assurance criteria.
6.4 Technical processes Q0
6.4.1 Business or mission analysis |Business needs, gaps and shortfalls. Mission needg, gaps and
shortfalls.
6.4.2 Stakeholder needs:and re- Identification of stakeholders and their concerns. Pripritization
quirements definition of concerns. Definition of perceived needs, gaps and ghortfalls.
6.4.3 System requirements defini- |Proposed and approved system requirements. Ident|fication of
tion key requirements constraints, conditions and challerjges.
6.4.4 Architecture definition Architecture plans and roadmaps. Architecture descfiptions.
6.4.5 Design’ definition Design plans, tools and roadmaps. Design descriptidns. Design
evaluation results.
6.4.6 System analysis System analysis results. System analysis tools, methods, capa-
bilities and limitations.
6.4.7 Implementation Implementation plans and roadmaps. Identification offkey imple-
mentation constraints, conditions and challenges.
6.48 Imtegration Integration pians and roadmaps. ldentification of Key integration
constraints, conditions and challenges.
6.4.9 Verification Verification plans and roadmaps. Identification of key verification
constraints, conditions and challenges.
NOTE Verification approaches can impose issues such as
architecture controllability and observability.
6.4.10 Transition Transition plans and roadmaps. Identification of key transition
constraints, conditions and challenges.
6.4.11 Validation Validation plans and roadmaps. Identification of key validation
constraints, conditions and challenges.
6.4.12 Operation Operations plans and roadmaps. Identification of key operations
constraints, conditions and challenges.
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Table C.3 (continued)

15288 & System life cycle process Information used by architecture processes
12207 Clause
6.4.13 Maintenance Maintenance plans and roadmaps. Identification of key mainte-

nance constraints, conditions and challenges.

6.4.14 Disposal Disposal plans and roadmaps. Identification of key disposal con-
straints, conditions and challenges.

C.2 Relationship with enterprise processes

One or mdre organizations participate in an enterprise to perform architecture processes todmprpve
the ability|for achieving mission and business objectives and desired outcomes.

Table C.4 describes how architecture should be used during each stage or phase of life cycleof ah enterpyise
or any of ifs entities. For this description, the phases are those described in ISO 15704, which are called
GERA (gerleralized enterprise reference architecture) life cycle phases, for any enterprise or entity.

Table C.4 — Architecture use along an enterprise life\cycle

Phfases Architecture usagcs-\\<</v

Identificatjon Selling the venture, procurement of funding.

Concept Discovery of needs with stakeholders, identification of the enterprise assets.
NOTE Architecture can be used to stryeture or restructure the enterprise itself, p.g.
conceptualization.

Requiremgnts Finding and definition of the requirements, identification of enterprise projects.

Design Enterprise analysis, preliminary and,detailed design, definition of enterprise projects.

Implementation Problem resolution, production planning, integration planning, set up of enterprise proje¢ts.

Operation Operational planning, training, logistics planning, monitoring of enterprise projedts,
anomaly investigation, problem resolution, evolution planning.

Decommissioning Reuse planning, decommissioning decision, repurposing analysis.

The architecture processes will intéract with the enterprise engineering process (specified| in
[SO 157042000 A.3.2, on enterpriseengineering methodologies), taking into account aspects such 4as:

4

— humanp factors;

— projedt management;

— economic, financialand commercial considerations;
— new apd changing standards.

The links @ré identified in three cases:

— When enterprise life cycle processes provide information to architecture-related processes. For
example, when the enterprise strategy impacts the architecture governance activities.

— When architecture processes provide information to the enterprise life cycle process. For example,
the architecture definition process updates the vision of the asset management of the enterprise.

— When an architecture process is implemented inside a particular enterprise life cycle process.
For example, when the architecture definition activities are performed to elaborate an enterprise
architecture aiming to structure the enterprise itself and its projects.
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Annex D
(informative)

Relationship with other standards

The standards related to architecture are listed in Bibliography.

NO['E

ang

Figure D.1 describes the main relationships between this document and other ISO.standards
ardhitecture and related activities. This document does the following:

1SO/IEC/IEEE Refines and methodologies
| 5288 System life Enterprise
¢ycle processes processes Provides
1 Enterpris¢
Defines the System Principles|

architecting.

refines the Architecture Definition process of the ISO/IEC/IEEE 15288 for’systems;
refines the Architecture Definition process of ISO/IEC/IEEE 122074e1r"software systems

frames the processes of these two standards;

2019(E)

The JTC1/SC7 Architecting Guidance Study Report provides the main references about aLchitecture

related to

refines the Enterprise Reference Architecture of ISO 15704 and the process description provided in

the GERAM annex;

is considered with the enterprise principles defined by ISO 15704;

provides processes for application of Architecture’Description defined by ISO/IEC/IEEE #2010;

provides processes for application of Architecture Evaluation defined by ISO/IEC/IEEE 42030.

ISO 15704 Requirements for
enterprise reference architectures

Provides|the context for System

Architecture Definition Process and its life cycle processes
| L
3] 1SO/IEC/IEEE 42020
[ > Architecture €
Defines the, sztware | processes
Architecture-Definition Process |
Provides the context for Software i L
| and its life §ycle processes Provides processes for application of
architecture description and evaluation
SO/1EC/IEEE
12207 Software l l
. €
life cycle
processes ISO/IEC/IEEE 42010 ISO/IEC/IEEE 42030

Architecture description Architecture evaluation

Figure D.1 — Main relationships between ISO/IEC/IEEE 42020 and other ISO standards
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Annex E
(informative)

Notes on terms and concepts

E.1 Ger

This anne
used in th

1
Cldl

k complements Clauses 3 and 5 with additional information about key terms and.Conce
s document.

E.2 Architecture concepts

E21 M

A compan
of metaph|
architectu
adds a sey
to the des
possible (s
be reason

to clos
to avo

to avo

techn
platfo

to avo

In many c
particular
document

Architectd
design sp4
Architectd

etaphors

on document, [SO/IEC/IEEE 42010, lists six overlapping applicatiens of architecture. In ter]
pr's, the six are: architecture as concept; architecture as propérty; architecture as bluepr
re as literature; architecture as language; and architectureds decision. The present docu
enth metaphor: architecture as constraint. The constraint’'is on the design space ava
ign definition process. While it is true that an architeeture should be as design-agnostid
ee ISO/IEC/IEEE 15288:2015, 6.4.4.1, NOTE 2), at the same time it is also true that there 1
for an architecture to constrain the design space:The major reasons for constraint are:

eoffparts of the design space thatare showingte be prone to undesirable emergent propert
id limitations on entity evolution - to aveid“painting oneself into a corner;

id limitations on entity re-use;

to avgid designs that would causeincompatibilities among implementations on platforms

blogies of different capabilities - communication and network architectures, and ind
'm architectures, are cases.in point;

id limitations on the flexibility to respond to future, evolving stakeholder needs.

hses, needs for constraining a design space are discovered by the “downstream” proces:
ly (but not only).the processes of implementation, verification, validation and operation. T
s architecture'processes are able to respond to these discoveries.

illlI)le

pts

ms
nt;
nt

as
nay

€s;

or
bed

es,
his

res as\eonstraint are limited by the counter-balancing desire to maximize the availdble

ce. Within its limits, an architecture as constraint can be exhaustive and exceedingly prec
r€s,as constraint also tend to be long-lived, leading to organizational forms such as

se.
an

e o3t oo o Logd
rcarnreCianteoo0atra:

architect

E.2.2 Architecture solution concepts

Solution is a term used very often in scientific and technical activities. Figure E.1 gives an overview of
the solution concepts.
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Figure E.1 — Solution concepts

plution is an answer to a problem that addresses concerns of stakeholders.

AMPLE 1  Solution can be business, information te¢hnology, mission, capability, service, a
ding block (as defined by the TOGAF framework) and{éference architecture (as defined by I1SO 15

s solution may utilize system solutions and/ornon-system solutions.

E1 The term “system” is used in ISO/IEEG/IEEE 42010 to refer to entities whose architect
rest. The term is intended to encompass, butis not limited to, entities within the following domai

systems as described in I[SO/IEC/IEEE’15288: “systems that are man-made and may be configur
or more of the following: hardware;software, data, humans, processes (e.g., processes for provid
to users), procedures (e.g. operater instructions), facilities, materials and naturally occurring en

software products and seriieés as described in [SO/IEC/IEEE 12207;

software-intensive systems as described in [EEE Std 1471:2000: “any system where software
essential influences-to the design, construction, deployment, and evolution of the system as
encompass “individual applications, systems in the traditional sense, subsystems, systems
product lines, product families, whole enterprises, and other aggregations of interest”.

AMPLE 2 _<System solution can be system of systems, class of systems, individual systems a
ding block)(as defined by the TOGAF framework).

Ichitecture

704).

ires are of
1S:

bd with one
ing service
ities”;

Contributes
whole” to
bf systems,

nd solution

\MPLE 3
siow'thread.

Non-system solutions can be product line, family of systems, data, technology, policy, Trocess and

System Solutions may utilize system items and/or non-system items.

EXAMPLE 4

service system and natural system.

EXAMPLE 5

resource, service and natural resources (e.g. water, air, animals).

NOTE 2

Architecture can exhibit any part of the solution being considered as entity-of-interest.

E.2.3 Architecture life concepts

Figure E.2 identifies key architecture life concepts and their relationships.
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Architecture
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a
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Conjvention > Roadmap < m
Context as

Figure E.2 — Architecture life concepts

Architectyre life concepts refer to thesharacterization of entity architecture as documented|by
architecture descriptions that occur throughout the entity’s life span. Each entity for which|an
architecture is said to exist, should'have a life time described by a life history associated with fhe
evolution |of the architecture, in‘whatever form that reality takes, to end of life. This architectpire
life historfy, when augmentedwwith alternatives considered along the way, forms a roadmap for the
architecture of the entity described, whether that entity is a single system-of-interest or some groupjing
of systemg as yet lacking particular clarification.

Since marly entities,may utilize the same architecture, and since that architecture may change oyer
time for pgarticularentities or may be reused at some other time, the architecture itself have a [ife
history distinctfrom the life history of the entities utilizing that architecture.

To classifyf edmmonly encountered segments along that roadmap several conventions exist dependjing
upon roadmap context. Collectively, these conventions identify distinct segments found In most
roadmaps as a life cycle, i.e. while a particular entity may progress from one segment to the next during
its life span without repetition of a segment, all entities of that particular kind transition through the
same set of segments. Life cycle refers to the set of distinct segment classifications that commonly
occur within a context even when one or more of those segments repeats during the entity’s life span.
In this regard, the life cycle metaphor is conceptual since no life cycle instance in nature repeats a
metamorphic segment for a particular individual.

Life cycle is a set of distinguishable phases or stages that an entity goes through from its
conceptualization until it ceases to be used (See 3.11). Phases are period of time in the life cycle during
which activities are performed (See 3.15) while stages are periods within the life cycle that relates to
the state of its description or realization (See 3.20).
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Two life cycle classification schemes have found utility in International Standards associated w

:2019(E)

ith system

and enterprise architecture. Independently developed at about the same time, ISO/IEC/IEEE 15288
is the result of work associated with the standardization of engineered systems while ISO 15704 is
the result of work associated with the standardization of industrial automation systems. Since initial

publication, amendment and revision for both standards now position them for broader

and more

general application than originally published, the focus of, ISO/IEC/IEEE 15288 is still systems and the

focus of ISO 15704 is still enterprises.

E.2.4 Life cycle models

Ev ;
of 3 system, product, service, project or other human-made entity from conception throughtg
A life cycle can be described using an abstract functional model that represents the cgneept
of 4 need for the entity, its realization, utilization, evolution and disposal. Such life cycle'mod
ined as a “framework of processes and activities concerned with the life cycle that'may be
intp stages, which also acts as a common reference for communication and undérstanding”.

An|entity progresses through its life cycle as the result of tasks performed and managed
in prganizations, using processes and practices for the execution of these tasks. A life cy
is expressed in terms of processes, their outcomes, relationshipssand sequencing/co
ISQ/IEC/IEEE 15288 defines a set of processes, termed life cycle\processes, which can
degcribe a system’s life cycle. Further details may be found in Annex C.

An|architecture can also be viewed as having a life cycle that is distinct from the associg
lifd cycle.

“evolution
tirement”.
ualization
bls may be
organized

by people
rcle model
hcurrency.
e used to

ted entity

Evé¢ry architecture goes through various distinct stages of development, use and revision bhefore it is

ultlmately discarded. It is therefore useful to think of an architecture as having a life cycl

b, which is

nof necessarily aligned completely with any particular entity. This perspective is important because

it dllows the identification of the appropriate,infrastructure needed to manage architecting
The nature of the architecture life cycle is;determined by the purpose of the architecture.

Somne typical architecture life cycles featuring varying degrees of use (and revision) are in
Figure E.3 bellow.

N

Develop I

products.

dicated in

n: 3
ildiu

Develop

Figure E.3 — Architecture life cycle options
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E.3 Architecting strategies and approaches

E.3.1 Architecting strategy

E.3.1.1 Introduction to architecting strategy

An architecting strategy defines the starting point for conducting an architecting activity. It defines
the background and reasons for trying to form a system concept. While there is no complete list, there
are a number of common cases. The situation, the approach and the other points made here are distinct
but not independent. Arbitrary combinations will often not make practical sense, but neither does each
solely depgnd on the other.

Note that fhese strategies are described in terms of being applied to a “system” architecturejalthojyigh
they can Qe also applied to enterprise architectures, as well as to products and servicescthat are hot
otherwiselconsidered to be systems (e.g. software item).

E.3.1.2 New development, (sometimes known as a “greenfield” approach)

This is the classic case where there is no prior system, the system (or otherkind of entity) being
architected will be all new. In the most extreme case the sponsor will deSire a system delivering|an
unprecedgnted capability implemented with a technology with limitéd or non-existent precedent
(consider the development of nuclear submarines in the 1950’s).

E.3.1.3 New product in a product-line

In this casp there are pre-existing systems with capabilities@hd technology quite similar to the desifed
system. The new system is intended to make a precedented extension of the pre-existing relafed
systems that have been genericized into a product line.

E.3.1.4 legacy evolution

Here the ajrchitect has an existing system or:callection of systems (the “legacy”) and is tasked to evdlve
or extend|that legacy. The goals may be to“add capability, reduce operating cost, eliminate obsolete
technology, or something else. A key aspect is that the legacy exists and cannot be abandoned.

An outstapding example of legacy-évelution is planned periodic technology refresh such as submarfine
combat sylstem technology with alternating biennial refresh of the hardware and software baselipes
in even and odd years to minimize logistics costs for hardware and provide a more capable computjiing
infrastrucfure to support fature evolution.

E.3.1.5 Legacy revelution

In this cage the leégacy exists but the sponsors’ intent is to radically depart from that legacy. The usjual
case here {s thatwhile the legacy works there is a belief that the adoption of a radical departure (usually
a radical dleparture in both technical approach and concept of operations) will enable large chanpges
in capabilities or costs. The situation 1s not entirely a new development because the legacy capability
exists and the “revolutionary” system will presumably have to interface to it in some fashion, but the
deliberate intent is to abandon some large fraction of existing infrastructure.

E.3.1.6 Incremental start

Here the sponsor wants to build something new, but the uncertainty about what will be the best fit is
great. Instead of making a large-scale and irrevocable bet on the future system the intent is to make an
incremental step, to be followed by later steps that move toward a superior system. The architecting
activity embraces the uncertainty and develops both initial steps and options for subsequent steps that
account for known (and possibly unknown) uncertainties in user demand or technology.
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E.3.1.7 Product-line start

This is a particular case of a new start where the intent is to build a product-line rather than a single
system. The result should be a genericized solution used to produce an indeterminate number of
future, related systems, related by reliance on a common base of design, technology, or production, and

possibly variable elements.

E.3.2 Architecting approaches

E.3

.2.1 General
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E.3
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:[:oaches.
e examples of architecting approaches are given in the following suibclauses.

eral different approaches to architecting (i.e. conceptualization, evaluation and elaberat
bse are categorized primarily in terms of the strategy (starting points) for formiing t
hitecture. The approach which should be adopted depends upon the complexity of the

brest, its novelty, realization mechanisms and/or the uncertainty in the stakeholder needd.

ion) exist.
he system
system of

fe that a particular system architecting effort sometimes requires the use of more than onpe of these

.2.2 Forward

orward architecting the architecting process moves from eonsideration of the problem s
ition space, initially at an architectural level of consideration. Within forward architecti
re specific approaches may be employed, either singly or in combination, for example

H:lce to the

g several
top-down

bottom-up. Architecture evaluation is also likely,to' be employed to ensure that the archjitecture is

nd in meeting its intended purpose.

.2.3 Bottom-up

bottom-up architecting the starting-points are the artifacts, capabilities and/or service
ilable and/or realizable which are'then composed and formed into a system architecture
desired (or desirable) emergentyproperties.

fe that in studying an existing system there is a clear distinction between producing an ar
cription document and(comprehending the pre-existing architecture of the system. One 1
hr comprehension of the architecture of the system of interest without having developed
ument. Conversely-one may have a comprehensive document (albeit one badly written

s that are
exhibiting

chitecture
nay have a
 complete
) and still

re no clear comprehension of any organizing structure or principles of the system (perhajps because

re are no such organizing abstractions).

.2.4 Middle-out

the middle-out approach an arbitrary level of abstraction in the system hierarchy is u

stajrting point. Reasoning about, and architecting of, the system then progresses both upward

ed as the

5 (towards

the goals) and downwards (towards artifacts/capabilities/services).

E.3.2.5 Outer-in

This approach to system architecting starts at both the top (system goals) and bottom (artifacts/
capabilities/services) and works towards the middle. It entails balancing and harmonizing desirable
and achievable system properties.

E.3.2.6 Reverse

Reverse architecting is an aspect of reverse engineering for making the architectures of existing
(or designed) systems explicit. It involves the extraction, abstraction and presentation of system
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information. The devising of “as is” architectures can be devised in this manner. Reverse architecting
may address the goals of the existing systems, their components or both. Architecture evaluation may
form part of reverse architecting in ascertaining for example as to whether an existing architectural
solution is suitable for continued usage.

E.3.2.7 Top-down

In top-down system architecting the starting points are the system goals. The approach proceeds
through conceptualization to form the system architecture, stopping when appropriate levels of
definitional formality and detail have been achieved. The devising of “to-be” architectures generally
involves spme top-down architecting.

E.3.2.8 Zigzagging

An approach to decomposition which entails moving from the functional domain te_[the physical
domain (and the process domain) since, according to axiomatic design, decomposition of functional
requiremgnts and design parameters (and process variables) cannot be achieved by remaining ip a
single donpain.

E.3.3 Usgeful architecting mechanisms

E.3.3.1 General

Various mlechanisms can be used to devise a system architecturgé, Some commonly used mechanigms
are descriped in the following subclauses.

E.3.3.2 Reference architectures

Reference| architectures are defined in E.4.1.4. They can be instantiated and specialized to yield
potential grchitecture solutions.

E.3.3.3 Architectural Patterns

Architectyral patterns are patterns as applicable to architectures and architectural artifacts; they t¢nd
to be mor¢ specific in scope or aspect,than reference architectures. They are more abstract in natpire
and have Qroader applicability than,design patterns. Patterns may be implemented as a set of tacticg.

They apply to functional components and modules, their structure, organization and interaction. They
include rujes and guidelines for organizing the relationships between the constituent elements, servjing
as templates for functignal/composition. They may be used to identify commonality and re-usability in
systems ahd to deliveftkey functionality.

E.3.3.4 Tactics

Tactics arp \primitive techniques architects employ to achieve particular system characteristics| or
enshrine these characteristics in architecture principles. They are simpler and more primitive than
patterns and are abstract in nature. Architectural patterns and styles incorporate and are implemented
using multiple tactics. Tactics may be employed, for example, to ease modifiability of a system or to
ensure performance levels are achieved.

E.3.3.5 Heuristics

Within the scope of this document, heuristics are guidelines for architecting. They are derived
from experience. Not all heuristics apply in all circumstances. Heuristics exist for different aspects
of architecting such as partitioning functionality, aggregating functionality, evaluating systems
architectures, etc.
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E.4 Architecture kinds, views and styles

E.4.1 Architecture kinds

E.4.1.1 General

Different kinds of architecture can be considered according to their purpose, domains of application
and roles within entity and architecture life cycles. Architecting may require the use (including
development and/or application) of architectures of several kinds.

NO
cal

sometimes
fecture.

E Descriptions expressing a viewpoint, an aspect, an abstraction level or a perspective are
ed architecture kinds. Examples are security architecture, logical architecture and physical archi

standards
hitectures

In
(es
(as

discussing architecture kinds it is important to keep in mind the distinction in/ISO
pecially ISO/IEC/IEEE 42010) between architecture descriptions (as documenfts)-and arc
conceptual things).

Some commonly used architecture kinds are given in the following subclauses.

E.4.1.2 Enterprise architecture

An|enterprise architecture is either the architecture of an enterprisél46] or the architecture g
from an enterprise point of view. In both cases, it has a defined overall business objectiv
include one or more participating organization.

fan entity
e and may

Enterprise architecture is the organizing logic for business processes and information t
infrastructure reflecting the integration and standafrdjzation requirements of the company's
model. The operating model is the desired state.of‘business process integration and busine

echnology
operating
5S process
h Systems,

endencies
S, systems

. A similar
architecture kind,is\cdlled “strategic architecture” in TOGAF.

EXAMPLE
orig¢nts programs and projects which occur in this scope, focusing particular domains of activities, liK
sealrch andrescue.

At overarching architecture can be done for maritime surveillance of a country. This afchitecture
e maritime

Areference architecture is used by a community of interest as a shared and agreed reference description
that can be used for that community’s business purposes. It is usually generic and is instantiated as
architectures specific for individual business purposes. Reference architectures are used to:

a)

b) maximize the possible commonality in forms of solutions to similar problems within such a domain.

aid understanding of the forms of likely solutions to problems within a particular domain, and

When the entity of interest is intended as a generalized case to be used as a guide for use in the
architecting effort, then this kind of architecture is sometimes called a “reference architecture”. In this
case, the entity itself is not intended to be instantiated but is used as the basis for creating a realizable
architecture of some entity that is a more concrete example of the abstract reference entity. An example
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of areference architecture of this kind is the Open Systems Interconnection model (OSI model) specified

in ISO/IEC

NOTE

7498-1.

methodologies and guides.

EXAMPLE

See OASIS Reference Architecture for Service Oriented Architecture

E.4.1.5 Domain architecture

Notion of reference architecture is described in many architecture frameworks, engineering

A generic, organizational structure or design for systems in a domain (based on IEEE Std 1517-1999).

NOTE
within a sp
and 2) proy

E4.1.6

Baseline
serve as sy
cases are:

Curre

Targe

NOTE

.

E.4.1.7

Target arg
the entity

q

o

E4.1.8

System ar
according

NOTE 1

NOTE 2
Architectu

NOTE 3

NOTE 4
several) sy

The domain architecture contains the architectural forms that are capable of satisfying requirems
ecific domain. A domain architecture 1) can be adapted to create designs for systems withipja.dom
ides a framework for configuring assets within individual systems.

iaseline architecture

chitecture is the definition of the architecture being defined for a given-point of time. T
'nchronization key-points for review and provision of architectures@s references. Particy

ht architecture (or “as-is” architecture) is the definition of the\architecture currently in us
f architecture (or “to-be” architecture) gives the expected.definitive definition.

A definition of target architecture is provided below:

[arget architecture

nts
hin,

ey
lar

hitecture is a description of an envisioned,architecture concerning the ultimate evolution of

of interest.

ystem architecture

Chitecture addresses the architecture of a system. It can be defined for one or more epo
to a roadmap.

System is used here to cover anything studied with a systemic approach.

System architecture™ definition will apply the directives given by the relevant Overarch
e, if any.

A system architecture can be derived totally or partially from one or several Reference Architectu

[f the systeém architecture is defined for one or more epochs according to a roadmap, there is one
stem Baseline Architecture and one system Target Architecture.

chs

ing

es.

E.4.1.9 Productline architecture

According

to ISO/IEC/IEEE 24765, a product line is:

features that satisfy specific needs of a selected market or mission;

domain architecture.

from the commercial viewpoint, a group of products or services sharing a common, managed set of

from the engineering viewpoint, a collection of systems that are potentially derivable from a single

Architecture description of a product line formulates a set of products addressing similar problems and

exhibiting

80

an appropriate degree of architectural and solution commonality.
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E.4.1.10 System of systems architecture

The architecture of a system that meets the criteria for a “system-of-systems”. Systems of systems will
be distinguished from large but monolithic systems by the operational and managerial independence of
their components, their evolutionary nature, emergent behavior and a geographic extent that limits the
interaction of their components to information exchange. See Architecting Principles for Systems-of-
Systems, Maier 1996[431,

E.4.1.11 Product-service system architecture

Th ct service-

doade. b= L = =l de . el e - L " o | de. - de »__A |
[ AILITIITLTUT T UL 45 Yy SLTIIT LITAdU ITITTLS LT CHITCTId TUL 4 PIUUUCLLTSTIVILT Sy SLTIID . A Proud

Sy
cojf
thg
fun

tem will be a system of products, services, networks of “players” and supporting infrastry
tinuously strives to be competitive, satisfy customer needs and have a lower envirgnmen
n traditional business models. The product/service ratio in this system will vary:depend
ction fulfillment or economic value. The architecture of the product-service system will

cture that
tal impact
ing on the
be capable

of
din

ointly satisfying a user’s need while taking into consideration the shift fjom techno-productive
nension (focus on functionality) to the social and cultural dimension (focus\on value).

NO
acc
ser

ut is more
ned with a

E Service-Oriented Architecture (SOA) is sometimes identified as an‘architecture kind H
urately termed an architecture style. In fact, any of the architecture kinds ¢onsidered can be def
vice orientation.

E.4.1.12 Data architecture

A (
col

lata architecture is composed of models, policies, rules or standards that govern which data is
ected, and how it is stored, arranged, integrated, and-put to use in data systems and in orggnizations.

E.4.2 Architecture views

E.4.2.1 General

about the
Chitecting.

Ar¢hitecture views express the architecture from the perspective of specific concerns
ardhitecture entity. Typically, severalsuch (complementary) views are formed during ar
Some commonly used views are given in the following subclauses.

E.4.2.2 Contextual (view.of) architecture

The contextual view of an architecture deals with contextual factors and drivers including, for
exgmple, PESTEL (political, economic, social, technical, environmental or legal) aspects or description
of | DOTMLPFI (Daoctrine, Organization, Training, Material, Leadership, Personnel, | Facilities,
Intproperability)aspects.

E.4.2.3 _Conceptual (view of) architecture

The €enceptual view of an architecture provides the main ideas or concepts from outside of the
architecture—Thisprovides—thefundamental viewthat-can-beusedas—astarting peintfor further

architecture efforts.

E.4.2.4 Functional (view of) architecture

ISO/IEC/IEEE 42010 conformant architecture description document will normally contain a view
capturing the functions of the system of interest (it is not a 42010 normative requirement but would
almost always be included). A functional architecture can be said to be the essential or organizing
functional structure, the way abstracted inputs are transformed into outputs by the system to achieve
its mission.
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E.4.2.5 Logical (view of) architecture

The logical view of an architecture in an architecture description is typically an integrated model of
both the system’s functions and retained data, where the abstraction level is chosen to be directly
relevant to users rather than implementation. The logical view of the architecture defines data as it
makes sense in the problem domain, and defers definition of how it can be represented to other views.
So, for example, the logical view would define data and functional transformations in terms of positions,
currency amounts, or objects of user interest and not in terms of XML records or database fields.

NOTE
such archit

What constitutes a logical or physical architecture is often somewhat subjective and a spectrum of
ctures can be so emploved.

E.4.2.6 Physical (view of) architecture

cal
to

A physica
interfaces
satisfy log]

view of the architecture description is an arrangement of system elements~and phys
that provides the design solution for a product, service or enterprise, and.is"intended
ical architecture elements and system requirements.

.

E.4.2.7 Technical (view of) architecture

A technicd
that comp
technolog

1 view of the architecture description is defined in terms of technical recognizable objdcts
ose a systems implementation and the interfaces among them.\t is implementable throgigh
es.

E.4.2.8 (rganizational (view of) architecture

in

The orgar
the other

enterprise
departme

The organ
operation

izational view represents the responsibilitiesand authorities on all entities identified
enterprise views (processes, information and.resources). It caters for the structure of
organization by organizing the identified:organizational units into larger units such|
nts, divisions, sections, etc. See ISO 1570422000 A.3.1.5.3.2.

ization-related aspects have to do with decision level, responsibilities and authorities,
] ones relate to the capabilities and<{ualities of humans as enterprise resource elements.

the
as

Lhe
bee

ISO 15704¢2000 A.3.1.1.

E.4.3 Arxchitecture styles

E.4.3.1 eneral

An architgcture (or architectural) style is a set of principles and/or a generic pattern that providg
canonical |guidance fortarchitecting. It can be defined by the architecture elements, their topolog
layout, copnectors and-interaction mechanisms, and applicable constraints. Architecture styles n
describe deployment patterns, structure and design issues, and communication factors. Their
improves §tructiring and understanding (through the use of established mechanisms and vocabulari
promotes (deSign reuse (through the development of entities based upon proven forms of solution) :
supports the.consideration of pertinent technical issues

sa
cal
hay
1se
bs),
ind

NOTE Architecture styles are distinct from the notion of architecting styles. Architecting styles refer to
ways of architecting which are codified according to the architecture’s primary purpose including its extent of
influence. See Styles of Architecting, Evans 2014[46],

Some examples of architecture styles particularly as applicable to computer-based systems are given in
the following subclauses.

E.4.3.2 C(lient server

This architecture distributes data and processing physically across different types of system element.
Servers provide specific services such as printing, data management, etc. Clients call on these services.
Networks allow clients to access servers.
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E.4.3.3 Component-based architecture

This style decomposes system functionality into reusable cohesive functional or logical components
that expose well-defined communication interfaces.

E.4.3.4 Data-driven architecture

Data-driven architectures are concerned with the acquisition, manipulation and dissemination of
data. They may be considered as being composed of pipelines of filters (which perform functional
transformations of input data to produce data output) and pipes (which convey streams of data).

E.4.3.5 Event-driven architecture

Evént-driven architectures promote the production, detection, consumption of, and-reaction| to events,
whiere an event is a significant change in system state. Event-driven systems comprise event emitters
(or|agents), event consumers (or sinks) and event channels.

E.4.3.6 Layered architecture

Layered architectures hierarchically structure functionality as several layers of increasing apstraction
typically ranging from a problem focus at the top level to realization considerations at the lowest level.
Intpraction between layers is often restricted to adjacent layers:

E.4.3.7 Object-oriented architecture

An|object is a collection of functions (called methods) and associated data. Object-orientdtion is an
anglysis and design paradigm based on the division”of responsibilities for a system into [individual
reysable and self-sufficient objects, each containing the data and the behavior relevant to the object.

E.4.3.8 Publish-subscribe oriented architecture

Publish-subscribe is a style of informgation exchange in which certain elements offer dath to other
elements through published messages. Elements requiring such input data subscribe to thle relevant
mefssages.

E.4.3.9 Repository architecture

In this style of architecture the information exchange between system elements is physically realized
thriough a central data repository which can be accessed (and where appropriate, contributef to) by all
sydtem elements.

E.4.3.10 Seryice-oriented architecture (SOA)

SOA js{_an architecture style that supports the service-orientation paradigm by expdsing (and
corsuining) functionality from distributed systems as independent services in the form of stateless
functions and using contracts and messages. SOA promotes reuse at the macro (service level) rather
than micro (e.g. object) level.

Any of the architecture kinds described above can be defined with a service orientation. With this
approach, services are preferred to expressed outcomes and interactions between entities (actors
and constituents of the solution), with consideration of various operational, system, application and
technical views.

NOTE Entities can support multiple architecture styles (heterogeneous architecture) for example to
support different architectural concerns (information centricity, process/flow-orientation) but this increases
solution complexity. The use of a single architecture style (homogeneous architecture) could ease design but
could compromise certain required (or desired) system capabilities
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E.5 Architecture motivation model

Enterprise activities, including architecture ones, will be driven by a set of motivation elements:

EXAMPLE

These mo
activities:
— Aspirz:
Mean

Const

Criteria ay
the archit¢

E.6 Qud

E.6.1 G¢

This claus

business aspiration including vision, goal, objectives and mission;
business means including strategy, policies, rules and guidance;
business constraints including laws, regulation and influencers;

existing and expected business assets including products, tools and people.

An example of an architecture motivation model is provided by OMGI341,

tivation elements can be used to form a dashboard for monitoring of the architect

ition elements are elaborated and used by governance.
are drivers for management.
Faints and assets have to be considered for any process.

e derived from the dashboard for analysis and assessment of architectures activities and
pctures themselves.

ity
neral

e provides information on quality attributes,'quality models and quality measures that co

be useful in applying this document. The following{dtems are covered in this clause:

lpre

| of

uld

— Whatl{is “Quality”?

— Architecture quality attributes.

— Boehmp'’s quality models and ontology.

— Standprds on System and- Software Quality Requirements and Evaluation (SQuaRE) - fhe
ISO/IEC 25000 family.

The inclusfion of these items does not imply endorsement of these particular ways of addressing quality.

Exclusion pf other items.is not intended to imply their shortfalls. The intention is to include those itgms

that can bg related-tothe conceptual elements in this document.

E.6.2 What(s“Quality”?

The impottatrceof-the—conceptof “Quality*duringarchitectinghas beenrunderscoredimnumerodus

articles, journal papers, case studies, books, and in practice. “Quality” is a subjective term for which
each person or sector has its own definition. There is a wide variety of opinions on the nature of
“quality”; some of these are summarized below:

Quality has a pragmatic interpretation as the non-inferiority or superiority of something.

implied needsl4Z],

84

Quality is a product or service free of deficiencies[4Zl,

Quality means “fitness for purpose”[31l.

Quality is the characteristics of a product or service that bear on its ability to satisfy stated or
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Quality means “conformance to requirements”[49l,
Quality means “uniformity around a target”[33],
Quality means “the loss a product imposes on society after it is shipped”[=3],

Quality in a product or service is not what the supplier puts in. It is what the customer gets out and
is willing to pay for[=20l,

Degree to which a set of inherent characteristics fulfills requirements[2l.

g its stated

Quality characteristics of a system are a set of essential and distinguishing attributes that have a
pragmatic interpretation of the system’s inferiority or superiority[>4.

business, engineering and manufacturing, quality has a pragmatic interpretation ag the non-
briority or superiority of something; it is also defined as fitness for purpose. Quality is a ferceptual,
ditional and somewhat subjective attribute and may be understeod differently by different

people. Consumers may focus on the specification quality of a product/sérvice, or how it cqmpares to

cojf
thd

hpetitors in the marketplace. Producers might measure the confdrmance quality, or degree to which
product/service was produced correctly[=1].

Support personnel may measure quality in the degree thatya product is reliable, maintpinable or

SuS
for

E.q
Ar

tainable. A quality item (an item that has quality) can pérform satisfactorily in service and|is suitable
its intended purposel2l,

.3 Architecture quality attributes

hitecture quality attributes are the extent'to which the architecture can deliver v3lue to its

stalkeholders. It is a set of essential and distifguishing attributes that have a pragmatic intefpretation

of 1
a)
b)
<)
d)

WH
arg

he architecture’s inferiority or superierity. It is a function of:
architecture process outcomes,
impact of the architecture.gn'various stakeholders,
measure of extent of achievement of stakeholder concerns, and
measure of capabilities of the architecture.

ile ATAM does(deal with quality attributes, these are attributes of the architecture entity, not the
hitecture itself:See more on ATAM in Annex D.

hitectufe) quality attributes are the overall factors that affect behavior, structure, design and
erien€eof architectures. They represent areas of concern that potentially impact the striicture and

system. The taxonomy for each architecture quality attribute would be:

a)
b)

)

Measures: The parameters by which the attributes are measured.

Factors: Policies and mechanisms of the system and its environment that impact the stakeholder
concerns.

Methods: Techniques for addressing concerns and processes for realizing the quality attributes
during productions.

While conceptualizing architecture to address the architecture quality attributes, it is necessary to
consider potential impact of each of the quality attributes on other stakeholder concerns. While tradeoff
analysis techniques aid architects in prioritizing architecture quality attributes, architectural tactics
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describe techniques to achieve particular system characteristics or enshrine these characteristics in
architecture principles. The importance of each architecture quality attribute depends on the context
and the stakeholder’s concerns for which the specific architecture is conceptualized. Table E.1 provides

an example list of architecture quality attributes.

Table E.1 — Architecture quality attributes

Quality Attribute Description
Coherencel=6l Being logical and consistent
Caompleteness(50] Ability to form a whole
Elpganceled Form and function are graceful and stylish
Hierarchyl6ll Levels of abstractions
Mpdularityl5€] Separation of concerns

Vdriability[7] Expandable in preplanned ways
Sybsetability[=7] Support the production of a subset

Cqnceptual integrity[=6] Architecture unification

Cqmmonality[57] Sharing in preplanned ways

Dirability(22] Stand up robustly and remain in good eondition
Utlility[=2] Useful and function well for people

Bgauty[59] Delight people and raise their spirits

Rgbust[el] Strong and not be vulnerable to changes
Fdasiblel6d] Should be able to implemént

Flexiblel6d] Adapt to changing conditions

Vdrifiable[t0] Perform as designed

Traceablel6l] Architectural elements can be traced in any direction

Cqhesionl[>8] Forming a unified whole

E.6.4 Bgehm'’s quality model and ontology

Boehm et fal.[41] attempt to qualitatively define quality by a set of attributes and metrics. They utilize
a hierarchical quality model structured around high-level quality characteristics, intermediate
level qualfty characteristics and primitive quality characteristics for this purpose. Each of these
characteristics contributes to the overall quality level. They consider high level quality characteristics
to represdnt the basic high-lével requirements, intermediate level quality characteristics to represgent
the qualify factors (portability, reliability, efficiency, usability, testability, understandability 4nd
flexibility], and primitive” level quality characteristics to represent the quality metrics (deyice
independgnce, accuracy, completeness, robustness, consistency, accountability and so on) that measfire
a given prlimary cliaracteristic.

Boehm arjd Nupull#8] present an ontology for reasoning about a system’s qualities. They espofise
the view ghatfunctional requirements specify what the system should do and hence it is additivg in
nature, while non-functional requirements (system qualities) specifies how well the system performs
its functions and hence it is multiplicative and system-wide in nature. They utilize a variation of the
IDEF5 ontology structure comprising the elements Class, Individual, Referent, Relation, State and
Process to express the ontology of system qualities. These class hierarchies are organized in terms of
stakeholder value propositions, and child-class system qualities as means for achieving the parent class
system quality end objectives. They also espouse the view that class hierarchies do not necessarily
maintain one-to-many relationships and there are many cases where many-to-many relationships exist,
especially when one or more system qualities impacts one or more top level system qualities. Table E.2
presents a typical upper level of system quality hierarchy.
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Table E.2 — Upper level of system quality hierarchyl48l

Stakeholder value-based sys- Contributing system quality means
tem quality ends
Mission Effectiveness Stakeholders-satisfactory balance of Physical Ca-

pability, Cyber Capability, Human Usability, Speed,
Endurability, Maneuverability, Accuracy, Impact,
Scalability, Versatility, Interoperability

E.€

E.4.5.1 General
The ISO/IEC 25000 family of standards, also known as SQuaRE\(System and Softwa

prd

Th
suli
chd

Resource Utilization Cost, Duration, Key Personnel, Other Scarce Resources;
Manufacturability, Sustainability

Dependability Security, Salety, Reliability, Maintainability, Availa-
bility, Survivability, Robustness

Flexibility Modifiability, Tailorability, Adaptability

.5 The ISO/IEC 25000 family of standards on quality

ISO/IEC/IEEE 42020:2019(E)

‘e Quality

Requirements and Evaluation), has the goal of creating a framewerk for the evaluation of software
duct quality. Some of these are discussed in this Annex:
[SO/IEC 25000, SQuaRE — Quality model framework
ISO/IEC 25010, SQuaRE — System and Software Quality models
ISO/IEC 25012, SQuaRE — Data Quality model
ISO/IEC 25020, SQuaRE — Measurement reference model and guide
E.6.5.2 ISO/IEC 25000 Quality model framework
s framework categorizes productiquality into characteristics, which in some cases afe further
divided into sub-characteristies. A sub-characteristic in some cases can be divided intp sub-sub-
racteristics. This results in.a quality breakdown structure as illustrated in Figure E.4.
Quality
|
' Y ] ]
Characteristic 1 Characteristic 2 Characteristic3 f=====: | Characteristit n

y v v

Subcharacteristic 1 Subcharacteristic2 p====s: | Subcharacterisgicn

4

¥ I

Quality property 1 Quality property 2 [|*===""'| Quality property n

¥ i i i

Quality property 1 Quality property 2 Quality property 3 |======'| Quality property n

Figure E.4 — ISO/IEC 25000 Quality model framework
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ISO/IEC/IEEE 42020:2019(E)

E.6.5.3

E.6.5.3.1

ISO/IEC 25010 System and software quality models

Quality in use model

This quality in use model defines five characteristics related to outcomes of interaction with a system.
It characterizes the impact that the product has on stakeholders. This model is presented in Figure E.5.

Quality
In Use
| |
1 1 1 1 1
. . . . . Freedom Context
Effectiveness Efficiency Satisfaction .
from risk coverage
Effectiveness Efficiency Usefulness Economic risk Context
Trust mitigation completeneéss
Pleasure Health a_nd Flexihility
safety risk
Comfort mitigation
Environmental
risk mitigation

E.6.5.3.2

Figure E.5 — ISO/IEC 25010 Quality in use model

System/software product quality model

This product quality model categorizes a system/software product quality properties

into ei

ght

characteristics that focuses on the target system. This model is presented in Figure E.6.
System/Software
Product Quality
Functiondl Performance Maintain-
A | || ompatibilit; || abilit; || Reliabili || Securi o Portabilit
Suitabilit; efficiency Compatibility Us y € ty ecurity ability Y
Functionall Time-behaviour Co-existence Appropriateness Maturity Confidentiality Modularity Adaptability|
Completenegs Resource recognisability - -
utilisation Interoperability Availability Integrity Reusability Installability]
Functional| Learnability Fault tol N di . -
correctness Capacity Operability ault tolerance on-repudiation Analysability Replaceabilit)
Functionall P Recoverability Accountability Modifiability
appropriatengss User error Authentici T bili
f protection ty estability
User interface
aesthetics
Accessibility

E.6.5.4

Figure E.6 — ISO/IEC 25010 System/software product quality model

ISO/IEC 25012 Data quality model

This data quality model, as illustrated in Table E.3, categorizes data quality attributes into fifteen
characteristics that are considered from two points of view: inherent and system dependent. While the
inherent data quality refers to the degree to which the quality characteristics of data have the potential
to satisfy needs when data is used in specified conditions, system dependent data quality refers to the
degree to which data quality is reached and preserved within a system when data is used under specific
conditions.
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ISO/IEC/IEEE 42020:2019(E)

Table E.3 — ISO/IEC 25012 Data quality model

Characteristics Inherent System Characteristics Inherent System
dependent dependent
Accuracy X Efficiency X X
Completeness X Precision X X
Consistency X Traceability X X
Credibility X Understandability X X
Currentness X Availability X
Accessibility X X Portability X
Compliance X X Recoverability X
onfidentiality X X
E.q.5.5 ISO/IEC 25020 System and software product quality measurement reference model

This product quality measurement reference model describes the relationship between
model, its associated quality characteristics (and sub-characteristi¢s)”and system and
praduct attributes with the corresponding software quality measures) neasurement functio

mepsure elements and measurement methods. This model is presehted in Figure E.7.

Software Product
Quality
composed of b indicate Software
| Quality Measures
Quality
Characteristics generate
Measurement
composed of L Function
I indicate are applied to
Quality Sub- ]
charaeteristics Quality Measure
Elements

Figure E.7 — ISO/IE€ 25020 System/software product quality measurement refereng

Anlillustration of this model as given in ISO/IEC 25021 is presented in Table E.4.

Table E.4 — ISO/IEC 25021 product quality measurement reference model

File: A set of related reco

SNo Element Particulars
1 [Quality measure element name | Number of records
2 |Objective To determine data quality of target data
3 |Property to quantify Record is a set of related data items treated as a unit
4 |Relevant quality measures Measure of accuracy
5 |Measurement method Review and analyze data records
6 |List of sub-properties Data Item: Lowest component of a group of data

rds

element

7  |Input for the quality measure

Physical files of a database

8 Numerica

I rules

Adding total records

© ISO/IEC 2019 - All rights reserved
© IEEE 2019 - All rights reserved

a quality
software
hs, quality

e model

89


https://iecnorm.com/api/?name=b2b93151cb8d5c9eaf0d3f974df169ab

	Foreword
	0   Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Conformance
	4.1 General
	4.2 Approach to conformance
	4.3 Full conformance cases
	4.4 Tailored conformance

	5 Process overview and application
	5.1 General
	5.2 Relationship of architecture to other processes and information elements
	5.3 Architecture Governance and Management processes
	5.4 Architecture Conceptualization, Evaluation and Elaboration processes
	5.5 Architecture Enablement process
	5.6 Relationship of architecture to design
	5.7 Architecture adaptation
	5.8 Process application
	5.8.1 Criteria for processes
	5.8.2 Description of processes
	5.8.3 General characteristics of processes
	5.8.4 Tailoring


	6 Architecture Governance process
	6.1 Purpose
	6.2 Outcomes
	6.3 Implementation
	6.4 Activities and tasks
	6.4.1 Prepare for and plan the architecture governance effort
	6.4.2 Monitor, assess and control the architecture governance activities
	6.4.3 Establish architecture collection objectives
	6.4.4 Make architecture governance decisions
	6.4.5 Monitor and assess compliance with governance directives and guidance
	6.4.6 Review implementation of governance directives and guidance

	6.5 Work products

	7 Architecture Management process
	7.1 Purpose
	7.2 Outcomes
	7.3 Implementation
	7.4 Activities and tasks
	7.4.1 Prepare for and plan the architecture management effort
	7.4.2 Monitor, assess and control the architecture management activities
	7.4.3 Develop architecture management approach
	7.4.4 Perform management of the architecture collection
	7.4.5 Monitor architecting effectiveness
	7.4.6 Prepare for completion of the architecture management plan

	7.5 Work products

	8 Architecture Conceptualization process
	8.1 Purpose
	8.2 Outcomes
	8.3 Implementation
	8.4 Activities and tasks
	8.4.1 Prepare for and plan the architecture conceptualization effort
	8.4.2 Monitor, assess and control the architecture conceptualization activities
	8.4.3 Characterize problem space
	8.4.4 Establish architecture objectives and critical success criteria
	8.4.5 Synthesize potential solution(s) in the solution space
	8.4.6 Characterize solutions and the tradespace
	8.4.7 Formulate candidate architecture(s)
	8.4.8 Capture architecture concepts and properties
	8.4.9 Relate the architecture to other architectures and to relevant affected entities
	8.4.10 Coordinate use of conceptualized architecture by intended users

	8.5 Work products

	9 Architecture Evaluation process
	9.1 Purpose
	9.2 Outcomes
	9.3 Implementation
	9.4 Activities and tasks
	9.4.1 Prepare for and plan the architecture evaluation effort
	9.4.2 Monitor, assess and control the architecture evaluation activities
	9.4.3 Determine evaluation objectives and criteria
	9.4.4 Determine evaluation methods and integrate with evaluation objectives and criteria
	9.4.5 Establish measurement techniques, methods and tools
	9.4.6 Collect and review evaluation-related information
	9.4.7 Analyze architecture concepts and properties and assess stakeholder value
	9.4.8 Characterize architecture(s) based on assessment results
	9.4.9 Formulate findings and recommendations
	9.4.10 Capture and communicate evaluation results

	9.5 Work products

	10 Architecture Elaboration process
	10.1 Purpose
	10.2 Outcomes
	10.3 Implementation
	10.4 Activities and tasks
	10.4.1 Prepare for and plan the architecture elaboration effort
	10.4.2 Monitor, assess and control the architecture elaboration activities
	10.4.3 Identify or develop architecture viewpoints
	10.4.4 Develop models and views of the architecture(s)
	10.4.5 Relate the architecture to other architectures and to relevant affected entities
	10.4.6 Assess the architecture elaboration
	10.4.7 Coordinate use of elaborated architecture by intended users

	10.5 Work products

	11 Architecture Enablement process
	11.1 Purpose
	11.2 Outcomes
	11.3 Implementation
	11.4 Activities and tasks
	11.4.1 Prepare for and plan the architecture enablement effort
	11.4.2 Monitor, assess and control the architecture enablement activities
	11.4.3 Manage the architecture process enablers
	11.4.4 Acquire, develop and establish enabling capabilities, services and resources
	11.4.5 Deploy enabling capabilities, services and resources
	11.4.6 Improve architecture enablement capabilities, services and resources

	11.5 Work products

	Annex A (normative)  Tailoring process
	Annex B (informative)  Defining metrics for architecture processes
	Annex C (normative)  Interactions with other processes and uses of architecture
	Annex D (informative)  Relationship with other standards
	Annex E (informative)  Notes on terms and concepts
	Annex F (informative)  Architecture enablement and process-enabling resources
	Annex G (informative)  Architecture governance and management
	Annex H (informative)  Mapping of processes to architecture frameworks
	Bibliography
	IEEE notices and abstract

