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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 take part

in the

work. In the field of information technology, ISO and IEC have established a joint technical comu
ISO/IEC]TC 1.

The procedures used to develop this document and those intended for its further maintenan
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteriaineeded
different types of ISO documents should be noted. This document was drafted in,adcordance wi
rules given in the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

IEEE Standards documents are developed within the IEEE Societies and the'Standards Coordi
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develd
standards through a consensus development process, approved by the American National Star
Institute, which brings together volunteers representing varied viewpoints and interests to achie
final product. Volunteers are not necessarily members of the Institute and serve without compens
While the IEEE administers the process and establishes rules to promote fairness in the cong
development process, the [EEE does not independently evaluate, test, or verify the accuracy of
the information contained in its standards.

Attention is drawn to the possibility that some of the elements of this document may be the s
of patent rights. ISO and IEC shall not be held ¥esponsible for identifying any or all such
rights. Details of any patent rights identified during the development of the document will be
Introduction and/or on the ISO list of patent déclarations received (see www.iso.org/patents).

Any trade name used in this document is\ififormation given for the convenience of users and do|
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific term
expressions related to conformity assessment, as well as information about ISO's adherence
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see wy
.org/iso/foreword.html.

This document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information techr
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Subcommittee SC 7 Software and systems engineering, in cooperation with the Systems and Software

Engineering Standards Committee of the IEEE Computer Society, under the Partner Stan
Development@rganization cooperation agreement between I1SO and IEEE.

Any feedback or questions on this document should be directed to the user’s national standards b
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The complexity of human-made systems has grown to an unprecedented level. This complexity leads
to new opportunities and greater challenges for organizations that conceive, develop, industrialize,
produce, maintain, utilize, recycle and dismantle enterprises, systems and software, and for various
stakeholders that are impacted by these things. To address these opportunities and challenges,
organizations increasingly apply concepts, principles, procedures and tools to drive better architecture
strategies, make better architecture-related decisions, create more useful and effective architectures
and improve architecture maturity. Architecture-related activities are not only strategic in nature; they
are tdctical and operational as well. Furthermore, the use of architecture frameworks, architecture
description languages and generalist modeling languages have become common practice in commercial,
publid service, government, civil and military domains.

The concept of architecture used in this document goes beyond the case where the architéecture entity
is a system. Architecture is increasingly being applied to things not normally thought of as systems,
including entities with system-like structure and behavior such as enterprises, serviCes; data, business
functipns, mission areas, product lines, families of systems, software items, ete//This allows for a
more generalized usage of the concept of architecture when the evaluation eleéments specified in this
document are applied.

Architecture evaluations are performed for many reasons, such as:

a) determining if an entity of interest has been or is being architected in such a way that it fulfils its
intended purpose (or can be changed in a way that suits a nes<purpose);

b) eyaluating the effectiveness and suitability of an architécture towards addressing stakeholder
n¢eds and expectations;

c) identifying risks for mitigation;

f) agsessing progress towards meeting architecture objectives.

Architecture evaluations can be_performed on any kind of architecture, including a reference
architlecture, an architecture for<a-family of systems or an architecture for a product line where there
are mpltiple kinds of architecture entities for a single architecture.

This dJocument provides algeneric, conceptual guiding framework that can be used for the planning,
execufion and documentation of architecture evaluations. Execution is addressed by specification
of evaluation elements’ that can be used during performance of an evaluation effort. Planning
and documentatien-are addressed by specification of work products for the evaluation effort. An
organjzation using this document can establish specific frameworks for the work products and the
evalugtion elements that can be used as the basis for multiple, recurring architecture evaluation
effortp. Anterganization can also establish tools, methods, best practices, capabilities and resources
based| on the generlc framework prov1ded in this document The generlc framework makes it easier

proposed archltecture framework w1ll in tlme result in 1mprovement of archltecture maturlty of the
organization.

© ISO/IEC 2019 - All rights reserved
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Software, systems and enterprise — Architecture
evaluation framework

1 Scope

This document specifies the means to organize and record architecture evaluations for.entéfprise,
systems and software fields of application.

The aim of this document is to enable architecture evaluations that are used to:

a) validate that architectures address the concerns of stakeholders;

b) assess the quality of architectures with respect to their intended purpose;

c) assess the value of architectures to their stakeholders;

d) determine whether architecture entities address their intendedpurpose;

e) provide knowledge and information about architecture entiti€s;

f) assess progress towards achieving architecture objectives;

g) clarify understanding of problem space and of stakéholder needs and expectations;
h) identify risks and opportunities associated with architectures; and

i) support decision making where architecturés are involved.

NOTE This document addresses the evaliiation of an architecture and not an evaluation of the archifecture
description’s suitability. Matters concerning the evaluation of the architecture description fall within thg scope
of the architecture conceptualization andarchitecture elaboration processes as defined in ISO/IEC/IEEE }2020.
However, it is sometimes the case thatthe architecture description is evaluated concurrently with the evajuation

of the architecture itself.

The entity being evaluated.can be of several kinds, as illustrated in the following examples: entefprise,
organization, solution, (System, subsystem, business, data (as a data element or data strug¢ture),
application, information’technology (as a collection), mission, product, service, software item, harflware
item, etc. The kind. ef entity can also be a product line, family of systems, system of systems, etc. [t also
spans the variety.of applications that utilize digital technology such as mobile, cloud, big data, robotics,
Internet of Things (1oT), web, desktop, embedded systems, and so on.

The genefiie-Architecture Evaluation (AE) framework specified in this document can be used in sypport
of the-Architecture Evaluation process defined in ISO/IEC/IEEE 42020. Specific frameworks ¢an be
derived from this generic framework, which can provide a mapping to the system life cycle procegses in
ISO/IEC/IEEE 15288 or to the software life cycle processes in ISO/IEC/IEEE 12207.

2 Normative references

There are no normative references in this document.

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

© ISO/IEC 2019 - All rights reserved
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ISO, IEC and IEEE maintain terminological databases for use in standardization at the following
addresses:

— ISO Online browsing platform: available at https://www.iso.or

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

— IEEE Standards Dictionary Online: available at: http://ieeexplore.ieee.org/xpls/dictionary.jsp

NOTE

Definitionsforother terms-typically can-befoundinISOAECHEEE 247651).

3.1
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Note 1
archite
architq
compoQ

Note 2
or eva

Note 3
enterp
applic
produ
technd
and so

Note 4
architg

Note §
architg
of arc
archite

[SOUF

3.2
archi
work

Note 1
perfor
of doc
works
The s4
descri

fecture
mental concepts or properties of an entity in its environment (3.7) and governing pringiplés for
nlization and evolution of this entity and its related life cycle processes

to entry: Architecture entity (3.3) is the term used in this document when referring to,tle entity being

bcted or the entity subject to architecture processes. The fundamental concepts a1 pfoperties of the
pcture entity are usually intended to be embodied in the entity’s components, the felationships between
nents, and the relationships between the entity and its environment.

to entry: The concept of architecture used in this document applies broadly to'the entity being architected
uated. This allows for a more generalized usage when the elements in this'document are applied.

to entry: The entity to be architected can be of several kinds, as illiistrated in the following examples:
rise, organization, solution, system, subsystem, business, data/as~a data element or data structure),
tion, information technology (as a collection), mission, product) service, software item, hardware item,
tline, family of systems, system of systems, etc. It also spansthevariety of applications that utilize digital
logy such as mobile, cloud, big data, robotics, Internet of Things (IoT), web, desktop, embedded systems,
on.

to entry: Representation of the concepts or properties of an entity and governing principles is captured in
ecture models.

to entry: Architectures can address a wide*range of concerns (3.6) expressed, for example, through

bcture views and models, as illustrated*in’ the following examples associated with particular kinds
hitectures such as: security architecture, functional architecture, physical architecture, resilience
cture, etc.

CE: ISO/IEC/IEEE 42020:2019, 3.3]

fecture description
product used to expréss an architecture (3.1)

to entry: This"document does not require the existence or use of an architecture description when
ming an architecture evaluation (3.4). Some value (3.10) assessment methods do not demand existence
imented architecture models or views. Examples are customer focus group, expert panels and quality
hops where/sufficient knowledge of the architecture is in the people participating in use of these methods.
me js-true for architectural analysis in that not all methods applied here necessarily need an explicit
btion.of the architecture.

[SOU

CE: ISO/IEC/IEEE 42010:2011, 3.3, modified — The abbreviated term "AD™ has been removed;

Note 1 to entry has been added.]

1) System and software engineering — Vocabulary, available at www.computer.org/sevocab.

2
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3.3
architecture entity
thing being characterized by an architecture (3.1)

EXAMPLE The following are kinds of architecture entities that can be dealt with by the architecture
processes: enterprise, organization, solution, system (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 pradtice to
place the name of the kind of entity in front of the word architecture. For example, the phrase system@xchitlecture
is used when the thing being dealt with during the architecting effort is a system. Likewise, for the'gther kjinds of
entities that are being dealt with during the architecting effort.

[SOURCE: ISO/IEC/IEEE 42020:2019, 3.6, modified — The words “considered, deseribed, disclissed,
studied, or otherwise addressed during the architecting effort” have been replaced with “charactgrized
by an architecture”.]

3.4
architecture evaluation
AE
judgment about one or more architectures (3.1) with respect to the-specified evaluation objectivep

EXAMPLE1 Various kinds of judgments could be made during anyarchitecture evaluation, such as val{dating
that architectures address the concerns (3.6) of stakeholder§/(3.9), assessing the quality of architgctures
with respect to their intended purpose, assessing the value(3/10) of architectures or architecture entities to
their stakeholders, determining whether architecture entities address their intended purpose, prdviding
knowledge and information about architecture entities and'identifying risks and opportunities associategd with
architectures.

EXAMPLE 2  Examples of architecture evaluations'are provided in Annex C.

Note 1 to entry: A decision regarding disposition of the architecture is usually outside the scope of an AE|effort,
although it could be done in conjunction wjith the AE effort. The AE results are often reported to a decisionjmaker
who makes the actual determination of disposition based on those results and sometimes also on other factors
(3.8) not considered by the AE effort.Sometimes this determination is called an “evaluation” but for the pfirpose
of this document, the evaluation iglimlited to just the judgment with respect to relevant evaluation objectiyes.

3.5

architecture evaluation framework
conventions, principles and practices for evaluating architectures (3.1) in a consistent and
repeatable mannert

EXAMPLE Examples of AE frameworks are provided in Annex D for the following cases: Architecture Tradeoff
Analysis Methoed/ (ATAM), the Method Framework and QUASAR method and Analysis of Alternatives (AoA).

Note 1 toentry: This framework can be generic in nature or specific to a domain of application, a colledtion of
concerns. (3.6) to be examined or a methodology. This document defines a generic AE framework and a specific
AE framework can be derived from the generic framework.

Neote 2 to entry: An AE framework can enable AE efforts to be performed in a more consistent and repg¢atable

manner.

Note 3 to entry: The evaluation framework can consist of different sub-architecture frameworks for an entity
with many layers or levels. These could be defined and consolidated as part of the comprehensive architecture
framework package.

© ISO/IEC 2019 - All rights reserved
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3.6
concern
matter of interest or importance to a stakeholder (3.9)

EXAMPLE Affordability, agility, availability, dependability, flexibility, maintainability, reliability, resilience,
usability and viability are examples of concerns. Survivability, depletion, degradation, loss, obsolescence are
examples of concerns. The PESTEL mnemonic is a reminder of other possible areas of concern: political, economic,
social, technological, environmental, and legal. A longer list of examples is provided in 4.2.

AT AN _C A £,

N t 1 i i Tl ol H H 2l il 1is edaailo b 2 pa £l
ote CO Iy . TITCLUIMC TP T UT CUTTCCTIT TS STINTAT tO qUAITCy attI TUUTCS— a5 USTU TIT UITC 7T 7 IV OCCT ITITIC AT TUT dIT

overvipw of the ATAM approach. In ATAM, quality attributes are typically decomposed into concerns.

Note 2|to entry: The concept of concern is similar to the concept of quality. See A.4 for an overview of the quality
concept.

[SOURCE: ISO/IEC/IEEE 42020:2019, 3.8, modified — In EXAMPLE, reference to 4.2 has‘been added;
Notes|1 and 2 to entry have been added.]

3.7
envirpnment

context determining the setting and circumstances of influences upon an arehitecture entity (3.3) or
upon which the architecture entity can have an influence

Note 1 to entry: There can be things beyond the environment that have an indirect impact on the architecture
entity.|It could be important to account for these indirect effects by incorporating these causative agents in the
environment even though they are not usually considered to be within the immediate context. Value (3.10) chain
analysjis is an example of where this is done.

3.8
factor
circurpstance, fact or influence that contributes to a result or outcome

Note 1]to entry: A factor is something that contributes-¢ausally to a result. Factors identification can sometimes
be driyen by knowledge of desired effects.

39
stakeholder

role, gosition, individual or organization having a right, share, claim or other interest in an architecture
entity|(3.3) or its architecture (3.1)that reflects their needs and expectations

[SOURCE: ISO/IEC/IEEE 42020:2019, 3.20]

3.10
value
regardl that something/is held to deserve; the importance, worth, or usefulness of something to
somelpody

Note 1|to entrysArchitecture evaluation (3.4) is focused primarily on the value of an architecture (3.1) with respect
to staKeholder\3.9) concerns (3.6) or architecture objectives for that thing. However, sometimes the purpose of
the evaluation effort is, by inference, to determine the impact of the architecture on the value of the architecture
entity [33) when the entity is developed or evolved to align with the architecture concepts and properties.

Note 2 to entry: The determination of architecture value can take various aspects into account, such as worth,
significance, importance, usefulness, benefit, and quality. These words have similar but not identical meaning.
Worth is usually what one is willing to pay for something. Significance is about being worthy of attention.
Importance is about the state or fact of being of great significance or value. Usefulness is about serving some
purpose, or about being advantageous, helpful or of good effect. Benefit is about an advantage or profit gained
from something. Quality is about the degree of excellence of something. Throughout this document, the term
value is used to mean one or more of these other concepts, as appropriate.

© ISO/IEC 2019 - All rights reserved
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Note 3 to entry: Even though a new architecture could be found to be of greater value with respect to the current
situation, this needs to be balanced against the costs and risks of adopting the new architecture. So, it is not
necessarily the case that when examining architecture alternatives, the one with the maximum value is proposed
as the preferred choice since the extra cost or risk of this architecture might not be worth the extra burden. This
is sometimes referred to as the benefit-cost ratio or some other term with similar meaning.

Note 4 to entry: Value is determined primarily in the Value Assessment Tier of the evaluation framework
illustrated in Figure 1. Requirements on value assessment are specified in 6.2.

4 Conceptual foundation

4.1 General

This clause introduces key concepts used in this document with respect to architecture evaluatiolﬁ. The
terms and the concepts presented in this clause are used in Clauses 6 through 8 to express requiregnents.
The conceptual model of architecture evaluation is presented in parts throughott this clause.

The generic AE framework work products and elements, illustrated in Figute 1 and specified n this
document, can be used in support of the Architecture Evaluation process defined in ISO/IEC/IEEE 42020.
Specific frameworks can be derived from this generic framework.

r """ SRS e e e e e e e e e e e .
Architecture EvqHiation
Evaluation Work Proylucts Evaluation

I
I
: Plan Report

|

|

|

|

I

o T

| Archltfii@fe Evaluation Elements I

| |

Evaluation I Evaluation ation Evaluation Evaluation |
Synthesis Tier : Objectives L\ TFactors Approach Results |
. I

| A\Q I

I <O I

Value I Assessmer\t‘L Assessment Assessment Assessment |
Assessment Tier : Object'\v@) Factors Methods Results |
PN I

| LI |

R '
Architectural | Analysis Analysis Analysis Analysis |
Analysis Tier P Objectives Factors Methods Results :
__________________________________ __1

Figure 1 — Generic architecture evaluation framework

These-specific frameworks may range from those targeting industry segments, such as autorpotive
ordrefinery operations, to those targeting common business processes, such as portfolio management
and program planning, and to those targeting common business architectures, such as banking, [retail,

TNSurance, telecom, travel and hospitality, etc. Speciiic Irameworks allow the User to capture and reuse
concepts common to many enterprises and thereby increase the efficiency with which architectures
can be evaluated.

Architecture evaluation makes a judgment with respect to how well architecture objectives have been
or will be achieved. It can provide answers to an identified set of questions to, for example, provide
inputs to strategic decision making (such as whether it would be cheaper in the long run to modify
an existing architecture to close value gaps), or to produce a new architecture that better addresses
current and future stakeholder needs. An architecture evaluation can also provide inputs to decisions
made at the operational and tactical levels. For example, the evaluation may provide useful information
regarding capability limitations of the entity in question.

© ISO/IEC 2019 - All rights reserved
© IEEE 2019 - All rights reserved 5


https://standardsiso.com/api/?name=c0516d7c5176805c69dbdd9e3c4fb175

ISO/IEC/IEEE 42030:2019(E)

The subclauses below describe the elements used in each tier of the generic framework and describe
the different kinds of specific frameworks that utilize these elements.

4.2 Architecture evaluation context

Figure 2 depicts the context of architecture evaluation in terms of key concepts and the relations
between them.

NOTE 1 The graphi(‘al notation used in this documentisa <imp]ifipd version of Pnﬁfv-rplnfinnqhip mndpling

NOTER  Only the key associations are shown in the diagrams.

Architecture is situated in

Entity

h q
Stakeholder _ hasan Enwronmer\
interestin

characterizes

Architecture

r makes
| is defined as

judgment
| about

addresses Architecture

Evaluation

Concern

Figure 2 — Context of architecture evaluation

The AE effort can be performed at many stages of entity development, including during conceptual
design through to during the operation and maintenance. The evaluation may need to be updated to
reflect changes as the entity desigi*progresses through its lifecycle.

An AHeffort is often performed’to determine the potential or actual value of the associated architecture
entity]l However, the primary focus of the AE effort is on the value of the architecture itself even though
the ultimate aim could-b€ a determination of the value of the architecture entity, or the impact on
the erjvironment, or{the impact on the business that uses the architecture entity, etc. But the value of
the afchitecture_éntity or other benefits might be determined by some other effort, such as system
analysis, requirements analysis, business needs analysis, portfolio management, program assessment
and eyaluatien; énvironmental impact assessment, etc.

Architecture evaluation makes a ]udgment regarding the extent to which architecture objectives have

been rxxnallbhao achs ad Raconicn ofthic 1o dn 1y ath tho dogran +0

ahich +ha chitactiirn i dn
I VVIIT UC (.l\,lll\.fv\'\.l DuelduoT Ul Llllo’ lL IJ u\'ulllls VV lLll A2 94 u\.&x AA I v VV ITICIT CITC ul CITITU O Lul A>3 l_ll A A lu\,d

things such as needs satisfaction, feasibility, understandability, usability desired qualities.

The environment within which the architecture entity is situated could provide strategic context for
determining the ways in which the architecture evaluation is conducted. The environment could also
be a key factor in understanding the nature of stakeholder concerns. States and modes of operation of
the architecture entity are often from the usage perspective of entities in the environment.

Stakeholders have interests in the architecture or associated architecture entities. These interests
(called concerns) are usually the primary focus of architecture evaluation. This judgment provided by
the AE effort represents the extent to which stakeholder concerns have been or will be satisfied by
decisions that affect the associated architecture entities or their environments. This judgment can also

© ISO/IEC 2019 - All rights reserved
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represent the extent to which the architecture fulfills its intended purpose. Ways to measure this will
be identified or specified during the AE effort along with the means by which these measures will be
ascertained.

NOTE3 Determination of the extent to which concerns are satisfied could entail either measurement of the
degree to which something is done or a determination of whether something is true or not. Pass/fail criteria
could need to be established prior to performing the evaluation. These criteria could be defined in the AE plan or
could be established by the organization as a matter of policy or directive.

suppliers, developers, builders and ma
entity for a variety of purposes such as its readiness for use, conformance to legal provisions and~comjpliance
with regulations and policies with respect to safety, security, privacy, environmental impact, etc., as yell as
evaluators such as funding agencies, integration authorities, governance boards, management boards| client
representatives and regulatory authorities. Stakeholders can go beyond individuals and ofganizations fo also
include things like governmental bodies, supply chains, value chains, institutions, and social/groups.

EXAMPLE 2  Concerns include such things as: affordability, agility, alignment’ with business goal]s and
strategies, autonomy, availability, behavior, business impact, capability, complexity,“«compliance to regylation,
concurrency, control, cost, customer experience, data accessibility, deadlock, disposability, environment ifnpact,
error and exception handling, extensibility, evolvability, feasibility, flexibility fumnctionality, graceful degraflation,
information assurance, interoperability, inter-process communication, ‘knewn limitations, maintainpbility,
misuse, mission impact, modifiability, modularity, openness, performance, portability, privacy, quality of service,
recoverability, reliability, resilience, resource utilization, schedule,«sécurity, shortcomings, state tranfitions
through lifecycle, scalability, software and systems assurance-{ISO/IEC 15026-1), structure, subgystem
integration, architecture entity features, architecture entity prepetrties, architecture entity purposes, uspbility,
usage, viability, etc.

EXAMPLE3  The PESTEL mnemonic is a reminder of‘\other possible areas of concern: political, economic,
social, technological, environmental, and legal. Survivability, depletion, degradation, loss and obsolescenjce are
other examples of areas of concern. Other mnemonics;that could be useful include STEEPLED that adds|ethics
and demographic factors, SPELIT that adds intercultural factors, STEER that adds regulatory factors andl STEP
that adds ecological factors.

EXAMPLE 4  Examples of value include such things as: physiological well-being, safety from harm, fdelings,
aesthetics, price, savings, sense of belonging, self-esteem and self-actualization.

Architecture principles, althoughiet shown in the diagram, will shape the architecture and can pgrform
a key role in the architecture evaluation. An understanding of these principles can help guide groper
evaluation of an architecture. ‘These principles will influence selection of AE factors used throyghout
the evaluation effort and\help in the identification of relevant concerns. Architectural featur¢s and
functions need to be consistent with the architecture principles. See Reference [17] and [18].

4.3 Architecture evaluation tiers

4.3.1 Eyvaluation synthesis

Synthesis involves the combination of results from multiple value assessments to determine td what
extent'the evaluation objectives will be achieved. Stakeholders who have concerns about the subject
of the evaluation could have specific goals that should be addressed in the evaluation. (These corjcerns

establishing the factors and objectives to be used in the evaluation. These goals might not correspond
to the original goals for the architecture when it was initially conceived.

NOTE1 The experts involved in the evaluation are also stakeholders and can bring important evaluation
objectives that are not a known concern for traditional stakeholders (such as acquirer, user, service provider),
but are concerns that the profession defines to be important (and where the evaluators could be the best placed
stakeholders to represent the profession).

Architecture trade-offs are identified and characterized during architecture development. However,
they can be revisited during the evaluation synthesis. Trade-offs among stakeholder concerns and
feasibility limitations will be identified. Typical trade-offs to consider are the following: cost vs

© ISO/IEC 2019 - All rights reserved
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performance, cost vs schedule, weight vs speed, accuracy vs timeliness, acquisition cost vs operating
cost, ease of use vs security, flexibility vs predictability, agility vs robustness, risk vs reward, etc.
Trade-offs could be with respect to the various factors within a single architecture or across alternative
architectures under examination.

An AE effort examines one or more architectures with respect to potential stakeholder concerns about
the associated architecture entities. Figure 3 depicts AE elements that can be used in an evaluation
synthesis effort in terms of the key concepts and the relations between them. Most of these concepts
are also used in related standards described in Annex B.
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Value is determined primarily in the Value Assessment Tier of the evaluation framework illustrated:in
1. Requirements on value assessment are specified in 6.2.

valuation synthesis effort is the result of applying the concepts in the document duxing the
ition of one or more architectures to determine their value to stakeholders or the extent to which
chitecture objectives are satisfied.

B The evaluation synthesis effort is usually a non-trivial exercise that requires a/pre<defined mapping
butes and issues (gaps in desired outcomes) across the lineage of interactions betweén stakeholders and
(and the services they rely upon to get their jobs done) and with respect to dependencies on the designs,
pment efforts and operations (used to deliver those assets and services), and<inally with respect to the
bctural artifacts relied upon by the designers, developers, users and operators.
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Figure 3 — Key concepts with respect to evaluation synthesis effort

AE objectives are derived from one or more of the relevant concerns. One or more AE approaches are

used 1
conce

o address the AE abjectives. AE objectives assigned to an AE approach help to determine what
'ns are relevant®g that approach and what approaches are relevant to each concern. More than

one approach could be'used within a single evaluation effort to improve the ability to address different

aspec

EXAM
model
sympd

s of the arehitecture leading to more accurate, cost-effective and timely evaluations.

PLE 1 EXamples of AE approaches are: review panel, prototype demonstration, system experiment,
ng and-simulation, model walkthrough, technical analysis, compliance audit, concept review and user
S

EXAMPLE 2

Examples of AE objectives are:

Will the business solution meet primary business needs?
Is the system affordable?

Will the service be dependable?

Will the product have sufficient market penetration?

What is the return on investment?
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NOTE4  The AE approach does not necessarily have to be highly structured or formal in nature, which is why
this is not called a “method.” A method, on the other hand, is a particular form of procedure for accomplishing
something, especially a systematic or established one.

NOTES5  Evaluation of artifacts used to guide the design, development and delivery of assets and/or services
can provide useful insights when assessing the value of architecture(s).

Evaluation factors are established based on relevant stakeholder concerns. The evaluation factors will
contribute to addressing one or more of the evaluation objectives. The evaluation approach determines

L 'y 4 1l L +lo | | A | Jd L 1 4 ik H A1l L l' d
ITUVV 1TICLTCO55dl _y UL 1IIdUIVUIL VWIIT UT satllcl cu aiudu }Jl ULLCSOTU, dIIU TIUVV TVdAIUdLIUIT L1IILUT Id VWIIT UT d p le

on the processed information to generate evaluation results for use in the AE report.

The evaluation approach will use value assessment results as one of the criteria for making judgnient(s)
about the architecture. Other criteria for making these judgments could include such things as technical
feasibility, operational suitability, backward/forward compatibility, technology \maturity, Qudget
constraints, time limits, window of opportunity, intellectual property advantages,\etc.

NOTE 6  Evaluation factors could be derived from the desired outcomes that stakélholders are trying toobtain
from the services and assets they rely upon.

EXAMPLE 3 Examples of AE factors are cost, schedule, performance and risk.

The AE plan guides management and execution of the AE effort by\specifying, among other things, the
evaluation objectives. It documents the purpose and scope of ‘the evaluation and the circumstances
under which the AE effort will be conducted. It documentsthe expected schedule and resourfes to
deliver the evaluation results. The AE plan describes the évaluation approaches that will be driyen by
the evaluation objectives. The AE plan, if appropriate, canralso specify the methods to be used for value
assessment and architectural analysis.

The AE plan identifies necessary information sources, such as:

— those that are useful for creating an understanding of the architecture as a basis for genejrating
evaluation results and drawing valid-ce@nclusions;

— those that are useful for creating@n understanding of architecture entities as a basis for mjaking
relevant judgments about the axehitecture; and

— non-architecture-related sairces, such as business plans, cost data, project schedules, soffware
code and operating manuals.

NOTE 7  The activities-inthe Architecture Evaluation process specified in ISO/IEC/IEEE 42020 can be ysed as
a guide when planning.an’AE effort. The planning activity specified in that AE process provides recommended
tasks for planning an‘AE effort.

The overall conclusions of the AE effort are provided in AE reports along with any supporting dafa and
information

NOTE 8% ) More than one report could be needed to address different audiences or possibly be provided as
interim reports along the way. For example, the sponsor could receive a highly detailed report while the d¢cision
maker could receive a high-level summary with only the factors most relevant to the decision at hand|There
eould be a sensitive or classified version of the report for people with the appropriate clearances and apother

version that only contains unclassitied or Iess sensitive information.

4.3.2 Value assessment

Value assessment is a determination regarding the amount and kind of value a stakeholder can expect
from the architecture. Value can be defined as either a qualitative description or a quantitative extent
of this expectation from the use, possession or operation of the architecture entity.

EXAMPLE1 In some cases, the mere possession of an architecture entity can provide value to a stakeholder.
For example, holding gold in the vault can provide security to the owner. A nation possessing a strong defensive
capability can provide security to the citizens, hoping they never have to use such a capability.

© ISO/IEC 2019 - All rights reserved
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Value assessment may identify gaps as well as opportunities for improving stakeholder value.
Information from architectural analysis contributes to value assessment.

An AE approach specifies one or more value assessment objectives to be used in the value assessment
effort. The use of particular value assessment methods for an AE effort can be influenced by the nature of
the AE objectives, the available information sources, prior evaluations of this kind, available evaluation
methods and tools, anticipated value assessment results and relevant architecture methodologies.

EXAMPLE 2  Examples of Assessment methods are: multi-attribute utility analysis (MAUA), mission impact

assessfTENT, DUSINESS Case analysis, SOCI0-eCcONoMIC analysis, Strategy-to-task analysis, User tocus group, analysis
of altefnatives, environmental impact assessment, etc.

EXAMPLE 3  Examples of assessment objectives are:

—  Will the business solution provide adequate productivity improvement?
— Is|the system usable by available personnel?

— Will the service provide information in a timely manner?

—  Will the product provide accurate and timely data?

Figur¢ 4 depicts the elements that can be used in a value assessment effortin terms of the key concepts
and the relations between them. Value assessment objectives are intendedto satisfy the AE objectives
and frame the relevant stakeholder concerns. Value assessment factors will frame the relevant AE
factors.

EXAMPLE4  Examples of value assessment factors are: development.cost, operational cost, development time,
training time, ease of use, maintainability, resilience, dependability.
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I Assessment 1 1 Asst)ment | 1 Assessment 1§ | Assessment I
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Analysis
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Analysis
Method

Analysis
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to
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Figure 4 — Key concepts with respect to value assessment effort

The assessment method may prescribe how necessary information will be gathered and processed,
and how value assessment criteria will be applied on the processed information to generate value
assessment results for use by an AE approach. The assessment method can be decomposed into specific
activities, tasks, roles and artifacts pertinent to that method.

NOTE1 Where available, one or more applicable value models can be referenced to assist in formulating
the value assessment criteria. Value models are information structures that organize metrics for a set of value
assessment factors such that they can serve as tools for assessing and managing value. These models are built
over time based on best practices and lessons learned for a variety of value assessment factors. Value models can
be developed by an industry, established within an organization or derived from the architecture requirements
specification. See for example the Structured Metrics Meta-Modell€Zl,
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The assessment method will specify, if needed, objectives for one or more analysis methods
employed and how the architectural analysis results will be used in the value assessment.

NOTE 2  If the information needed to perform a value assessment is already available from other s

to be

ources

(such as industry reports, design documentation, architecture descriptions, operational data, previous analyses,

experiments, or demonstrations, etc.) then there can be no need to perform an architectural analysis.

4.3.3 Architectural analysis

Architectural analysis examines the key attributes of an architecture, e.g. its characteristies
particular dimensions such as security, cost, performance, and so on, or the relevant attribuites
architecture entity, as well as actual or potential impacts on stakeholders or on the environment.
examines architecture vision, principles, concepts and properties, etc. that are relevant to ach
the architectural analysis objectives. Analysis may also look at other aspects of the architecture s
forms, patterns, structures, behaviors, functions, flows, and so on, as well as examining the assum
that were made about technologies, operations, policies, constraints, etc.

NOTE1 Architectural analysis is optional since the information needed to genérate value assessment

along
of the
[t also
feving
Lich as
btions

Fesults

could already be available from other sources, hence removing the need to do analysis. The AE plan will ipdicate

if and to what extent that architectural analysis is needed for a particular AEeffort.

An assessment method will employ, if needed, one or more analysis methods. The employmlent of

particular analysis methods for a particular AE effort can be influenced by the nature of the asses

sment

objectives, the available information sources, prior analysescof this kind, available analysis mgthods

and tools, anticipated analysis results and relevant archite€ture methodologies.

EXAMPLE1 Examples of Analysis methods are: functional analysis; object oriented analysis, perforjmance

analysis, behavioral analysis, cost and schedule analysis;¥isk and opportunity analysis, failure modes,
and criticality analysis (FMECA), focus group surveys ahd Delphi method. (All of these methods can be u
architectural analysis, as well as for architecture deyelopment.)

EXAMPLE 2  Examples of analysis objectives are:

— Will the business solution have a positive'return on investment exceeding the hurdle rate?
— Isthe system producible in large eneugh quantities to meet the target price?

—  Will the service provide enough bandwidth to meet expected user demand?

—  Will the product deliver'data fast enough to meet its requirements?

— Will the equipment be'reliable enough to provide the expected level of availability?

pffects
ced for

Figure 5 depicts.the elements that can be used in an architectural analysis effort in terms of the key

concepts and the relations between them. Analysis objectives are intended to satisfy the asses
objectives .and’ frame the relevant stakeholder concerns. Analysis factors will frame the re
assessment-factors.

sment
evant

EXAMPEE 3  Examples of analysis factors are: operational latency, accuracy, resolution, mean time bg¢tween

failuyxe; uptime.
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halysis method may prescribe how necessary information will be gathered and processed, and

how analysis criteria will be applied on the processed information to generate analysis/tesults for use
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ssessment method. The analysis method can be decomposed into specific activities, tasks, roles
tifacts pertinent to that method.

Kis factors are identified based on the relevant architectural features, functions, quality
Cteristics, conceptual properties, and so on, related to the analysisebjectives.

PLE4  Examples of Analysis factors are: functionality, performange, number of interfaces, types of
be elements transmitted and received, size, weight, power, cyber&ectrity, threat vulnerability, resilience,
y and response time.

P A measures model can be used as a foundation for\evaluating and assessing the quality of an
bcture. The measures model can provide insights on*how to achieve alignment back to functional,
ional and performance measures for the organization.This can provide justification for investing in good
pcture practices (part of the business case). See for, éxample the Structured Metrics Meta-Model provided
G67], See Annex A for information about quality characteristics and value.

Architecture evaluation conceptuabmodel

verall conceptual model used in:tHis document for architecture evaluation is illustrated in
p 6.
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4.5 Comparison between assessment and analysis

Assessment is used to‘determine the extent to which an architecture provides value to stakeh
where value is associated with addressing stakeholder concerns or meeting architecture obje
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Ctives.

Value is also associated with the extent to which the architecture is aligned to its intended purpose. A
number of examples are provided in Table 1 to show the distinctions between assessment and anplysis.
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Table 1 — Assessment vs analysis comparison

Characteristics Value assessment Architectural analysis

Goal orientation Ends Objectives Means Objectives
(often multi-level) (often multi-level)

Results Passes “judgment” Matters of Fact

Breadth Single, Unified Activity Multiple, Separate Activities

Basis of work Synthesis of analysis results Technical and other analyses

Scope Utility, Value, Worth, Priorities, Rank- |Ways & Means (@
ing, Trade-offs (\'\

Focug Effectiveness, Efficiencies, Equities Performance determination,

Limits identification (bounds)

Typicpl figures of Measure of Effectiveness (MOE’s), Re- |Measures of Performance (MOP’ -}'/ Per-

merit turn on Investment (ROI), Breakeven |formance Parameters (KPP’s Tﬁs nical Per-
Point, Key Success Factors (KSF’s) formance Measures (TPM’s), Quality Metrics

Key ilems of interest |Competing Concerns, performing trade- |Individual Concerns, detérniining system
offs, achieving balance & robustness properties & characteristics

PrimIry questions of | So what? Who cares? What impacts? What, where, wh Vw

interest Why? Why not? how much, ho n?

4.6 |Architecture evaluation factors

A factjor is a circumstance, fact or influence that contributes t0 &' result or outcome. It is something
that cpntributes causally to a result. Identification of factors'€¢an sometimes be driven by knowledge
of degired effects. Factors should be consistent with the\architectural principles that shaped the
architiecture; and these principles should influence selection of factors to use in the evaluation.

The fgctors used in an architecture evaluation are gentral in helping to organize the evaluation effort
and td achieve more transparent and understandable results.

EXAMPLE Vitruvius, the Roman architect, isyknown for asserting in his book De architectural38! that a
structfire must exhibit the three qualities of firmitas, utilitas, venustas - that is, it must be solid, useful, beautiful.
These jare sometimes called the Vitruvian viftues or the Vitruvian Triad. This is a good example of factors that
can beJused in an architecture evaluation(

NOTE Examples of factors decomposition are provided in Annex A. Examples of value and quality factors are
provided in Annex A.

4.7 [Customized architecture evaluation frameworks

A generic AE framework is specified in this document that can be used in support of the Architecture
Evaluation process~defined in ISO/IEC/IEEE 42020. Specific frameworks can be derived from this
generjc framework. This clause describes the basic concepts regarding instantiation of specific AE
frameworksaarhile Clause 7 specifies provisions for instantiated specific AE frameworks.

The geneéric framework as illustrated by Figure 1 provides the elements and work products which
could lbesinstantiated or derived in cppr‘ifir‘ framewaorks. These Qppr‘ifir framewaorks may range from

those targeting industry segments, like automotive or refinery operations, to those targeting common
business processes, like portfolio management and program planning, and to those targeting common
business architectures, like banking, retail, insurance, telecom, travel and hospitality, and so on. These
frameworks allow the user to capture and reuse concepts common to many enterprises and thereby to
increase the efficiency with which architectures can be evaluated.

Instantiation of specific frameworks will need adaptation to the requirements of the specific situation
where an AE effort will be performed. The specific framework is usually defined or developed with
respect to the processes, methods and tools used in the local context.

© ISO/IEC 2019 - All rights reserved
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A specific AE framework provides a structure for reuse and evolution according to the evaluation needs.
It may specify standardized practices for doing architecture evaluations. It can be used for:

— addressing specific evaluation objectives;
— evaluating certain kinds of concerns of stakeholders;

— addressing specific value assessment objectives; or

carchitactural analucic ahiactivac
oot o rarotoT o

STo-ooyTTTTy

A specific AE framework can instantiate or derive one or more tiers of the generic AE framewq¢rk. In
particular, it instantiates or derives one of the following:

— evaluation approach(es);
— assessment method(s); or
— analysis method(s).

NOTE The ATAM is an example of a specific AE framework that includes 'an' evaluation approach baked on
the use of quality attribute workshops, and that specifies value assessmentand analysis methods to be ysed. A
summary description of ATAM is provided in Annex D.

A specific AE framework may include:

— corresponding objectives and factors;

— expected roles and responsibilities of evaluators;

— expected roles and responsibilities of stakehglders;

— conditions of applicability and guidance on proper utilization; and

— standardized format for evaluation résults.

Communicating stakeholder perspectives requires clear semantics and terminology. The framgwork
can include vocabulary, conventions, principles, practices, and applicable standards and reguflatory
requirements for evaluating architectures that can be generic in nature or specific to a dpmain
of application, a collectionyof: concerns to be examined or a particular methodology. The mgthods
aggregated into a framewerk can share a common vocabulary, address similar concerns or b¢ used
together for other thegretical or practical considerations.

An AE approach canh-be developed afresh each time an evaluation is needed, or the constructs |of the
generic AE framework in this document can be used as the starting point and tailored for its parficular
use - either by Way of specialization for a particular domain or with respect to concerns that ar¢ most
relevant to'the AE objectives.

4.8 “Tailoring

Tailoring may entail the addition, changing or removal of AE elements from the generic AE frampwork

specified in this document. Tt may be performed for many reasons including the scale of the AE effort,
the purpose of the evaluation, the intended uses of the AE results and the evaluation methodologies
that will be employed. For example, if the purpose of the AE effort is to evaluate an architecture from
an extant system or system design (i.e. to employ reverse architecting) then certain elements, such as
architectural analysis, may not need to be performed.

In all cases where such tailoring of AE elements is employed, the rationale behind the tailoring shall be
recorded. Recording the rationale will assist stakeholders in determining the value arising from the AE
effort and the confidence they should attribute to its outcomes.

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
© ISO/IEC 2019 - All rights reserved
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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 set of AE elements rather than tailored
conformance to a larger set of AE elements.

The AE elements described in this document are not intended to preclude or discourage the use of
additional AE elements that organizations find useful. In particular, governance and directives of the
organization will be applied for tailoring of the AE elements.

5 C
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NOTE
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General

bquirements in this document are contained in Clauses 6 to 8. Situations in which claims of
mance with the provisions of this document can be made include those in 5.2 and 5.3\

An organization can have its own set of requirements or directives with réspéct to following
bvisions of this document. For example, compliance can be limited to a set of afchitecture evaluation

elements (objectives, approaches, factors and/or results) or work products (plan and/er report). This allows the

architq
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Claim

5.3
Claim
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bcture evaluation effort to be aligned and consistent with other efforts within the organizations of either
equesting evaluation to be done or those doing the evaluation.

PLE Specification of conformance for architecture evaluation objectives and results can be a way to

sh contracts for the architecture evaluation efforts with freedom fex the organization in charge of the
bcture evaluation execution.

Creating AE artifacts
5 of conformance with the provisions of this document can be made in the following situations:

hen conformance is claimed for a customized.architecture evaluation framework, the claim shall
emonstrate that the architecture evaluatioh framework meets the requirements specified in
ause 7.

hen conformance is claimed for an axchitecture evaluation plan, the claim shall demonstrate that
e requirements specified in 8.1 and'8.2 are met.

hen conformance is claimed\for an architecture evaluation report, the claim shall demonstrate
at the requirements specified in 8.1 and 8.3 are met.

Using generic AE framework to conduct AE efforts
5 of conformanceWwith the provisions of this document can be made in the following situations:

hen confornfance is claimed for an evaluation synthesis effort, the claim shall demonstrate that
e evaluafion approach used meets the requirements specified in 6.1.

DTE(1\™ Evaluation synthesis is the effort conducted using the elements in the Evaluation Synthesis Tier

the,generic AE framework specified in this document. It involves the combination of results from multiple
4.2 1 F,

\Y%
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information on this concept.

b) When conformance is claimed for a value assessment effort, the claim shall demonstrate that the
assessment method used meets the requirements specified in 6.2.

NOTE 2  Value assessment is the effort conducted using the elements in the Value Assessment Tier of the
generic AE framework specified in this document. It is concerned with a determination of the regard that
something is held to deserve, or the importance, worth or usefulness of something to somebody. See 4.3.2

fo

r more information on this concept. A comparison between the concepts of assessment and analysis is

provided in 4.5.
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c¢) When conformance is claimed for an architectural analysis effort, the claim shall demonstrate that

the analysis method used meets the requirements specified in 6.3.

NOTE 3  Architectural analysis is the effort conducted using the elements in the Architectural Analysis

Tier of the generic AE framework specified in this document. It is concerned with an examination

of the

key attributes of an architecture, e.g. its characteristics along particular dimensions such as security, cost,

performance, and so on, or the relevant attributes of the architecture entity, as well as actual or po

tential

impacts on stakeholders or on the environment. See 4.3.3 for more information on this concept. A comparison

between the concepts of assessment and analysis is provided in 4.5.

d) When conformance is claimed for an architecture evaluation effort, the claim shall demion
that the requirements specified in Clauses 7 and 8 are met.

NOTE 4  Architectural evaluation is concerned with a judgment about one or more architecture
respect to the specified evaluation objectives. See 4.2 for more information on this concépt:

5.4 Verbal forms for the expression of provisions

Requirements of this document are marked by the use of the verb “shall”. Réeommendations are m
by the use of the verb “should”. Permissions are marked by the use of theverb “may”. In the eve
conflict between normative figures and text, the text shall take precedérice.

6 Architecture evaluation framework elements
6.1 Evaluation synthesis

6.1.1 General requirements

NOTE1 Figure 3 depicts AE elements that can be used in an evaluation synthesis effort in terms of 4
concepts and the relations between them. Most efthese concepts are also used in related standards descr
Annex B.

strate

s with

arked
ht of a

he key
bed in

An architecture evaluation includes thefollowing elements as specified in the subsequent subclayises:

a) one or more AE objectives;

b) one or more AE approathes;

c) one or more AE factors; and

d) one or more AEresults.

The AE effortrshall:

— identify'one or more AE approaches to address the AE objectives;

— .address the relevant AE factors;

&= "produce the appropriate AE results;

— determine the extent to which the AE objectives are met;
— address relevant concerns;

— address relevant business drivers and mission drivers;
— determine the value of the architecture; and

— produce one or more AE reports.
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The AE effort shall examine the AE results to determine the extent to which the AE objectives have
been met. The AE effort may need to integrate and examine the AE results coming from multiple AE
approaches used in the evaluation.

The AE effort may determine the value of architecture entities associated with the architecture under
evaluation.

The AE effort may specify the value assessment objectives that will satisfy the specified AE objectives.

NOTER  While it is desirable to have a documented architecture description for use in the architecture
evalualtion, producing a description is sometimes not feasible with resources available, or it could be unnecessary
if the gqrchitecture is based on widely accepted solutions in the domain. This document does not mandate.the use
of an ¢xplicit architecture description, but this document does encourage documentation of eviderice-collected
in support of the architecture evaluation, including any understanding of the architecture obtained through
variouls mechanisms, either generated during the evaluation or used in the evaluation.

Evaluation approaches, assessment methods and analysis methods may identify factors not previously
assoclated with a stakeholder concern or architecture feature which are nonetheless determined to be
a critical factor with respect to having the architecture entity be fit-for-purpoese. When identified, the
relevgnt reports should specify the newly identified factors with recommendations for the elaboration
of value assessment factors, architecture evaluation factors, concerndefinition and stakeholder
identification sufficient to address the newly identified criticality.

6.1.2 | Architecture evaluation objectives

Each AE objective shall:

a) adldress one or more stakeholder concerns;

b) address relevant business drivers and mission.drivers;
c) be¢expressed in terms of AE factors; and

d) be¢ expressed in terms of expected or-desired values or value range for the AE factors, when
applicable.

EXAMPLE Examples of AE objectives are:

—  Will the business solution meetprimary business needs?
— Is|the system affordable?

—  Will the service be.d€pendable?

—  Will the producthave sufficient market penetration?

Each AE objective shall be a statement describing the extent to which the AE effort will address one
or mdre of\the relevant stakeholder concerns, such that they can form the basis for deriving value
assesgment objectives.

The AE objectives should be compatible with the established purpose and scope for the AE effort.
The AE objectives may be expressed as questions to facilitate understanding of their intent.

NOTE The reason for expressing the questions in such a manner and with sufficient elaboration is to ensure
better understanding of the objectives by the assessors and stakeholders..
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6.1.3 Architecture evaluation approaches

Each AE approach shall provide the means to:

a) identify AE objectives to be addressed;

b) specify AE factors to be used and AE criteria to be applied;

c) specify one or more value assessment objectives, aligning them to the AE objectives;

d) specify one or more assessment methods to address the value assessment objectives;
e) specify the value assessment factors to be used, aligning them to relevant stakeholderconcerns;
f) specify value assessment criteria to be applied;

g) specify the type and form of value assessment results to be examined when”executing the AE
approach;

h) specify how and when the identified assessment methods will be employéd;

i) specify the mechanisms through which the AE criteria will be applied on AE factors; and
j) generate the AE results.

Each AE approach should provide the means to:

k) examine the value assessment results to determine,thie extent to which the stakeholder corcerns
have been addressed;

1) examine the value assessment results to determine the extent to which the value assesgment
objectives have been met;

m) identify and characterize trade-offs befween competing stakeholder concerns; and
n) formulate findings and recommendations to be included in the AE results.

An AE approach may be specified'as an AE framework for reuse in multiple architecture evalugtions.
The AE framework specification should be in accordance with Clause 7.

EXAMPLE The ATAM is‘an example of a published AE framework. ATAM is described in Annex D.

6.1.4 Architecture evaluation factors

Each AE factormsed in the AE approach shall:

a) Dbe represéntative of one or more stakeholder concerns;

b) bein/a normalized form suitable for comparison or integration with other factors;

c)\ _contribute to one or more AE objectives; and

d)  be usable by the AE approach to generate the AE results.

EXAMPLE Examples of AE factors are: cost, schedule, performance, risk.

Each AE factor should be specific and measurable.

Each AE factor should enable the AE effort to produce accurate, reliable and timely results.

NOTE The recommendations above are based on the general rule that good metrics are SMART - Specific,
Measurable, Accurate, Reliable and Timely.

© ISO/IEC 2019 - All rights reserved
© IEEE 2019 - All rights reserved 19


https://standardsiso.com/api/?name=c0516d7c5176805c69dbdd9e3c4fb175

ISO/IEC/IEEE 42030:2019(E)

6.1.5 Architecture evaluation results

Each AE result shall be traceable to inputs used, the AE criteria applied to derive it and the AE approach
that applied the criteria.

Each AE result should:

a) be the outcome of an impartial and objective examination done as part of using the AE approach;

and vaatetalbatalran 1t oot o bhala ot gt o oo 1+ nd
I va

b) deewmentassumptions,risksan eats-to-be-takenintoaccountwhieusingtheresultand
c) include a statement of estimated uncertainty of the stated result.

Discrg¢pancies between AE results from different AE approaches used should be explained.
6.2 |Value assessment

6.2.1| General requirements

NOTE[L  Figure 4 depicts the elements that can be used in a value assessment effortin'terms of the key concepts
and thp relations between them. Value assessment objectives are intended to satisfy'the AE objectives and frame
the relevant stakeholder concerns. Value assessment factors will frame the relevant AE factors.

NOTER Information on the nature of value and how it relates to the concept of quality is provided in Annex A.

Each yalue assessment includes the following elements as specified\in the subsequent subclauses:

a) ome or more value assessment objectives;
b) ome or more value assessment methods;

c) ome or more value assessment factors, and
d) ome or more value assessment results.

The vdlue assessment effort shall examine the value assessment results to determine the extent to which
the value assessment objectives have been’met. The value assessment effort may need to integrate and
examine the architectural analysis results coming from multiple architectural analysis methods used
in thelevaluation. The value assessiment effort may need to explain discrepancies between architectural
analysis results from different atchitectural analysis methods used.

Each value assessment effort shall:

— specify value assessnient objectives to address the relevant concerns;

— identify one of more value assessment methods to address the value assessment objectives;
— adldress the relevant value assessment factors;

— adldréss relevant concerns;

— addressTelevant business drivers and mission drivers;
— determine the extent to which the value assessment objectives are met; and
— produce the appropriate value assessment results.

Each value assessment effort should be compatible with the established purpose and scope for the
AE effort.

Value assessment should determine the lineage from architecture artifacts to design, construction, and
ultimately the products and services used to deliver value to stakeholders (note that there are no direct
relationships between architecture and stakeholders).
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Each value assessment effort may specify the architectural analysis objectives that will satis
specified value assessment objectives.

6.2.2 Value assessment objectives

Each value assessment objective shall be a statement describing the extent to which the

fy the

value

assessment effort will address one or more of the relevant stakeholder concerns, such that they can

form the basis for deriving architectural analysis objectives.

The value assessment objectives may be expressed as questions to facilitate understanding of their

Each value assessment objective shall be expressible in terms of the kind of value a stakeholder e;
to receive. Each value assessment objective shall include a qualitative description or quamntitative
of this expectation from use or operation of the architecture entity, or in its possession.

ntent.

kpects
pxtent

EXAMPLE1 A qualitative description could state something like "profit should increase" while a quantitative

extent could state something like "profit should increase by 50 % in 3 years”.
NOTE Information on the nature of value and how it relates to the concept of\quality is provided in Ar
Each value assessment objective shall:

a) satisfy one or more AE objectives;

b) be expressed in terms of value assessment factors; and

c) be expressed in terms of expected or desired valuesyor’'value range for the AE factors; and

d) enable identification of the information necessaxy to assess achievement of the value asses
objective.

EXAMPLE 2 Examples of value assessment objectives are:

— Will the business solution provide adequate productivity improvement?

— Does the system support level 5 trained personnel to control the factory process flow?
— Will the service provide infopmation in a timely manner?

—  Will the product provide accurate and timely data?

6.2.3 Value assessment methods

Each value assessmient method shall provide the means to:
a) address.assigned value assessment objectives;

b) specify the value assessment factors to be used;

c) , ‘specify value assessment criteria to be applied;

nexA.

sment

dY specify the mechanisms through which the value assessment criteria will be applied on

value

assessment factors;
e) formulate findings and recommendations to be included in the value assessment results; and
f) generate the value assessment results.
Each value assessment method should provide the means to:

— identify, if needed, one or more architectural analysis methods pertaining to the value asses
objectives it addresses;

© ISO/IEC 2019 - All rights reserved
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NOTE1 Architectural analysis is optional since the information needed to generate value assessment
results could already be available from other sources, hence removing the need to do analysis. The AE plan
will indicate if and to what extent that architectural analysis is needed for a particular AE effort.

— define architectural analysis objectives for the identified architectural analysis methods, derived
from the value assessment objectives they address;

— specify how and when the identified analysis methods will be employed;

lantitative methods such as value-quality correlation mechanism, utility functions, statistical function)
cqnstructed scale, objective functions, linear weighted sum, harmonic average or other integrative
mlechanisms. It can also include specific qualitative methods such as logical reasoning, grounded theory,
mlatrix analysis, discourse analysis, characteristics typology, inductive reasoning or generalizationt

— dé¢termine the extent to which the architectural analysis objectives have been met;

— dé¢termine completeness of coverage for the AE approach that employs it and theé relevant value
agsessment objectives defined by that AE approach;

— d¢termine the extent to which relevant stakeholder concerns have been addréssed; and
— fdrmulate findings and recommendations to be included in the value assessment results.

Value [assessment methods may be specified as an AE framework fér reuse in multiple architecture
evaluations. The AE framework specification should be in accordance-with Clause 7.

6.2.4 | Value assessment factors

Each yalue assessment factor used in the value assessment'method shall:

a) be¢ representative of one or more AE factors;

b) be¢in a normalized form suitable for comparison or integration with other factors;
c) caontribute to one or more value assessment objectives; and

d) be¢ usable by the value assessmentmethod to generate the value assessment results.
Each value assessment factor should be specific and measurable.

Each yalue assessment factor should enable the value assessment effort to produce accurate, reliable
and timely results.

NOTE The recommeéndations above are based on the general rule that good metrics are SMART - Specific,
Measujrable, AccuratefReliable and Timely.

6.2.5| Valueassessment results

Each yalue gssessment result shall be traceable to inputs used, the value assessment criteria applied to
derivg it-and the assessment method that applied the criteria.

EXAMPLE Examples of the kinds of value assessment results are things like customer satisfaction index,
experience index, interaction quality index, communication experience index, quality of experience, safety index.

Each value assessment result should:

a) be the outcome of an impartial and objective assessment done as part of using a value
assessment method;

b) document assumptions, risks and caveats to be considered while using the result; and

c) include a statement of estimated uncertainty of the stated result.
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If there were any limitations of the method or in the scope considered while producing the value
assessment results, this should be factored in while integrating the results into a holistic value
assessment effort.

Discrepancies between architecture analysis results from different architectural analysis methods
used should be explained.

6.3 Architectural analysis

6.3.1 General requirements
NOTE1 Figure 5 depicts the elements that can be used in an architectural analysis effort in termis of the key
concepts and the relations between them. Analysis objectives are intended to satisfy the asséssment objectives
and frame the relevant stakeholder concerns. Analysis factors will frame the relevant assessment factors.
NOTE 2  Architectural analysis is optional since the information needed to generate’value assessment fesults
could already be available from other sources, hence removing the need to do analysis, The AE plan will ijdicate
if and to what extent that architectural analysis is needed for a particular AE effortt
Each architectural analysis includes the following elements as specified’iff the subsequent sub clduses:
a) one or more architectural analysis objectives;

b) one or more architectural analysis methods;

c) one or more architectural analysis factors; and

d) one or more architectural analysis results.

Each architectural analysis effort shall:

— specify architectural analysis objectivesito address the relevant concerns;
— identify one or more architectural analysis methods to address the architectural analysis obje¢tives;
— address the relevant architectural analysis factors;

— address relevant concerns;

— address relevant buginess drivers and mission drivers;

— determine the extent to which the architectural analysis objectives are met; and

— produce the'appropriate architectural analysis results.

Each architectural analysis effort should be compatible with the established purpose and scope for the
AE effort.

Thearchitectural analysis effort shall examine the architectural analysis results to determine the gxtent
to'which the architectural analysis objectives have been met. The architectural analysis effort may need
tolintegrate and examine the architectural analysis results coming from multiple architectural anjalysis

methods used in the evaluation. The architectural analysis effort may need to explain discrepancies
between architectural analysis results from different architectural analysis methods used.

6.3.2 Architectural analysis objectives

Each architectural analysis objective shall be a statement describing the extent to which the
architectural analysis effort will address one or more of the relevant stakeholder concerns, such that
they can form the basis for performing the architectural analysis.
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Each architectural analysis objective shall:

a) satisfy one or more value assessment objectives;

b) be expressed in terms of expected or desired values or value range for the architectural analysis
factors, when applicable; and

c) enable identification of the information necessary to assess achievement of the architecture
analysis objective.

EXAMPLE Examples of architectural analysis objectives are:

Will the business solution have a positive return on investment exceeding the hurdle rate?

Is|the complexity of the system justified given its intended purpose?

Is|the system producible in large enough quantities to meet the target price?

Is|the system maintainable with the expected number of maintenance personnel and theit,skill levels?
Dpes the software application adequately handle cyber threats?

W(ill the service provide enough bandwidth to meet expected user demand?

W(ill the product deliver data fast enough to meet its requirements?

The a]rchitectural analysis objectives may be expressed as questions to facilitate understanding of

their i

ntent.

6.3.3 | Architectural analysis methods

Each grchitectural analysis method shall provide the means to:

a)
b)
c)
d)
e)

adldress assigned architectural analysis objectives;
identify the relevant architecture attributes;

specify architectural analysis factorsto be used;
specify architectural analysis criteria to be applied; and

génerate the architectural dnglysis results.

Each grchitectural analysis method should provide the means to:

24

specify the mechanisms through which the architectural analysis criteria will be applied on
architectural anfalysis factors;

siecify howand when particular analytical tools and techniques will be used;

specifychow and when particular measurement protocols will be used; and

d¢términe quantitative or qualitative measurements or indicators for relevant architecture or

architecture entity attributes;

examine architectural analysis factors to determine the extent to which the architectural analysis
objectives have been met;

determine completeness of coverage for the value assessment method that employs it and the
relevant architectural analysis objectives defined by that value assessment method;

determine the extent to which relevant stakeholder concerns have been addressed; and

formulate findings and recommendations to be included in the architectural analysis results.
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Each architectural analysis method may provide the means to:

— identify an architectural analysis factor not driven by a value assessment factor and thus lac

king a

related stakeholder concern, but which is nonetheless determined to be a critical factor with respect

to having the architecture entity be fit-for-purpose; and

— report the newly identified architectural analysis factor with recommendations for the elabo

ration

of value assessment factors, architecture evaluation factors, concern definition and stakeholder

identification sufficient to address the newly identified criticality:.

Architectural analysis methods may be specified as an AE framework for reuse in multiple arghit
evaluations. The AE framework specification should be in accordance with Clause 7.

6.3.4 Architectural analysis factors

Each architectural analysis factor used in the analysis method shall:

a) berepresentative of one or more value assessment factors;

b) bein anormalized form suitable for comparison or integration with'afher factors;
c) contribute to one or more architectural analysis objectives; and

d) be usable by the analysis method to generate the architectural analysis results.
Each architectural analysis factor should be specific and measurable.

Each architectural analysis factor should enable the.architectural analysis effort to produce aca
reliable and timely results.

pcture

urate,

NOTE The recommendations above are based.én the general rule that good metrics are SMART - Specific,

Measurable, Accurate, Reliable and Timely.

6.3.5 Architectural analysis results

Each architectural analysis resultishall be traceable to inputs used, architectural analysis facto
architectural analysis criteria used to derive it and the analysis method that applied the criteria.

EXAMPLE Examples of arehitectural analysis results are readiness level, availability level, respons
safety level, reliability level, foot print, resource utilization.

Each architectural analysis result should:

a) be the outcome of an impartial and objective analysis done as part of using an analysis meth
b) documéntassumptions, risks, and caveats to be considered while using the result;, and

c) include a statement of estimated uncertainty of the stated result.

Analysis results should be documented and retained for future reference.

s and

b time,

vd;

[T there were any limitations of the method or in the SCOpe considered while producing the archite
analysis results, this should be factored in while integrating the results into a holistic archite
analysis effort.

ctural
ctural

Discrepancies between architecture analysis results from different architectural analysis methods

used should be explained.
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7 Customized architecture evaluation frameworks

7.1 General requirements

NOTE1 To reduce the work involved in generating the information required in an AE effort, and recognizing
that the approaches and methods are typically knowledge elements that are reused across applicable contexts,
this document defines the concept of a generic AE framework that can be used to derive specific frameworks
relevant for AE objectives and sustaining the needed AE effort.

NOTE
descri

P Tailoring is not to be confused with the development of a customized AE framework. Tailoring (as
bed in 4.8) is taking some things from the standard and adopting it for conformance. On the other hand,

custorhization is deriving a specific version of the AE framework that is applicable to a particular organization or
situatipn.
A cusfomized AE framework shall include:
a) information identifying the framework (e.g. name, identification code, version number);
b) information identifying the intended uses and users;
c) irfformation identifying the roles and responsibilities of stakeholders;
d) AE plan outline of required and optional content;
e) AE reportoutline of required and optional content; and
f) conditions of applicability.
EXAMPLE The following are example conditions of applicability:
— The AE framework is applicable where an architectut'¢’ entity involves planning safety for manned vs
ummanned transportation activities.
— The AE framework is applicable during the pre-cené¢ept phase of major acquisition programs.
— The AE framework is applicable when the evaluation is for an architecture entity that is very small and can
b¢ implemented in less than a month.
A customized AE framework should provide a completed, populated customizable model of an AE effort
or sorhe aspect of it. The customized AE framework should state how an AE effort should be done and
what Information should be captured.
A cusfomized AE framewopk should include:
— (questions that canrbe-answered using the specified approaches and methods;
— i(]:antification of.one or more stakeholder concerns framed by the framework;
— cgrrelatioh of concerns to specific stakeholders to express the context of each concern;
— agsighment of a priority for each concern (e.g. High, Medium, Low);
— idemtificationm of associated comptiance document(s)to relp assess Tisk of Ton-compiiarnce;
— specify the form and format of the informational inputs needed by the method;
— include a mechanism for estimating time for:
1) preparation and training of resources,
2) conducting the evaluation, and
3) post-evaluation analysis and documentation;
— identify the form and/or format for expressing method outputs as the results; and
© ISO/IEC 2019 - All rights reserved
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— provide a mechanism for correlating the inputs used and the criteria to be applied to each
produced.

result

A customized AE framework should include adaptation guidelines if adaptation is allowed. The AE
framework should enable specialization of the objectives, factors and criteria of its elements based on

the objectives for which an architecture evaluation is sought.

A customized AE framework should enable adaptation for use with respect to the business and
operational domain of the architecture entity of interest, evaluation purpose and scope, lifecycle stage

of the architecture or architecture entity, and resources available for the evaluation effort.
A customized AE framework may include:

— sample of an AE plan;

— sample of an AE report;

— sample of an implementation of an evaluation synthesis approach;

— sample of an implementation of a value assessment method; and

— sample of an implementation of an architectural analysis method,

7.2 Framework requirements for architecture evaluation

The framework shall specify the characteristics of its evaluation elements in accordance wi
requirements of 6.1. The framework may include speCification of relevant assessment objecti

th the
ves in

accordance with the requirements of 6.2. The framework may include specification of relevant arfalysis

objectives in accordance with the requirements of 6.3.

The framework may include AE objectives, factors and criteria.

7.3 Framework requirements forvalue assessment

The framework shall specify the ‘characteristics of its evaluation elements in accordance wi
requirements of 6.2. The framework may include specification of relevant analysis objecti
accordance with the requirements of 6.3.

The framework may include'value assessment objectives, factors and criteria.

7.4 Framework{requirements for architectural analysis

The framework-shall specify the characteristics of its evaluation elements in accordance wi
requirements.of 6.3.

The framework may include architectural analysis objectives, factors and criteria.

7:5." Framework requirements for architecture evaluation work products

h the
ves in

th the

The framework shall specify the characteristics of AE work products in accordance with the

requirements of Clause 8.

8 Architecture evaluation work products

8.1 General requirements

The AE effort shall produce an AE plan (in accordance with the requirements in 6.2).
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A separate plan may be produced for each tier of the AE effort.

NOTE

The activities in the Architecture Evaluation process specified in ISO/IEC/IEEE 42020 can be used as
a guide when planning an AE effort. The planning activity specified in that AE process provides recommended
tasks for planning an AE effort.

The AE effort shall produce one or more AE reports (in accordance with the requirements in 6.3).

The AE report may include required items “by reference” by pointing to the AE plan, where appropriate.

A sepsd

8.2

8.2.1

The A

1)
j)
k)

0)

Py

irate report may be produced for each tier of the AE effort.
Architecture evaluation plan

AE plan requirements
F: plan shall include:

irpose and scope of the AE effort;

i
i
i
i

i

entification of previous related AE efforts;

entification of architecture(s) to be evaluated;

entification of architecture description(s) to be used, if applicable;

entification of architectural principle(s) that were used 0 develop the architecture(s);
entification of relevant stakeholders;

entification of driving stakeholder concerns to b€ addressed;

identification of relevant business drivers andinission drivers;

definition of AE objectives and their relative importance;

i

i

entification of AE approaches to be employed;
entification of applicable constraints and conditions;

entification of resources fequired for the AE effort;

identification of referenced data that needs to be archived and/or baselined;

entification of néegssary information sources; and

entification®{of relevant compliance documents, technical documentation,

dpcumentation, etc.

8.2.2 | AE plan recommendations

contract

The AE plan should inciude:

a)
b)
‘)
d)
e)
f)

28

definition of quality management procedures for the AE effort;

definition of architecture governance procedures for the AE effort;

specification of required precision and accuracy of the AE results;

specification of the required form and content of needed inputs;

specification of the required form and content of needed outputs;

specification of the required form and content of the AE report;
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identification of risks and opportunities for the AE effort;

identification of opportunity pursuit plans for critical items among the identified opportunities; and

identification of risk management plans for critical items among the identified risks.

The AE plan should provide the capability for the customer, requestor or sponsor, if applicable, to affix
their approval.

x their

approval.

The AE plan should include the recommended items from ISO/IEC/IEEE 15289:

date of issue and status;
issuing organization;

references (applicable policies, laws, standards, contracts, requireménts and other plan
procedures);

approval authority;

planned activities and tasks;

identification of tools, methods and techniques;
schedules;

budgets and cost estimates;

s and

resources and their allocation, includingsiirman resources, technical resources (infrastructure)

and tools;

responsibilities and authority, including the senior responsible owner and immediate proc
service owner;

interfaces among parties involved;

risks and risk identification, assessment and mitigation activities;
quality assuranceand’performance measures;
environment,infrastructure, security and safety;

training;

appreach for technical and management review and reporting;

other plans (plans or task descriptions that expand on the details of a plan);

eSS or

glossary;

change procedures and history; and

termination process.

8.2.3 AE plan permissions

The AE plan may include:

a)
b)

identification of sponsor, if any;

assumptions made in planning the AE effort;
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c) ground rules established in planning the AE effort;

d) work breakdown structure;

e) definition of how the AE effort will be organized;

f) definition of timeframe for conducting the AE effort;

g) identification of AE frameworks to be employed, if applicable;

h) i
0 i
jJ i
k) i
D i
m) d

entification of assessment methods to be employed;

entification of the roles and responsibilities of stakeholders;
entification of the roles and responsibilities of evaluators;
entification of evaluator independence requirements, if applicable;
entification of approval authority for the AE report;

efinition of value assessment objectives, factors, metrics and criteria to be{used;

n) identification of analysis methods to be employed, if applicable; and

o) d

NOTE
a guid

efinition of architectural analysis objectives, factors and criteria;to.be used.

The activities in the Architecture Evaluation process specifiéd in ISO/IEC/IEEE 42020 can be used as
e when planning an AE effort. The planning activity specified-in that AE process provides recommended

tasks for planning an AE effort.

8.3

8.3.1

The A
evaluz

Architecture evaluation report

AE report requirements

F: report provides results of reviews and’evaluations, such as a risk assessment, quality assurance
ition or an evaluation of project portfolios, design constraints, candidate architectures, suppliers,

customer satisfaction, effectiveness of security controls, analysis of change records or change requests,

perso
Evalu

hnel needs, measurement needs or financial variances. It can include evaluation criteria.
htions can be based on criteria of traceability, consistency, testability, risk reduction, usability

and c

stomer satisfaction and feasibility.

The AE report provides infoxmation and recommendations to assist future decision-making, and it can

indic

mana
softw
(whet

Using

a) pi

e trends and recémmendations for future comparable situations. For software configuration

pement evaluations, the report provides information about functional completeness of the
hre items agdinst their requirements and the physical completeness of the software items
her their design and code reflect an up-to-date technical description).

the relevant AE plan contents where possible, each AE report shall include:

hrpose and scope of the AE effort;

b) identified issues, risks and opportunities;

c) identified impacts on stakeholders;

d) definition of AE objectives addressed;

e) identification of stakeholder concerns addressed;

f) identification of relevant stakeholders;

g) identification of architecture(s) that were evaluated;
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h) identification of architecture description(s) that were used;

i) identification of resources used;

j) definition of tailoring performed on the AE process for this AE effort;

k) identification of AE frameworks employed, if any, with the rationale for their selection;

1) identification of data used, collected or produced that needs to be archived or baselined;

m) identification of information sources used in the AE effort; and

n) identification of other resources used in the AE effort, including participatingpeople and
organizations;
NOTE The resources actually used during the architecture evaluation can différ-from the planned
resources.

o) presentation of AE results;

p) definition of evaluation synthesis objectives;

q) summary of overall results;

r) recommended architecture(s), if multiple architecture were examined;

s) relevant observations and findings;

t) architecture trade-offs identified and examined;

u) results from each of the AE approaches employed, mapped to the AE objectives they addresse(d; and

v) traceability of the conclusions to the objectives of the evaluation.

8.3.2 AEreport recommendations

Each AE report should include:

a) proposed way forward, when applicable (e.g. recommended modifications to the architdcture,
additional evaluation ot.analysis needed, etc.);

b) derivation of finalconclusions from the value assessment and architectural analysis results;
NOTE In some'domains such as safety critical systems it is often necessary to document the derjvation
of the conclusions all the way down to the analysis results.

c) descripfion of how each AE approach was implemented, along with sources of information uded;

d) seunsitivity analysis on the results to help understand the impact of incomplete or inaccuratd input
data, etc.;

e)) description of limitations of the AE effort;

f) description of the extent to which the AE results are useful or valid;

g) recommendations on mitigating the identified issues and risks;

h) traceability of concerns to specific stakeholders and to associated compliance documents;

i) assumptions made in execution of the AE effort;

j) any significant deviations from the AE plan along with the reasons for those deviations;

k) identification of impacts due to planning assumptions found to be false;
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D

archiving and repository requirements for the AE report; and

m) lessons learned during the AE effort.

The AE report should provide the capability for the customer, requestor or sponsor, if applicable, to
affix their approval.

The AE report should provide the capability for the approving authority, if applicable, to affix their
approval.

If the|evaluation identifies consequences of potential emergent properties of an architecture entity
that dre undesirable, then explicit actions to deal with them should be recommended. When these
consefjuences are relatively obvious, evaluators should declare in the AE report any risks and potential
unint¢gnded consequences, or incomplete consideration of potential emergent properties-of an
architecture entity, in order to provide the architects with an opportunity to mitigate those risks.

In thg course of the evaluation, if one or more assumptions made during planninglor execution of
the arfchitecture evaluation have proven to be false, then evaluators delivering the’AE results should
use tHeir knowledge and skills and make reasonable efforts to declare in the AExeport any risks and
potential unintended consequences of the false assumptions in order to provide the architects with an
opporftunity to mitigate those risks.

The A[E report should document the provenance of all information item$-used in an AE. This facilitates
answgéring of questions about the results, findings and recommendatigns of the evaluation.

The AE report should include the recommended items from ISO/EE/IEEE 15289:

dfte of issue and status,

ispuing organization,

contributors,

summary,

cgntext (assumptions),

bpdy (including methods of obtaining results),
conclusions and recommendations,

rdgferences,

bibliography,
glossary, and

change history.

8.3.3| AE report permissions

Each AETeport may include:

a)
b)

‘)
d)

e)

32

presentation of value assessment results;
definition of value assessment objectives;
relevant observations and findings;

results from each of the assessment methods employed, mapped to the value assessment objectives
they addressed;

description of how each value assessment was implemented, along with sources of information used;
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f) presentation of architectural analysis results;

g) definition of architectural analysis objectives;

h) relevant observations and findings;

i) results from each of the analysis methods employed, mapped to the architectural analysis
objectives they addressed; and

J—-deseription—ef—how—each—architecturalanalysis—was—implemented—along—with—sources of
information used.

k) implementation roadmap for the architecture;

1) action plan for implementing the recommendations;

m) ground rules established in executing the AE effort;

n) responses from stakeholders, including architects, from their review of/AEfesults;

0) comments received on preliminary drafts of observations and findings;

p) recommendations with rationale based on findings of the AE effort; and

q) additional findings and recommendations beyond the purpose and scope of the evaluation.

Recommendations may be accompanied by implications;;advantages and disadvantages, cavepts or

regrets associated with the recommendation.

Multiple reports may be generated for different targetaudiences.

NOTE AE reports could be generated for different target audiences due to access limitations or other fpctors.

Also, multiple reports could be needed to allow fox interim reports during the life of the effort.

It may be helpful to document in the report the level of rigor with which the AE effort was condjucted,
along with any known deficiencies such as incomplete or inaccurate data as inputs, key stakeholder

inputs not received and use of models beyond their normal range of operation.
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Annex A
(informative)

Value and quality concepts

A1l

General

This annex complements Clauses 4 and 5 with additional information about value and quality-concepts

das us€q

Value
or suy
actua
and k

mean$

qualit]

d in this document.

and quality are two distinct attributes of an entity that ultimately determines its inferiority
eriority. It is often the case that quality of the entity is in the hands of the proeducer, while it is
ly the consumer who determines the value of the entity, for which the consurer would willingly
howingly pay. The value is a function of the quality that resides in the product or service, so this
that ultimately it is the consumer who determines what quality is a¢eeptable. In other words,
y corresponds to the means, while value is subjective and is relativeo,the ends.

Carl Mengerl52] wrote in 1871: "Value is nothing inherent in goods,“no property of them, nor an

indep
goods
outsid

endent thing existing by itself. It is a judgment economizing, nmien make about the importance of
at their disposal for the maintenance of their lives and well-being. Hence value does not exist
e the consciousness of men."

DrucKer[29] had this to say about quality: "Quality in a préduct or service is not what the supplier puts

in. Iti
make
only f

5 what the customer gets out and is willing to pay for. A product is not quality because it is hard to
and costs a lot of money, as manufacturers typically believe. That is incompetence. Customers pay
br what is of use to them and gives them valuesNothing else constitutes quality".

A.2 [Evaluation factors

Value
evaluz:

and quality are related to the(factors used in the AE effort. These factors are used in each
ition tier as illustrated in Figure A.1.

Evaluation Synthesis Fgeyors

| Factor | Factor Factor
Value Ass t Factars

| Factor | | Factor | | Factor | | Factor | Factor | Factor | | Factor | | Factor |

Aecthitedtural Anblvsis Fag¢tors

Often

1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
I'I.I Factor 'I.I Factor 'I.I Factor 'I.I Factor 'I.I Factor 'I.I Factor 'I.I Factor 'I.I Factor 'I.I Factor |

Figure A.1 — Factors decomposition example (Simple case)

the factors decomposition can be performed in a strict hierarchical fashion as shown, but in

more complex cases lower tier factors can impact more than one factor in a higher tier as illustrated in

Figure A.2.
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In similar fashion, the evaluation objectives in each tier can also be structured in a way where objectives
in one tier will “satisfy” objectives in an upper tier. However, it is not always possible to have a simple
and direct correlation between objectives in separate tiers.

Evaluation Synthesis Factors

Factor Factor Factor | Factor |
Value Asy§smert 3 rs
| Factor | | Factor | | Factor | | Factor | | Factor | | Factor | | Factor | | Factor | | F 1
ArchitedturgdAnalysis Fa¢to

[

Factor

1
'I.I Factor

1
'I.I Factor

1
'I.I Factor

1
'I.I Factor

1
'I.I Factor

'I_I Factsél/

Factor

'I._I Factor |

Figure A.2 — Factors decomposition example (Complex case)

Factors will be identified in each tier that best support the evaluation approach or methods use
lower tier factors are not always needed, as illustrated in Figute'A.3. In some cases, factors withir

d. But
a tier

will need to be decomposed into lower level sub-factors te-facilitate their use.

X
No Analysis g@wors needed for this factor. Eg, Value
Assessment results directly from subject matter experts.

A

Evaluation Synthesis Factors

Factor {ﬁctor Factor Factor
Value Assg§smerlt Factars
Factor Fac C Factor Factor Factor Factor Farctor

No Value Assessment needed for this factor
Only used as comparison between other
Factors. Or this could be reserved for
Decision Maker judgment.

Architedqtysa@® Analysis Fa¢tors

| | |
| | |
L_E> actor 'I_ Factor 'I_ Factor 'I_ Factor

s

'I_ FactorI

~
Often need to decompose Jactors Into sub-factors
to facilitate the analysis or assessment.

Figure A.3 — Selective factors decomposition

The AE factors defined in this document are similar to quality attributes in ATAM (see Annex D) and
quality characteristics in the ISO/IEC 25000 family of standards on Systems and software Quality
Requirements and Evaluation (SQuaRE). A summary of key concepts in SQuaRE are provided in A.4.5.
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A.3 Value

A.3.1 General

This clause provides information on value, value-focused thinking, value models and value measures
that could be useful in applying this document. The following items are covered:

— whatis “Value”;

— Kgeney’s value-focused thinking;

— value assessment of system architectures;
— R|ng’s value model;

— stlakeholder values, qualities and measures.

The injclusion of these items does not imply endorsement of these particular ways ofaddressing value.
Exclugion of other items is not intended to imply their shortfalls. The intention is tefriclude those items
that cfin be related to the conceptual elements in this document.

A.3.2| Whatis “Value”?

The imiportance of the concept of “Value” during architecting has been ttnderscored in numerous articles,
journgl papers, case studies, books, and in practice. However, there isrelatively little information about
what Value is, what its characteristics are or how stakeholders €an‘best determine it. There are a wide
varietly of opinions on the nature of “Value”; some of these are simmarized below:

— Value as a higher order concept is misunderstood and semetimes mistaken with other concepts (e.g.
cgst, monetary return, importance, profit, advantagé;return on investment).

— Value and quality are often treated as synonyms, whereas quality is more properly treated as the
means while value is the ends.

— Value is perceptual and subjective.

— Value is determined based on a sittiation and is temporal in nature.
— Stakeholders (and architects).make trade-offs when assessing value.
— Value is created by consuimption or utilization or possession.

— Value of a product is@wrat buyers are willing to pay[53].

— Value is the consuytier’s overall assessment of the utility of a product based on perceptions of what
is|received andwhat is given[23]; and

— Value refleets the customers desire to retain or obtain a system and depends on how much the
systepiagrees with the value system of the customer(341,

A 3 3 Yalue focuncoad thinlking
D varaCTroCuasSCOUtisITng

Keeney[16] considers value as the fundamental construct in decision making and presents procedures
and theoretical foundations for value-focused thinking. He considers value-focused thinking to be
applicable in situations where a complex decision is necessary with no clear solution possible and the
decision that is being made is critical to the stakeholders affected by the decision. The central role of
thinking about values is expressed in Figure A.4.

Per Keeney, value-focused thinking essentially is comprised of two activities: a) deciding what the
stakeholder wants or expects, and b) figuring out how to get it for them. According to Keeney, what
the stakeholder wants or expects could be certain benefits that are intangible (like emotions, feelings,
superiority etc.), or it can be tangible (like goods, services, money, capabilities, etc.). Value-focused
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thinking recognizes that design of any system or offering must uphold the expected value for its
stakeholders without which stakeholders may not participate as anticipated or the system/offering
may not be viable.

Creating
alternatives /_\
Identifving

A.3.4 Value assessment of system architectures

UIILUVCI lllg

. decision
hidden .
objectives opportuniti
es
\ )
Evaluating Gu1dmg
alternatives strategic
THINKING thinking
Improving Interconnec
communicat ting
ion decisions
Facilitating
involvement Guiding
in multjple information
stakehelder collection
decisions

Figure A.4 — Thinking about values[21]

Selva & Crawleyl24l-espouse the line of thought that the key characteristics of system architpcting
is to maximizesstakeholder value, rather than profit or performance. They propose quantificafion of
stakeholders? value using value functions that capture the needs and requirements of stakehglders.

According to them, some common approaches to assess the value of an engineered system are:

usinig end-to-end simulation models to simulate every function and its interaction with the
surrounding context to calculate the value of the system-of-interest;

nhqprving system simulation experiments ta qunn‘rifv the value of a certain dataset (pg nunmerical
weather prediction);

rating the importance of different customer attributes and their coupling to design features by
means of House of Quality tools (sometimes known as Quality Function Deployment);

computing the net present value of an architecture to determine its cardinal ranking amongst a
collection;

adopting the value of information approach to identify the probabilities of different scenarios and
the availability of useful information in these scenarios to make a data-based decision;
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— comparing the capabilities of the system architecture with the stakeholder requirements and use
rule-based expert systems to assess the value of the system architecture.

A.3.5 Ring’s value model

Ringl26l defines a "value cycle” with three levels, as shown in Figure A.5, that is useful in delivering
value to stakeholders and to continuously manage and upgrade long-life systems. These levels are
organized to focus on the system to be created, the system’s purpose and the value of the system to its
stakehalders

Level of Awareness

A

Disposal
Societal
Problem Discerned Values
— — — Value of System Quantified
—
Problem Understood .~ ~
P b ~ ‘Effe\cts on Problem Observed
s Focus on Value
Solution Effect / \ Context Adapted
Envisioned K }
—— to System
Intervention POSIWID
Strategy ( | Known
Focus on Purpose Joverat
PCS S><R Operational
Identified \ / Results
Syst_em¥ X\ »’ System
Envisioned \ / Activated
N Focus:on System ..o
System DesignA\ t & Readiness
and Architecture ~ N~ —_ - System Tested
Articulated _——
Components

Specified-Developed-Assembled

Figure A.5 — Ring’s system value cyclel>¢]

The model promotes thethought process of discerning stakeholder’s value before the system is created
rather than after theSystem becomes operational. The model takes into account the criteria that value is
not stptionary and«¢hanges over time and promotes a pursuit-type system rather than a requirements-
based|system so\ds to purposefully adapt the context to the solution system.

A.3.6 Stakeholder values, qualities and measures

Gilb[i’] LUllbidCl ) atal\chu}dc1 va}uca adS thUDC thillsb that dCDLl ibc thC illlpl UVClllClltD d atalxchuldc1
needs or wants from a specific solution and qualities (A.4.2) and as those things that describe the quality
attributes of the specific solution. Gilb considers function as the purpose of the solution and qualities as
the distinguishing elements between two solutions in the same solution space. It is normally intended
that qualities will deliver improvement on the stakeholder values.

Accordingly, different solutions exhibit different qualities depending on the corresponding stakeholder
values. Gilb espouses the view that quality and value measures are quantifiable (like in the case of more
user-friendly, less reliability, enhanced performance and so on) and this quantification helps address
stakeholder needs appropriately.
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A.3.7 Value articulation framework

Dojil48] considers value to reside in the perception of the stakeholder and proposes the value
articulation framework as the method for tracing value from conception to realization in an assured
manner. He considers 4 dimensions as essential ingredients in establishing this trace. Regarding the
context of technology management, these dimensions are: Stakeholder and their perception of value,
Quality characteristics of the Technology that is developed (which are the carriers of value and hence
are of potential value), Technology management discipline (which aids in translating the potential

value into actual value), and lastly the value that accrues to the given Stakeholder Qnce the elements
pertaining to the different dimensions are identified, he utilizes the generic X-matrix represéntation,
as shown in Figure A.6, to establish the corresponding linkages and trace value creations-acrofss the
various dimensions.
Step 2:
( ~ Value of ( ~
Q1 2
) What? 8,
(Technology C \
Characteristics)
How it
-y Valueto Value translates to [«
? . . @
g Whom Articulatio@ Value? °
wn s
(Stakeholder/ Framewgrk™ (Technology
Perception) discipline)
What Value?
n Solution Value N
(o) ( ) (o3 )
N N
Step 4:
Figure A.6 — Doji’s value articulation framework/48]
A.4 Quality,
A.4.1 General
This elairse provides information on quality attributes, quality models and quality measures thaff could
bewseful in applying this document. The following items are covered in this clause:

whatic “Ovalityy”
Wi S— U

Lty
— architecture quality attributes;
— Boehm and Nupul’s quality models and ontology;

— standards on System and Software Quality Requirements and Evaluation (SQuaRE) - the
ISO/IEC 25000 family.

The inclusion of these items does not imply endorsement of these particular ways of addressing quality.
Exclusion of other items is not intended to imply their shortfalls. The intention is to include those items
that can be related to the conceptual elements in this document.
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A.4.2 Whatis “Quality”?

The importance of the concept of “Quality” during architecting has been underscored in numerous
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 are 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.

— Q[alty T1s the characteristics of a product or Service that bear on 1ts ability to satisly stated or
implied needs[26l,

— Qpality is a product or service free of deficiencies[2¢],
1ality means “fitness for purpose”[39],
1ality means “conformance to requirements”[28],

Q
Q
— Qpality means “uniformity around a target”[321,
Qpality means “the loss a product imposes on society after it is shipped”[32],
Q

hality 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[22l,

poree to which a set of inherent characteristics fulfills requifements(2l.

D
— Qpality is “excellence of the system in a chosen dimensionand is the basis for satisfying its stated
plirpose”[34],

— Qpality characteristics of a system are a set of essential and distinguishing attributes that have a
pragmatic interpretation of the system’s inferiority or superiority[51],

In bupiness, engineering and manufacturing, quality has a pragmatic interpretation as the non-
inferiprity or superiority of something; it is also defined as fitness for purpose. Quality is a perceptual,
condifional and somewhat subjective attribute and may be understood differently by different
peoplé. Consumers may focus on the speeification quality of a product/service or how it compares to
compétitors in the marketplace. Produ¢ers might measure the conformance quality or the degree to
which| the product/service was praduced correctly[30],

Suppdrt personnel may measure quality in the degree that a product is reliable, maintainable or
sustainable. A quality item fan‘item that has quality) can perform satisfactorily in service and is suitable
for its|intended purposel2i}:

A.4.3| Architecture quality attributes

Architecture quality attributes are the extent to which the architecture can deliver value to its
stakelholders:lt'is a set of essential and distinguishing attributes that have a pragmatic interpretation
of thefarchitécture’s inferiority or superiority. It is a function of:

— arehiteett
— impact of the architecture on various stakeholders,

— measure of extent of achievement of stakeholder concerns, and
— measure of capabilities of the architecture.

While ATAM does deal with quality attributes, these are attributes of the architecture entity, not the
architecture itself. See more on ATAM in Annex D.

Architecture quality attributes are the overall factors that affect behavior, structure, design and
experience of architectures. They represent areas of concern that potentially impact the structure and
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behavior exhibited by the realized system. The extent to which the architecture handles a combination
of quality attributes indicates the success of the architecting effort and overall quality of the realized
system. The taxonomy for each architecture quality attribute would be:

a) Measures: The parameters by which the attributes are measured.

b) Factors: Policies and mechanisms of the system and its environment that impact the stakeholder
concerns.

RN

O Methods— Techmiques for addressing ToCerns amd processes {0 Teatizing the quatity attrjibutes
during productions.

While conceptualizing architecture to address the architecture quality attributes, it is-necessphry to
consider potential impact of each of the quality attributes on other stakeholder concerns! While frade-
offanalysis techniques aid architects in prioritizing architecture quality attributes, ar'chitectural factics
describe how a specific quality attribute can be achieved. The importance of eachjarchitecture duality
attribute depends on the context and the stakeholder’s concerns for which théspecific architectfure is
conceptualized. Table A.1 provides an example list of architecture quality attributes.

Table A.1 — Architecture quality attributes

Quality attribute Desgsp)i\on
Coherencel35] Being logical and consistent
Completeness[33] Ability to form a whole
Elegancel39] Form and function are graeéful and stylish
Hierarchy(40] Levels of abstractions
Modularity[37Z] Separation of concern's
Variability[3€l Expandable in preplanned ways

Subsetabilityl3l

Support the production of a subset

Conceptual integrity[22]

Architecturetunification

Commonality[3] Sharing'in preplanned ways

Durability[38] Stand-up robustly and remain in good condition
Utility[38] Useful and function well for people

Beautyl38] Delight people and raise their spirits

Robust[39] Strong and not be vulnerable to changes
Feasible[39] Should be able to implement

Flexible[39]

Adapt to changing conditions

Verifiablel39]

Perform as designed

Traceablel32] Architectural elements can be traced in any direction

Cohesionl3Z] Forming a unified whole

A.4.4 Boehm and Nupul’s quality model and ontology

BUC}llll aud Nupu}[ﬂl attclupt: tU quahtqtlvc}_y dCfillC t,luaht_y by d DCt Uf attl i]uutca aud lllCtl il,b. They
utilize a hierarchical quality model structured around high-level quality characteristics, intermediate
level quality 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 represent the basic high-level requirements, intermediate level quality characteristics to represent
the quality factors (portability, reliability, efficiency, usability, testability, understandability and
flexibility), and primitive level quality characteristics to represent the quality metrics (device
independence, accuracy, completeness, robustness, consistency, accountability and so on) that measure
a given primary characteristic.

Boehm and Nupull2Z] present an ontology for reasoning about a system’s qualities. They espouse the
view that functional requirements specifies what the system should do and hence it is additive in
© ISO/IEC 2019 - All rights reserved

© IEEE 2019 - All rights reserved 41


https://standardsiso.com/api/?name=c0516d7c5176805c69dbdd9e3c4fb175

ISO/IEC/IEEE 42030:2019(E)

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. He utilizes a variation of the
IDEF5[27] 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 A.2

prese nts a tunical unner level of sustem gualitv hierarchy
J rr J he J J

Table A.2 — Upper level of system quality hierarchy[27]

Stakeholder value-based sys- Contributing system quality means
tem quality ends

Mission effectiveness Stakeholders-satisfactory balance of Physical Ca-
pability, Cyber Capability, Human Usability, Spé€d,
Endurability, Maneuverability, Accuracy, Impact,
Scalability, Versatility, Interoperability

Resource utilization Cost, Duration, Key Personnel, Other Scarce Re-
sources; Manufacturability, Sustainability

Dependability Security, Safety, Reliability, Maifitainability, Avail-
ability, Survivability, Robustness

Flexibility Modifiability, Tailorability, Adaptability

A.4.5| The ISO/IEC 25000 family of standards on quality

A.4.5.1 General

The ISO/IEC 25000 family of standards, also kmown as SQuaRE (System and Software Quality
Requifements and Evaluation), has the goal of creating a framework for the evaluation of software
produgct quality. Some of these are discussed in this annex:

— IS0/IEC 25000, SQuaRE — Quality medel framework;

— I§0/IEC 25010, SQuaRE — Systemrand Software Quality models;

— I§0/IEC 25012, SQuaRE — Ppata Quality model;

— I§0/IEC 25020, SQuaRE-—Measurement reference model and guide; and
— I§0/IEC 25021, SQuaRE — Quality measure elements.

A.4.5.2 ISO/IEC25000 Quality model framework

This framework categorizes product quality into characteristics, which in some cases are further
subdiyided\into sub-characteristics. A sub-characteristic in some cases can be divided into sub-sub-
charag¢teristics. This results in a quality breakdown structure as illustrated in Figure A.7.
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Quality |
I
v . ! ¥
Characteristic 1 | Characteristic 2 | Characteristic 3 memnnen Characteristic n
| Subcharacteristic 1 l | Subcharacteristic 2 I---"-" Subcharacteristic n
: r
| Quality property 1 I | Quality property 2 | seerresr | Quality preperty n
! | L %

Quality property 1

Quality property 2

Qualily plopeﬂy 3 CELTELTY

A.4.5.3.1 Quality in use model

Figure A.7 — ISO/IEC 25000 Quality model framework

A.4.5.3 1ISO/IEC 25010 System and software quality models

Quality property n

This quality in use model defines five characteristics rélated to outcomes of interaction with a system.
It characterizes the impact that the product has on stakeholders. This model is presented in Figure A.8.

Quality In Use
. - . . Freedom Context
Effectiveness Efficiency Satisfaction i
from risk coverage
Effectivness Efficiency Usefulness Economic risk Context
Trust mitigation completeness
Pleasure Health and Flexibility
Comfort safety risk
mitigation

Environmental
risk mitigation

Figure A.8 — ISO/IEC 25010 Quality in use model

A.4.5.3.2 System/software product quality model

This product quality model categorizes system/software product quality properties into eight
characteristics that focuses on the target system. This model is presented in Figure A.9.
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System/Software
Product Quality

Functional Performance . . - . Maintain- .
Suitability efficiency Compeatibility Usability Reliability Security ability Portability
Fpinctional Time-behaviour Co-existence Appropriateness Maturity Confidentiality Modularity Adaptability
corppleteness Resource Interopreability recognisability Availability Integrity Reusability Installability
Fpinctional utilization Learnability Fault tolerance Non-repudiation Analysability Replaceability
cqrrectness Capacity Operability Recoverability Accountability Modifiability
Fpinctional User error Authenticity Testability
appijopriateness protection
User interface
aesthetics
Accessibility

Figure A.9 — ISO/IEC 25010 System/software product quality model

A.4.54 1SO/IEC 25012 Data quality model

This data quality model, as illustrated in Table A.3, categorizesrdata quality attributes into fifteen
charagteristics that are considered from two points of view: inhérent and system dependent. While the
inher¢nt data quality refers to the degree to which the quality‘€haracteristics of data have the potential
to sat|sfy needs when data is used in specified conditions, system dependent data quality refers to the
degrep to which data quality is reached and preserved within a system when data is used under specific
conditions.

Table A.3 — ISO/IEC;25012 Data quality model

Chayacteristics Inherent System'o Characteristics Inherent System
depetﬁ‘&ent dependent
Accuracy X Efficiency X X
Corhpleteness X Precision X X
Consistency X Traceability X X
Credibility X Understandability X X
Cufrrentness X Availability X
Acfessibility X X Portability X
Cdmpliance X X Recoverability X
Confidentiality. X X
A.4.5.5 ASO/IEC 25020 System and software product quality measurement reference model

Aanalitrr mana ot n L + ]

This

Sroche ity meastrementreferencemodel deseribesthe relatonshipbebween—a—auahty
model, its associated quality characteristics (and sub-characteristics), and system and software
product attributes with the corresponding software quality measures, measurement functions, quality
measure elements and measurement methods. This model is presented in Figure A.10.
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Software Product

Figure A.10 — ISO/IEC 25020 System/software product quality measutfement reference nj

Quality

composed of indicate Software
| Quality Measures
Quality f t
Characteristics generates
Measurement
composed of Function
indicate

are applied to

Quality
Sub-Characteristics

Quality Measure
Elements

An illustration of this model as given in ISO/IEC 25021 is presented.in Table A.4.

Table A.4 — ISO/IEC 25021 Product quality measurement reference model

SNo

Element

Particulars

Quality measure element name

Number ofrecords

Objective

To determine data quality of target data

Property to quantify

Recprd is a set of related data items treated as a unit

Relevant quality measures

Measure of accuracy

Measurement method

Review and analyze data records

U | W |IN| -

List of sub-properties

Data item: lowest component of a group of data

File: a set of related records

Input for the quality~hi€asure
element

Physical files of a database

Numerical rules

Adding total records

Context of the quality measure
element

Measure the accuracy and completeness to a group of
data

10

Medsurement constraints

Verify the impact of technology on the number of
records generated for the same information
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Annex B
(informative)

Relationship to other standards

B.1 IISO /IEC standards in the domain of systems and software engineering

The fq

llowing is a list of standards in ISO/IEC JTC1, SC7 that are most relevant and directly ihfluence

the conceptual model and requirements for architecture evaluation:

— IS
in
ai
In]

C(
|9
1)

2]

3]

— IS
of
ey
A
in
Id

— IS

O/IEC/IEEE 42020: This standard complements the architecture-related progesses identified
ISO/IEC/IEEE 15288, ISO/IEC/IEEE 12207, and ISO 15704 with activities and_ tasks that enable
chitects and others to more effectively and efficiently implement architecture practices.
hplementing these practices will help ensure that the architecture has greater influence on

byisiness and mission success. It specifies a coherent set of processes for-ggvernance, management,

nceptualization, evaluation and elaboration of architectures, and(activities that enable these
rocesses. Users of this standard can apply these processes in the context of:

understanding, development and evolution of entities throtigh their life cycle stages such as
conception, development, implementation, operation,stistainment, decommissioning, and
disposal;

organization(s) acting as users, customers and“providers of the solution specified by the
architecture description; and

architecting of entities.

O/IEC/IEEE42010: Thisstandardaddressesthe creation,analysisand sustainmentofarchitectures
systems using architecture descriptions. A conceptual model of architecture description is
tablished in this standard. The required contents of an architecture description are specified.
Fchitecture viewpoints, architectiire frameworks and architecture description languages are
troduced for codifying conventions and common practices of architecture description. The
quired content of architecture viewpoints, architecture frameworks and architecture description

lainguages is specified.

O/IEC/IEEE 15288: This standard establishes acommon framework for system life cycle processes,

ith well-defined tefminology. It applies to the acquisition of systems, which can be comprised of

products, servicesor both,aswell asto the supply, development, operation, maintenance and disposal
of systems, whiether performed internally or externally to an organization. ISO/IEC/IEEE 15288 is
intended to.bétsed either stand alone, or jointly with other documents such as ISO/IEC/IEEE 12207,
and supplies a process reference model that supports process capability assessment in accordance

ith [SO/IEC 15504-2.

B.2

ISO standards in the domain of enterprise activities

— ISO 15704: This standard defines the requirements for enterprise-reference architectures and
methodologies, as well as the requirements that such architectures and methodologies shall satisfy
to be considered a complete enterprise reference architecture and methodologies. The scope of
these enterprise-reference architectures and methodologies covers those constituents deemed
necessary to carry out all types of enterprise creation projects as well as any incremental change
projects required by the enterprise throughout the whole life of the enterprise, including:

— enterprise creation;

— major enterprise restructuring efforts; and
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— incremental changes affecting only parts of the enterprise-life cycle.

B.3 Relationship between architecture standards

Figure B.1 describes the main relationships between this document and other ISO standards related to
architecture and related activities. This document does the following:

— formalizes the evaluation act of:

— architecture entities as defined by ISO/IEC/IEEE 42020;

— enterprise architectures as defined by ISO 15704;

— system architectures as defined by ISO/IEC/IEEE 15288;

— software architecture as defined by ISO/IEC/IEEE 12207;

— Considers evaluation of architecture possibly based evidence (formalized viewpoints, view
models) from architecture description as defined by ISO/IEC/IEEE 42010; and

— Addresses concerns of the stakeholders acting in the context of enterprises and projects as d

by ISO 15704.

ISO 15704 Requirements fol
enterprise reference

's and

bfined

ISO/IEC/IEEE 15288 Forma{{sy *he architectures and methodolpgies
System life cycle < evalfgtion act
wienterprise
processes o forone
; reference Provides
Formalise architecture the context
evaluation act of hecontext
system for enterprisd
architecture architecture
evaluation
ISO/IEC/IEEE 12207 1SO 42030 B
Software life cycle <€ ~ — - Architecture Evaluation |~
processes Orlise Lva.uunon act of < =
soffware architecture
Formalize evidence for
architecture evaluation
Yormalise Formalize the

gyuluation act
of architecture

architecture
evaluation process

ISO/IEC/IEEE 42020
Architecture Processes

ISO/IEC 42010

Architecture Description

Figure B.1 — Main relationships between ISO/IEC/IEEE 42030 and other ISO standard|s
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Annex C
(informative)

Architecture evaluation examples

C.1 |General

This annex provides examples using the architecture evaluation concepts outlined in this document for
the following cases:

— btisiness and information technology (IT) architecture;
— sq@ftware architecture;

— sgrvice architecture; and

— emterprise architecture

The ekamples start off by identifying the relevant stakeholder con¢erns and using these to define
the objectives for the evaluation. These objectives indicate the qualities that are expected from the
architlecture or its architecture entity. The qualities are tangiblyéexpressed with the help of one or more
factorp. By implementing assessment and analysis methods with respect to these factors the evaluation

system and components and specified process elements (possibly another view) by which they are

composed A Nro - a U d e-gae a 3By 3 a - 3 3 3 ela

do to break the system security.

C.2 Business and IT architecture evaluation

C.2.1 Situation

A mail-order business (e.g. online clothing store) is trying to work out how to comply with new
privacy regulations. One option is to update their current IT systems and business processes to fix
gaps and achieve compliance. The alternative is to migrate to a SaaS software solution and associated
business processes that comply with the regulations. They would like to evaluate their business and IT
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architectures to determine which option is better. The stakeholder concerns in Table C.1 are deemed to

be relevant.

Table C.1 — Business/IT architecture — Stakeholder concerns

Stakeholder

Concerns

Business ownership

Lifecycle costs, potential business value

Business operations.
I

Cycle-time to compliance, disruptions due to change in business processes and IT

Infrastructure

IT operations

Reliability, availability and ease of operations

C.2.2 Business/IT architecture — Evaluation synthesis

Table C.2 — Business/IT architecture — Evaluation synthesis

Objectives

Factors & subfactors

Evaluation synthesis

approach

Vv
Results
NG

Establish trade-offs
among alternatives

— Comparison of total
life cycle cost of
each option

— Including
maintenance and
business operations
costs

— Comparison of
business value

Combine all
one-time costs,
and all annual
costs: IT, business
operations

Estimate/uSsiness
impacts inva
median scenario,
making necessary
assumptions and

Migration option has higher

Gpfront cost ($6 M vs. $1,5
but lower annual cost ($2,2
$2,7 M).

Business capability impact;
mostly balance out, no deal
breakers

Likely positive long-term impact

as SaaS solution evolves

M),
M vs

impacts projections o o
Substantial disruption impacts,
— Transition both on brand image and p¢ople
comparison: impacts: Medium |
cycle time, cost/
disruptions;people
impacts
Determine stake- |— Understand what Stakeholder Priority is no adverse impagts on
holder priorities, is important to interviews capability, minimize cost
current business stakeholders
situation Business Emphasis on short-term
— “Understand current environment
pressures on the study, study of Considerable competitive
business and its management pressure, struggle for survival
impact on the reports
decision
Developoverall — Propose strategy, User symposium Go with updating option, dgfer
recommendation rationale SaaS adoption due to survival

Welgh findings pressures
against business
priorities Plan on future migration to|

Expand space of
options if possible

SaaS, rework business processes

where possible to ease futu

transition (avoid disruption

impacts when transition
required)

re
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C.2.3 Business/IT architecture — Value assessment

Table C.3 — Business/IT architecture — Value assessment

Value aspect Objectives Factors & subfactors | Value assessment Results
being assessed method
Total cost of Determine one- Cost of IT Project planning One-time cost
ownership for time costs and systems update for updating of $1,5 M for
updatirg-selation SRfrHeH-eostsoF profect RS
updating option Costof IT
systems Obtain historical Annual cost of
operation and data for $2,7M
maintenance maintenance and
operations costs,
Cost of business estimate changes
process changes
Business
operations cost
Total fost of own- Determine SaaS solution Project planning One-time cost
ership for SaaS annual costs procurement for migration of $6 M for
appropch with Saa$ costs project, migration
approach including.SaaS
SaaS solution infrastructure Annual cost of
Determine cost infrastructure $2,2 M
of migration, costs Iiteractions with
including SaaS vendor
training and SaaS$ business
business process Estimated
structural operation costs impacts on
changes _ : operations costs
Cost of migration
Businpss impact Determine Business impact Business impact Some process
of migsing and impact of missing of missing analysis efficiency
added SaaS capa- capabilities functionality impacts due
bilitiefs Market and order to missing
Determine No deal-breakers history analysis, management
value of added to determine reports: Low |
capabilities Business impact of new
and modifjed value of added and missing Small expected
business capabilities features on increase
processes and process market share in market
improvements and customer opportunity
satisfaction from analytics
capabilities
and process
flexibilities:
Low T
Businpss impact Determine Estimated Financial Loss of reliability
of degendability business impacts changes in assessment of and increased
and other quality of quality dependability risk impacts cycle time to fix
characteristics characteristics effect of process problems may
once steady Expected changes changes on result in slightly
state reached in operability effort, rework decreased
satisfaction and
revenue: Low |
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Table C.3 (continued)

of transition

the business
impacts during
the transition
period?

time

— Costof
disruptions

Value aspect Objectives Factors & subfactors| Value assessment Results
being assessed method
Business impact |— Whatwill be — Impactofcycle |— Analyze effects Longer cycle

on order
fulfilment and
satisfaction

time for SaaS
migration and
more quality
problems will

— People impacts

—tmpactomrbramd
image

Tead to ~10]|%
higher loss pf
revenue, a
around 2 %
peduction i
market shale due
to brand image:
Medium |

IT operatiops
team will nped
to be downsized
with the SapS
option: Medium |

C.2.4 Business/IT architecture — Architectural analysis

Table C.4 — Business/IT architectare — Architectural analysis

— Storage locations

Object being Objectives Factors & subﬁ&}?ors Architectural Results
analyzed & analysis method
IT architecture | — Customer — Customer — DB schema List of custorther
information personal analysis tools information
collection and information being collected
storage policies being collected |— Interview IT and stored, with
and stored operations team locations

— Business process
analysis

— Non-compliance
to access control
restrictions

IT architec- — Custorfier — IT access controls |— Business process Business profess
ture and busi- infermation analysis gaps in need{to-
ness process access control |— Business process know
architecture policies access controls — IT system reviews
List of contrdls on
— Business process |— Interviews with access to customer
need-to-know operations team information
— Observation of
business process
execution
I'T, and busi- — Gapsinprivacy |— Non-compliances |— Analysis of List of gapsin IT
IITSS5 lJl ULTOS LUlll}J};allLC tU DtUl asc \.Ulltl U}D 1 C\,iull Cd o_y.)tculo tU bC leed
architecture location by privacy
restrictions regulation List of gaps in

business process
to be fixed
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Table C.4 (continued)
Object being Objectives Factors & subfactors Architectural Results
analyzed analysis method
SaaS solution |— Identify missing Missing features |— Compare Some management
and added compared to information in reports missing
functionality existing system SaaS product
literature with Some analytics
Added features current system features added
features
— Interact with
SaaS vendor
SaaS Business |— Identify changes Business process |— Business process Redefinition
proceps required changes analysis of roles for
in business warehouse
processes Required — Operations impact afid financial
structural analysis personnel so the
changes to ) ) roles align to
accommodate — Riskanalysis processes.
process changes
Rework of
Effect on processes so both
operability and groups a]ign to
outcomes each other.

— Errors and delays
likely during
transition

— More flexibility in
business process

SaaS gdpproach |— Determine — Experienges of — Interview existing |— Some glitches
(solutjon + SaaS impact currentusers of SaaS approach experienced by
busingss pro- on reliability, SaaS.approach user base SaaS users
cess) availability
and ease of — JReliability and — Failure modes and |— Loss of control
operations availability of effects analysis leads to reliability
SaaS solution issues: delays in
fixing problems
C.3 [Software architecture evaluation
C.3.1| Situation
A leading IT services provider utilizes a proprietary, hand-crafted resume management system for
handljng and\processing resumes of potential candidates. While the recruitment processes of this
organjzatiop-are encoded in their work-flow systems, the resume management system lies outside. The
organjzatien’s top management has decided to increase the number of associates by a factor of 10X over
the naxt=5 years In this cifuqfinn, the infrastructure team-is frying towork out how best to facilitate

resume handling and processing so as to handle the increasing demands. It has been decided by the top
management that the existing outdated resume management system should be replaced with a best-
in-class solution as the architecture of the existing system does not exist. There are two suppliers for
the new resume management system. One solution is a cloud based software service and the other is a
packaged commercial software product. They would like to evaluate both these options to determine
which option is better.

The stakeholder concerns in Table C.5 are deemed to be relevant.
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Table C.5 — Software architecture — Stakeholder concerns

Stakeholder

Concerns

Human resources

historical data

Latency in achieving the recruitment goals due to change in infrastructure; loss of

Chief information
officer

Technologies involved in the new systems; support and upgrade options; hardware and
other infrastructure options; security and privacy options

IT operations

Backup and recovery options; reliability, configurability, performance and maintaina-

ol .
DIty OPUlIOILS

C.3.2 Software architecture — Evaluation synthesis

Table C.6 — Software architecture — Evaluation synthesis

Objectives

Factors & subfactors

Evaluation synthesis

approach

V'
(/Q/ Results

migration costs

Establish data |—

Comparison of data schema

— Including supporting
file formats

Comparison of migration
capabilities

Including ability to utilize
existing classification

Comparison of migration
time

— Manual migration,
batch migration

Migration analysis

Regression analysis

Migration costs for the
commercial product is
$2 million. This is an
additional feature in the
system that needs to be
procured.

Migration costs for the cloud
based service is $500 pef
1 000 transactions.

Migration effort is one time as
data in old system is implorted
into the new instance fo1 the

commercial product.

Migration effort is experjded
on demand basis for the floud
based service.

ership of data
and related
costs

Establish own- |—

Comparisor of data
ownership

— _(Conditions for
ownership transfer

— Access & security
options

Comparison of data
criticality

— Data quality, meta-
data schema

Customer data
analytics

KNIME tool

All candidate data, releviint
meta-data and relevant
categorization are stored
in the cloud by the servid
provider. Storage costs afe
fixed at $50 per month ppr GB
of data.

(¢)

All candidate data, releviint
meta-data are stored in
organization’s infrastrudture

in-house. A RAID 1 TB stprage
costs $2 000.

All data stored in the clohd

are owned by the creators.
Cloud software service
only provides resources for
managing the data.

All data stored in the
organization’s infrastructure
are owned and managed by
the organization.
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operating en-
vironment and
related costs

effort

—  9x4 levels of
availability

Table C.6 (continued)
Objectives Factors & subfactors [l G Results
approach
Establish Comparison of support — Operations Analysis Enterprise infrastructure

— Business Process
Analysis

to facilitate internet based
access of cloud based services.

Integration with existing

— L1,L2, L3 support
options

Comparison of
maintenance effort

— Batch updates &
patches

— Maintenance mode,
time to recover

eIterprise mntramnct
infrastructure for commercial
software product.

Dedicated data and support
center for managingthe
commercial software product
in-house.

C3.3

Software architecture — Value assessment

Table C.7 — Software architecture — Value assessment

Valug aspect Objectives Factors & subfactors 4 @l\ue assessment Results
beihg as- \\2 method
seksed )
Benefjts in Determine Increasing — Multiple criteria High quality
availipg cloud one-time infrastructure demands decision flexible
servides benefits and . analysis of services (24 x 7
recurrent — 10X in 5years eliciting value availability)
benefits of o
cloud option On demdnd availability Increased
. . resource
— (Recruitment drives availability and
elasticity (scale
Pay as you go model up of 5X)
— Transaction based
ricing Very
p competitive
costs (nearest
competitor is
twice the price)
Self-
management
Benefjts Determine User experience — Utility and Industry
in avajiling one-time _ behavior standard
comme¥cial benefits and — Ae:st.het}.c apd‘ _ assessment in resume
product recurring TS UC aesIsh management
benefits of o
commercial Connectivity Stable roadmap
product . and planned
— Anytime, anywhere upgrades
Completeness Scalable across
— No external licenses multiple .
geographies
Multi-lingual
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Table C.7 (continued)
Value aspect Objectives Factors & subfactors Value assessment Results
being as- method
sessed
Readiness Determine Software stability — Technology Software
levels of technology and business readiness level
commercial landscape — Minimal fixes readiness level is 7
product _ _ o o assessment .
DCLCTIIIITIIC B Sl S b L L e S0ItWdIC
software . . — Customer life- experience
and supplier — Supplier stability line survey index\s 5,7
health indices Busi o
usiness continuity plans Supplier
Determine readiness|level
competitor is6
landscape
Supplier
customer
satisfactiqn
index is 92 %
Readiness Determine Service stability — Service Service
levels of service seorecard scorecard
cloud service landscape — Service quality levels assessment
Slippage:
Determine Software stability — Service 1/1000
technology . i experience
landscape — Minimal fixes assessment Down-timfe: 12
) ) . hours for B65
Determine s/w Service providerstability |__ Technology days
and service — Servi€e chntinuit readiness level _
provider : y assessment Interactiop
health indices PAs score: 5,3%
Service
experiencp
index: 4,7
Software
service
readiness
level: 6
C.3.4 Softwarearchitecture — Architectural analysis
Table C.8 — Software architecture — Architectural analysis
Obj f Objectives Factors & subfactors | Architectural analy- Results
in st sis method
Quality Determine — Under normal — Service quality 9x2 levels jof

attributes of

software and

operating conditions

attributes analysis

availability

cloud based
software
services

service quality
levels

— Under duress

— Target: 1 000 —

transactions/
hour

operating conditions

— Target: 100
transactions/
hour

Software quality
attributes analysis

Scenario based
analysis

9x4 levels of
security

9x3 levels of
privacy

256 bit
encryption

Sub 1 second
response time
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Table C.8 (continued)

Object of Objectives Factors & subfactors | Architectural analy- Results
interest sis method

Quality — Determine — Under normal — Software quality |— Max3500
attributes of software operating conditions attributes analysis concurrent

commercial quality levels users
product — Target: 1000 — Scenario based

concurrent users analysis — Sub

10 0mritisecomd

— Under duress response time
operating conditions

— Scalable

— Target: 100 to 10 000
concurrent users concurrent

USErs

Cloud|based |— Interfacingand |— Servicesintegration |— Analysis of — {Hybrid
servides ar- integration interfaces, data architecture
chitedture schema supporting

in house
infrastructure
as well as
services on the
cloud

— Storage
gateways to
store and
manage critical
data

— Dedicated
network
connection for
enterprises

— Tie-ups with
job search
engines and
head-hunters
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Table C.8 (continued)

Object of
interest

Objectives

Factors & subfactors

Architectural analy-
sis method

Results

Commercial
product ar-
chitecture

— Interfacing and
integration

— Backend integration
— Frontend integration

— Data

— Analysis of
interfaces, data
schema, batch
scripts, events,
event data,

Supports Linux

and windo
operating
systems

WS

y ST O ZorerOTY

— Customization

triggers

DdebdbC

Clusters-fd
storing an
managing
amounts o

Accessible
across mu
digital

technologi

Most funct
accessible
Command
console

availabilit

APIs availd

r
il
large
f data

tiple

cS

ions
thru

y

ble

with ente

for integra{t}ion

applications

rise

C.4 Service architecture evaluation

C.4.1 Situation

A commercial airline services pravider is trying to expand its services to cater to growing demand.
Before expansion, the team would like to know whether the service architecture that it curfrently
utilizes can be scaled-up, whether the current service quality levels can be retained, whether the ¢ost of
quality can be controlled-and whether the difference that it brings to the passengers can be levdraged
in some way.
The stakeholder concerns in Table C.9 are deemed to be relevant.
Table C.9 — Service architecture — Stakeholder concerns
%holder Concerns
Hassle free travel experience; on-time performance; connectivity to other dgstina-
Passengers Lo
tions; value for money
Mlinac fanmanaaamant | LOW-MAaintenance cost; average down-time below industry average; profitabjility;
v ° high level of satety;
Investors High return on investments; superior brand value;
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C.4.2 Service architecture — Evaluation synthesis

Table C.10 — Service architecture — Evaluation synthesis

Evaluation synthesis

Objectives Factors & subfactors Results
approach
Establish service Dependability of the service|— Airline On-time performance: 8,43
quality levels quality rating
— Average delays mcthcdcl"gy Denied hnnrding- 8 n?’/

— Missed connections

Credibility of the service
provider

— Successful claim
resolution

Efficiency of the service
— Baggage claims

— Oversales and
overbooking

Response times

— Dispute resolution
timelines

— Service failure
recovery timelines

month

Mishandled baggage:7,32
per 1 000 passengers

Consumer complaints: 7,17
per 500 passengers

Flight problems: 3 per day

Custoemer service index:
4,32

Dispute resolution time:
60 days per complaint

Establish profes-
sionalism levels

Professional training of
Personnel

— Average re-training/in
ayear

— Service attitude & pro-
activeness

Accuracy of operations
—{ Information accuracy

~ Low rates of
breakdown and
accidents

Provision of committed
services

— Customer satisfaction

== Multi-criteria
decision making

Days of re-training:
45 daysin a year

Failed connections: 15 per
1 000 passengers

Customer service
Complaints: 30 per
1 000 passengers

Service failures: 2 per
300 trips

Non-availability of staff: 1
per 2 000 services

Maintenance down-time:
1 week per year

Cancellations: 50 per
1 000 passengers

index

— Customer experience
index

Service failure recovery
— Time to recover

— Maintenance network

Refunds: 50 per
500 passengers
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Objectives

Factors & subfactors

Evaluation synthesis
approach

Results

related costs

Establish operating |—
environment and

Aircraft support —

9x4 levels of
availability

nnnnnn

Evaluate Service |—
SOP & operations
SOP cost & effort

Price: $350 million per
aircraft

Maintenance: $35 million
per aircraft per year

i
T oo, oo oupport

options
— Aircraft operations
9x6 levels of safety

9x5 levels of
recoverability

Staff availability

Cancelled Trips

Run-time: 6 000 houlrs
per year

MaintenancCer-time:
144 hours.per 6 months

Planned halt-time: 2 hour
per trip

Fuel: 2,91 L/100 km

C.4.3 Service architecture — Value assessment

Table C.11 — Service architecture/~ Value assessment

Value as- Objectives Factors & subfactorsQ " Value assessment Results
pect being \§\ method
assessed A‘\
Inflight — Determine Inflight enterfainment |— Airline service |— Passenger
service the inflight evaluation entertainment
experience — Technology and survey equipment
index content conditions: 3,408
! o — Analytic
— Determine Inflight communication hierarchy — Seatand spacs
the inflight process comfortability}:
service - .Ce]lular and methodology 3,585
customer internet
satisfaction Inflich 1 — Inflight
index ntlight meals entertainment
. rograms and
— Quality of meals EqatgeriaIS' 2,911
and drinks B
Seati — Interior
eating cleanliness: 3,408
— Quality of seating — Meal variety apd
—  Seating sufficiency: 3,123
arrangements

— Meal services:|3,362

—Imftightservice

score: 0,214
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Table C.11 (continued)

Value as- Objectives Factors & subfactors Value assessment Results
pect being method
assessed
Customer |— Determine Ticketing — Customer — Ticketing experience
service the customer _ _ experience Index: 4,32
experience — Price and options satisfaction
index survey — Check-in experience
Choclrin TR | [IRaYa)
SRR AR TITUCX: J,02
— Determine o — Stakeholder
the customer — Efficiency and value — Communication
service Interaction assessment experience index:
satisfaction C N 5,32
index ommunication — Quality of .
— Clear and precise experience — Baggageiexperience
p metrics and index:\4,32
measures
Baggage — /Castomer care
—  Nodamage interaction index:
& 4,87
— Timely information .
— Issueresolution
Customer care time: <1/2 hour
—  Quality of — Interaction quality
interaction index: 6,32
— Timely issue — Safety index: 5,32
resolution
C.4.4| Service architecture — Architectural analysis

Table C.12 — Service architecture — Architectural analysis

Object Objectives Factors\g?ﬁlbfactors Architectural Results
being ana- \\O analysis method
lyzed C)
Quality — Determine Under normal — Service — Normal operations:
attribjutes service quality operating conditions quality _
of infllight levels attributes — 3 mealsservice
servides — 8-hour analysis . ,
International trip — 3drinks service
— Scenario
Under duress operating based — Soft—clegn after
conditions analysis every trip
— Trip delayed by — Toiletries refilled
more than 8 hours .
— Air purged out
— Duress operations:
— 2 meals service
— 3 drinks service
— Poor cleaning
— Toiletries not
refilled
— Pungent smell
persists
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60 % claims
honored

Object Objectives Factors & subfactors Architectural Results
being ana- analysis method
lyzed
Quality — Determine Under normal — Service — Normal operations:
attributes service quality operating conditions quality
of baggage levels attributes — 1in5000 bags
services - ?-hour . analysis misplaced
HILCT IIdUOIIdT LI'TP
— Scenario — 80 % clairhs
Under duress operating based honored
conditions analysis
— 1in10°000 bpgs
— Trip delayed by darhaged
more than 8 hours
— , Duress operationg:
— 1in 1000 bags
misplaced
— 1in 2 000 bags
damaged

C.5 Enterprise architecture evaluation

C.5.1 Situation

The enterprise has developed a new strategic plan. The enterprise architecture (EA) was revi

address the strategic goals and objectivesinwthe plan and to align with the new strategic initiative

EA is now aligned with the strategic plan'but its impact on existing programs needs to be asses
determine necessary changes to program budgets and schedules. The corporate portfolio manag

process will be performed to realigirthe portfolio of programs, projects, technologies and system
architecture evaluation process {s used to provide data for use during the portfolio realignmen
stakeholder concerns in Table C.13 are deemed to be relevant.

Table €13 — Enterprise architecture — Stakeholder concerns

sed to
s. The
sed to
ement
s. The
t. The

Stakeholdql;‘u

Concerns

Chief executive Officer

Programs are in alignment with the new strategic goals and objectives

Chief infornration officer

Impact of new EA on cyber threat posture and cyber initiatives

Prograth manager

Cost and schedule impact on baselined program plans; increased risk of progn
execution

Enterprise operations

Improved customer satisfaction; improved profit margins
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C.5.2 Enterprise architecture — Evaluation synthesis

Table C.14 — Enterprise architecture — Evaluation synthesis

Objectives

Factors & subfactors

Evaluation synthesis
approach

Results

Align programs

Enterprise capability

— Review panel

Review panel report to

satisf:

hiction

Feature quality
Ease of use

Low cost operations

with strategic plan gaps consisting architecture governance board
afanuragraa
of prograth
Enterprise capability managers Business impact summary to
overlaps board & shareholders
Synergy with business Customer impact summary:to
partners board
Marketplace coverage
Imprdve cyber Threat identification — Model Cyber domain,werking group
threat resilience walkthrough by report to chiefinformation
Threat countermeasure cyber domain officer and\to architecture
effectiveness experts governance board
Threat damage recovery
Overall operational
uptime
Imprdve customer Time to market — System Board visit to system lab to

experiments to
emulate new
featureSin'the
revis€d;EA

witness customer engagement
and observe reactions

Customer survey report to
architecture governance board

C.5.3| Enterprise architecture — Value assessment
Table C.15 — Enterprise architecture — Value assessment
Valye as- Objectives Fac}bjrs & subfactors | Value assessment Results
pect|being method
ass¢ssed _
Enterprise |Align programswith|— EA-program plan — Business impact|— Business impact
viabiljty strategic plan disconnects assessment assessment report to
review panel
— Business partner
dependencies
Assured Improve cyber — Threat damage — Mission impact |— Mission impact
customer threat resilience impacts assessment assessment report to
deliveries cyber working group
— Threatresponse
impacts
— Overall operational
uptime
Meeting Improve customer |— Time to market — Customer — Customer reaction
profit tar- satisfaction _ focus groups report to program
gets — Feature quality with follow-on managers and
surveys to architecture
— Easeofuse governance board
— Low cost operations
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C.5.4 Enterprise architecture — Architectural analysis

Table C.16 — Enterprise architecture — Architectural analysis

Object being ana-
lyzed

Objectives

Factors & subfactors

Architectural anal-
ysis method

Results

Programs and
projects

Align programs
with strategic

nlan
ToHT

— Development cost
& schedule

— Costanalysis

— Schedule

Revised program
budgets & schedules

— Field support costs

— Program risks and
opportunities

analysis

— Riskanalysis

Revised riskligt and
risk mitigation| plans

None. No analysis
is needed since as-
sessment method
above generates its
own information
to complete the
assessment

Improve cyber
threat resilience

— N/A

— N/A

N/A

None. No analysis
is needed since as-
sessment method
above generates its
own information
to complete the
assessment

Improve custom-
er satisfaction

— N/A

— N/A

N/A
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Annex D
(informative)

Example architecture evaluation frameworks

D.1 |General

Example architecture evaluation frameworks are provided to illustrate how this document.can be
appligd. This does not imply endorsement of these particular examples. The following examples are
provided:

— Afrchitecture Tradeoff Analysis Method (ATAM);
— Qpality Assessment of System Architectures and their Requirements (QUASAR); and

— Apalysis of Alternatives (AoA).

D.2 [Architecture Tradeoff Analysis Method (ATAM)

D.2.1| Overview

D.2.1/1 General

Architecture Tradeoff Analysis Method® [ATAM®2)], ds*described in Reference [59] is a framework for
softwhre architecture and design trade-offs. However, ATAM is also used for evaluating architectures
of soffware-reliant systems relative to business\and quality goals and for analysis of how those goals
trade pff against each other.

In the|[ATAM framework, quality attributes)such as performance, availability, security and modifiability
are ddrived from business drivers in drder to express how software and system properties can sustain
busingss goals.

NOTE [L As summarized in Table/D.1, the main ATAM concepts map to architecture evaluation concepts as
definefl in this document.

Table D.1 — Mapping of the main ATAM concepts

ATAM concepts Concepts as defined in this

document

Business goal Concern

Business objective Evaluation objective

Business driver Evaluation factor

Architecture quality Assessment objective

Risk and non-risk Assessment factors

Sensitivity point Assessment factors

Tradeoff point

Quality factor Analysis factors

2) ATAM and Architecture Tradeoff Analysis Method are registered trademarks of Carnegie Mellon University. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO,
IEC or IEEE of the method named.
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