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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SMART CITIES REFERENCE ARCHITECTURE METHODOLOGY

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
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In this document, the following print types are used.

In5.3,5.4,5.5,5.14,5.16 and 5.17, bold is used for text fragments that will be used in some
dependency matrix.

In 8.7.2, 8.9.2, 8.10.2 and 8.11.2, various colours are used to link interrogatives and
placeholders <> within questions.

This document contains attached files in the form of Excel spreadsheets. These files are
intended to be used as a complement and do not form an integral part of the document. Three
files are attached:

"SCRAM Fignrp: 1-8 23 and 24 xlsm":

"SCRAM Figure 26.xIsm";
"SCRAM Figure 28.xIsm".

All thgse files contain some macros for generation of illustrations. However, these macrps are
not ngcessary for viewing illustrations.
The cpmmittee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch<in the data related fo the
specific document. At this date, the document will be
e re¢onfirmed,
e withdrawn,
e replaced by a revised edition, or
e anpended.

IMPORTANT — The "colour inside” logo-on the cover page of this document indicates that it
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INTRODUCTION

The Smart Cities Reference Architecture Methodology (SCRAM) is an adaptation of the
summary of the IEC Systems Resource Group (SRG) work on systems approach (see Annex B)
for the smart cities system domain. The purpose of the SCRAM is to provide a common
methodology for developing the Smart Cities Reference Architecture (SCRA) which will be used

asac

ommon and tailorable template for architectures of, practically, any city system.

In 2017, when IEC SyC Smart Cities decided to work on the SCRAM, it was known that there
were already various reference architectures for smart cities (see Annex C). However, the
majority of these reference architectures were created under different and not publicly agreed
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dologies, thus it Is very difficult to make them work together. The scope of IEC SyC
required the development of a reference architecture which is widely understoo
used. Therefore, IEC SyC Smart Cities needed to develop the SCRAM as.a p
d way of doing this.

gh the primary responsibility of IEC SyC Smart Cities is electrotechnical aspects of
the SCRAM (and the SCRA) covers city systems as a whole because-the electrotec
ts can only be properly understood in this wider context. The standardization of s
nts defined by the SCRA will be done, depending on the naturé-of those system eler
various SDOs Thus, the SCRAM and the SCRA are not limited to electrotechnical as

CRAM provides a methodology for the SCRA to 4achieve necessary granularity
h elements to allow the development of practical.standards. This is governed by the

of 1EQ
stand

effectiveness of city systems."

The S|CRA covers stages 1 to 4 of summary of the SRG work on systems approach — d
analygis, system architecting, use case-analysis and system modelling. Effectively, the
will dgfine for smart cities a set of capabilities, data structures, processes and interfaces
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SyC Smart Cities, which is defined by the IEC SMB as "To foster the developm'ljnt of

rds in the field of electrotechnology to help-'with the integration, interoperabili

standardized to simplify implementation of various smart cities. This set will be ug
ut for the stages 5 and. 6-0f the summary of the SRG work on systems appro
rds analysis and gap analysis — to map the existing standards to this set and to iq
rdization opportunities t0 existing SyCs, TCs/SCs and other SDOs.
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SMART CITIES REFERENCE ARCHITECTURE METHODOLOGY

1 Scope

This document, which is a Systems Reference Deliverable, proposes a methodology that
defines a coherent structure for developing Smart Cities Reference Architecture (SCRA). The
Smart Cities Reference Architecture Methodology (SCRAM) reviews and defines the desired
characteristics of Smart Cities, diverse SCRA viewpoints and corresponding SCRA model types
in order to promote consistency and uniformity across architectures for various smart cities.

2 Nprmative references

The fdllowing documents are referred to in the text in such a way that some-orall of their cpntent
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amengments) applies.

ISO/IEC/IEEE 42010:2011, Systems and software engineering-=Architecture description

3 Terms and definitions
For the purposes of this document, the followingepms and definitions apply.

ISO ahd IEC maintain terminology databases for use in standardization at the following
addrepses:

o |EL Electropedia: available at hitps://www.electropedia.org/

e ISP Online browsing platform:lavailable at https://www.iso.org/obp
NOTE | Additional information about some terms can be found in Annex B.

3.1 Information technology

3.11
data
symbgls and signals such as numbers, words or other signs that represent discrete facts|about
an objective reality

Note 1 fo.entry: Data can be in different representations: material, analogue, digital, etc.

Note 2 to entry: Data is without interpretation and has no meaning; thus, some automated computation can be used
to capture and process data.

3.1.2
information
structured, contextualized or processed data (3.1.1) that are endowed with meaning

Note 1 to entry: Information may be in different representations: material, analogue, digital, etc.

3.1.3
information security
preservation of confidentiality, integrity and availability of information (3.1.2)

Note 1 to entry: In addition, other properties, such as authenticity, accountability, non-repudiation, and reliability
can also be involved.
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[SOURCE: ISO/IEC 27000:2018 [1], 3.28]

3.14

knowledge

synthesis of multiple sources of information (3.1.2) over time to create conceptual frameworks,
theories and axioms

Note 1 to entry: Knowledge gives context through experience, values and insight.

3.1.5

metadata
data ('2 1 1) anlnlng and dner‘nlmng other data

Note 1 fo entry: Metadata is actually information (3.1.2) about other information.

[SOURCE: ISO 37156:2020 [2], 3.2.5, modified — Note 1 to entry has been added.]

3.2 Urban

3.21
citizeh
persoh who lives or works in a city (3.2.2) or visits a city

Note 1 fo entry: A citizen who lives in a city is a resident.

3.2.2
city
urban|area or place with a name and defined geographical boundaries considered together with
its citigens

Note 1 fo entry: A city is sometimes referred to as a\municipality or a local government.

Note 2 fo entry: An urban area sometimes grows*beyond the administrative area of the city administration.

Note 3 fo entry: Cities may refer to any_geographically located population.

Note 4 fo entry: A city is, potentially,\a-self-organizing system.

3.2.3
city agministration
organ|zations (3.3.16) for governing, managing and operating a city (3.2.2)

Note 1 fo entry: Operating means being responsible for the running of a city (3.2.2).

3.24
city sustainability
sustainability (3.3.27) of a city (3.2.2)

Note 1 to entry: The sustainability of city might be based on five main aspects: economic, social, environmental,
governance and cultural.

Note 2 to entry: There are six purposes of city sustainability in ISO 37101:2016: attractiveness, preservation and
improvement of the environment, resilience, responsible resource use, social cohesion, and well-being.

3.2.5

community

group of people with commonality such as norms, religion, values, customs, identity, occupation
or sense of place situated in a given geographical area

Note 1 to entry: A city (3.2.2) is a type of community.

Note 2 to entry: Communities can also function partially or completely online — as virtual communities.
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3.3 Systems approach

3.31

architecture

complex of ideas and decisions about an entity (3.3.7) that are essential for achieving desired
properties of the entity

Note 1 to entry: Architecture and desired properties of the entity define governing principles for the realization and
evolution of this entity and its related life cycle processes.

Note 2 to entry: Desired properties and emerging properties are not always the same.

Note 3 to entry: Architecture is an inherent property of the entity. Architecture cannot be "extracted" from the entity;
but ong can give a description of the architecture.

Note 4 fo entry: The entity that is concerned shall be specified, e.g. architecture of a city, architecture of a $ystem.

3.3.2
artefact
objecf (3.3.15) made, directly or indirectly, by creative human work

3.3.3
benemciary
stakelolder (3.3.26) who gains some value from the entity's (3¢3.7) existence

Note 1 fo entry: The entity that is concerned shall be specified, e.g. beneficiary of a city, beneficiary of a system.

[SOURCE: ISO/PAS 19450:2015 [3], 3.6, modified — “functional" replaced by "some", "system's
operation" replaced by "entity's existence", Note 1 to entry has been added.]

3.34
capalhility
ability|of an entity (3.3.7) to do something:at the agreed level of performance

Note 1 fo entry: The entity that is concerned shall be specified, e.g. capability of a city, capability of a syst¢gm.

3.3.5
charalcteristic
abstrdction of a property (3.3.18) of an object (3.3.15) or of a set of objects

EXAMHLE Weight.

Note 1 fo entry: Characteristics are used for describing objects (3.3.15).

[SOURCE: 1S0.1087-1:2000 [4], 3.2.4]

3.3.6
continttty
capability (3.3.5) of an entity (3.3.7) to plan for and respond to conditions, situations and events
in order to continue operations at an acceptable predefined level following a disruption

Note 1 to entry: Continuity is the more general term for operational and business continuity to ensure an
organization's ability to continue operating outside normal operating conditions. It applies not only to for-profit
companies, but to organizations of all types, such as non-governmental, public interest and governmental.

Note 2 to entry: Continuity sometimes refers to the degree to which the IT service is provided under all foreseeable
circumstances, including mitigating the risks resulting from interruption to an acceptable level.

Note 3 to entry: Continuity often refers to a state of stability and the absence of disruption.

Note 4 to entry: Continuity may refer to capability of an organization to continue the delivery of products or services
at acceptable predefined levels following a disruption.

Note 5 to entry: Acceptable refers to satisfy stakeholders' expectations within prescribed specifications.
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Note 6 to entry: The entity that is concerned shall be specified, e.g. continuity of a service, continuity of a system.

[SOURCE: ISO 22300:2018 [5], 3.24, modified — Note 6 to entry has been added.]

3.3.7
entity
object (3.3.15) with an identity

3.3.8
environment
context determining the setting and circumstances of all influences on a system (3.3.29)

Note 1 |to entry: The environment of a system includes developmental, technological, business, ,operptional,
organizational, political, economic, legal, regulatory, ecological and social influences.

Note 2 fo entry: The system that is concerned shall be specified, e.g. environment of a city.

[SOURCE: ISO/IEC/IEEE 24748-1:2018 [6], 3.20, modified — Note 2 to entry-has been agded.]

3.3.9
identifier
chara¢ter or string of characters, used to identify or name an objéect (3.3.15)

Note 1 fo entry: The object that is concerned shall be specified, e.g. identifier of an object.

3.3.1d
indicator
meas\yrable representation of conditions or statuses. by means of quantitative and qualjtative
terms|in order to assess the value of the activities'eharacterized, and the associated method

[SOURCE: ISO 21248:2019 [7], 3.37; ISO 14005:2019 [8], 3.4.7, modified — "expression (which
may He numeric, symbolic or verbal) used;to characterize activities (events, objects, pefsons)
both in" has been replaced by "measurable representation of conditions or statuses by means
of".]

3.3.11
infragtructure
vital services (3.3.25) of a\system (3.3.29) which serve many other system elements (3.3.30)

Note 1 fo entry: The system that is concerned shall be specified, e.g. infrastructure of a city.

3.3.12
intergperability
ability| of diverse entities (3.3.7) to work together for a specified purpose

3.3.1
life cycle
evolution from conception through to destruction

Note 1 to entry: A typical life cycle comprises several relatively stable periods called phases. The phases are not
necessarily sequential.

Note 2 to entry: In accordance with ISO/IEC/IEEE TR 24748-1 [6], the typical system (3.3.29) life cycle phases
include conception, development, production, utilization (operation), support, maintenance, retirement and
destruction.

Note 3 to entry: Some system elements can be versionable; thus their life cycle may include refactoring (i.e. the
creation of another version with its own life cycle) in addition to the typical system life cycle phases.

Note 4 to entry: The human-made entity that is concerned shall be specified, e.g. life cycle of a system, life cycle
of a product, life cycle of a service or life cycle of a project.
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[SOURCE: ISO/IEC 15288:2015 [9], 4.1.23, modified — "through retirement" has been replaced
by "through to destruction”; Notes 1, 2, 3 and 4 to entry have been added.]

3.3.14
maintenance
process of keeping something in good condition

Note 1 to entry: There are four types of maintenance: corrective, preventive, predictive, adaptive.

Note 2 to entry: Maintenance is a stage of systems life cycle.

3.3.15
object
anything perceivable or conceivable

Note 1 fo entry: Objects may be material (e.g. an engine, a sheet of paper, a diamond), immaterial(e.g. a conjyversion
ratio, a|project plan) or imagined (e.g. a unicorn).

[SOURCE: ISO 1087-1:2000 [4], 3.1.1]

3.3.16
organization
legal | or administrative entity (3.3.7) with structure, policies, employees, role§ and
respofsibilities to achieve some stated purposes

Note 1 fo entry: The concept of organization includes, but is not litnited to, sole-trader, company, corporatign, firm,
enterpr|se, authority, partnership, charity or institution, or part o combination thereof, whether incorporated|or not,
public gr private.

3.3.17
platfagrm
coherent set of services (3.3.25) for the particular problem space or subject field

3.3.18

propdrty
attribyte or quality of an object(3.3.15) or of a set of objects

—

Note 1 fo entry: The object or a Set of objects that is concerned shall be specified, e.g. property of an obje

3.3.19
repeatability
ability] of an entity-(3.3.7) to be easily adaptable to and/or adoptable into different systems
(3.3.2P) or enyironments (3.3.8)

Note 1 |to enhtry: Scalability of an entity is one of the many aspects of repeatability. Sometimes both [can be
mentiopedtogether as requirements for an entity.

Note 2 to entry: The term "repeatable” is associated with the concept expressed by the French word "tirage" in the
sense of mass distribution of a unique product.

Note 3 to entry: The entity that is concerned shall be specified, e.g. repeatability of a solution.

3.3.20
reference architecture
template for solution architectures (3.3.1) which realizes a predefined set of requirements

Note 1 to entry: A reference model is the next higher level of abstraction to the reference architecture.

Note 2 to entry: A reference architecture uses its problem space or subject field reference model and provides a
common (architectural) vision, a modularization and the logic behind the architectural decisions taken.

Note 3 to entry: There may be several reference architectures for a single reference model.

Note 4 to entry: A reference architecture is universally valid within a particular problem space or subject field.
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Note 5 to entry: An important driving factor for the creation of a reference architecture is to improve the
effectiveness of creating products, product lines and product portfolios by managing synergy, providing guidance,
e.g. architecture principles and good practices providing an architecture baseline and an architecture blueprint, and
capturing and sharing (architectural) patterns.

Note 6 to entry: In the field of software architecture or enterprise architecture, reference architecture provides a
proven template for solution architectures in particular problem space, as well as a common vocabulary with which
to discuss implementations, often with the aim of stressing commonality.

3.3.21

reference model

abstract framework for understanding concepts and relationships between them in a particular
problem space or subject field

Note 1 fo entry: A reference model is independent of the technologies, protocols and products, and other/cpncrete
implemgntation details.

Note 2 fo entry: A reference model uses a concept system for a particular problem space or subject field.

Note 3 fo entry: A reference model is often used for the comparison of different approachesjin‘a particular groblem
space gr subject field.

Note 4 o entry: A reference model is usually a commonly agreed document, such &8s _an International Standard or
industry standard.

Note 5 fo entry: See also IEC 61970-2 [10], OASIS Reference Model for Seryice-Oriented Architecture 1.0 [11], and
the Todaf9 standard [12] .

[SOURCE: SAMARIN, A., 2009, [13], 14.2.16, 14.2.14, modified — "domain" has been replaced
by "subject field".]

3.3.22
resilignce
ability|of an entity (3.3.7) to cope with undesireéd change

Note 1 fo entry: The entity that is concerned shalllbe specified, e.g., resilience of a service.

3.3.23
safety
freedgm from risk which is not-tolerable

[SOURCE: ISO/IEC Guide'51:2014 [14], 3.14]

3.3.24
securjity
condifion thatsr€sults from the design and maintenance (3.3.14) of protective measures that
ensure a state of inviolability from hostile acts or influences

[SOUREE: IEC Guide 120:2018 [15], 3.13, modified — "establishment" has been repladed by
"design"; Note 1 to entry has been deleted]

3.3.25

service

group of one or more capabilities (3.3.4) of an entity (3.3.7) accessible using a prescribed
interface

Note 1 to entry: The entity capabilities provide some value for its consumer.
Note 2 to entry: The service consumer and the service provider may belong to different ownership realms.

Note 3 to entry: The entity that is concerned shall be specified, e.g. service of a city.

3.3.26
stakeholder
person, group of persons or organization (3.1.4) having an interest in an entity
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to entry: The entity that is concerned shall be specified, e.g. stakeholder of a city.

[SOURCE: ISO/IEC/IEEE 42010:2011, 3.10, modified — "system" has been replaced by "entity",

"individua

has been replaced by "person" and "or classes thereof" deleted, note 1 to ent

been added.]

3.3.27

sustainability

ability of a self-organizing system (3.3.29) to meet its needs as long as necessary

Note 1 to entry: Sustainability is the goal of sustainable development.

Note 2 fo entry: The self-organizing system that is concerned shall be specified, e.g. sustainability of a city]
3.3.28

sustajnable development

ry has

develppment that preserves or builds sustainability (3.3.27)

3.3.29
syste
entity

m
represented as a complex of interacting entities (3.3.7) organized as a whole

exhibits (as the result of interaction between the entities) some~“emergent characte

indisp
Note 1

Note 2

Note 3

ensable to achieve one or more stated purposes

o entry: Systems are different from structural assembilies.
o entry: A system is sometimes considered as a product’onas the services it provides.

to entry: In practice, the term "system" is frequently\gqualified through the use of an associative

indicatg¢ the subject field, e.g. aircraft system. Sometimes the term system is substituted by a context-deg

synony
principl

Note 4
firmwa
necess
explain
Note 5
a) sys
b) sys
c) the
d) sys
e) sys
f) sys
g) sys
h) sys

M, e.g. aircraft, but such practice is deprecated.since it potentially obscures the meaning from a
Es perspective.

to entry: A system includes all of the _@$sociated equipment, facilities, materials, computer prd
, technical documentation, services and personnel required for operations and support to the
ry for self-sufficient use in its intended environment. In some cases, the behaviour of a system ca

ed in terms of the behaviour of its diserete parts.

o entry: Typical characteristics of a system are:

ems are an idealization;

ems have multiple elements;

components are interdépendent;

ems are organized;

ems have_eniergent properties;

ems have'a’boundary;

ems'aré enduring;

ems affect and are affected by their environment;

which
ristics

oun to
endent
system

grams,
degree
hnot be

i) systems exhibit feedback; and

j) systems have non-trivial behaviour.

3.3.30
system element
discrete entity (3.3.7) of a system (3.3.29) that contributes to one or more of its capabilities

(3.3.4

)

EXAMPLE: Hardware, software, data, persons, assistive animals, assistive robots, processes (e.g. processes for
providing a service to users), procedures (e.g. operator instructions), facilities, materials, and naturally occurring

entities

Note 1

or any combination thereof.

to entry: In [16] "discrete" is defined as "individually separate and distinct". Something that is "individually
separate and distinct" can change depending on the context, e.g. depending on the level of detail that one is looking
at, on the perspective, etc.
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Note 2 to entry: A system element can contain other system elements.

3.3.31

systems thinking

complex of synergistic analysis and synthesis skills used to improve the capability of identifying
and understanding systems, predicting their behaviours, and devising modifications to them in
order to produce desired effects

Note 1 to entry: These skills work together as a system.

Note 2 to entry: These skills are the following:

1) recognizing interconnections;

2) identifying and understanding feedback;

3) understanding system structure;

4) diff¢rentiating types of stocks, flows, variables;

5) identifying and understanding non-linear relationships;
6) understanding dynamic behaviour;

7) redilicing complexity by modelling systems conceptually;

8) understanding systems at different scales.

[SOURCE: Ross D. Arnold, 2015 [17] , modified — "analytic" isyreplaced by "analysis and
synthe¢sis".]

3.3.32
system approach idea
idea that considers that functional and structural. engineering, system-wide interfaces and
system (3.3.29) properties become more and more\important due to the increasing complexity,
convergence and interrelationship of technologjes

[SOURCE: IEC AC/7/2004 [18], modified <tFhe word "compositional" has been removed ||

3.3.33
systems approach
particular way of applying systems thinking (3.3.31)

Note 1 fo entry: There are many systems approaches; |IEC develops its own systems approach for systems|works.

3.3.34
system of systems
SoS (fleprecated)

repregentation-of.a system (3.3.29) as a complex of managerially and operationally indepgndent
systems which-are coordinated together for a period of time to achieve one or more commonly
stated purposes

Note 1 to entry: Each constituent system is a useful system by itself, having its own management, goals, and
resources, but coordinating together within the system of systems to provide one or more emergent capabilities of
the system of systems.

3.4 Digital transformation

3.41

digitally coordinated system

digital system

system (3.3.29) in which the digital presentation (3.4.2) of system elements (3.3.30), system
and its element properties, architecture views on system and its elements, and relationships
between everything mentioned above is a dominant consideration

Note 1 to entry: The qualifier "digitally coordinated" points to the essential characteristic of such systems. The same
logic is used for the definition of socio-technical systems (importance of interactions between people and technology
in workspaces) and the definition of cyber-physical systems (importance of interactions between physical and
computing components).
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Note 2 to entry: For some objects their digital representation is secondary to their physical representation, for some
objects their digital representation is primary to their other representations and for some objects only their digital
representation exists.

Note 3 to entry: A digitally coordinated system uses digital representations throughout its life cycle to be
architected, built, governed, managed, operated, evolved, decommissioned and destroyed.

Note 4 to entry: Digital representations are enablers for applying innovative digital and other technologies and
facilitating deployment of technologies. For example, an impact of a particular new technology can be objectively
evaluated with the use of digital representations.

Note 5 to entry: The digitally coordinated system captures, analyses and helps to align different views from different
stakeholders, and thus enables the progress. Examples of such views are physical, social, ethical, financial,
economic, legal, cultural, informational, etc.

3.4.2
digital representation
formal|, explicit, computer-readable and computer-executable description that allows a computer
to perform various operations on an object (3.3.15)

EXAMHLE Digital representation of an object may be a computational model of this object-

Note 1 fo entry: Digital representation of an object may be primary or secondary relative-to other representations of
this object.

Note 2 fo entry: The object that is concerned shall be specified, e.g. digital representation of a building.

3.4.3
digitall transformation
DT
DX, Japan
systeric increase in the level of orderliness of a complex entity (3.3.7) as a digitally coord|nated
system (3.3.29)

Note 1 fo entry: Orderliness is about increased coherence and reduced complexity.
Note 2 [to entry: DT improves various intrinsic_characteristics of this entity and their match with various views on
the sysfems. Examples of such intrinsic characteristics are trustworthiness, low cost to maintain, reduced {ime-to-
market{ etc.

Note 3 fo entry: DT is not a project~a programme or a product, it never ends, it is a life style [19].

Note 4 fo entry: The complex entity that is concerned shall be specified, e.g. DT of a city.

3.44
digitall twin
totality of digital-fepresentations (3.4.2), algorithms and recorded facts pertinent to an|entity
(3.3.7) over its-life cycle (3.3.13)

Note 1 fo entry: ~ The digital twin of an entity is used by a system, in which this entity is a system element, to manage
and opg¢rate this entity.

Note 2 to entry: The entity that is concerned shall be specified, e.g. digital twin of a street.

3.4.5

smart city

city (3.2.2) which is permanently transforming itself as a digitally coordinated system to align
the various, primarily citizens', views of the city

Note 1 to entry: Citizens' views may be different in each city: better sustainability, higher level of resilience,
accelerated economic development, etc.

Note 2 to entry: The complexity of cities requires treating them as digitally coordinated systems.
Note 3 to entry: Building smart city is DT of a city.
Note 4 to entry: Each smart city carries out its DT at its own pace.

Note 5 to entry: The shortest form of the definition is "city built as a digital system".
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Architecting

architecture view
work product expressing the architecture (3.3.1) of a system (3.3.29) from the perspective of

specif

ic system concerns

[SOURCE: ISO/IEC/IEEE 42010:2011, 3.5]

3.5.2

model kind

convepntions—for=a type of |||udc“i||y

EXAMH
organiz

[SOU

3.5.3
archit
work
archit

3.5.4
conc
<syst

Note 1
technol
influen

[SOU

3.5.5

Smartf
SCRA
archit
of req

Note 1
rules w|
smart g

3.5.6
Smartf

ation charts and state transition models.

RCE: ISO/IEC/IEEE 42010:2011, 3.9]

ecture viewpoint
product establishing the conventions for the construction, “interpretation and U
pcture views (3.5.1) to frame specific system concerns

rn
m> interest in a system relevant to one or morg)of'its stakeholders

to entry: A concern pertains to any influence on ‘a’system in its environment, including develop
pgical, business, operational, organizational, political, economic, legal, regulatory, ecological and
es.

RCE: ISO/IEC/IEEE 42010:2011, 3¢7]

Cities Reference Architecture

pcture (3.3.1) of an idealized (reference) smart city (3.4.5) which realizes a predefin
uirements and is used as a template for architectures (3.3.1) of other smart cities

to entry: The SCRA can be considered as a framework (coherent set of ideas, principles, agreem
hich provides the basis or outline for something intended to be more fully developed at a later phase) f
ities.

Cities Reference Architecture Methodology

LE Examples of model kinds include data flow diagrams, class diagrams, Petri nets, balanCe gheets,

se of

mental,
social

ed set

ents or
br other

SCRA

coherent set of methods for developing the SCRA (3.5.5)

Note 1 to entry: The SCRAM is necessary for effective tailoring of the SCRA for other smart cities.

Note 2 to entry: The SCRAM can be considered as an architecture for the SCRA.

3.5.7

SCRA view
architecture view (3.5.1) for a city (3.2.2) as a system (3.3.29)

3.5.8

SCRA model
work product expressing partially the architecture (3.3.1) of a city (3.2.2) as a system (3.3.29)
for the needs of some SCRA views (3.5.7)
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to entry: A SCRA model can be a system element of the city as a system.

SCRA artefact
work product expressing an entity made by creative human work to be used in some SCRA

model

Note 1

s (3.5.8)

to entry: A SCRA artefact can be a system element of the city as a system.

3.5.10
SCRAM viewpoint
work product establishing the common conventions for the construction, interpretation and use

of SC

EXAMH

Note 1

3.5.11
SCRA

RAVIEWS (3.5.7)

LE Problem space viewpoint, integration viewpoint, engineering viewpoint, technology viewpoint.

o entry: A SCRAM viewpoint is an adaptation of architecture viewpoint (3.5.3).

M model-type

work product establishing the common conventions for the construction,interpretation and use

SCRA

of SCRA models (3.5.8)

Note 1 fo entry: A SCRAM model-type is an adaptation of model kind (3.5.2):
3.5.12

SCRAM artefact-type

work product establishing the conventions for the construction, interpretation and use of
artefapts (3.5.9)

4 Apbreviated terms

AllM Association for Intelligent Information Management
Al Artificial Intelligence

API Application Programming Interface

APQQ American Productivity & Quality Centre

BPM Business Proacess Management

BPMN Business-Process Modelling and Notation

DAMA DAta Management Association

DLP Data‘Loss Protection

DMN Decision Model and Notation

DT Digital Transformation

EDA Event Driven Architecture

EPN Event Processing Network

GDPR General Data Protection Regulations

ICRC International Committee of the Red Cross

IDEFO Integration DEFinition language 0

IDL Interface Definition Language

IFD Information Flow Diagram

IFRC International Federation of Red Cross and Red Crescent Societies
IREB International Requirements Engineering Board

IT Information Technology

ITIL Information Technology Infrastructure Library
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ITSM Information Technology Service Management

LLUC Low Level Use Case

MBSE Model-Based Software Engineering

M2M Machine-2-Machine

MVP Minimum Viable Product

NIST National Institute of Standards and Technology
OECD Organisation for Economic Co-operation and Development
PaaS Platform as a Service

PCF Process—CiassificationFramework

PEST Political, Economic, Social and Technological)
SIEM Security Information and Event Management

SDO Standard Development Organisation

SRD Systems Reference Deliverable

SRG Systems Resource Group

SWOT Strengths, Weaknesses, Opportunities, and Threats
ul User Interface

UML Unified Modelling Language

UN United Nations

URL Universal Resource Locator

WHO World Health Organization

5 Linking the IEC SyC Smart Cities scope with the SCRAM and SCRA

5.1

Methodology

Knowing that the SCRAM is actually a meta reference architecture, i.e. an architectpire of
reference architecture, the SCRAM shall be in conformance with ISO/IEC/IEEE 42010{2011.
Thus the description of the SCRAM shall be expressed via architecture viewpoints, architecture

views| model kinds and models.

For lipking the IEC /Sy€ Smart Cities scope with the SCRAM and SCRA, an architgcture
viewppint "justification” is defined and a view "justification" is created. These viewpoint and
view gre provided-for all the readers of the SCRAM to explicitly and step-by-step explaiph how
the sqope of JEC SyC Smart Cities and other pertinent information outline the SCRAM. This
viewppint cemprises a few simple model kinds which are: text and keywords, nomenclatures or
dependency matrixes. These model kinds are listed below.

Pr

Problem space specifics (5.3) nomenclature, which is derived from the general knowledge
of smart cities system domain.

Stakeholders classification (5.4) which is based on the summary of the SRG work on
systems approach.

Stakeholders (5.5) nomenclature (individuals, teams, organizations having an interest in
smart cities), which is derived from the problem space description.

Dependency matrix (5.6) "Stakeholders classification" versus "Stakeholders".
Dependency matrix (5.7) "Problem space description" versus "Stakeholders".

Stakeholders' aggregated concerns (5.8) nomenclature, which is derived from the
stakeholders. These concerns are aggregated and serve as initial requirements.
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e Mission statement (5.9), which outlines what problem IEC SyC Smart Cities is going to solve
(see scope and problem space specifics) for whom (see stakeholders).

e Dependency matrix (5.10) "Problem space description" and "Problem space specifics"

ve

rsus "Mission statement".

e Dependency matrix (5.11) "Stakeholders" versus "Mission statement" and "Stakeholders'

ag

gregated concerns".

o Vision statement (5.12) which outlines a solution space (variations of potential solutions) in
accordance with the mission statement and satisfies the stakeholders' aggregated concerns.

o Dependency matrix (5.13) "Mission statement" and "Stakeholders' aggregated concerns"

ve

rsus "Vision statement".

th

e Dqdg
e S
by|

e Es

potential solutions), which address the strategic goals and the solution space constrs

o De
IIE

e Ar

th¢ essential desirable characteristics.

e D+
pr

The d

Problem

q

q

5.2

. Stlategic goals (5.14) nomenclature, which are measurable results mandatory te aq

vision statement.

pendency matrix (5.15)"Vision statement" versus "Strategic goals".

imposing some choices.

sential desirable characteristics (5.17) nomenclature of the_solution space (th

pendency matrix (5.18) "Strategic goals" and "Solutionspace constraints”
5sential desirable characteristics".

Chitecture principles (5.19) nomenclature guarantees that potential solutions will pg

pendency matrix (5.20) "Essential desirablé. characteristics" versus "Archit
nciples".

ependency matrixes are relationships incRigure 1.

Problem space specifics \

pace desription Mission Vision Essential desirable

! statement statement —Strategic goals7 S Architecture p
ints

Solution space constral

Requirements

takeholders
assification

Figure 1 — Relationships within the "justification" viewpoint

Ptoblem space description

hieve

lution space constraints (5.16) nomenclature, which limit the variety of petential solutions

us all
ints.
ersus

Ssess

bcture

inciples

IEC

IEC SyC Smart Cities has the following scope [20]', approved by the IEC Standardization
Management Board. This scope is considered as the problem space description.

1

Numbers in square brackets refer to the Bibliography.
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NOTE 1 This will be done:

To foster the development of standards in the field of electrotechnology to help with the
integration, interoperability and effectiveness of city systems.

by promoting the collaboration and systems thinking between IEC TCs, the SyCs and other SDOs in relation

to city system standards;

by undertaking systems analysis to understand the needs for standards and assess new work item proposals

(NWIPs) related to city systems;

by developing systems standards where needed and by providing recommendations to existing
TCs/SCs and other SDOs.

SyCs,

NOTHZ2—Overatttommon city goats mciude, for exampie, sustaimabie devetopment, efficiency; Tesitience;
and s

NOTH 3 "Cities" refers to any geographically located population.

safety

Lipport for citizens' engagement and participation. However, an individual city will follow its own apprdach.

5.3

Problem space specifics

NOTE |[In 5.3, the text fragments in bold will be used in some dependency matrix.

All

smart city programmes and projects pursue many common goals including susta

develppment, better efficiency, resilience, safety and wider s@pport for citizen's engag
and participation. However, the work of the Standardization *Evaluation Group on Smart

(SEG

each findividual city tends to follow its own approach in smart cities programme
proje¢ts.

Often|city governance bodies are confused by thernumerous technology activists who ar
vocal pn various smart cities forums even though city systems cannot be reduced to ju
data and loT (see [21]).

Anothgr result of the SEG 1 is that there is no common understanding even in standardi
bodie$ about smart cities. About 20 reference models collected by the SEG 1 are incomp
so there is a huge demand for acommon understanding.

Experjence of SyC Smart, Cities members in various smart cities projects has shown th
curreht implementation:practices of smart cities are rather disjointed, namely:

smart cities programmes and projects are, primarily, local initiatives;

smart cities programmes and projects are considered as technology projects;
numerous.smart cities interest groups are, primarily, clubs;
efforts\far the development of a common vision are insufficient; and

typie

nable
ement
Cities

1) — which is the predecessor of SyC Smart Cities and’now disbanded — has shown that

ks and

b very
st big

zation
atible,

at the

ment is

funding (to some extent) some cities, which engage technological companies, and the

government is funding some technological companies, which engage cities.

As a result, there is no agreed basis for efficient and effective cooperation and
coordination between different smart cities programmes and projects. There is a lot of work
duplication, developed solutions are not reusable, and the same mistakes are widely repeated.

A look at the number of cities within different population categories indicates the imperative of
bringing standardization into this complex paradigm of cities, which are systems of systems
leveraging networks of networks to bring operational efficiency, sustainability and resilience to

the

city infrastructure to improve its citizens' quality of life.

City systems are multi-disciplinary and use multiple technologies; therefore, city systems shall
be carefully architected to allow all technologies to work together.
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5.4

Stakeholders classification

NOTE In 5.4, the text fragments in bold will be used in some dependency matrix.

The summary of the SRG work on systems approach recommends the development of a
classification of stakeholders to facilitate the process of finding the actual stakeholders. The
stakeholders classification is as follows.

5.5

Primary beneficiary: Stakeholders that benefit directly from the particular system.
Secondary beneficiary: Stakeholders that benefit indirectly from the particular syste

Tertiary beneficiary: Stakeholders that benefit somehow from the particular system.

m.

Owner: Stakeholders that own the particular system.

Dgsigner: Stakeholders that are part of the ecosystem of those participating
arghitecting of the particular system.

Byilder: Stakeholders that are part of the ecosystem of those partiCipating i
copstruction of the particular system.

Maintainer: Stakeholders that are part of the ecosystem of thaeSe participating
maintenance of the particular system.

Uger: Stakeholders that are part of the ecosystem of those participating in the use
particular system for their needs.

Operator: Stakeholders that are part of the ecosystem of those participating
rations of the particular system.

Teaster: Stakeholders that are part of the ecosystém-of those participating in the tes
particular system.

Stakeholders and their estimated concerns

NOTE |[In 5.5, the text fragments in bold will be used\in some dependency matrix.

Citizeins are the indirect beneficiaries.\They will profit from this set of city system stan

indire

in acgordance with this set of citylsystem standards, along with the related tools and g
mater|als. Below are examples-of-Citizens' concerns (the complete set will be referred to g
city system functionality" in the’remainder of this document):

adequate water supply:

aspured electricity_supply;

sapitation, including solid waste management;
efficient urban mobility and public transport;

affordable housing, especially for the poor;

n the

n the

n the

of the

n the

ing of

dards

ctly. It will be for each city to cGllect the citizens' concerns and treat them systematically

uiding
s "full

widespread and transformative use of data and fpr‘hnnlngy;

good governance and citizen participation;

sustainable environment;

safety and security of citizens, particularly women, children and the elderly;
affordable healthcare for everyone;

modern education for children and adults;

attractive for business.

Business (local) is the indirect beneficiaries. Their primary expected concern is the following:

attractive for business.


https://iecnorm.com/api/?name=7e6265c3dc9f31882384fa5620fc3521

- 34 - IEC SRD 63188:2022 © IEC 2022

City governance bodies are responsible for the prioritization and execution of city sy
improvement activities. City governance bodies' expected concerns are the following:

e methods to understand needs of city systems stakeholders;

stems

e critical success factor based methods to estimate the complexity, cost and benefit for

implementation of smart cities programmes and projects to determine the returns on
investments directly and indirectly from a forecast to actual series of measures;

those

e good business practices and world-class knowledge regarding smart cities to enable them

to properly manage and execute smart cities programmes and projects;

e enabling collaboration and coordination with other smart cities programmes and projects to

IMPpFev SHa Y A S, PR AVA® ARE O—vatd ot ahage—a S, atea S.
Smart city architecture teams are responsible for understanding smart cities and |[describe
them jn a common structure by change to describe this set of city system standards fo the
uniqué needs of the particular city. Smart city architecture teams' expected concerns are the
follow|ng:

e qulickly understandable set of city system standards;

e qulickly mastered set of city system standards;

e easy to use supporting tools;

e wifle use of this set of city system standards.

Standards development groups (IEC TCs, SyCs and other SDOs) are responsible for formal

definifion of some functional elements and their interfaces which are outlined by this set pf city

system standards. Also, this "set of instruments" prevides enough information on how to fefine

interfdces as APIs and how to describe functionalyelements. Standards development droups

expected concerns are the following:

e easy to comprehend and to apply set of'city system standards;

e easy to use interoperable supporting-tools;

e wifle use of this set of city system.-standards.

Vendors are responsible forsimplementing some functional elements and their interfaces.

Vendqrs' expected concerns are the following:

e qufickly understandable set of city system standards to identify opportunities for deve|oping
products which can:be used by cities following the SCRAM and SCRA.

Investors are responsible for taking informed decisions about their investments and liabilities

in city| systems~infrastructure. At the moment cities are missing out on significant investments

that shhould be.available to them because of: a) the potential to mitigate huge potential ecopomic

losseg from) disasters, b) growing popularity of sustainable energy investments prioritizing

investment ahead of other areas such as smart cities infrastructure, and c) the high rigks of

existing city bonds.

This set of city system standards can be used to benchmark various smart cities related work.

Also, applying this set of instruments brings good business practices and world-class

knowledge to smart cities programmes and projects. Investors' expected concerns are the

following:

o wide use of this set of city system standards, which will act as an investment multiplier.

SyC Smart Cities' concerns are the following:

a) addressing by-design city system quality characteristics such as
e interoperability,

o safety,
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security (including confidentiality, integrity and availability),

privacy,

resilience,

simplicity,

low cost of operation,

short time-to-value,

combining diversity and uniformity,

self-referential, and

— 35 —

system-life-cycle;

b) copering the whole life cycle of city systems.

5.6

Figure

Figure 2 —~A-dependency matrix "Stakeholders classification" versus

5.7

2 provides this dependency matrix.

Dependency matrix "Stakeholders classification" versus "Stakeholdeps"

3
[2]
Elg
S45
8 |.oV%
ROWS are sources (Stakeholders 3 % g_
Classification) vs. COLUMNS are destinations ﬁ 2 % A
(Stakeholders) 15|z =
sls|8 S
g|=|8 0|8 | o
21512(5|8|e|5]¢8
[0} oL | T |5 7] c
Nis|l@glclfeloflo|a
ElE|lE|8S|lo|Z2>]3
OfOo|ln||>|E|v|m
Primary beneficiary X
Secondary beneficiary X X
Tertiary beneficiary X | X X
Owner X
Designer X X
Builder X | X
Maintainer X X |X
User X[ X|[X
Operator: X
Tester X

Dependency matrix "Problem space description” versus "Stakeholders"”

IEC

"Stakeholders™”

Figure 3 provides this dependency matrix.
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ROWS are sources (Problem space
description) vs. COLUMNS are destinations
(Stakeholders)

Smart City architecture teams
Standards development

City governance bodies
groups

Citizens
Vendors
Investors
Business

x

foster the development of standards

integration, interoperability and
effectiveness

collaboration and systems thinking X
IEC TCs, SyCs and other SDOs X
city system standards X
understand the needs X
city systems X
common city goals X

sustainable development, efficiency,
resilience, safety

support for citizens' engagement and
participation X

X|[X<] X |X| SyC Smart Cities

individual city will follow its own approach X X

any geographically located population X X

IEC

Figure 3 — A dependency matrix "Problem space description" versus "Stakeholders™

5.8

Stakeholders' aggregated concerns

For the purpose of this document, only stakeholders' aggregated concerns are pertinent (see

Figure

5). They are derived from 5.7 and listed below:

e ful

e qulickly understandable set.of city system standards;

e qulickly mastered set«of city system standards;

e ea
o thi

city system functionality;

y to use supporting tools;

s set of instruments shall help stakeholders to estimate, plan, manage and execute|smart

citjes programmes and projects;

o abflity tosshare experience, collaborate and coordinate among smart cities programmes and
projectswhich use this set of city system standards;

o wide-use-ofthissetefcitysystem-standards

e addressing by-design city system quality characteristics;

e covering the whole life cycle of city systems.

5.9

At pre

Mission statement

sent IEC SyC Smart Cities does not have a formally agreed mission statement. However,

the following mission statement could be derived from the agreed scope.

Here i

Systematically develop, together with IEC TCs, SyCs, other SDOs, a coherent and highly
useful set of city system standards for efficient implementation any city system.

s clarification of what is meant by the key phrases of this mission statement.

e "systematically develop" — based on the summary of the SRG work on systems approach.
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e "set of city system standards" — a comprehensive collection of standards shall cover all

as

pects of cities.

e "together with" — organizations which need to contribute to this set of city system standards
are able to easily master how to contribute.

e "coherent" — all standards for city systems shall be compatible and developed under the

sa

me guidance.

o "highly useful" — in order to ensure that this set of city system standards are really useful, it
is vital to identify all organizations which are working and using city systems and ensure
that the standards developed address needs and requirements of those organizations.

L4 e

fficient implementation" — strive for improving quality, saving money and reducin

to-

. a
us

5.10

Figure

market for implementations.

Ny city system" — this set of city system standards shall be flexible and extensible
eful for all types of city.

Dependency matrix "Problem space description™ and "Problem space specif
versus "Mission statement”

4 provides this dependency matrix.

ROWS are sources (Problem space description,
Problem space specific) vs. COLUMNS are
destinations (Mission statement)

systemically develop
set of city system
standards

together with
coherent

highly useful

any city system

x

foster the development of standards

x

integration, interoperability and effectiveness

collaboration and systems thinking X
IEC TCs, SyCs and other SDOs X X
city system standards X X

understand the neéds

city systems

common city goals
sustainable-development, efficiency,
resiliencey safety

support for citizens' engagement and
participation

X XXX

individual city will follow its own approach X
any geographically located population X
each individual city tends to follow its own

appreach
though city systems cannot be reduced to just
big data and loT

huge demand for a common understanding X X
current implementation practices of Smart
Cities are rather disjointed

no agreed basis for efficient and effective
cooperation and coordination

complex paradigm of cities X X

city systems must be carefully architected X X

IEC

time-

to be

CS

Figure 4 — A dependency matrix "Problem space description™ and "Problem space

specifics™ versus "Mission statement”
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Dependency matrix "Stakeholders" versus "Mission statement" and
"Stakeholders' aggregated concerns”

Figure 5 provides this dependency matrix.
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5.12

At pre
the fo

Vision statement

System.

gure 5 — A dependency matrix "Stakeholders" versus "Mission statement™ an
"Stakeholders' aggregated concerns”

sent IEC SyC Smart Cities does not have a formally agreed vision statement. Hoy
lowing vision statement could be derived from the agreed scope:

Transparently developed set of city system instruments (around the detailed smart
Reference Architecture) which are easily adaptable for the unique needs of an

IEC

vever,

cities
y city

Here is clarification of what is meant by the key phrases of this vision statement.

e "transparently developed" — thus everyone can understand the logic of IEC SyC Smart Cities
work, validate this work and add to or further develop some parts of its work, if necessary.

e '"set of city system instruments" — a coherent collection of methodological, domain-specific,
informational, software-intensive, standard and informative tools.

e "Smart Cities Reference Architecture" — commonly-agreed architecture which all smart cities
can use as a template for solution architectures of their city systems because the key
decisions taken in the Smart Cities Reference Architecture (SCRA) will guarantee that future
city systems (built in accordance with this SCRA) will possess by-design the essential
quality characteristics, e.g. security and privacy.
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e "detailed" —itis necessary to provide enough scope and enough decomposition of the SCRA
to reach a level of detail which is suitable for effective standardization of city systems —
functional blocks may be implementable as black-boxes and interfaces between them shall
be not too complex.

e "easily adaptable" — although there are a lot of communalities between cities, each city
always has its own unique features. Thus, city systems will be able to use many of common
system elements and easily intermix them with their own system elements.

e "unique needs of any city system" — the set of instruments shall be flexible and extensible
to be useful for all types of city.

5.13 Dependency matrix "Mission statement" and "Stakeholders' aggregated
concerns” versus "Vision statement"

Figurg 6 provides this dependency matrix.

ROWS are sources (Mission statement, Stakeholders’
aggregated concerns) vs. COLUMNS are destinations
(Vision statement)

Smart Cities Reference

Architecture
Unique needs of any

Setofcity system
instruments
Easily adaptable
city system

Detailed

x | (Transparently developed

x

systemically develop
set of city system standards X
together with
coherent X X
highly useful X X
any city system X X
Full city system functionality X X
Quickly understandable set-of-city-standards X X
Quickly mastered set-of-city-standards X X

Easy to use supporting tools X X
This set-of-city-standards must help stakeholders to
estimate, plan, manage and execute Smart Cities X X
programmes and projects

Ability to share experience, collaborate and coordinate
among Smart Cities‘programmes and projects which use X X
this set-of-instruments

Wide usage\of this set-of-instruments X

x
x
x

Addressing by design city system quality characteristics

Covering the whole life cycle of city systems

IEC

aggregated concerns" versus "Vision statement”

5.14 Strategic goals

NOTE 1 In 5.14, the text fragments in bold will be used in some dependency matrix.

At present, IEC SyC Smart Cities does not have formally agreed strategic goals. However, the
following strategic goals could be derived from the agreed scope.

e Commonly-agreed multidisciplinary concept system to enable all the stakeholders to use
the same "language".

NOTE 2 Such a concept system is developed in separate documents of IEC SyC Smart Cities.
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5.15 |Dependency matrix "Vision statement” vs "Strategic goals’

Figurg 7 provides this dependency matrix.
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Commonly-agreed Smart Cities Reference Architecture Methodology (SCRAM) to make
transparent and understandable how the Smart Cities Reference Architecture (SCRA) has
been developed.

Commonly-agreed SCRA to serve as an easily tailorable template for architecting and
implementing any city system.

The continually updated and extended Smart Cities Implementation Manual (SCIM)2 on how
to tailor the SCRAM and SCRA to easily address unique needs of any city system.

Map of existing standards to the SCRA to quickly navigate to find standards pertinent for
city systems.

NQ

ap of potential standards to the SCRA to list standards to be developed for city'sygtems.
NJTE 4 Such mapping is developed in separate documents of IEC SyC Smart Cities.
Ngcessary tools to simplify adoption of the SCRAM, SCRA, SCIM and other deliverpbles.

Prhctically all smart cities programmes and projects use SCRAM,;-SCRA, SCIM and
refated tools.

c
§)
- 5| =
Q. (@]
8 0|5 |20
= ele| e
ROWS are sources (Vision o Sl=a 2@
statement) vs. COLUMNS are z = % o S
destinations (Strategic goals) A= = ;2(_)
= 2|8 | 0w
o ol | tc<
= “ =
%g < < |s| o i g(
A
Sa|lola|la|=|R|Zo
Transparently developed X [ X
Set of citysystem instruments X X[ X[ X][X
Smart Cities Reference x | x
Architecture
Detailed X | X
Easily adaptable X X[ X[ X
Unique needs of any city X X
system

IEC

Figure 7 — A dependency matrix "Vision statement"” vs "Strategic goals"”

5.16 Solution space constraints

NOTE In 5.16, the text fragments in bold will be used in some dependency matrix.

The IEC SyC Smart Cities solution space constraints are the following.

Adopting and adapting the summary of the SRG work on systems approach (see
Annex B).

Although the IEC SyC Smart Cities responsibility is mainly regarding electrotechnical
aspects of smart cities, the SCRA should cover city systems as a whole. All the system
elements identified by the SCRA will be sorted among various SDOs, including the IEC,
depending on the nature of those system elements.

2 SCIM is conceptualized; however, its best form is still to be chosen. One of the options is an online IEC Guide.
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Working together with the pertinent stakeholders, including IEC/TCs, SyCs, other SDOs,
cities, and various bodies of knowledge implies that alignment with existing knowledge

shall be enforced.

Maximize the use of digital technologies.

5.17 Essential desirable characteristics of the solution space

NOTE In 5.17, the text fragments in bold will be used in some dependency matrix.

The nomenclature of the essential desirable characteristics is the following.

Be flexible: Because it is not possible to anticipate all unique needs of all smart cities, the

SCRAM, SCRA and SCIM shall be able to allow their unlimited extension and tak
ount both the diversity of each city and the commonalities between all cities,

explicit: The set of instruments shall explain to any stakeholder’ how
lementations (which are based on the reference architecture) can caddress h
cerns and change his/her personal, professional and social life for the better.

systematic: The set of instruments provides a common approachifor architectin
ineering city systems, so different people in similar situations ean’ find similar sol
or|propose innovations that will be valuable for others as well.

efficient: The set of instruments helps stakeholders, {programmes and proje
collaborate (e.g. co-design and co-implementation) and coerdinate their efforts via co
agreements (i.e. standards) on various system elemenis\(e.g. services, interfaces,
common vision, common tools, common products, ete_ This leads to easy repetition o
sojutions among all smart cities, easy sharing of buSiness practices in building, runnirn
evplving smart cities and removing entry barriers for local IT expertise and start-ups.

B¢ technology neutral: Because of technology.progress, many various (and unknow
) intelligent devices (or "Things" from_the Internet of Things) and digital techno
wil|l progressively automate, improve and*drastically change various aspects of smart
fumctioning including planning, execution, monitoring, prediction, and optimization of

Bg trustworthy: High level of trustworthiness (including security, privacy, safety, relia
resilience) is mandatory by-design and by-default.

B¢ digital: Smart city is a city which is (re)built as a digital repeatable system.

e into

future
is/her

g and
utions

cts to
mmon
data),
good
g and

h right
logies
cities
flows.
bility,

Beg effective: The SCRAM,SCRA and SCIM shall provide the level of granularity which is

low enough for efficient implementation of city systems and high enough for standardi
purposes.

Bg social: smart.cities shall bring social and economic innovations to citizens, bu
and city admijnistration. (see [22]).

5.18 |Dependency matrix "Strategic goals"” and "Solution space constraints" versu

"Essential desirable characteristics"”

zation

siness

8.provides this dependency matrix.
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Figure 8 — A dependency matrix "Strategic goals™ and "Solution space constraints

—-42 - IEC SRD 63188:2022 © IEC
ROWS are sources (Strategic
goals, Solution space IS S 2>
constraints) vs. COLUMNS are o | = ‘g o % 5 e
destinations (Essential a8l el Q| c 2| ®B|8B|®
desirable characteristics) 3lglele § HEIEIEAE
=(o|loflo|l S5 [S]|T| 0] o
(] (0] (0] (0] [ORN0) (] (0] (0] (0]
N(o|0(n|m0c |([0|o|m|m
Multidisciplinary concept
system X X X
SCRAM X X X[ X
SCRA X X
SCIM X X X
Map of city standards X | X
Tools which simplify adoption X
All smart cities use the
SCRAM, SCRA and SCIM X X
IEC Systems Approach X
The whole city system X[ X X X X
Alighment of existing
knowledge X X X
Maximize the usage of digital
technologies X X

IEC

versus "Essential desirable,.characteristics”

2022

5.19 |Architecture principles of the solution space

5.19.1 Digital orientation

Right [now, many material objects (housé, city, human, etc.) and immaterial objects (fusic,
projeqt plan, etc.) may have a digital~representation (3.4.2) of the object (3.3.15). The two
expressions "a digital representation’of an object" and "a digital object" are often used as
synonyms. Because a few preseptations of the same object may coexist at the same timg, it is
necespary to define explicitly-"which presentation is primary (or source of truth) and |which

presentation(s) is(are) secondary.

For a
repreg
repreg
being

natural object,.its)digital representation is always secondary. For example, the digital
entation of _aw_person is always secondary. For a man-made object, its (igital
entation may.be primary. For example, a house may be designed fully digitally before

built. See Figure 9.

’H Becoming
=3 digital-first

E

&

£

Client Architect Foreman Client Architect Forem

Figure 9 — Becoming digital-first

|2

=
an
IEC
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However, the dependencies between various presentations may be rather complex and primacy
may be dynamic. Figure 10 shows the built house (physical) which is equipped with various
sensors (think about "Internet of Things") to provide another digital representation, i.e. the built
house (digital). The latter can be compared with the house design (digital representation) to
find out some deficiencies of the built house (physical representation). Also, the built house
(digital representation) can use a variety of data modelling techniques to assess various likely
impacts in order to optimize the house design (digital representation) and the house built

(physi

cal representation).

Figu

Any c
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re 10 — Many representations of thexsame house and relationships between t

bmplex entity becomes a digitally,'coordinated system (3.4.1). A region, an econgd
sity, an enterprise, a city, and ayhospital are examples of potential digital systems.
pital economy is an economy which is built as a digitally coordinated system.

pital enterprise is an enterprise which is built as a digitally coordinated system.

bporting tools, assets, etc. within and beyond a digital system also could become
I. The following aré examples.

Sovereigm “currency (only the physical cash or money "MQ") gets its
representation, e.g. central bank digital currency, to move it directly from one ow|
another.

Enterprise shares become digital tokens.

e
IEC

nem

my, a

digital

digital
ner to

c)

d)

e)
f)
9)
h)
i)

Caws become digitat(i-e. format, explicit, computer-readable and computer-exec
and act objectively.

table)

Rights of ownership on an asset become digital records which are maintained in digital
archives and managed by its owner directly; assets may be digital or material; whole or

partial.

Contracts become digital contracts.

Documents become structured, machine-readable and machine-executable.
Identification of a person becomes digital and online.

Business processes become digital processes.

Horizontal and vertical integration between organizations are carried out by
organizational digital processes.

inter-
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Terminology becomes ontology (but it may have a few intermediate steps such as

glossary and system of concepts).

Rebuilding existing systems as digitally coordinated systems is about digital transformation
(3.4.3). The main benefit of DT is that digital elements of digital systems can be very easily
repeated or cloned (a digital element is not a material object like one kilometre of a highway or
a car). Therefore, if digital systems are created from, mainly, digital repeatable elements then
the cost of modelling and prototyping DT decreases, the time of DT reduces, and the quality of
DT increases.

The importance of the digital orientation for smart cities is based on the following logic.

p
m

3) Al

4) Sn
ad

5) In

global

pulations in urban areas are projected to grow whilst access to resources is finite, Qareful

2) C;lies, as places where people live and work, are very important for our civilization as

nagement of our cities using smart technologies is key to sustain them.

cities are different but many share common characteristics, issues andmeeds.

ministration (3.2.3).

smart cities projects, 50 % to 70 % of work is about IT3 thus digital.

6) Smart city is a city which is (re)built as a digital system (DT ig-critical).

7) Di
de

8) If
us

9) Cq

sired characteristics shall be purposefully created.

b common methodology for building smart cities as{digital repeatable systems co
ed, then all smart cities share similar issues, needs, capabilities and components.

ordinated and cooperated building of smart:cities as digital repeatable systems

nart city is a city which makes the world better for its citizen (3.2.1)-business ard city

pital systems could be implemented well, be adaptable<and easy to repeat, buf such

ild be

could

lead to substantial gains in cost reduction, speed of execution and increased qudlity of

de

10) An
CO|

11) Cq

sign and construction.

export version of the smart cities, implementation that can be shared with
mmunities could be created automatically.

nsistent design, practices andycomponents of smart cities can apply for healt

sa
m

5.19.2

buf/ldings, homes, industries, territories and governmental agencies enabling procur

king.

Platform-enabled-agile solutions orientation

other

hcare,
bment

ings and greater access'to)fine grained data for greater insights and improved de€cision

The Iigic behind the_platform-enabled agile solutions is rather straightforward — instead of

devel
functi
platfo

ping traditional applications which contain a lot of duplicating functionality, all co

m possess only unique functionality. See Figure 11.

Delivery by individual Delivery by platform-based

mmon

bnality is-eoHected into a platform (3.3.17) and solutions which are built on top ¢f that

nlications aqgile solutions
a0 - - =)
Functionality

s2
a2 S $3 ||
a
a3 Platform

Scope

IEC

Figure 11 — Platform-based agile solutions pattern

3 This estimation was given at a conference in Varanasi in December 2018 about the Indian programme "100 Smart
Cities".
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rms should be designed on the following principles.

a) The platform simplifies the use of its platform components and ensures interaction between
them. Thus, the platform frees up resources to focus on solving unique problems.

b) New solutions are implemented outside the platform using rapid development techniques
(agile methodology) and the platform’s existing functionality.

c¢) The planning of new solutions is coordinated within the scope of the platform to minimize

du

plication of efforts in solving the same problems.

d) Successful new (thus innovative) solutions are gradually included in the platform for their
wide use.

e) C
of
f) Al
m
g) T
hy T
va

use and systematic evaluation of existing platform components.

interactions inside and outside the platform use the standardized intérfaces
thodology).

e platform provides for several interchangeable options for some platform compon

e platform offers not only a rich functionality, but also a methodology for deve
ious solutions based on it.

i) The platform is modular by design, thus reducing complexity anhd cost when increas
fumctionality horizontally and vertically.

The p
functi
partic

atform-enabled agile solutions orientation works well with the digital orientation —
bnality common among smart cities forms a platform,and any unique functionality (1
hlar smart city) is implemented in the solutions on tep of the platform. The logic (se

Figurg 12, Figure 13 Figure 14 and Figure 15) is the following.

1) Create a common understanding about smart:cities.

2) Adopt a systemic approach to isolate and*commoditize common functionality.

3) Sdpport various integration methods fer‘both unique parts and common parts of smg

Sy

stems.

4) Cqoperate to develop and share) repeatable digital solutions which are acceptab
Cgmmon Smart Cities Digital Repeatable Platforms.

5) Create an individual versjon-'of the Common Smart Cities Digital Repeatable Platfo

(AP

Ents.

oping

ng its

all the
rom a
e also

rt city
le for

rm for

r less

ealch smart city.
6) Prpvide a framework.to help a smart city tailor the platform for its unique needs.
7) Cqllaborate to deliver better outcomes of higher quality, delivered in less time and fg
maoney.
Citizens <& Citizens Citizens
Business. ] ‘ Business Business
Gpvernment LEE) Government ¢ 4

Government !

["1 Common parts
[ Unique parts

Figure 12 — Unique and common functionality in each city

IEC
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IEC
Figure 13 — Reference architecture helps agreement
on common functionality of'Smart Cities
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Figure 14 — Common Smart Cities Digital Repeatable Platform
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of smart cities. N is the total cost of a smart city. censtruction only, of which 70 % is co

and 3
N x 1(
x 0,3
N x 3%
will bg

The c
A Cor
urban

IEC syC !
IEC TC
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Figure 15 — Investment opportunities

simple calculations below show a potential efféect of standardization for implemer

0 % is unique. Thus, the total cost for 100 smart cities without standardizat
0. At the same time, the total cost for,.100 smart cities with standardization is ¥
(unique parts) + N x 1 x 0,7 (commen parts) x 3 (complexity factor) = N x (30 +
,1. So, the cost difference is (N x @00) / (N x 32,1), which is about 3 times! Also,
some gains in quality and time.

hmon Smart Cities Digital"Repeatable Platform may have the several layers (uniy
and some urban-specific). See Figure 16.

lre

e

£S

IEC

tation
mmon
on is
x 100
P,1) =
there

bmplexity of smart cities will require nested layers, with each of them acting as a platform.

ersal,
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IEC
Figufre 16 — An example of Common Smart Cities(Digital Repeatable Platform stru¢ture
Ideally, platform components are off-the-shelf products for particular technologies.
The glatform orientation does not imply .that all the smart cities will use the same| copy
(installation) of the Common Smart Citie§,Digital Repeatable Platform. On the contrary| each
smart|city will have its own copy (installation) of the Common Smart Cities Digital Repeptable
Platfofm, which will evolve with the:city pace and address the city’s unique needs.
The platform orientation does not need a perfect version of the Common Smart Cities Digital
Repeatable Platform to be built'up-front. The Common Smart Cities Digital Repeatable Platform
will bg built incrementally. by starting from a Minimum Viable Product (MVP) version.
5.19.3 Capabilities;"functions and processes orientation
Capalility is an.ability of a system or a system element to do something at a particular Igvel of
performance€apability is an intrinsic characteristic of a system or a system elgment.
A cappbility yis simultaneously a) unit-of-functionality (which contributes to fulfilment pf the
system.mission) and b) unit-of-performance (which is governed by the system vision). Any
systemora-system etementshat PoSSessone ormotre bapab;“t;co. Capab;“ty ts—more—abstract

than processes, functions, organization chart, etc.

In architecting and engineering of systems, a typical working pattern is the following:

pe

an

de
if

rformance);

d estimated performance);

monstrated performance);

there are unacceptable gaps between requested functionality and demons

a target system shall possess a requested capability (requested functionality and requested
the architected and engineered system has an estimated capability (estimated functionality

the implemented system exhibits a demonstrated capability (demonstrated functionality and

trated

functionality or requested performance and demonstrated performance then the system may

be

reengineered or abandoned (i.e. considered impossible to implement).
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So, there are a minimum two interpretations of capability — demand (i.e. requested) and supply
(i.e. demonstrated). If there are a few steps in the implementation (e.g. requirements —
architecture — implementation) then a few demand—supply pairs can be used.

If a capability is "big" then it may be decomposed into "smaller" capabilities. Although the
decomposition of functionality is rather straightforward, the decomposition of performance is
often tricky. In complex decomposition cases, the best (so far) way to assure that requested,
expected and demonstrated performances are well-matched is to consider a "bigger" capability
as a digital process which explicitly coordinates the "smaller" capabilities. Thus, it would be
possible: a) to simulate the "bigger" capability to understand the estimated performance, and
b) to use the digital process as an integral part of the implementation (therefore minimize

differences-between arhhifnnfing and nnginanring and implnmnnfafinn
H o

There|are three facets of performance which are associated with a capability:

1) refuested by users of this capability;
2) estimated during its architecting and engineering; and

3) dejmonstrated during its operations.

In some case, a simple variant of the concept "capability” is used, {it’is the concept "refgrence
capablility" which disregards performance. Reference capability, models of some industrig¢s are
based on reference capabilities. Decomposition of "big" refer€nce capabilities into "smaller”
reference capabilities may be expressed by a simple list.

Becayse any implementation means some choices between cost, risks, quality, importancg, etc.
it is necessary to take them into account (usually-kihown as sourcing policies "buy", "build",
rent", letc.) and consider the costs and benefit in relation to short-, medium- and long-term| costs
and benefits with analysis of the cost to transfer.from one approach or strategy to anothgr. For
example, some capabilities are commodities.which can be obtained from the market. Thefre are
several options for such sourcing:

apability will be implemented within a system (as a new function);

apability will be purchased from an external company as a product;

apability will be purchaséd-from an external company as an acquisition;
apability is already avaitable within a system (as a shared function);

apability is sourcedfrom a partner;

apability is solrged from commodity markets; and

[V IR VIV B <V I I O R

apability istignored.

Function of a.system or a system element is the capability of the system or the system element
whichlis implemented within the system or the system element.

The following recursive procedure may be Used for defining TUnctions.

a) Select a capability.
b) Take a decision on how to source it.

c) If this capability is a new function and it is "big", then provide a description of the function
including its implementation (in accordance with IDEFO, ISO/IEC 19510:2013 4 [23] or other
techniques) via "smaller" capabilities.

d) Proceed, if necessary, to a).

4 |SO/IEC 19510:2013 is identical to OMG BPMN™ 2.0.1. BPMN is a trademark of Object Management Group
(OMG). This information is given for the convenience of users of this document and does not constitute an
endorsement by IEC.
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The results of this procedure are: capability map, process map, function map, partners
nomenclature, products nomenclature and relationships between them.

5.19.4 Services, microservices and APIs orientation

Having capabilities is not enough to serve them to an external client. Service of a system or a
system element is a group of one or more capabilities of the system or the system element
accessible using a prescribed interface. In a digital system, an interface can be

a) Machine-to-Machine (M2M),

b) software capability-to-software capability, also called Application Programming Interface

(APH—and

¢) human-to-machine, also called User Interface (Ul).

Also, |n digital systems there are two additional (to unit-of-functionality) concepts:

e unjit-of-deployment — group of one or more units-of-functionality which, “individually and
independently of any other such group, can be deployed intact to a digital computdr or a
digital system; and

. un(I;t-of-execution — group of one or more units-of-deployment which can be executed |within
a dligital computing process.

Thesqg two concepts allow to define microservice as a service comprising a single uit-of-
functipnality packaged exclusively in a single unit-of-deployment to form a single upnit-of-
execution. Microservices are designed to implement some elements of a system as a [set of
microgervices:

e an| application (unit-of-deployment that interacts with its users by provisioning them with
sejeral units-of-functionality via a human—camputer interface); or

e a solution (a scaled-down application inithe "platform-based agile solutions" paradigm).
When|a set of microservices implements*an application or a solution, such microserviceq are

e defpendent at the design-time because they are engineered together,
e independent at the deployment-time because they are autonomous (at some extent),|and

o inferdependent at the trun-time, because they contribute to a common goal.

Microgervices have bpeen introduced in [24] and became very popular for achieving agility,
reliabflity and scalabitity of applications and solutions. There are many, sometimes ex{reme,
recommendatiops~about microservices. For example, some recommendations require existing
"mongliths" (single units-of-deployment with hundreds of units-of-functionality) to be conyerted
to midroservices.

Knowing.that microservices are well-suited as digital repeatable elements, for the purpoges of
the Common Smart Cities Digital Repeatable Platform the following microservices-related rules
are applied.

1) If economically reasonable then some units-of-functionality may be provisioned from
monoliths (typically, off-the-shelf products).

2) A service or microservice may invoke other microservices, services and monoliths.

3) If possible, services are implemented to be easily decomposed into microservices and vice-
versa, several microservices should be easily composed into a single service.

4) All interactions between units-of-functionality shall be carried out via API, expressed in a
few standard IDLs, e.g. OpenAPI 3.0 [25] and ISO/IEC 19516:2020 [26], 4.2.

See Figure 17.
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Figure 17 — Using together services, microservices and monoliths
Often] microservices are blamed for increasing complexity by allowing any microservice| to be
linked|to others. Such a drawback can be avoided by dsing digital processes. See Figurg 18.
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Figure 18 — Advantage of process-based microservice assemblies
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5.19.5 Common engineering practices orientation

The platform-enabled agile solutions orientation implies common engineering practices for
solutions created on top of the Common Smart Cities Digital Repeatable Platform. Any solution
which is built on such a platform shall contain only functionality which is not implemented in the
platform. To achieve this, decomposition of a solution shall be done not in terms of software
artefacts such as classes, packages, interfaces, schemas, etc., but in terms of solution artefacts
such as:

e events,

® processes,

e Ul[forms,
e roles,
e rules,
e KBRls,

e audit-trails,

e reports,

e activities,

e aufomation procedures,

e da
e do
e o
o eft¢.
To fa

propo

T,

a structures,

cuments,

cilitate isolation of such artefacts, a reference application architecture for soluti
sed (see Figure 19).

Reference application
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Figure 19 — Reference application architecture for solutions
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However, solution artefacts may have several facets:

a)
b)
c)
d)
e)

specific management tool, e.g. Business Process Management (BPM)-suite tool;

templates, e.g. process templates;
instances, e.g. process instances;
APIs (or interfaces) to all functionality;

patterns used by templates, e.g. workflow patterns.

Naturally, specific management tools, APIs, patterns are needed only once for the whole city
system, thus they shall be in the platform. However, templates and instances usually belong to

solutig

\‘ Events, data
" loT

o . [aYal H + £ $ oL 4+ £ 4 4 laotf <l |
TS, OTT T TUUTT ZU " WitdT TTTappiiTy UT PTULTSS alltTall TalTlo TU PUTatiulTimts aimu—suTratn

Figure 20 — Mapping various artefact facets to platforms and solutions (examplg)

ns.
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The rIference application architecture for solutions will be further elaborated in the SQIM by

addin
and e

However, a real solution, usually, combines some

event centric,
dita—entry centric,
d

Uument/content centric

a typology (classification) of solutions. This means that there are some types of so|ution,
ch type is.formed around a predominant solution artefact, namely:

data or/and information flow centric,

data or/and information visualization,
loT-device centric,

short-running operations (activities-based),
long-running operations (processes-based),

etc.

of those types.
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solutions are delivered in accordance with the following generic procedure:

nimal architecting to understand the type of solution;

llecting use cases to define capabilities of the solution;

ick prototyping to outline functions, APls, and other solutions artefacts;
p analysis to determine what is missing in the platform;

veloping missing functionality as microservices to close the gap;

6) assembling to deliver the solution.

5.19.6 Crosscutting aspects orientation

Varioys non-functional or quality characteristics of systems are actually dependentn

syste
link"
comp

The u
led to

elements and relationships between them. For example, the security design) "w¢
rinciple says that in designing security for a system, focus should be put on the we
nents of the overall system [27].

hderstanding of the emergent nature of various non-functional and-quality characte
raising of requirements for guaranteeing such characteristics “by-design". The

noticeable example of "privacy by-design" is the General Data,*Protection Regul

(GDP
defing
(e.g.

chara

R) [28] from the European Union. The concept "entity chafacteristic by-design" m
d as taking into account the characteristic throughout the‘entity entire lifecycle proc
architecting, engineering, construction, operating, etc.) as an essential em
cteristic of the entity.

For o
syste

her characteristics by design, it is necessary to "spread" such characteristics ov

all the
akest
akest

ristics

most
ations
ay be
esses
brgent

er the

elements and relationships between them: For example, see Figure 21, knowing the

security-related paraments for each least granularsystem element (oval "Security") and H
relatignships between the system elements:(oval "Enterprise architecture"), it is possi

objec
the te

ively evaluate system risks (oval "Risks"). After reaching the proper level of granu
chnique "Unified Security Model" from ITU SG17-C758 [29] document can be used

Predisposing conditions

Threat causes - N

I . Impact x
_________________ = lee“hOOd‘\\“Alikelihood
Attack can ducceed of ___.o---==>C1TTTTTT V 'RISKS

_lexploit Adverse .-

o has consequence on ha‘s:_,-'V impact & 48

Vulnerability K Marm -~
N causes N
Security Least granular
assets

slow down

Services ﬁ

. underpeﬁorming
Business processes /!

missing

aving
ble to
larity,

Qutcomes —

Enterprise architecture helps expo;ing to
to evaluate adverse impact Objectives

for each asset (least granular Enterprise architecture

and composite)
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Figure 21 — Linking security, architecture and risks

The same can be done for privacy, safety, reliability and resilience, and other emergent
characteristics. Considering that relationships are static and dynamic, the structure and
behaviour of such emergent characteristics will be covered.
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For each system element, there are internal and external crosscutting aspect enhancement
practices. The crosscutting aspect enhancement internal practices comprise various
certifications and industry agreements which are aspect-specific and element-specific. The
crosscutting aspect enhancement external practices comprise the treatment of an element as:

e "white-box" with full internal visibility and testability — some simulation and compliance
crosscutting aspect enhancement external methods can be used,;

o "black-box" with no internal visibility and testability — use crosscutting aspect enhancement
external points for data/information inputs and outputs, and crosscutting aspect
enhancement external controls for leaks detection;

o "grey-box" with partial internal visibility and testability — combining two previous options.;

Typicelilly, crosscutting aspect enhancement external methods are based on digital proclsses.
Crossfutting aspect enhancement external points are based on digital archives and
technologies similar to Security Information and Event Management (SIEM) tools. Crossqutting
aspecft enhancement external controls are monitoring tools with some Artificial{dntelligenge (Al)
logic, [for example, Data Loss Protection (DLP) tools.

For egch relationship between elements, use crosscutting aspect enhaneement external points
for dafa/information flow starts and ends, and crosscutting aspect enhancement transit coptrols.

The gftatic relationships are expressed by any connection bé&tween elements, but dypamic
relatignships are expressed only by events (EDA and ERN techniques), processes [(BPM
techniques) and information flows (IFD techniques).

Thus,|an explicit description of system elements and-relationships between them provides a
nomenclature of crosscutting aspects practices, €ontrols, points, and methods to be adgled to
the syjstem. Then they shall be linked to the riskxmanagement practices.

5.19.7 Common governance, management and operations practices orientation

Becayse of the "platform-enabled agilé solutions" orientation, smart cities should applly (as
much jas possible) common governance, management and operations practices. This will allow
the bdilding of a common knowledge base and streamline improvements. Examples are slystem
lifecygle procedures, solutions artefacts, etc.

As thg building of such practices has incremental nature, they will be addressed in the SCIM.

5.19.4 Existing knowledge orientation

Becayse of thecomplexity of city systems, the SCRAM and SCRA use, if applicable, existing
bodies of knowledge, industry and international standards. Obviously, the "integration" of them
into city systems is a long process (for example, even terminology is, very often, different), thus
such 'linfegration” will be addressed in the SCIM.

At present, the areas of potential use in the SCRAM of a particular body of knowledge or
standards are explicitly indicated. To preserve the conceptual integrity of the SCRAM and
SCRA, these definitions, models, artefacts and decisions take precedence over other bodies of
knowledge and standards. For example, if the same artefact-type or an artefact is used in
SCRAM and another body of knowledge, the SCRAM artefact-type shall be used and linked.
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(Essential emergent
characteristics) vs.
COLUMNS are
destinations

5.21 |All dependencies together

The fyll set of relationships is depicted in-Figure 23.
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Be digital
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Figure 22 — A dependency matrix “"Essential desired
characteristic" versus "Architecture principles"”
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It is possible to highlight only relationships for a particular element. See Figure 24.

Figure 23 — All relationships

IEC
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Figure 24 — All relationships with highlighted ones (see the attached file for detajls)

6 Olutline of the SCRAM

6.1 SCRAM data schema

The SICRAM is a set of SCRAM viewpoints (see clause 7), SCRAM model-types (see cla
and §CRAM artefact-types (see Annex D). Each <SCRAM viewpoint comprises one or
SCRAM model-types. Any SCRAM model-type _should be in one or more SCRAM viewq
Any §CRAM model-type is a relationship between various SCRAM model-types and S
artefapt-types. There are three variants of such a relationship:

e between some SCRAM model-typess
e between some SCRAM model-types and some SCRAM artefact-types;
e between some SCRAM artefact-types.

All th¢ SCRAM viewpoints, "'SCRAM model-types and SCRAM artefact-types are indepe
from gany smart cities syStem. Other viewpoints, model-types and artefact-types may be
to extend the SCRAM-for purposes of a particular smart city. Annex A provides viewpoin
modelk-kinds from the*Zachman Framework™ [30] which can be added if required.

SCRAM modél-types are typically maps (spatial/graphical arrangements of map elem
nomenclatures (list-like arrangement of map elements), diagrams (arrangements o
elemgnts,\in accordance with some notations), semi-formal descriptions and all p

ise 8)
more
oints.
CRAM

ndent
hdded
s and

ents),
map
bpular

modelling“notations. Semi-formal descriptions are free texts with highlighted keywords

which

can be referenced in other model-types. See examples in Clause 5.

Every SCRA shall conform to a SCRAM viewpoint. Every SCRA model shall confirm a SCRAM
model-type. Every SCRA artefact shall confirm to a SCRAM artefact-type. All the SCRA views,
models and artefacts are dependent on a particular smart city (or system-of-interest in

Figure 25).
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IEC
Figure 25 — Fragment of the architecture elements-relation

The afchitecture viewpoint and architecture view "justification" (which is introduced in $.1) is
not ygt a SCRAM viewpoint or a SCRA viewpoint.

6.2 |How the SCRA will be created by the SCRAM

The JCRA (which is an architecture of an imaginary smart city) will be developed vja the
SCRAM in the following generic algorithm:

a) select a SCRAM viewpoint from the SCRAM“and define a SCRA view for the SCRA,;
b) select a SCRAM model-type from this SCRAM viewpoint;

c) construct a SCRA model (for the imaginary smart city) in accordance with this SCRAM
model-type;

d) ddfine all necessary SCRA artefacts for this SCRA model in accordance with their SCRAM
arfefact-types; and

e) cantinue to item b) if there are more SCRA models in the SCRA view to be constructed;
f) continue to item a) f\there are more SCRA views in the SCRA to be constructed.

There|is a natural erder between the SCRAM viewpoints and SCRAM model-types as shown in
Figurg 26. However, this order is not the rigid sequence of applying the SCRAM, because the
SCRAM is bujlt\under consideration that some SCRA models may be changed in an arbitrary
order [as anormal situation with architecting smart cities systems. For example, during the
process of developing a solution, some extra information about a problem may be gaindd and
that nmpayilead to a necessity for changing some existing SCRA models. It is mandatpry to
validate after any changes that all the SCRA models and artefacts continue to be aligned.
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Becayse the SCRA is an architecture of a system-of-systems, the generic algorithm m
applield several times — once for the whole city and then fof each vertical such as

mana

6.3

The g

existing and/or add more viewpoints, more model-types and artefact-types. However

recomimended to follow the SCRA, SCRAM and SCIM?® to be able to use all benefits
standardization.

6.4

The p
city (t

a) Cqpy the SCRA to the'geity Solution Architecture (SA).
b) Sqglect the part of this SA to be tailored.
c) Tailor this part of this SA by applying the guidance from the guidance documents.

d) V
e) Pr

Figurg 2% illustrates this process — on the right part of this figure, some SCRA mode

reuse

Q)
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Figure 26 — Dependencies between the SCRAM model-types

jement, waste management, energy management, transport management, etc.

Tailoring the SCRAM and SCRA

eneral approach for tailoring the SCRAM and*SCRA is rather straightforward — ¢

Using the SCRA

rocedure for using the SCRA to take into account the unique needs of a specific
D be carried out by smart'cities architecture teams) is the following.

lidate that<all parts of this SA are aligned.
bceed:to item b) if necessary.

IEC

ay be
water

xtend
, it is
of the

smart

Is are

as-Is (green marker) and some SURKA models are tallored (red marker).

5 sciMis conceptualized, however its best form is still to be chosen. One of the options is an online IEC Guide.
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Figure 27 — Using the SCRA

tially, a smart cities architecture team can use the SCRAM,/ SCRA and SCIM to
wn variant reference architecture, for example, for a partieular country.

The SCRAM and SCRA do not impose or propose a predefined order for defining architecture
e the usual way of creating an architecture description is rather non-linear. Some new information ma
itecture team to start reviewing already prepared architectdre models.

The SCRAM and SCRA do not impose a fixed set*ef architecture models. Depending on the go

ity, some SCRA architecture models can be ignoréd, some of them can be changed and some arch
can be created. However, all such decisions must be recorded in accordance with ISO/IEC/IEEE 4201

CRAM viewpoints

General

viewpoint is described in accordance with the following template:

e general description (mandatory);

o is
e lis
L] ar

° ap

e lis

of related stakeholders;

of related-Stakeholders' concerns;
Chitectural) considerations;

plication scenarios;

ofvassociated model-types (mandatory to have at least one);

IEC

Create

models
y force

hls of a
tecture
D:2011.

e list of associated KPlIs;

e po

tential improvements;

o list of associated terminological concepts.

NOTE
7.2

7.2.1

The main stakeholder of the SCRAM viewpoints is IEC SyC Smart Cities.
Value viewpoint

General description

The value viewpoint describes the problem space in terms of expected value for the
stakeholders by providing some ideas about potential overall solutions (called system-solutions
to distinguish them from solutions on top of a platform).
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List of associated model-types

The value viewpoint comprises the following model-types:

e Pr
e Pr
e Pr
o Pr

oblem space description (8.2)
oblem space terminology (8.3)
oblem space specifics nomenclature (8.4)

oblem space classifications nomenclature (8.5)

e Stakeholders nomenclature (8.6)

e Stakeholders' concerns nomenclature (R 7)

o Degpendencies between generic stakeholders, stakeholders, stakeholders' concernn

ca
e Hi
e Hi
o Hi
e Pr
e Th
e Th
e Th
7.3
7.3.1
The b

egories of concerns (8.8)

jh-level requirements nomenclature (8.9)

jh-level stories nomenclature (8.10)

jh-level use cases nomenclature (8.11)

bblem space coverage by the high-level use cases (8.12)
e mission statement (8.13)

e vision statement (8.14)

e strategic goals nomenclature (8.15)
Big picture viewpoint
General description

g picture viewpoint outlines the solution.space and describes potential system-sol

as a sgeet of high-level elements.

List of associated model-types
g picture viewpoint comprises the following model-types:

lution space boundaries (8.16)

lution space terminology (8.17)

lution space constraints nomenclature (8.18)

lution spacCe classifications nomenclature (8.19)

lution_space essential desired characteristics nomenclature (8.20)

pendency matrix of problem space essential high-level requirements and solution

7.3.2
The b
e S
e S
e S
e S
e S
e D+

co

hs{raints versus solution space essential desired characteristics (8.21)

s and

utions

space

e Solution space architecture principles nomenclature (8.22)

e Dependency matrix of solution space essential desired characteristics versus solution space
architecture principles (8.23)

e High-level illustrative diagrams (8.24)

e High-level business map (8.25)

e Beneficiaries' journeys nomenclature (8.26)

e High-level reference capability map (8.27)

e High-level process map (8.28)

e High-level architecture (8.29)
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7.4 System-solution engineering viewpoint
7.41 General description

The system-solution engineering viewpoint describes the system-solution as sets of artefacts
such as capabilities, processes, service, functions, data, information, etc. This viewpoint
explains how the system-solution delivers value to its beneficiaries as well as how the system-
solution actually runs itself.

7.4.2 Architectural considerations

The model-types of the system-solution engineering viewpoint are applied to any potential
system-solution as the whole and some of its elements.

7.4.3 List of associated model-types
The system-solution engineering viewpoint comprises the following model-typgs*

e Cgpability map (8.30)

e Low-level use cases nomenclature (8.31)

e Function map (8.32)

e Pdgrtners nomenclature (8.33)

e Sqgrvices nomenclature (8.34)

e Prpcess map (8.35)

e Dagcisions nomenclature (8.36)

e Events nomenclature (8.37)

e D3gta schemas nomenclature (8.38)

¢ Information flows nomenclature (8.39)

e Dqcument/content classificationscnomenclature (8.40)
o Kgy performance indicators nomenclature (8.41)
e Rgports nomenclature (8.42)

o Platforms nomenclature (8.43)
7.5 [Platform engineering viewpoint
7.5.1 General,description

The platform’engineering viewpoint covers a platform. A potential system-solutions may cpntain
more than one platform.

7.5.2 List of associated model-types
The platform engineering viewpoint comprises the following model-types:

e Platform overview (8.44)

e Platform terminology (8.45)

e Platform components nomenclature (8.46)

e Platform solutions nomenclature (8.47)

e Standards and norms nomenclature (8.48)

e Platform software factory configuration (8.49)

e Platform governance, management and operations manual (8.50)
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7.6 Platform component engineering viewpoint

7.6.1 General description

The platform component engineering viewpoint covers a component of a platform.

7.6.2 List of associated model-types

The platform component engineering viewpoint comprises the following model-types:

e Platform

e Platform
e Platform
e Platform
e Platform
e Platform
e Platform
e Platform
o Platform
e Platform
o Platform
o PIEtform

e Platform

component overview (8.51)

component capability map (8.53)

component function map (8.54)

component process map (8.55)

component business specifications (8.56)
component information specifications (8.57)
component application specifications (8.58)
component data specifications (8.59)
component infrastructure specifications (8.60)
component security specifications (8.61)
component services and APIs nomenclatdre (8.62)
component software factory configuration (8.63)

component management and operations manual (8.64)

7.7 [Solution engineering viewpoint

7.71 General description

The splution engineering viewpoint covers various artefacts of the particular solution.

7.7.2 List of associated model-types

The splution engineering viewpoint comprises the following model-types:

e Sdlution
e Sdlution

e Sdlutign

e Sdlution

overview (8.65)
terminology (8.66)
capability map (8.67)
function map (8.68)

e Solution
e Solution
e Solution
e Solution
e Solution
e Solution
e Solution
e Solution
e Solution

e Solution

process map (8.69)

business specifications (8.70)
information specifications (8.71)
application specifications (8.72)

data specifications (8.73)
infrastructure specifications (8.74)
security specifications (8.75)

services and APIs nomenclature (8.76)
software factory configuration (8.77)

management and operations manual (8.78)
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Crosscutting aspects engineering viewpoint

General description

The crosscutting aspects engineering viewpoint specifies engineering practices for several
essential desired characteristics of the system-solution.

7.8.2

List of associated model-types

The crosscutting aspects viewpoint comprises the following model-types:

e Interoperability aspect (8.79)

e Seg

e Pr
e S3
e Rg
e Lo
e Se
7.9
7.9.1
The c
solutidg
7.9.2
The ¢
e Or
e (g
o Pr
e Cqg

curity aspect (8.80)

vacy aspect (8.81)

fety aspect (8.82)

liability and resilience management aspects (8.83)

w cost of operations and time-to-market aspects (8.84)

If-reference aspect (8.85)
Corporate viewpoint
General description

brporate viewpoint specifies various governancef@and management setups of the sy
n.

List of associated model-types
brporate viewpoint comprises the following model-types:

ganizational structure (8.86)
vernance structure (8.87)
bject management (8.88)

rporate manual (8.89)

¢ Indlependent evaluation (8.90)

o FEt
e En

7.10

hics, integrity.and anti-corruption (8.91)

vironmen{ and health (8.92)

Risk'management viewpoint

7.10.1

General description

The risk management viewpoint specifies necessary governance practices.

7.10.2 List of associated model-types

The risk management viewpoint comprises the following model-types:

e Risk management aspect (8.93)

e Compliance management aspect (8.94)

e Regulatory management aspects (8.95)

e Cr

ime prevention and detection (8.96)

¢ Auditing (8.97)

e Independent investigation (8.98)

stem-
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Crisis management (8.99)

7.11 Software factory viewpoint

7.11.1 General description

The software factory viewpoint specifies BizDevOps practices. The whole logic of the software
factory is to quickly create a simple but complete solution, validate it and gradually enrich it.

7.11.2 List of associated model-types

The software factory viewpoint comprises the following model-types:

Sdftware factory overview (8.100)
Prptotyping practices (8.101)
Engineering practices (8.102)
Agsembling practices (8.103)
Testing practices (8.104)
Dgployment practices (8.105)
Maonitoring practices (8.106)

7.12 |Standards viewpoint

7.12.1 General description

The s

solutign.

7.12.2 List of associated model-types

The sfandards viewpoint comprises the-following model-types:

8

8.1

EXisting standards nomenclature (see 8.107)

Pdtential standards nomenclature (see 8.108)
SCRAM model-types

General

Each model-type'is described in accordance with the following template:

General/description (mandatory);

fandards viewpoint specifies existing and, future standards applicable for the sy

Arehitecturat-considerations:

Application scenarios;

Techniques;

Primary used artefact-types and model-types;

Recommended activities;

Guiding materials on how to create a particular model-type from other model-types;
Primary generated artefact-types;

Resources;

Bodies of knowledge pertinent to this model-type;

Examples;

Potential improvements;

stem-
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e List of terminological concepts associated to this model-type.
8.2 Problem space description
8.2.1 General description

The problem space description model outlines some specific phenomena of the problem to be
solved.

This model-type is used in the following viewpoints:

e Value viewpoint (7.2)

8.2.2 Techniques

Use the general knowledge of the problem space. Useful techniques can be found in [31].

8.2.3 Primary generated artefact-types
The fqllowing artefact-types will be used:

e PrpblemSpaceDescription

e PrpblemSpaceKeyPhase
8.3 |Problem space terminology
8.3.1 General description

Termipology is mandatory to establish efficient ‘communication by defining various concepts
pertingnt for a particular subject field (e.g. problem space). Ideally, such a terminology should
be digital.

This model-type is used in the following\viewpoints:
e Vdlue viewpoint (7.2)
8.3.2 Techniques

See the IEC terminological‘practices.

8.3.3 Smart cities-example

The terminologyt for the smart cities problem domain is under preparation as a separate
Internptional’Standard.

8.4 |Problem space specifics nomenclature

8.4.1 General description

The problem space specifics nomenclature captures various factors which influence the
problem space. For example, the political, economic, socio-cultural, technological,
environmental and legal factors. They are used later to frame potential solutions. Each of such
specifics has a key phase which can be referenced in other model-types.

This model-type is used in the following viewpoints:
e Value viewpoint (7.2)
8.4.2 Techniques

Consider using PEST analysis or similar techniques.
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Primary generated artefact-types

The following artefact-types will be used:

e ProblemSpaceSpecificsDescription

e ProblemSpaceSpecificKeyPhase

8.4.4

See 5

8.5
8.5.1

Vario\

This n
e Vg
8.5.2

Analy
types

8.5.3

Typol

Smart cities example

2.

Prob lassificati |

General description

s classifications which may help to structure artefacts are very useful.

nodel-type is used in the following viewpoints:
lue viewpoint (7.2)
Techniques

be the problem space to find existing classifications. It is normal that various classifi
may have different structures.

Smart cities example

pgy of smart cities:

e Mggapolis

e Ci
e To
o Vi
e Ne
e Ur
e Sn
e Sn
o V3
8.6

y
wn

lage
ighbourhood
ban district
nall island
nall region

lley

Stakeholders nomenclature

8.6.1

cation

—General-description
cription

A stakeholder is a person, group of persons or organization having an interest in potential
solutions. A list of generic system stakeholders is provided to identify and categorize the
stakeholders. Additional classifications of stakeholders may be introduced if necessary.

The stakeholders of the category "Beneficiary" (including primary and secondary) shall be
clearly and unambiguously defined in terms of the problem space.

This model-type is used in the following viewpoints:

e Value viewpoint (7.2)
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8.6.2 Techniques

Several generic stakeholders (a classification of stakeholders relative to their relationships to
a system) are helpful to derive the nomenclature of the stakeholders. For example, the question
"who/what is the owner of this system" helps to identify actual stakeholders. The same actual
stakeholder may be in several generic stakeholders and vice-versa.

There are four groups of generic stakeholders: system, system-of-systems, environment and
ecosystem.

The generlc system stakeholders are owner, manager, benef|C|ary, prlmary benef|C|ary,
i c veto rstalte ce C or and

In cape of a system-of-systems, it is necessary to consider some additional ggneric
stakeholders, e.g. who coordinates the system-of-systems and who governs jt.

Then,|generic environment stakeholders shall be considered, for example:

e Prpfessional unions and associations
e Sdcial groups and initiatives

o Rggulators

e System partners

e Indlustry governance body

o MIdia

Finally, if the system-of-interest belongs tosanh’ ecosystem then it is necessary to copsider
gener|c ecosystem stakeholders, e.g. who/what governs the ecosystem.

Varioys classifications can be built for generic stakeholders.

8.6.3 Primary generated artefact-types
The fgllowing artefact-types: will be used:

e SthkeholderTerm

e StpkeholderDescription
8.7 Stakeholders' concerns nomenclature

8.71 General description

Stakehelders—of-potential-selutions—have—econcerrs—with—re e—sold
relation to its environment. A concern could be held by one or more stakeholders Concerns
arise throughout the life cycle from solution needs and requirements, from architecture choices
and from implementation and operating considerations. A concern could be manifest in many
forms, such as in relation to one or more stakeholder needs, goals, expectations,
responsibilities, requirements, engineering constraints, assumptions, dependencies, quality
attributes, architecture decisions, risks or other issues pertaining to potential solutions.

i
oy
D
’)
D
)
D
D
)

It is mandatory to categorize (or classify) those concerns for further use. Stakeholders' concerns
are very important and will be used to determine the high-level requirements.

This model-type is used in the following viewpoints:

e Value viewpoint (7.2)
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8.7.2 Techniques

To facilitate the collection of stakeholders' concerns, a set of questions may be prepared with
four interrogatives (various colours are used to link interrogatives and placeholders <> within
questions): WHO, WHAT (doing something) and WHY (expected outcome) and HOW WELL
(measure for success). Such a set shall contain an open (or "runaway") question as shown
below. Some of those questions may be used to collect customers' level of interest to define
implementation priorities.

Question 1 (positive) What do you want us to improve?

n ! Lol ol 1 TN n PO P e N
Temp ate T, as Starkenorgetr>—want—tne—System—to—tmprove oM g—sSometnig Decause

<expgcted outcome> and | will measure the success via <my measure>.
Question 2 (negative) What do you want us to reduce?

Template: |, as <stakeholder>, want the system to reduce <doing sodrmething> befause
<expgcted outcome > and | will measure the success via <my measure>,

Questfon 3 (prohibitive) What do you want us to stop?

Template: |, as <stakeholder>, want the system to stop <doing s0mething> because <outqome>
and | will measure the success via <my measure>.

Question 4 (runaway) What can we do for you additigpally?

Template: I, as <stakeholder>, want the system to\start <doing something> because <expected
outcome > and | will measure the success viar<thy measure>,

Stakepolders' concerns may be generated from various groups of stakeholders and various
mech]misms, for example:

e d
e crowd wisdom;
e think tanks;

ect solicitation;

e vigionary groups;
e coptinual improvements;

o staff members"ideas.

8.7.3 Rrimary generated artefact-types

The f IIr\\A/ing Qrfnfnri'-hllpnc will be used:

e ConcernTemplate
e ConcernWhoTerm
e ConcernWhatTerm
e ConcernWhyTerm

e ConcernHowWellTerm
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Smart cities example

The following is the potential list of the SCRA stakeholders' concerns:

o Adequate water supply

e Assured electricity supply

e Sanitation, including solid waste management

o Ef

ficient urban mobility and public transport

o Affordable housing, especially for the poor

e R

e (Ggod governance and citizen participation
e Sdstainable environment

e Adapted for women, children, people with disabilities and the elderly

o Af

e Maodern education for children and adults

o At

8.8

8.8.1
The

stakelolders' concerns and categories of concerns.¢an be presented as a line-of-sight dig

Such
betwe|

For example, a stakeholder without concerns is not really a stakeholder; a concern which

expre

This model-type is used in the-following viewpoints:

o V{dlue viewpoint (7.2)

8.8.2

Line-qf-sight diagrams are actually a few dependency matrices. Each such dependency

indica

because they:don't belong to any of these two sets of artefacts. The presentation of depen

matri

artefapt.iova column (the former contributes to the latter) then such a dependency is ma

bust IT r-nnnnr\fi\/i’ry and digifi7a’rinn

ordable healthcare for everyone

ractive for business

Dependencies between generic stakeholders, stakeholders, stakeholders’
concerns and categories of concerns model-type

General description

various dependencies between architecture® generic stakeholders, stakehg

diagrams are mandatory to establish the full traceability of decisions and the consis
len various nomenclatures.

5sed by any stakeholders is actually not a concern.

Techniques

es the independent links between two sets of artefacts. Such links are called indepe

Iders,
gram.
tency

is not

matrix
ndent
dency

is,very straightforward — if there is a dependency between an artefact in a row T]d an

rked in

the respective cett.

8.8.3

Primary generated artefact-types

The following artefact-types will be used:

e IndependentLink

8.8.4

Smart cities example

Figure 28 shows the dependencies between (from left to right) system stakeholders,
stakeholders, stakeholders' concerns and classification of these concerns. One of the
recommended classifications is priority which can be used for planning the implementation.
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8.9
8.9.1
A high

conce
have

A high
a city

System stakeholders Smart Cities stakeholders

IEC

Figure 28 — Dependencies bets&‘?en (from left to right) system stakeholders,
stakeholders, stakeholders\@oncerns and classification of these concerns

N

High-level requiremett} omenclature
General descri@(on

-level require is an analysed need, expressed by some stakeholders as one o
rns, related tential solutions (i.e. some of the stakeholders want those soluti
some cha ristics).

t w the "Ease of Doing Business" framework [32].

f their
bns to

bquire

-(I)e@vg?quirement may be rather complex and crosscutting, e.g. the business may r

The high-level requirements, the high-level use stories and the high-level use cases are,

actual

ly, a step-by-step collection of details about needs of stakeholders.

This model-type is used in the following viewpoints:

e Value viewpoint (7.2)

8.9.2

Techniques

Concerns which are expressed by a particular stakeholder may be used as leads for collecting.
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A high-level requirement is captured by three interrogatives (various colours are used to link
interrogatives and placeholders <> within questions): WHO, WHAT (doing something) and WHY
(expected outcome). A pattern (various colours are used to link interrogatives and placeholders
<> within questions) to express high-level requirements is the following:

e As a <person with a particular inability>,
| want potential solutions that <help me to overcome the limitations of this inability and
reduce risks caused by this inability>,
so that <l can have an active personal, social and professional life>.

Example:

limitations of this low level of mobility and reduce risks caused by this lomw level of

. Aia person with a Tow Teverl of mobility, T want potential solufions that help me o ovefcome
th
mgbility, thus | can have an active personal, social and professional life.

8.9.3 Recommended activities

e Cdllect stakeholders' needs based on the stakeholders' concerns.
e Aralyse those needs to remove duplications and align terminology.
e Make necessary corrections.

e V{dlidate those corrections with pertinent stakeholders.

Q

e Caqllect various pieces of information about each high-lével requirement, as requesied by
stakeholders.

e Discuss with or present the results to the stakeholders.

8.9.4 Smart cities example

e Adequate water supply

e Agssured electricity supply

e Sdgnitation, including solid waste management

e Efficient urban mobility and publictransport

e Affordable housing, especially,for the poor

e Rqgbust IT connectivity and-digitalization

e (Gqod governance and.¢itizen participation

e Systainable environment (also reference to UN Sustainable Development Goal 11)

o Sgfety and seecurity of citizens, taking into account any specific needs of women, chjildren
and the elderly

e Affordable*healthcare for everyone

e Maodern education for children and adults

e Attractive for business
8.10 High-level stories nomenclature
8.10.1 General description

A high-level story is a high-level requirement in a contextual situation.

The high-level requirements, the high-level user stories and the high-level use cases are,
actually a step-by-step collection of details about the needs of stakeholders.

This model-type is used in the following viewpoints:

e Value viewpoint (7.2)
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8.10.2 Techniques

A high-level story is captured by five interrogatives (various colours are used to link
interrogatives and placeholders <> within questions): WHO, WHAT, WHY, WHERE and WHEN.
One high-level requirement may lead to a few high-level stories.

Pattern to express primary beneficiaries' stories is the following:

e As a <person with a particular inability>,
< in a particular situation>,
| want potential solutions that will <help me to overcome limitations of this inability and
reduce risks caused by this inability>
so|that <| can have an active personal, social and professional life>.

Examples

e Ag a person with a low level of mobility, when at home | fall down and loset{consciousness,
| want potential solutions that will detect and act upon this problem, sé*hat | can b¢ sure
that somebody will quickly and professionally help me.

e Ag a person with a low level of mobility, when | have a problenfguring my walk infa city
park, | want potential solutions that will detect and act upon this ‘@groblem, thus | can bg sure
that somebody will quickly and professionally help me.

e A4 a person with a low level of mobility, when | have a¢preblem during my travel dr stay
abfoad, | want potential solutions that will detect and,a&b upon this problem, thus | dan be
sufe that somebody will quickly and professionally pel me.

8.10.3 Recommended activities
e Cadllect from the stakeholders the high-level steries based on the high-level requirements.
e Arlalyse those stories to remove duplications and align terminology.
e Make necessary corrections.

e V4glidate those corrections with pertinent stakeholders.
8.11 |High-level use cases nomenclature
8.11.1 General description

A high-level use case is-a-description of interactions between stakeholders, a potential system-
solutign or its elements—(all as different actors) to achieve the expected outcome as desgribed
in a rglated high-levvel'story. One high-level story may lead to a few high-level use cases

The Righ-level_requirements, the high-level use stories and the high-level use caseg are,
actually, arstep-by-step collection of details about needs of stakeholders.

£a11 + + H S
LAALAA'AAL Iy VIUVVPUII o,

This modet-typetstusedinthe
e Value viewpoint (7.2)
8.11.2 Techniques

A high-level use case is captured by six interrogatives (various colours are used to link

interrogatives and placeholders <> within questions): WHO, WHAT, WHY, WHERE, WHEN, and
HOW, but it does not go into details.
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Pattern (various colours are used to link interrogatives and placeholders <> within questions)
to express high-level use cases is the following:

e As a <person with a particular inability>,
<in a particular situation>,
| want future systems that will <help me to overcome limitations of this inability and reduce
risks caused by this inability>,
by <list of activities>
so that <l can have an active personal, social and professional life>.

Example:

e Aga person with a low level of mobilty,
when at home | fall down and lose consciousness,
| want future systems that will detect and act upon this problem
by
— @l recommended system tools at my home are operational,
hey detect my problematic situation,
hey contact my system provider,
y provider dispatches the necessary team to my home,
his team is provided with enough information about me by my-s¥Stem provider,
— this team can easily enter my home and find me,
so|that | can be sure that somebody will quickly and profesgjorally help me.

8.11.3 Recommended activities
e Caqllect from the stakeholders the high-level use cases based on the high-level stories.
e Arjalyse those use cases to remove duplications.and align terminology.
e Make necessary corrections.

e Vglidate those corrections with pertinent.stakeholders.
8.11.4 Primary generated artefact-types
The fqllowing artefact-types will be wsed (HLUC stands for high-level use case):

e HUUC

e HUUCTemplate

e HUUCWhoTerm

e HUUCWhatTerm
e HUUCWhyTerm

e HUUCWhereTerm
e HUUCWhenTerm
¢ HUUCHowTerm

8.12 Problem space coverage by the high-level use cases
8.12.1 General description
It is strongly recommended to carry out a quality check for the collected high-level use cases.

They shall cover the problem space in accordance with the MECE (mutually exclusive and
collectively exhaustive) principle.

This model-type is used in the following viewpoints:

e Value viewpoint (7.2)
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8.12.2 Techniques

See MECE (mutually exclusive and collectively exhaustive) principle. If the problem space is
not covered enough then it is necessary to review the high-level use cases and add some.

8.13
8.13.1

The mission statement

General description

The mission statement describes the problem you are setting out to solve, typically including
who you are solving it for.

This n
e Vg
8.13.2

Analy
done.

8.13.3
The fq

o Mi
o Mi
8.13.4
An ex

delive
comm

8.14
8.14.1

The v
persp

This n

e V3

nodel-type is used in the following viewpoints:
lue viewpoint (7.2)
Techniques

e information collected so far and express in a succinct statement what needs

Primary generated artefact-types
llowing artefact-types will be used:

ssionDescription

ssionKeyPhase
Smart cities example

ample of the mission statement for a,smart city: "Our mission is to provide outstza
ry of services to enhance the quality of life for those living in, working in, and visiti
unity".

The vision statement

General description

ision statement describes an idealized solution that addresses in three to five
bctive the problem-you've articulated in the mission.

nodel-typelis-used in the following viewpoints:

lue yiewpoint (7.2)

to be

nding
g our

years

8.14.2

Techniques

Consider the mission and outline a desired situation to be achieved in three to five years.
Strengths, Weaknesses, Opportunities, and Threats (SWOT) analysis can be useful.

8.14.3 Primary generated artefact-types

The following artefact-types will be used:

o VisionDescription

e VisionKeyPhase
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8.14.4 Smart cities example

An example of the vision statement for a smart city: "In four years the city will achieve the
primary digital elements, knowledge, experience and resources it needs for inclusive and

sustai

8.15
8.15.1

nable growth".

The strategic goals nomenclature

General description

The vision statement may be decomposed into several measurable strategic goals.

This n
e Vg
8.15.2

Typical techniques which can be useful for defining strategic goals are:

o fis
e re

8.15.3
See G

nodel-type is used in the following viewpoints:
lue viewpoint (7.2)

Techniques

hbone diagram [33]

bults framework [34]
Smart cities example

lause 5.

Solution space boundaries
General description

olution space boundaries separatesthe solution space from its environment (or co

ial system-solutions and othler important phenomena, namely:

5ing" systems which employ a potential system-solution;
nabling" systems which help a potential system-solution to fulfil its mission;

brtner" systems which work with a potential system-solution;

re

e th
SO

. thE events outside any potential system-solution that cause a potential system-soluf

ct;

actors- outside a potential system-solution that interact with the potential sy
ution;

o thed

ntext).

blution space boundaries describe the various known systems, events, actors, etc. gqround

e the supply-chains in which a potential system-solution operates.

This model-type is used in the following viewpoints:

e Value viewpoint (7.2)

8.16.2 Techniques

Consider analysing the environment of the system-of-interest and International Requirements
Engineering Board (IREB) [35].
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8.16.3 Primary generated artefact-types

The following artefact-types will be used:

e SolutionSpaceDescription

8.17
8.17.1

Solution space terminology

General description

Terminology is mandatory to establish efficient communication by defining various concepts
pertinent for a particular subject field (e.g. solution space). Ideally, such a terminology should

be di

ol oo o nialacn
T

This n
e Bij
8.17.2

See
Annex

8.17.3

The t
Intern

8.18
8.18.1

Soluti
poten

o as ot OTitoToygy~

nodel-type is used in the following viewpoints:
) picture viewpoint (7.3)
Techniques

he IEC terminological practices. See ISO/IEC Directives/~IEC Supplement
SK.

Smart cities example

erminology for the smart cities problem domain<is under preparation in a se
btional Standard.

Solution space constraints nomenclature
General

bn space constraints are also knowiy as "guiding principles" or "system requiremen
ial system-solutions. Such constraints are selected to direct potential system-soluti

desirgd architectural and engineering-decisions. The solution space constraints may int

with s
the fo

pme stakeholders' concerns:-But the former are more important than the latter be
'mer are applied to the whole system.

This model-type is used<nithe following viewpoints:

e Bi
8.18.2

Const

) picture viewpoint (7.3)
Techniques

Faints ‘may come from different sources — system life cycle, social, environmental,

culturrl, teehnological considerations, etc.

2021,

barate

ts" for
ons to
brsect
cause

legal,

8.18.3 Smart cities example

e int

eroperability by-design and by-default;

o safety by-design and by-default;

e security (including confidentiality, integrity and availability of information) by-design and by-

de

e pri
o rel

fault;
vacy by-design and by-default;
iability and resilience by-design and by-default;

e simplicity;

e low cost of operation;

e short time to market;
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If-referential.

8.18.4 Primary generated artefact-types

The following artefact-types will be used:

e SolutionSpaceConstraintDescription

e SolutionSpaceConstraintKeyPhase

8.19

Solution space classifications nomenclature

8.19.1 General

A soldtion space may have some classifications which help to organize some artefacts,

This model-type is used in the following viewpoints:

e Bi

8.19.2 Techniques

Analy
types

8.20

8.20.1 General

Each
qualifi

solutign space constrains and some high-level requirements. A desired characteristi¢
system is a characteristic of a system which'no system element possesses.

This model-type is used in the following viewpoints:

e Bi

8.20.2 Techniques

Defini

information including_but not limited to stakeholders' concerns, problem space spe

solutiq
are af
is or

8.20.3

) picture viewpoint (7.3)

be the solution space to find existing classifications. It is normatthat various classifi

may have different structures.

Solution space essential desired characteristics nomenclature

potential system-solution shall possess some essential desired characteristics
led as a system-solution. This guarantees’that each potential system-solution will §

j picture viewpoint (7.3)

ng desired characteristics is a creative activity which uses a lot of knowledg

n space constraints, etc. Characteristics shouldn't be mixed with functions — the
out having abilities to do something, while the former are about some aspects of
ill be_done.

cation

to be
atisfy
of a

e and
cifics,
latter
how it

Primary generated artefact-types

The following artefact-types will be used:

e EssentialDesiredCharacteristicDescription

e EssentialDesiredCharacteristicKeyPhase

8.20.4 Smart cities example

e Be social: Smart cities are built for citizens thus all aspects of social life shall be explicitly

co

nsidered.

e Be fluid: Cities are considered as systems of flows (see [36]), for example: flows of water,
flows of energy, flows of waste, flows of citizens, etc. If nothing flows in a city, then the city
is dead. Also, such flows are flows of entities of various types: digital, physical, living, social,

po

litical, legal, etc.
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e Be multidimensional: Those flows co-exist and interrelate in several dimensions: spatial,
temporal, digital, technological, etc. For example, a water sewage canal may be close to a
power cable which is a unique supplier for a local hospital. Such multidimensionality shall

be

explicitly addressed.

e Be scalable: Smart cities are organically grown and shall be extensible and sustainable.

¢ Be technology neutral: Because of the progress of technology, many various (and unknown
right now) intelligent devices (from the loT) and digital technologies will progressively
automate, improve and drastically change various aspects of Smart Cities functioning
including planning, execution, monitoring, prediction, optimization of flows.

e Be holistic: Various aspects of the smart cities functioning (e.g.

8.21

d resilience) is mandatory.

rmation and knowledge) anticipated, monitored, analysed, controlled, alerted and

level of security,

data,
acted

trustworthy: A high level of trustworthiness (includes security, privacy, safety, reliability,

Dependency matrix of problem space essential high-level requirements and
solution space constraints versus solution space essential-desired
characteristics

8.21.1 General

The dependencies between the problem space essential high-level requirements and sglution
space| constraints and the solution space essential désired characteristics shall be |made
explicjt.

8.21.3 Techniques

Each puch dependency matrix indicates thexindependent links between two sets of artgfacts.
Such [links are called independent because they don't belong to any of these two sgets of
artefapts. The presentation of dependency matrix is very straightforward — if there is a
dependency between an artefact in a.row and an artefact in a column (the former contrjbutes
to the|latter) then such a dependency’is marked in the respective cell.

8.21.3 Primary generated @rtefact-types

The fgllowing artefact-types will be used:

e IngependentLink

8.22 |Solutionispace architecture principles nomenclature

8.22.1 General

The afchitecture principles outline some considerations to be used to achieve the solution space

essential desired characteristics.

This model-type is used in the following viewpoints:

e Big picture viewpoint (7.3)
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8.22.2 Techniques

Defining of architecture principles is a creative activity which uses a lot of knowledge and
information including but not limited to stakeholders' concerns, problem space specifics,
solution space constraints, desired characteristics, etc. The following are examples of
techniques: TOGAF® [12], Zachman Framework™ [30] and BIZBOK® [37]. ©

8.22.3 Smart cities example

o Explicit systems architecting and engineering is the best known way to achieve essential
characteristics of smart city implementations.

e Sma ion and

paration of concerns is mandatory to reduce the complexity of smart city implementgtions.

o Syistem of Digital Interrelated Flows is an assembly between people, services,applications,
e Sylstem of Digital Interrelated Flows is constructed and operating on the(basis of expligit and

e and place shall be integrated to handle flows properly.

e Tearminology is essential because the smart cities system domain covers many, histofrically
digjointed, subject fields.

8.22.4 Primary generated artefact-types
The fqllowing artefact-types will be used:

e ArchitecturePrincipleDescription

o ArghitecturePrincipleKeyPhase

8.23 |Dependency of between solutionspace essential desired characteristics versus
solution space architecture principles

8.23.1 General

The dependencies between“the essential desired characteristics and the solution gpace
architgcture principles shall be made explicit.

This model-type is used in the following viewpoints:
e Big picture viewpoint (7.3)

8.23.2 Techhiques

Each puch dependency matrix indicates the independent links between two sets of artgfacts.
Such links are called independent because they don't belong to any of these two sets of
artefacts. The presentation of dependency matrix is very straightforward — if there is a
dependency between an artefact in a row and an artefact in a column (the former contributes
to the latter) then such a dependency is marked in the respective cell.

8.23.3 Primary generated artefact-types
The following artefact-types will be used:

e IndependentLink

6 TOGAF is a trademark of The Open Group. Zachman Framework is a trademark of Zachman International.
BIZBOK is a trademark of the Business Architecture Guild. This information is given for the convenience of users
of this document and does not constitute an endorsement by IEC of the products named.
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8.24 High-level illustrative diagrams
8.24.1 General

lllustrative diagrams are informal presentations of potential system-solutions.

This model-type is used in the following viewpoints:
[ )

Big picture viewpoint (7.3)
8.24.2 Techniques

There[are three essential parts in such ilfustrations: the important entities In the environment of
potenfial system-solutions, the essential elements of potential system-solutions| and
relatignships between them.
8.24.3 Smart cities example
See Fjigure 29.
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Figure 29 — Descriptive framework from ISO 37105:2019

8.25 High-level business map

8.25.1 General

The high-level business model is a sort of plan for the successful operation of a system-solution
to fulfil its vision, identifying sources of revenue, the intended customer base, products, and
details of financing.
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This model-type is used in the following viewpoints:
e Big picture viewpoint (7.3)
8.25.2 Techniques

The method "Business Canvas" may be used to express a business map. Because, this
technique is a collection of existing artefact-types (from different model-types), it may be
considered as a thinking tool to be enriched and validated by further development of those
artefact-types.

8.25.3 Smart cities example

Figurg 30 shows a Business Canvas for smart city (it is copied from [38]).
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Figure 30 — Business Canvas model for smart city

8.26 Beneficiaries' journeys nomenclature
8.26.1 General description

An integrated presentation of the behaviour of some beneficiaries, also known as "customer
journeys", may be useful. Such journeys are, actually, assemblies of several high-level use
cases related to the same stakeholder.
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This model-type is used in the following viewpoints:
e Value viewpoint (7.2)
8.26.2 Techniques

Any smart city is built around the citizens' experience. By understanding the tasks the
beneficiaries perform a smart city should be able to align its capabilities to meet the
beneficiaries' needs. This may include:

e The beneficiary task

e Desired outcomes when performing the task

e Cqgnstraints which need to be considered
o Bgneficiary experience when performing the task
e Prpduct innovations required to support the task

e Prpducts and services these innovations relate to
8.26.3 Primary generated artefact-types

The fqllowing artefact-types will be used:

e JourneyTemplate

8.27 |High-level reference capability map

8.27.1 General

This i$ a map of reference capabilities of potential system-solutions. See 5.19.3.

This model-type is used in the following viewpoints:
e Big picture viewpoint (7.3)
8.27.32 Techniques

See 5[19.3.

8.27.3 Primary generated artefact-types
The fgllowing artefact-types will be used:
o RgferenceCapability

8.27.4 _,Smart cities example

See Figure 3T
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8.28 |High-level process map

8.28.1 General

Figure 31 — Potential SCRA level 1 reference capability map

This i$ a map of top-level processes of potential’'system-solutions. See 5.19.3.

This model-type is used in the following.¥iewpoints:

e Big picture viewpoint (7.3)

8.28.2 Techniques

IEC

The fgllowing techniques may be applied: ISO/IEC 19510:2013 [23], value stream mappirlg and
the APQC Process Elassification Framework (PCF)®7 [39]. Some process modelling
conventions will be provided in the SCIM.

8.28.3

Primary-generated artefact-types

The fqllowing-artefact-types will be used:

e PrpcessDiagram

8.29 High-level architecture

8.29.1 General

The high-level architecture formally defines a top-level structure of the potential system-
solutions (top-level elements and relationships between them) and some relationships of those
top-level elements with its environments. Each of such elements contain one or more reference

capabilities.

This model-type is used in the following viewpoints:

7 Process Classification Framework (PCF) is a trademark of APQC. This information is given for the convenience
of users of this document and does not constitute an endorsement by IEC of the product named.
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e Big picture viewpoint (7.3)

8.29.2 Techniques

Providing the high-level architecture is a creative work which requires a lot of analysis of the
collected information and a synthesis of the high-level architecture. The following are examples
of techniques: TOGAF [12] and BIZBOK [36].

8.30

8.30.1

Capability map

General description

This itna map of capabilities of the system-solution. See 5.19.3. The capability map acts

"accu

This n
. Sy
8.30.2

See 5

8.30.3
The fq
o Cog
8.31

8.31.1

A low
of the

ulator" of all identified capabilities.

nodel-type is used in the following viewpoints:
stem-solution engineering viewpoint (7.4)
Techniques

19.3.

Primary generated artefact-types
llowing artefact-types will be used:
pability
Low-level use cases nomenclature

General description

level use case is a structured description of a particular use of one or many capalt
system-solution by one or many stakeholders.

This model-type is used in thg fellowing viewpoints:

. Sy
8.31.2

A use
shoul
BAB

stem-solution engingering viewpoint (7.4)
Techniques

case technique (which is actually a linking of various model-types and artefact-
be based on IEC 62559-2 [40]. The following are also examples of techn
K® [49]'and UML® [42].8

as an

ilities

ypes)
ques:

8.31.3

—Primary-generated-artefaet-types

The following artefact-types will be used:

o LL

uc

8 BABOK is a trademark of the International Institute of Business Analysis. UML is a trademark of the Object
Management Group. This information is given for the convenience of users of this document and does not
constitute an endorsement by IEC of the products named.
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Function map

General description

This is a map of functions of the system-solution. See 5.19.3. The function map acts as an
"accumulator” of all identified functions.

This model-type is used in the following viewpoints:

. Sy

stem-solution engineering viewpoint (7.4)

8.32.2 Techniques

See 5

8.32.3
The fq

19.3
Primary generated artefact-types
llowing artefact-types will be used:

e Function

8.33
8.33.1
Becal

organ
and re

Partners nomenclature
General description

se some of the system-solution capabilities may e sourced by a solution partn

br (an

zation from the environment of the particular smatrtcity), a nomenclature of such pafrtners

lationships with them is necessary.

This model-type is used in the following viewpojnts:

. Sy
8.33.2

Descr

8.33.3
The fqg
e Sg
8.34
8.34.1

stem-solution engineering viewpoint(7.4)
Techniques

be a company and all the contracts with it.

Primary generated artefact-types
llowing artefact-types will be used:
lutionPartner@rganization
Services)homenclature

General description

This

5 a nomenctature of att—services of the SySIem-SOIUIiOﬂ. See 5. 194 —The se

nomenclature acts as an "accumulator" of all identified services.

This model-type is used in the following viewpoints:

e System-solution engineering viewpoint (7.4)

8.34.2 Techniques

vices

There are many techniques to identify services, e.g. Service-Oriented Architecture (SOA) [43].
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8.34.3 Primary generated artefact-types

The following artefact-types will be used:

e Service

8.34.4 Smart cities example

Figure 32 is from the article "smart city Concept, Applications and Services" [44].

s4. | \ | ( \
S1. Environmental S5. ‘ S6. j S7. ] o ,512 " S13. S14.
REal Estate 1—‘ P y T Heanhl
ENa Infrar;?rzcture Energy ‘ and Information| ‘ Space J Discipline | SR =
- - 7 - ¢ 7 ¥ < " o \ Y N J
.
- v ! P e
S8. S15. S16.
S2. S2.1 S7.1 ! 5 feoci i Entertainnjent
Water Drinking S6.1 e Park City 121 Social Services ond Sod
Mfnagement Utilities Management J TS Centre { P
< / N\ J
- Prevention '
‘ 8.1 3
i S2.1 *" s8.1 Government v A s17
S3. Drainage Facility and Office )
Waste Infrastructure S9. s15.1 (} §15.2 Worshi
Mgnagement v Provision Employment Social Care|_ Community \ |
X Controlling Services
[ S3.1 Service v ") p
' Water Wastet - S25.1 S11.2 o~ S18.
anagemen Road Traffic. PDlsast_er s10. } S19. Burial
S32 Control revention Environmental - |Centre of Trade |
[Garbage Services Control | and Services
(—A.. ¥ - = -
S$25.2
$24.2 barking A s21.1 20
g i - larehous|n
> Travel = Senvices J /" 5232 S11. Space for 9
‘ Guidance GIEE | W X Smart City — 1 ( Disaster & Informal and - | W
526 > Infotainment ! Information mahagement Small Medium
" ulture A Services Centre 3 J Enterprise
y | &%
| V%o S22. S21.
S23.
) S24. i Regional Financial Industry
Transportation | Information Services
S25. » S241 J Centre \ -/
Tourism Lodging ~ /
RT—

Figure 32 —.Example of city services

8.35 |Process map
8.35.1 General description
This i

"accumulator" of all identified processes.

This model-type-isiused in the following viewpoints:

e Sylstem-solution engineering viewpoint (7.4)

8.35.3 \Techniques

5 a map of processes of the system-solution. See 5.19.3. The process map acts

IEC

as an

The following techniques may be applied: ISO/IEC 19510:2013 [23], value stream mapping and
the APQC Process Classification Framework (PCF) [39]. Some process modelling conventions
will be provided in the SCIM.

8.35.3 Primary generated artefact-types

The following artefact-types will be used:

e ProcessDiagram
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8.36 Decisions nomenclature
8.36.1 General description

Decisions are formally defined rules that govern and manage the system-solution. The decision
nomenclature acts as an "accumulator" of all identified decision types.

This model-type is used in the following viewpoints:
e System-solution engineering viewpoint (7.4)

8.36.2 Techniques

Decisfon Model and Notation (DMN™)9 [45] is an available body of knowledge.

8.36.3 Primary generated artefact-types
The fqllowing artefact-types will be used:

e Dagcision

8.37 [Events nomenclature

8.37.1 General description

Event|is an incident of importance to the system-solution./The events nomenclature acts|as an
"accumulator" of all identified event types.

This model-type is used in the following viewpoints:
e Sylstem-solution engineering viewpoint (%#4)
8.37.3 Techniques

Event|Driven Architecture (EDA) and-Event Processing Network (EPN) are available bodies of
knowlgdge.

8.37.3 Primary generated artefact-types
The fgllowing artefact-types will be used:

e Event

8.38 |Data schemas nomenclature

8.38.1 _General description

Data schema Is a structure of data objects. The dala schemas nomenclature acts as an
"accumulator" of all identified data schemas.

This model-type is used in the following viewpoints:
¢ System-solution engineering viewpoint (7.4)
8.38.2 Techniques

The Data Management Association International (DAMA) [46] is an available body of
knowledge.

9 DMN is an abbreviation and a trademark of the Object Management Group. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of the product named.
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8.38.3 Primary generated artefact-types
The following artefact-types will be used:

e DataSchema

8.39 Information flows nomenclature
8.39.1 General description

Information flow is an established channel for information exchange between system elements
and with external entities. The information flow nomenclature acts as an "accumulator" of all

identified-nrfermationflows-:

This model-type is used in the following viewpoints:
e Sylstem-solution engineering viewpoint (7.4)
8.39.2 Techniques

The Qpen Group is an available body of knowledge.

8.39.3 Primary generated artefact-types

The fqllowing artefact-types will be used:

e InformationFlow

8.40 |Document/content classifications nomenclature
8.40.1 General description

Classification is a typology of some objectsito be recognized, differentiated, and understood.
The document/content classification nomenclature acts as an "accumulator" of all ideptified
docunpent/content classifications.

This model-type is used in the-folfowing viewpoints:
e Sylstem-solution engineering viewpoint (7.4)
8.40.3 Techniques

Assodiation for Anformation and Image Management (AlIM) [47] is an available bddy of
knowlgdge.

8.40.3 _Primary generated artefact-types

The following artefact-types will be used:

e DocumentClassification

¢ ContentClassifiation
8.41 Key performance indicators nomenclature
8.41.1 General description

Key Performance Indicator (KPI) is a set of values against which performance is measured.
The key performance indicators nomenclature acts as an "accumulator" of all identified key
performance indicators.
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This model-type is used in the following viewpoints:
e System-solution engineering viewpoint (7.4)
8.41.2 Techniques

The Software Performance Engineering (SPE) [48] is an available body of knowledge.

8.41.3 Primary generated artefact-types

The following artefact-types will be used:

o KdyPerformancelndicator
8.42 |Reports nomenclature
8.42. General description

Repont is an extracted and formatted information. The report nomeneglature acts as an
"accumulator" of all identified reports.

This model-type is used in the following viewpoints:
e Sylstem-solution engineering viewpoint (7.4)
8.42.21 Primary generated artefact-types

The fqllowing artefact-types will be used:

e Rgport

8.43 |Platforms nomenclature

8.43.1 General description

The platforms nomenclature lists all‘the platforms which are used in the system-solution,

This r];odel-type is used in the following viewpoints:
e Platform engineeringiviewpoint (7.4)
8.43.21 Primary generated artefact-types

The fgllowing artefact-types will be used:

. PIEtform,

o PlatiormComponent.

8.44 Platform overview
8.44.1 General description

The platform overview provides general information about the platform including a list of its
components and a list of solutions which are built on top of the platform.

This model-type is used in the following viewpoints:
e Platform engineering viewpoint (7.5)
8.44.2 Techniques

"Software Architecture in Practice, Second Edition" [49] is an available body of knowledge.
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8.44.3 Primary generated artefact-types

The following artefact-types will be used:

e Platform,

e PlatformComponent.

8.45
8.45.1

Platform terminology

General description

Terminology is mandatory to establish efficient communication by defining various concepts

pertin
digital

This n

e Platform engineering viewpoint (7.5)

8.45.2

See
Annex

8.46
8.46.1

The p
partic

as an ontology.

nodel-type is used in the following viewpoints:

Techniques

he IEC terminological practices, see ISO/IEC Directives, IEC Supplement
SK.

Platform components nomenclature
General description

atform components nomenclature lists all the platform components which are use
ilar platform.

e P
8.46.2

The fd

o PlatformComponent

8.47
8.47.1

Thep

This r[odel-type is used in the following viewpoints:
I

tform engineering viewpoint (7°5)
Primary generated artefact-types

llowing artefact-types will be used:

Platform solutions nomenclature

General description

ent for a particular subject field (e.g. platform). Ideally, such a terminology sholild be

2021,

d in a

atform solutions nomenclature lists all the solutions which are built on top of the pljtform.

This model-type is used in the following viewpoints:

e Platform engineering viewpoint (7.5)

8.47.2 Primary generated artefact-types

The following artefact-types will be used:

e Solution

8.48

8.48.1

Standards and norms nomenclature

General description

Standards and norms are formal rules to be applied within the life cycle of the system-solution.
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This model-type is used in the following viewpoints:

e System-solution engineering viewpoint (7.5)

8.48.2 Primary generated artefact-types

The following artefact-types will be used:

e InternalStandard

e InternalNorm

8.49 Platform software factory configuration

8.49.

The
devel

e P
8.49.2

The p

8.49.3
The fd
e Sg
8.50
8.50.1

The p
for eff]

This n

e Platform engineering viewpoint (7.5)

8.50.2
The b

This r[odel-type is used in the following viewpoints:
I

General description

latform software factory configuration describes all the details for platform so
pment, testing, deployment, execution and decommissioning.

tform engineering viewpoint (7.5)

Techniques

Primary generated artefact-types
llowing artefact-types will be used:
ftwareFactoryConfiguration
Platform governance, managemeént and operations manual
General description

atform governance, management and operations manual provides necessary inforr
cient use and evolution.of the platform.

nodel-type is used in the following viewpoints:

Techniques

st organization of such a manual is a wiki-like structure and functionality.

atform software factory configuration is based on the @oftware factory viewpoint (7]

[tware

11).

nation

8.50.3 Primary generated artefact-types

The following artefact-types will be used:

o Wi
8.51
8.51.1

kiManual
Platform component overview

General description

The platform component overview provides general information about the platform component.

This model-type is used in the following viewpoints:

e Platform component engineering viewpoint (7.6)
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8.51.2 Techniques

"Software Architecture in Practice, Second Edition" [49] is an available body of knowledge.

8.51.3 Primary generated artefact-types
The following artefact-types will be used:
e PlatformComponent

8.52 Platform component terminology

8.52. General description

Termipology is mandatory to establish efficient communication by defining variqusycorn
pertingnt for a particular subject field (e.g. platform component). Ideally, such.a termin

should be digital as an ontology.

This model-type is used in the following viewpoints:
e Platform component engineering viewpoint (7.6)
8.52.2 Techniques

See the IEC terminological practices.

8.53 |Platform component capability map
8.53.1 General description

This i$ a map of capabilities of the platform edmponent. See 5.19.3.

This r];odel—type is used in the followingWiewpoints:
e Platform component engineeringwiewpoint (7.6)
8.53.2 Techniques

See 5[19.3.

8.53.3 Primary generated artefact-types
The fqllowing artefact-types will be used:

o Cgpabitity

8.54 |Platform component function map

8.54.1 General description

This is a map of functions of the platform component. See 5.19.3.

This model-type is used in the following viewpoints:
e Platform component engineering viewpoint (7.6)
8.54.2 Techniques

See 5.19.3.

cepts
ology
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8.54.3 Primary generated artefact-types

The following artefact-types will be used:

Fu

nction

8.55 Platform component process map

8.55.1

General description

This is a map of processes of the platform component. See 5.19.3.

This

8.55.2

ISO/IH
Framsg
will bq

8.55.3

The fd

8.56
8.56.1

The ¢

P

Pr

r[odel-type IS used In the 1ollowing viewpolints:
I

tform component engineering viewpoint (7.6)
Techniques

EC  19510:2013 [23], value stream mapping and the APQC Process Classifi
work (PCF) [39] are available bodies of knowledge. Some process'modelling conve
provided in the SCIM.

Primary generated artefact-types
llowing artefact-types will be used:
bcessDiagram
Platform component business specifications

General description

cation
ntions

latform component business specifications cover the following parts of the platform
component:

platform component stakeholders and roles,

pl3

tform component use cases,

platform component activities,

pl3

tform component decisions,

platform component Ul,

pl3
pl3

tform component key performance indicators

tform_component events

pl

tform/component reports

This model-type is used in the following viewpoints:

Platform component engineering viewpoint (7.6)

8.56.2 Techniques

The Zachman Framework [30] is an available body of knowledge.

8.56.3 Primary generated artefact-types

The following artefact-types will be used:

LL

ucC,

Decision
ul,
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o KPI,

e Event,

e Report.

8.57 Platform component information specifications

8.57.1

General description

The platform component information specifications cover the following user-accessible
information of the platform component:

e g

matics=specific inmformatior,

e coptent-specific information,

e anjalytics-specific information,

e e

® SO

borting-specific information,

cial-specific information,

e other information.

This n

nodel-type is used in the following viewpoints:

e Platform component engineering viewpoint (7.6)

8.57.2

Data
Image

8.57.3
The fq

e D&

e Inf
8.58
8.58.1

The p
of the

Techniques

Management Association International (DAMA) [45], and Association for Informatio
Management (AlIM) [47] are available bodies of knowledge.

Primary generated artefact-types
llowing artefact-types will be used.

taSchema

ormationFlow
Platform component application specifications
General description

atform component application specifications cover the following software-specific
platform-component:

. int[ernal software components,

e exterhal software components,

e software protocols between software components.

This model-type is used in the following viewpoints:

¢ Platform component engineering viewpoint (7.6)

8.58.2 Techniques

Software engineering books

n and

parts
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8.58.3 Primary generated artefact-types
The following artefact-types will be used:

e SoftwareComponent,

e SoftwareProtocol.
8.59 Platform component data specifications
8.59.1 General description

The platform component data specifications cover the following data-specific parts of the
platform component:

e dalta storage,
e data transit, and

e data usage.

This model-type is used in the following viewpoints:
e Platform component engineering viewpoint (7.6)
8.59.2 Techniques

Data Management Association International (DAMA) [46)is an available body of knowledge.

8.59.3 Primary generated artefact-types
The fgllowing artefact-types will be used:

e DdgtaSchema

e InformationFlow
8.60 |Platform component infrastruicture specifications
8.60.1 General description

The p|atform component data specifications cover the following infrastructure-specific parts of
the platform component:

e (gafteways,

e sefvers,
e databaskg;
e bacKudp policies,

e environments,

e etc.
This model-type is used in the following viewpoints:
e Platform component engineering viewpoint (7.6)

8.60.2 Techniques
ITIL [50] and ITSM [51] are available bodies of knowledge.
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8.60.3 Primary generated artefact-types

The following artefact-types will be used:

e TechnicalDiagram

8.61 Platform component security specifications
8.61.1 General description

The platform component security specifications cover the following crosscutting aspects of the
platform component:

e sefurity,
e privacy,
e safety, and

e reliability and resilience.

This model-type is used in the following viewpoints:
e Platform component engineering viewpoint (7.6)
8.61.2 Techniques

See 5]19.

8.61.3 Primary generated artefact-types

The fgllowing artefact-types will be used:

e GenericSpecification

8.62 |Platform component services and APls nhomenclature
8.62.1 General description

This i$ a nomenclature of serviges and APls of the platform component. See 5.19.4.

This r];odel—type is used~in“the following viewpoints:
e Platform component engineering viewpoint (7.6)
8.62.4 Techniques

See 5[19.4.

8.62.3 Primary generated artefact-types
The following artefact-types will be used:

e Service
e API

8.63 Platform component software factory configuration
8.63.1 General description

The platform software factory configuration describes all the details of an element (e.g. platform
component) related to its software development, testing, deployment and execution.
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This model-type is used in the following viewpoints:
e Platform component engineering viewpoint (7.6)
8.63.2 Techniques

The platform component software factory configuration is based on the software factory
viewpoint (7.11).

8.63.3 Primary generated artefact-types

The following artefact-types will be used:

o SdftwareConfiguration
8.64 |Platform component management and operations manual
8.64.1 General description

The p|atform component management and operations manual provides™necessary information
for thg efficient evolution of the platform component.

This r[odel-type is used in the following viewpoints:
e Platform component engineering viewpoint (7.6)
8.64.2 Techniques

The bgst organization of such a manual is a wiki-like'structure and functionality.

8.64.3 Primary generated artefact-types
The fgllowing artefact-types will be used:

e WikiManual

8.65 |Solution overview

8.65.1 General description

The splution overview- provides general information about the solution.

This model-type’isrused in the following viewpoints:

e Sdlutionsengineering viewpoint (7.7)

8.65.2 Techniques

"Software Architecture in Practice, Second Edition" [49] is an available body of knowledge.

8.65.3 Primary generated artefact-types
The following artefact-types will be used:

e PlatformComponent

8.66 Solution terminology

8.66.1 General description

Terminology is mandatory to establish efficient communication by defining various concepts
pertinent for a particular subject field (e.g. solution). Ideally, such a terminology should be
digital.
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This model-type is used in the following viewpoints:
e Solution engineering viewpoint (7.7)
8.66.2 Techniques

See the |IEC terminological practices.

8.67 Solution capability map

8.67.1 General description

This i$§ @ map of capabllities of the solution. See 5.19.3.

This model-type is used in the following viewpoints:
e Sdlution engineering viewpoint (7.7)

8.67.3 Techniques

See 5/19.3.

8.67.3 Primary generated artefact-types
The fgllowing artefact-types will be used:

o Cgpability

8.68 |Solution function map

8.68.1 General description

This i$ a map of functions of the solutiongSee 5.19.3.

This model-type is used in the following viewpoints:
e Sdlution engineering viewpoint (7.7)
8.68.3 Techniques

See 5[19.3.

8.68.3 Primary-generated artefact-types

The fqllowing artefact-types will be used:

e Function

8.69 Solution process map
8.69.1 General description

This is a map of processes of the solution. See 5.19.3.

This model-type is used in the following viewpoints:
e Solution engineering viewpoint (7.7)
8.69.2 Techniques

The following techniques can be applied: ISO/IEC 19510:2013 [23], value stream mapping and
the APQC Process Classification Framework (PCF) [39]. Some process modelling conventions
will be provided in the SCIM.
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8.69.3 Primary generated artefact-types
The following artefact-types will be used:

e ProcessDiagram

8.70 Solution business specifications
8.70.1 General description

The solution business specifications cover the following parts of the solution:

° solution-stakeholders—and-roles
HHE-R-Stae8-Ro+aeH HHe—o1855

e sojution use cases,

e sojution activities,

e sojution decisions,

e sojution Ul,

e sojution key performance indicators
e sojution events

e sojution reports

This model-type is used in the following viewpoints:
e Sdlution engineering viewpoint (7.7)

8.70.3 Techniques

The Zpchman Framework [30] is an availablebody of knowledge.

8.70.3 Primary generated artefact-types

The fgllowing artefact-types will be used:

o LLUC,

e Dagcision,
o Ul

e KHI,

e Event,

e Rgport.

8.71 [Solution information specifications

8.71.1 General description

The solution information specifications cover the following user-accessible information of the
solution:

e geomatics-specific information,

e content-specific information,

e analytics-specific information,

e reporting-specific information,

e social-specific information,

e other information.
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This model-type is used in the following viewpoints:

Solution engineering viewpoint (7.7)

8.71.2 Techniques

Data Management Association International (DAMA) [46], and the Association for Information
and Image Management (AlIM) [47] are available bodies of knowledge.

8.72 Solution application specifications

8.72.1 General description

The dolution application specifications cover the following software-specific parts
solution:

internal software components,
external software components,

software protocols between software components.

This model-type is used in the following viewpoints:

Sqlution engineering viewpoint (7.7)

8.72.3 Techniques

Software engineering books

8.72.3 Primary generated artefact-types

The fgllowing artefact-types will be used:

SdftwareComponent,

SqftwareProtocol.

8.73 |Solution data specifications

8.73.1 General description

The splution data specifications cover the following data-specific parts of the solution:

data storage;
data transit,/and

datta usage.

bf the

This model-type is used in the following Viewpoints:

Solution engineering viewpoint (7.7)

8.73.2 Techniques

Data Management Association International (DAMA) [46] is an available body of knowledge.
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8.74 Solution infrastructure specifications
8.74.1 General description
The solution data specifications cover the following infrastructure-specific parts of the solution:

e gateways,
e servers,
e database,

e backup policies,

e eniironments,

o etg.
This model-type is used in the following viewpoints:

e Sdlution engineering viewpoint (7.7)

8.74.2 Techniques

ITIL [30] and ITSM [51] are available bodies of knowledge.

8.74.3 Primary generated artefact-types
The fqllowing artefact-types will be used:

e TechnicalDiagram

8.75 |Solution security specifications
8.75.1 General description

The splution security specifications cover the following crosscutting aspects of the solutipn:

e sefurity,
e privacy,
e safety, and

o reliability and resilience.
This model-type is.used in the following viewpoints:
e Sdlution engineering viewpoint (7.7)

8.75.3 /Techniques

See 5.19.6.

8.75.3 Primary generated artefact-types

The following artefact-types will be used:

e GenericSpecification

8.76 Solution services and APIs nomenclature
8.76.1 General description

This is nomenclature of services and API of the solution. See 5.19.4.
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This model-type is used in the following viewpoints:

e Solution engineering viewpoint (7.7)

8.76.2 Techniques

See 5

19.4.

8.76.3 Primary generated artefact-types

The following artefact-types will be used:

e Sdrvice
e ARI
8.77 |Solution software factory configuration

8.77.1

The p
relate

This n
e Sg
8.77.2

The s

8.77.3
The fq
e Sg
8.78

8.78.1
The s

General description

atform software factory configuration describes all the details of an.element (e.g. so
J to its software development, testing, deployment and execution.

nodel-type is used in the following viewpoints:
lution engineering viewpoint (7.7)
Techniques

blution software factory configuration is based on the software factory viewpoint (7

Primary generated artefact-types
llowing artefact-types will be used:
ftwareConfiguration
Solution management and operations manual
General description

blution managémeént and operations manual provides the necessary information f

efficielnt evolution.of.the solution.

This n

e Sg

nodel-type is used in the following viewpoints:

ution)

or the

lution engineering viewpoint (7.7)

8.78.2 Techniques

The best organization of such a manual is a wiki-like structure and functionality.

8.78.3 Primary generated artefact-types

The following artefact-types will be used:

o Wi

kiManual


https://iecnorm.com/api/?name=7e6265c3dc9f31882384fa5620fc3521

8.79

- 104 — IEC SRD 63188:2022 © IEC 2022

Interoperability aspect

8.79.1 General description

Interoperability is the ability of systems to work together. The architecture principles of the
solution space (see 5.19) help to address interoperability by-design requirement. The platform-
based agile solutions orientation guarantees that smart cities which are built on the Common
Smart Cities Digital Repeatable Platform will be interoperable because the platform defines all
its interfaces (via APIs) and processes.

This model-type is used in the following viewpoints:

e Crpsscutting aspects engineering viewpoint (7.8)

8.79.2 Techniques

A goo

8.79.3 Primary generated artefact-types
The fqllowing artefact-types will be used:

e ARI

8.80

8.80.1 General description

At pr

information and applications. However, the information security aspect shall be also deve

for bu
securi
establ

All th(ﬁ security-related activities shall be within well-defined digital processes. Life cy
i

secur

The s

e Information security_practices, controls, points, and methods.
e Pdrsonal security-practices, controls, points, and methods.

e PRhysical secdrity practices, controls, points, and methods.

This n

e Cr

d framework of interoperability is given in ISO/IEC 21823-1:2019 [52].

Security aspect

bsent, the information security aspect .is\‘well-elaborated for infrastructure,

5iness, namely for business-processes:(This means that it should be clear how to
lly points within digital processes. Alsg, an explicit link between security and risk sh
ished (see 5.19.6).

y-related artefacts shall be fully controlled and formalized.

bcurity aspect covers the following:

nodel-type is used in the following viewpoints:

data,
loped
place
all be

cle of

sscutting aspnects enaineerina viewpoint (7 8\
J Ll J ~J Ladl \ 7

8.80.2 Techniques

There are many bodies of knowledge related to security: JTC 1/SC 27, ISO/IEC 27000 [1],

NIST,

MITRE, ITU SG17-C758 [29].

8.80.3 Primary generated artefact-types

The following artefact-types will be used:

e InformationSecurityPoint

e InformationSecurityControl

e InformationSecurityMethod

e PersonalSecurityPoint
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e PersonalSecurityControl

e PersonalSecurityMethod

e PhysicalSecurityPoint

e PhysicalSecurityControl

e PhysicalSecurityMethod

8.81
8.81.1
Priva

behal
maint

Subcl
activit

Privacy aspect

General description

, to determine the degree to which the confidentiality of its private informatjon is

ined.

huse 5.19.6 provides sufficient guidelines for managing privacy. All theCprivacy-r

shall be fully controlled and formalized.

This n
e Cr
8.81.2

A god
SG17

8.81.3
The fd

e Pr
o Pr
e Pr
e Pr
o Pr

8.82
8.82.1

nodel-type is used in the following viewpoints:
psscutting aspects engineering viewpoint (7.8)

Techniques

C758 [29].

Primary generated artefact-types
llowing artefact-types will be used:

vacyPoint

vacyControl

vacyMethod
vacyInformationClassification

vacyRule
Safety aspect

General description

Safety
guidell

blated

es shall be within well-defined digital processes. Life cycle of privacy-related artgfacts

d framework of privacy is the General Data Protection Regulations (GDPR) [28], ITU

is- freedom from rlsk which is not tolerable Subclause 5.19.6 prowdes sufficient

jefined

digital processes. ‘ L|fe cycle of safety- related artefacts shall be fuIIy controlled and formalized.

This model-type is used in the following viewpoints:

e Crosscutting aspects engineering viewpoint (7.8)

8.82.2 Techniques

A good framework of safety is given in ISO/IEC Guide 51 [14], ISO 12100 [53], ISO 1

1 [54],

IEC 61508 [55], and ITU SG17-C758 [29].

3849-
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8.82.3 Primary generated artefact-types

The following artefact-types will be used:

o SafetyPoint

o SafetyControl
e SafetyMethod
o SafetyRule

8.83

Reliability and resilience management aspects

8.83.

Reliahility is the ability to perform as required, without failure, for a given time interval, u
given [conditions. Resilience is the ability to absorb or avoid damage without suffering
complete failure. Subclause 5.19.6 provides sufficient guidelines for managingceliability

resili

This n
e Cr
8.83.2

A goo
ITUS

8.83.3
The fq
o Geg
8.84

8.84.1
Low-c
of the
5.19)

follow

a) us
b) as

General description

nce.

nodel-type is used in the following viewpoints:
psscutting aspects engineering viewpoint (7.8)
Techniques

0 framework of reliability and resilience is given inthe ISO/IEC 25000 series, ISO/T(
517-C758 [29].

Primary generated artefact-types
llowing artefact-types will be used:
nericSpecification
Low cost of operations and'time-to-market aspects
General description
pst of operations and.time-to-market relate to effectiveness and efficiency of the life
system-solution@nd its elements. The architecture principles of the solution spac

and the software)factory (7.11) address together these aspects by a combination
ng techniques:

e of midroservices for which versioning is easy, and

sembling solutions from microservices via digital processes.

hder

and

L 292,

cycle
b (see
of the

The p
applic

bwer of this npprnnr\h is that nmmlly a-process instance life r\yr\ln ismuch shorter th

ation version life cycle; thus changes can be introduced faster.

This model-type is used in the following viewpoints:

e Crosscutting aspects engineering viewpoint (7.8)

8.84.2 Techniques

SOA |

43] and BPM [56] are available bodies of knowledge.

8.84.3 Primary generated artefact-types

The following artefact-types will be used:

e GenericSpecification

an an
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8.85 Self-reference aspect
8.85.1 General description

Cities are self-referential systems. Such systems know about themselves. Various elements of
a city system shall "know" that they are an integral part of the city system. This implies that
whenever it is possible, various plans, maps, schemas, layout of a city shall be provided in
digital presentation.

This model-type is used in the following viewpoints:

e Crosscutting aspects engineering viewpoint (7.8)

8.85.2 Primary generated artefact-types
The fgllowing artefact-types will be used:

e Gg¢nericSpecification

8.86 |Organizational structure

8.86.1 General description

Organizational structure (or organigram or organization chart)’is a map of functiong and,
somefimes, positions within an organization.

This model-type is used in the following viewpoints:
e Cdrporate viewpoint (7.9)
8.86.2 Techniques

One of the requirements for organizationgharts is avoidance of potential conflicts of interest.

8.86.3 Primary generated artefact-types
The fqllowing artefact-types will\be used:

e OrnganizationChart

8.87 [Governance structure

8.87.1 Generaldescription

Governance_ ensures that:

e Stpkeholder needs, conditions and options are evaluated to determine balanced, agreed-on

e tarnrica Ahinativ g
teTPTToC—OUjeCtvesST

e Direction is set through prioritization and decision making.
e Performance and compliance are monitored against agreed-on direction and objectives.
Some organizations have a complex of governing bodies for some parts of the organization or

some crosscutting activities (e.g. a project management office is a governance body for project
management).

This model-type is used in the following viewpoints:

e Corporate viewpoint (7.9)
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8.87.2 Techniques

CoBIT®10 [57] is an available body of knowledge.

8.87.3 Primary generated artefact-types

The following artefact-types will be used:

e GovernanceBody

8.88

Project management

8.88.

Projed
practi

This n
e Cg
8.88.2
PMI [4

8.88.3
The fq
o W
8.89

8.89.1

Corpo
carryi

This n
o Cd
8.89.2
ISO 9

General description

t management is essential for any organization right now; thus project manag
ces shall be explicitly defined.

nodel-type is used in the following viewpoints:
rporate viewpoint (7.9)
Techniques

8] is an available body of knowledge.

Primary generated artefact-types
llowing artefact-types will be used:
kiManual
Corporate manual

General description

ng out its work. Sometimesy-it is called quality manual.

nodel-type is used.inithe following viewpoints:
rporate viewpaint (7.9)
Techniques

DOO jsvan available body of knowledge.

8.89.3

ement

rate manual is a comprehénsive document which describes how an organizatjon is

| “Primary generated artefact-types

The following artefact-types will be used:

o Wi

kiManual

10 CoBIT is a trademark of ISACA. This information is given for the convenience of users of this document and does

not

constitute an endorsement by IEC of the product named.
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8.90 Independent evaluation

8.90.1 General description

Independent evaluation in an organization, usually, has the following core objectives:

to contribute to enhanced learning,
to provide a basis for accountability, and

to promote an evaluation culture within the organization.

The main deliverable of the independent evaluation is a set of lessons learnt.

This model-type is used in the following viewpoints:

8.90.3 Techniques

Recommended bodies of knowledge are UN agencies and internationalfinancial organizg

8.90.3 Primary generated artefact-types

The fqllowing artefact-types will be used:

8.91 |Ethics, integrity and anti-corruption
8.91.1 General description

The pfimary function of the ethics office is to provide advice and guidance to staff memb
mattefs of ethics and conduct of the staff members in the workplace. A commitment to int
anti-cprruption and the highest ethical standards is fundamental to any organization. Thu
ethics|office is the anchor of a successful corporate ethics culture and ensures awarenes
underpgtanding of the organization’s_core values and ethical standards.

This model-type is used in the-following viewpoints:

8.91.3 Techniques

ISO 26000 is an‘available body of knowledge.

8.91.3 Primary generated artefact-types

Cqrporate viewpoint (7.9)

WikiManual

Cqrporate viewpoint<(7.9)

tions.

Brs on
bgrity,
s, the
s and

The following artefact-types will be used:

WikiManual

8.92 Environment and health

8.92.1 General description

Environment and health are very important for any organization to understand and improve.

This model-type is used in the following viewpoints:

Corporate viewpoint (7.9)
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8.92.2 Techniques

World

Health Organization (WHO) is an available body of knowledge.

8.92.3 Primary generated artefact-types

The following artefact-types will be used:

o Wi
8.93

kiManual

Risk management aspect

8.93.

Risk i
prese
Cross(

This model-type is used in the following viewpoints:

e Ri
8.93.2

There
etc.

8.93.3
The fq

e Ri
e RI
e Ri

8.94
8.94.1

Comp
accor
Howe

This n

General description

5 a combination of the probability of occurrence of harm and the severity of that'ha
nt, the risk management aspect is well-developed. However, risks shall be linked to
utting aspects as explained in 5.19.6.

5k management viewpoint (7.10)
Techniques

are many bodies of knowledge related to risk management: ISO/IEC 31000 [59],

Primary generated artefact-types
llowing artefact-types will be used:
kP oint
skControl
skMethod
Compliance managemeént aspect

General description

iance management is about ensuring that policies and procedures are follow
lance with their'setup. At present, the compliance management aspect is well-deve
er, compliance shall be linked to system elements as explained in 5.19.6.

nodel-type is used in the following viewpoints:

rm. At
other

NIST,

ed in
oped.

e Ri

sK\management viewpoint (7.10)

8.94.2 Techniques

There are many bodies of knowledge related to compliance management: ISO/TC 309, etc.

8.94.3 Primary generated artefact-types

The following artefact-types will be used:

e CompliancePoint

e ComplianceControl

e ComplianceMethod
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Regulatory management aspects

General description

Regulations specify and organize what that authorizing body feels is appropriate behaviour.
Regulations are established by the federal, state, or local government or their appropriating
agency. Often, regulations are written to implement the specifics of a particular law.

Organ

izations shall know regulations which are applicable to their activities.

At present, the regulatory management aspect is well-developed. However, regulatory elements
shall be linked to system elements as explained in 5.19.6.

This rlmdel-type is used in the following viewpoints:

e Ri
8.95.2
OECC

8.95.3
The fd
e Re
8.96

8.96.1

Crime
are bdg
relate
law.

preve

5k management viewpoint (7.10)
Techniques

[60] is an available body of knowledge.

Primary generated artefact-types
llowing artefact-types will be used:
gulationPoint
Crime prevention and detection

General description

(including fraud) is an important factor behind business failure. In fact, business ¢
th a legal and an economic issue forcorporates. In the context of business law cr
1 to the injury of public through business operations. But criminal law is different fro
A\t present, the crime prevention and detection is well-developed. However,

ntion and detection activities shall be linked to system elements as explained in 5.1

This model-type is used in thé following viewpoints:

e Ri
8.96.2
UN [6

8.96.3

5k management viewpoint (7.10)
Techniques

1] is an avaitable body of knowledge.

Rrimary generated artefact-types

rimes
me is
m civil
crime
9.6.

The fc

IR IVT- V-V SRV VH | 2N
Tt T

e GenericSpecification

8.97

8.97.1

Auditing

General description

Auditing is about planning, organizing, directing and controlling a broad, comprehensive
programme of organization audits both internally and externally. At present, the auditing is well-
developed. However, auditing activities shall be proactively linked to system elements as

explai

ned in 5.19.6.

This model-type is used in the following viewpoints:

e Risk management viewpoint (7.10)
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8.97.2 Techniques

UN [61] is an available body of knowledge.

8.97.3 Primary generated artefact-types

The following artefact-types will be used:

e GenericSpecification

8.98

Independent investigation

8.98.

Indep
preve
Howe

General description

bndent investigation is about crime investigation of people who are responsiblg, for
ntion with an organization. At present, the independent investigation is well-deve

explained in 5.19.6.

This model-type is used in the following viewpoints:

e Ri
8.98.2
UN [6

8.98.3
The fg
o Gg
8.99

8.99.1
Crisis
unexp

proce

e Pr
e En
e Re

5k management viewpoint (7.10)
Techniques

1] is an available body of knowledge.

Primary generated artefact-types
llowing artefact-types will be used:
nericSpecification
Crisis management

General description

management is a set of processes by which an organization deals with a disruptiv
ected event that threatens to harm the organization or its stakeholders. Such a
5ses addresses thefollowing stages of a crisis:

bparation,

nergency fesponse, and

COVERY-

crime
oped.

er, the independent investigation shall be proactively linked to system”elements as

e and
set of

At pre

sént, the crisis management aspect is well-developed. However, crisis-related acllivities

shall |

g finkedtosystenTetementsasexptaimedim5-1976-

This model-type is used in the following viewpoints:

e Risk management viewpoint (7.10)

8.99.2 Techniques

IFRC [62] and ICRC [63] are available bodies of knowledge.

8.99.3 Primary generated artefact-types

The following artefact-types will be used:

o Wi

kiManual
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8.100 Software factory overview
8.100.1 General description

A software factory is a software product line that configures extensive tools, processes, and
content to automate the development and maintenance of digital elements of digital systems.
Obviously, these digital elements are, predominantly, pieces of software. The software factory
automates (thus eliminates from humans) all the non-creative activities from the traditional
practices of application development and maintenance. The software factory is built in
accordance with the selected:

e architecture of digital systems (how to decompose solution into units-of-work to be done),

. diiital elements and systems life cycle (what units-of-work are ready to advance in their
maturity), and

e wqrk management practices (what units-of-work to be done by whom and wheny.
In thepry, the life cycle of a digital element is rather straightforward:

e Bysiness case phase.

e Arthitecting (or elaboration) phase.

e Canstruction (or build or implementation) phase.

e Transition (or deployment) phase.

e Prpduction (or operating) phase.

e Ragtiring phase.

e Dgcommissioning phase.

Howeyer, in practice, the life cycle of a digitalcelement is rather complex, because:
a) a (digital element may comprise a few: other digital elements (thus the architecting and

erngineering phases may be recursivey;
b) adtomated testing and deployment into a non-production environment may be required for

piloting;
c) afew versions of the samé digital element may co-exist even in the production enviroriment;
d) quick rework may be required because of some circumstances (errors, dependencies) etc.);
e) refactoring.
The spftware factery addresses this complexity by providing several practices, which gan be
combined into-the above-mentioned phases: prototyping, engineering, assembling, tgsting,

deployment and monitoring. Thus, it is possible to talk about BizDevOps instead of DeyvOps.
Obviouslysarchitecting is not mentioned because it is covered by the SCRAM and SCRA.

The softwarefactory simptifiestheconfiguratiom mamagement whithisthe baseof imformation
security.

This model-type is used in the following viewpoints:
o Software factory viewpoint (7.11)
8.100.2 Techniques

An Association for All IT Architects [64], ITIL [50] and ITSM [51] are available bodies of
knowledge.
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3 Primary generated artefact-types

The following artefact-types will be used:

o SoftwareConfiguration

8.101
8.101

Prototyping practices

.1 General description

Prototyping practices are used to collect and validate requirements from the users. Prototyping
practices is based on the ability of some tools to interactively deflne the behaviour of some

N artafanta oA Aot b (A A~ L farna Whiioinace piilas Whiioinmaco Avan~nacono o o )

solutig

This n
e Sd
8.101

Recor

8.101
The fg
o (g
8.102
8.102

Engin

TartcTracttoarnd-orat it (Y- O TOTTTSy DHSHESS TOTC S, DUSTTTCSS PTUCTSST S CtoT)T

nodel-type is used in the following viewpoints:
ftware management viewpoint (7.11)
2 Techniques

nmended bodies of knowledge are: PaaS-based tools.

3 Primary generated artefact-types
llowing artefact-types will be used:
nericSpecification

Engineering practices

1 General description

bering practices are model-based software development with intensive use of dg

speciffjc languages.

This n
e Sg
8.102

Mode

8.102

The fd

nodel-type is used in the following viewpoints:
ftware management viewpoint (7.11)
2 Techniques

-Based Software’ Engineering (MBSE) is an available body of knowledge.

3 Primary generated artefact-types

llowing artefact-types will be used:

. Ge,nerlcbpecmcatlon

8.103

8.103.

Assembling practices

1 General description

Assembling practices are necessary for handling numerous microservices.

This model-type is used in the following viewpoints:

¢ Software management viewpoint (7.11)

main-
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8.103.

Kuber

8.103.

2 Techniques

netes®'1 [65] is an available body of knowledge.

3 Primary generated artefact-types

The following artefact-types will be used:

e GenericSpecification

8.104

Testing practices

8.104
Well-K

1 General description

nown testing practices (unit, integration, system and performance) are extend

resilighce test.

This n
e Sg
8.104
[66] is

8.104
The fq
o Ge
8.105
8.105

Deplo

This n
e S
8.105

Dockq

8.105

nodel-type is used in the following viewpoints:
ftware management viewpoint (7.11)
2 Techniques

an available body of knowledge.

3 Primary generated artefact-types
llowing artefact-types will be used:
nericSpecification

Deployment practices

1 General description

yment practices shall be addpted to handle containers and multi-clouds.

nodel-type is used in the-following viewpoints:
ftware management viewpoint (7.11)
2 Techniques

r [67] is(an available body of knowledge.

3<{Primary generated artefact-types

ed by

The following artefact-types will be used:

e GenericSpecification

8.106

Monitoring practices

8.106.1 General description

Monitoring practices shall be adapted to handle various temporary environments (ideally, one

chang

e may have one or more environments).

11 Kubernetes is a trademark of the Linux Foundation. This information is given for the convenience of users of this

doc

ument and does not constitute an endorsement by IEC of the product named.
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This model-type is used in the following viewpoints:
o Software management viewpoint (7.11)
8.106.2 Techniques

Nagios®12 is an available body of knowledge (see https://www.nagios.org/).

8.106.3 Primary generated artefact-types

The following artefact-types will be used:

e Gg¢nericSpecification
8.107|Existing standards nomenclature
8.107]1 General description

The §CRA provides the structure and several classifications for the system-solution |which
should be used for tagging existing standards.

This model-type is used in the following viewpoints:
e Standards viewpoint (7.12)
8.107]|2 Techniques

Recommended bodies of knowledge are: IEC, JTC 1§ BSI, DIN, SF-SSCC (Sector Forim on
Smarf{and Sustainable Cities and Communities, a.joint activity of CEN, CENELEC and E[TSI).

8.107)3 Primary generated artefact-types

The fgllowing artefact-types will be used{will be defined in IEC 63233 [68].

8.108|Potential standards nomenclature
8.108]1 General description

The §CRA provides the.structure of the system-solution and related interfaces between its
elements which should be used for defining potential standards.

This model-type.is:used in the following viewpoints:

e Standardsiviewpoint (7.12)

8.108]|2<{Techniques

Recommended bodies of knowledge are: IEC, JTC 1, BSI, DIN, SF-SSCC (Sector Forum on
Smart and Sustainable Cities and Communities, a joint activity of CEN, CENELEC and ETSI).

8.108.3 Primary generated artefact-types
The following artefact-types will be used: will be defined in IEC 63233 [68].

12 Nagios is a trademark of Nagios Enterprises. This information is given for the convenience of users of this
document and does not constitute an endorsement by IEC of the product named.
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Annex A
(informative)

Viewpoints from the Zachman Framework

The Zachman Framework [30] is an enterprise ontology and is a fundamental structure for
Enterprise Architecture which provides a formal and structured way of viewing and defining an
enterprise. The ontology is a two-dimensional classification schema that reflects the
intersection between two historical classifications. The first are primitive interrogatives: What,
How When Who, Where, and Why. The second is derlved from the philosophical concept of
ework
reificgtion transformations are: Identification, Definition, Representation, Specifigation,
Configuration and Instantiation [69].

The Zachman Framework typically is depicted as a bounded 6 x 6 "matrix" with the
Communication Interrogatives as Columns and the Reification Transformations as Rows. The
frameork classifications are repressed by the Cells, that is, the interseetion betwegn the
Interrggatives and the Transformations.

Becalyse of this universal nature of the Zachman Framework, it can Pe used for creating|some
practical viewpoints and model-kinds. Below, six viewpoints and six model-kinds per vieywpoint
are degfined. Selection of a particular modelling technique for.asmodel-kind is free.

The dgescriptions are taken directly from version 3.0 of the:Zachman Framework.

Executive viewpoint

1) (What) Inventory Identification model-kind

2) (Hpw) Process ldentification model-kind

3) (Where) Distribution Identification model-kind
4) (Who) Responsibility Identificatien’'model-kind
5) (When) Timing Identification thodel-kind

6) (Why) Motivation Identification model-kind

Busingss Management-viewpoint

1) (What) Inventory Definition model-kind

2) (Hpw) Process-Definition model-kind

3) (Where).Distribution Definition model-kind
4) (Who)'Responsibility Definition model-kind
5) (WhenyT+mingBefinitton-modet-kind

6) (Why) Motivation Definitio odel-kind

Architect viewpoint

1) (What) Inventory Representation model-kind
2) (How) Process Representation model-kind
Where) Distribution Representation model-kind

(
(
4) (Who) Responsibility Representation model-kind
(When) Timing Representation model-kind

(

Why) Motivation Representation model-kind
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Engineer viewpoint

1)
2)
3)
4)
5)
6)

(What) Inventory Specification model-kind

(H

ow) Process Specification model-kind

(Where) Distribution Specification model-kind

(Who) Responsibility Specification model-kind

(When) Timing Specification model-kind

(Why) Motivation Specification model-kind

Technician viewpoint

1)
2)
3)
4)
5)
6)

IEC SRD 63188:2022 © IEC 2022

(What) Inventory Configuration model-kind

pw) Process Configuration model-kind

(Where) Distribution Configuration model-kind

(Who) Responsibility Configuration model-kind

(When) Timing Configuration model-kind

(Why) Motivation Configuration model-kind

Enterprise viewpoint

1)
2)
3)
4)
o)
6)

(W
(H
(W
(W
(W
(W

hat) Inventory Instantiations model-kind
pw) Process Instantiations model-kind

here) Distribution Instantiations model-kind
ho) Responsibility Instantiations model-kind
hen) Timing Instantiations model-kind

hy) Motivation Instantiations model-kind
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B.1

Annex B
(informative)

Summary of the SRG work on systems approach

Systems approach foundation

The systems approach is a holistic, iterative, discovery process that helps with first defining the
right problem in complex situations and then with finding elegant, well-designed and working
solutions. It incorporates not only engineering, but also logical human and social aspects.

Use of the systems approach makes explicit the structure of a system with the rules~gov
its belaviour and helps understanding the relations the elements and parts of the'systen

amon

Then

that functional and structural engineering, system-wide interfaces Jand desired s

prope
and in

The g
syster
follow

— bu
th
SO

- ogﬁline a set of essential characteristics ofthe solution space (i.e. abstract domain in

P

- ar
de

There

developing a systems approach that aims at covering all the mentioned dimensions.

) themselves and with the environment.

ped for a systems approach derives from the fact that nowadays it is increasingly rec

rties become more and more important due to the increasing“complexity, conver
terrelationship of technologies.

oal of any systems approach is to walk people and organizations working on co
ns through various stages and steps of analysis and-synthesis in order to achie

ng:

ild a comprehensive understanding of the problem space (i.e. abstract domain in
problem resides) including a list of people 'and organizations interested in po
utions (i.e. stakeholders);

ential solutions to the problem resjide);

sired level of detail.

are several "systems traditions" as shown in Figure B.1. The IEC SRG has

erning
have

urrent
ystem
gence

mplex
e the

which
tential

which

Chitect and engineer a potential~solution (i.e. the particular system-of-interest) at any

been
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Eight dimensions of six systems traditions (Dent and Umpleby 1998, 2005, 2012)

System Total quality | Operations Organizgtional General Cybemetics | TOTAL
dynamics | management | research learning systems theory
From entities to relationships Y Y Y Y Y Y 6
From reductionism to holism Y Y Y Y Y Y 6
rom linear to circular causality
From li ircul l Y Y Y Y Y Y 6
From environment-free to % % % % % % 6
environment-full investigations
i o i
: o N Y N Y Y Y 4
knowing subjects
From determinism to
indeterminism N N Y N Y Y $
Arom not including the observer
to including the observer N N N Y N Y 2
From direction to self-
organization N N N N N Y 1
TOTAL 4 5 5 6 6 8

B.2

Originjally, work on systems approach in the IEG. was carried out by the Systems Res
Groug (SRG) as a group under the IEC Standardization Management Board. In the year

SRG

under|the IEC Standardization Management Board. Although the SRG didn't publish an
recommendations, its work is foundatiofnal for the SCRAM and this document refers t

found

The shmmary of the SRG work.on systems approach was aimed at a distinct standardi
purpoge: to find opportunities for standardization. To achieve this, in the most complex ¢
is nedessary to develop the .system domain reference architecture and, partially, the s

doma

The spmmary of the, SRG work on systems approach is a guideline that provides a systg
appropch with teodls'and methodologies for committees working on complex systems. The
of thg approach' is to walk users through various stages of analysis in order to b

comp

wher¢g standards are needed. The summary of the SRG work on systems approach ¢
appligd\{o’any system of interest at any desired level of detail depth.

Figure B.1 — Systems traditions

Structure of the SRG work on systems approach

vas disbanded and its activities were transferred to Strategic Group 12, which is a

btion as "summary of the SRG work on systems approach ".

n reference solutioniarchitecture.

flehensive understanding of the system, scope, and ultimately be able to identify

ource
2021,
group
y final
p that

zation
ase it
ystem

ematic
intent
uild a
gaps
an be

There are six stages in the summary of the SRG work on systems approach. Each stage is
focused on an area of understanding about the system. The knowledge gained from each stage
builds on top of the previous stages, therefore it is important to follow each stage in order.
However, users are encouraged to apply an iterative approach, meaning there is no constraint
on going back to a previous stage with new insights that were gathered in another stage. These
"iterative" practices are described below.

STAGE 1 — Domain of Interest Analysis
This initial stage is crucial to analyse and identify the market/industry trends and needs. The
outputs of this stage set the foundation, scope, and boundaries of the system of interest.
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STAG

E 2 - Stakeholders Analysis

The second stage extrapolates on the first with a focus on identifying the stakeholders and
defining their needs, objectives and concerns.

STAG

E 3 — Use Case Analysis

Stage three is focused primarily on identifying use cases and on developing a progressively

detailed understanding of the use cases

identified. The use case methodology in

IEC 62559-2 [40] can be used for the purpose. Through the Use Case Analysis, System
Requirements can be derived, both functional and non-functional.

STAG
Throu
i.e. w
requir
and
persp

STA
In this
the v

identi

STAGE 6 — Gap Analysis

In the
existin
the pr
new s

Schern

E 4 — Systems Architecting and Modelling
at are its parts and how do these parts interact, to directly respond to theysy
ments previously defined. This exercise can continue, if needed, to progressively

esign in detail system discrete parts, interfaces and flows to help build” a h
ctive of the system.

E 5 — Standards Analysis

stage, the focus is on understanding and mapping what relevant standards exist
rious parts of the system and whether they are contributing to or.,ecountering the obje
ied in Stage 1. These standards can include IEC and otherSDO standards.

final stage, gaps where standards are missing aresidentified based on the knowle

evious stages. This will then initiate the activities for the committees to move forwar
fandard development.

hatically, the summary of the SRG work{n systems approach is shown in Figure B

Systems
Approach

viour,
stems
model
olistic

for all
ctives

ige of

g standards, desired system interaction, use casesand other information gathered from
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2.

S Stoms Architect™®

and Modellind

IEC

Figure B.2 — The summary of the SRG work on systems approach
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ISO/IEC/IEEE 42010 foundation

The summary of the SRG work on systems approach stage of Systems Architecting can refer
to ISO/IEC/IEEE 42010:2011. To describe an architecture of a system, this standard uses the

follow

ing logic and the several digital work products:

o the system-of-interest architecture is communicated by its architecture description;

e architecture description is a collection of several architecture views;

e each architecture view is a collection of architecture models to address of some specific

Sy

For tHe needs of the summary of the SRG work on systems approach, this logic has

exten

e eadch architecture model formally codifies some relationships between some archit

ar

e an| architecture artefact is an entity made by creative human work; and

e nomenclature is a classification of various architecture artefacts of the same type (the

ar

Archit
intere

To fgcilitate production of architecture views and )architecture models, ISO/IEG
4201(0:2011 proposes to use two extra work products which are systems-of-in
indepéndent:

e ar

vigws; and

o madel-kind to govern the constructionyinterpretation and use of architecture models.

For th

by thg following:

e ar
an

e paltterns to facilitate_creation of some model-kinds from other model-kinds.

Many

stem-of-interest concerns.

led by the following:

efacts;

efact may appear in more than one architecture model).

51

Chitecture viewpoint to govern the constfiction, interpretation and use of archit

E needs of the summary of SRG-work on systems approach, this logic has been ext

efact-types to govern the construction, interpretation and use of architecture arte
d

viewpoints.and views are possible as shown in Figure B.3.

been

bcture

same

bcture views, architecture models and architecture artefacts depend on the syst¢m-of-

/IEEE
terest

pcture

ended

facts;

Enterprise
\lin\A/pnihi .
Information _ Computational . The view is what you
viewpoint ., . viewpoint v,/ see
v System and
. environment =", The viewpoint is where
Engineering Technology you look from
viewpoint ) ~ viewpoint

IEC

Figure B.3 — Viewpoints and views

Different stakeholders see the same system-of-interest differently and recognize different

artefa

cts as shown in Figure B.4.
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IEC

Figure B.4 — Different views, models and artefacts

B.4 | Systems architecting foundation

B.4.1 General

The cpncept "reference architecture” is one of the central concepts inthe' summary of thg

work

n systems approach and several related digital work products are used:

SRG systems approach terminology to explain various concepts of the systems app
relationships between them;

(optionally) System Domain Reference Architecture Methodology — any adaptation
summary of the SRG work on systems approach fof 3 particular system domain.

Syistem Domain Reference Model — the key corcepts and relationships between the
particular system domain.

Syistem Domain Reference Architecture =the key decisions taken to guarantee that
syptems (built in accordance with this\reference architecture) will possess the re
eskential characteristics, e.g. security>and privacy by-design.

(optionally) System Domain Reference Solution Architecture — an adaptation of the S
Dgmain Reference Architecture ‘and its deeper engineering for validating or standardi
purposes. In other words, reference solution architecture is a detailization of a S
Dgmain Reference Architecture. This may be necessary to find components and inte
between them to be standardized.

(optionally) System/Bemain Reference Implementation — a realization of the System D
Rgference Solution Architecture for validating purposes. Also known as "testbed".

It is considered that a client wants to use the System Domain Reference Architecture to
the following digital work products:

e SRG

roach

of the

m in a

future
quired

ystem
zation
ystem
rfaces

bmain

create

Sdlution)Architecture — any adaptation of the System Domain Reference Architecture for a

particular case. Also known as system architecture or blueprint.

Implementation — a realization of a solution.

Typical scenarios for SyC Smart Cities work are the following.
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B.4.2 Simple scenario

Only a "Reference Architecture" is developed as shown in Figure B.5. The arrows between
various figures are interpreted in the following way:

e "Various needs" are used to extract some concepts which are relevant for the problem space
and to build from them "Reference model" as a terminological concept system. While
"Reference model" is matured, "Various needs" may be aligned to reflect "Reference model"
(e.g. remove duplicative concepts).

e "Various needs" and "Reference model" are used to architect "Reference architecture”.
While "Reference architecture" is maturing, some new essential concepts or relationships

may- be added into "Reference model"

o "Reference architecture" (as a template) is used to architecture and engineer acparticular
"Splution architecture". The experience with "Solution architecture” may be used 1o Jrefine
"Reference architecture”.

e "Splution architecture” is used to build "Implementation". Again, the’\experiencg with
"Implementation” may be used to refine "Solution architecture".

Varigus needs
- stakeholders

architecture

architecture A

Architect
- sydtem
- dofnain
Align
Architect
Build and test
Design and\engineer -
, 4. Implementation
2. Reference / . A1
Extract 3. Solution

1. Reference
model

4. Implementation
A2

Refine

Dgsign and engineer

/

Extract

essentials 4 . 3. Solution
Refine architecture B
Problem space ‘ Solution space

IEC

Figure B.5 — Simple scenario

B.4.3 — Average Scenario

As shown in Figure B.6, in this scenario, a "Reference Solution Architecture" is developed to
find out more detailed reference capabilities and interfaces and refine the "Reference
Architecture". This "Solution Reference Architecture" may be additionally tested by a
"Reference Implementation”.
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