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Foreword

1:2021(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
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document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information
ommittee SC 7, Software and systems engineering.
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Introduction

The set of International Standards ISO/IEC 33001 to ISO/IEC 33099, termed the ISO/IEC 330xx family,
defines the requirements and resources needed for process assessment. The overall architecture
and content of the ISO/IEC 330xx family is described in ISO/IEC 33001. Several standards in the
ISO/IEC 330xx family for process assessment are intended to replace and extend parts of the
ISO/IEC 15504 series. Abstracts and previews of the ISO/IEC 330xx family of standards can be found on
the ISO website.

This document defines a process assessment model for software life cycle processes, conformant with
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These indicators may also provide a reference sodrce of practices when implementi
rovement program.

hent indicators are used as a basis for collecting objective evidence to support an asses
n assigning ratings of the performance and’quality of an implemented process. Th
s defined in this document are not intended to be an all-inclusive set and applicab
Subsets appropriate to the context and scope of the assessment should be selected,
hugmented with additional indicataps:

issessment is conducted according to a documented assessment process. A docume]
process identifies the rating.method to be used in rating process attributes and ident
he aggregation method tobe’used in determining ratings.

020 provides a process measurement framework for the assessment of prd

20:2019, Annex B-includes a set of process quality indicators for each process attrib
measurement framework.

which may be ipeorporated as a process measurement framework in this docurt
u

ng a

sor’s
b set
le in

and

nted
ifies

cess
ent.
e in

Vi

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=4b10a0b4781789d3ed5fe8cd51879fd2

TECHNICAL SPECIFICATION ISO/IEC TS 33061:2021(E)

Information technology — Process assessment — Process
assessment model for software life cycle processes

1 Scope

This document defines a process assessment model for software life cycle processes, conformant with
the fequirements of ISO/TEC 33004, Tor use in performing a conformant assessment in accofdance with
the fequirements of ISO/IEC 33002.

2 Normative references

The [following documents are referred to in the text in such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undgted references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC/IEEE 12207:2017, Systems and software engineering — Softwdre life cycle processes
ISO/NIEC 33001, Information technology — Process assessment <<{oncepts and terminology

ISO/IEC 33003:2015, Information technology — Process’assessment — Requirements |for process
meakurement frameworks

ISO/IEC 33004:2015, Information technology — Process assessment — Requirements for procefs reference,
process assessment and maturity models

3 [Terms and definitions
For the purposes of this document, the terms and definitions given in ISO/IEC 33001 apply.

ISO @nd IEC maintain terminological databases for use in standardization at the following addresses:

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

— |EC Electropediayayailable at http://www.electropedia.org/

4 [he progess assessment model

4.1| General

ThisLdecument provides a basis for a process assessment maode] that is two-dimensianal. In one
dimension, the process dimension, the processes are defined and classified into process groups
together with the set of assessment indicators of process performance. In the other dimension, the
quality dimension, for each process attribute in the process measurement framework a set of process
quality indicators is defined for the selected process quality characteristic.

This document applies the software system concepts as defined in ISO/IEC/IEEE 12207. These concepts
include software systems, software system architecture and enabling systems.

NOTE1 The software systems considered in this document are human-made, created and utilized to provide
products or services in defined environments for the benefit of users and other stakeholders. These software
systems can include the following system elements: hardware, software, data, humans, processes (e.g. processes
for providing service to users), procedures (e.g. operator instructions), facilities, services, materials and naturally
occurring entities. As viewed by the user, they are thought of as products or services. (ISO/IEC/IEEE 12207)

© ISO/IEC 2021 - All rights reserved 1
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NOTE 2  This document applies to systems for which software is of primary importance to the stakeholders.
It is based upon the general principles of systems engineering and software engineering. It is a fundamental
premise of this document that software always exists in the context of a system. Since software does not
operate without hardware, the processor upon which the software is executed can be considered as part of
the system. Alternatively, hardware or services hosting the software system and handling communications
with other systems can also be viewed as enabling systems or external systems in the operating environment.
The perception and definition of a particular software system, its architecture, and its elements depend on a
stakeholder’s interests and responsibilities. One stakeholder’s system-of-interest can be viewed as a system
element in another stakeholder’s system-of-interest. Furthermore, a system-of-interest can be viewed as being
part of the environment for another stakeholder’s system-of-interest. (ISO/IEC/IEEE 12207)

NOTE 3  The life cycle processes in this document are described in relation to a software system that is
composed oiinteracting system elements (including software elements), each of which can be implementgd to
fulfil its respective specified requirements. Responsibility for the implementation of any system element may
therefore be|delegated to another party through an agreement. (ISO/IEC/IEEE 12207)

NOTE4  Throughout the life cycle of a system-of-interest, essential services are required from systems that
are not diredtly a part of the operational environment of the system-of-interest, e.g. modelling.system, trajning
system, maifitenance system. Each of these systems enables a part, e.g. a stage of the lifé’gycle of the syqtem-
of-interest tp be conducted. Termed "enabling systems"”, they facilitate progression of-the system-of-interest
through its life cycle. (ISO/IEC/IEEE 12207)

QUALITY
dimensidn
Process
measurement
o framework
£ .2
=g (e.g. ISO/IEC 33020)
=P
)
w
ag. g ISO/IEC/IEEE 12207
Software life cycle
processes
]

N

PROCESS
dimension

Process reference model

Figure 1 — Structure of the process assessment model

Figure 1 shows the process assessment model as a two-dimensional model, the process dimension
with its relationship to ISO/IEC/IEEE 12207 software life cycle processes, and the quality dimension in
relationship to a process measurement framework.

Users of this document may freely reproduce the detailed descriptions contained in the assessment
model as part of any tool or other material to support the performance of process assessments, so that
it can be used for its intended purpose.
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Structure of the process assessment model

4.2.1 General

1:2021(E)

This subclause describes the detailed structure of the process assessment model and its key
components.

The process dimension comprises the set of processes defined with process purpose and process

outc

omes together with a set of assessment indicators of process performance.

Processes included in a process reference model shall be in accordance with ISO/IEC 33004:2015, 5.4.

The
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NOT

whic
each

4.2.]

The
ISO
prod
the g

In th
any

[EC 33004 requirements for process descriptions, process purposes and outcomes.

Huality dimension comprising a set of process attributes for a selected process;quality ch
corporated as a process measurement framework together with a set of process quality

) ISO/IEC 33020 provides a process measurement framework for the assessment of proce
h can be incorporated into this document. ISO/IEC 33020 also includes a set.of process quality i
process attribute in the process measurement framework.

P Processes

process assessment model is based upon the saftware life cycle processes
[EC/IEEE 12207. The process reference model drawn from ISO/IEC/IEEE 12207 con
ess purpose and outcomes defined in that standatd: The purpose and outcomes are a g
roals of the performance of each process.

is document, ISO/IEC/IEEE 12207 serves as‘the process reference model for process a
bther use of the processes shall adhere tothe requirements of ISO/IEC/IEEE 12207.

Fi
pro

The
pro

e 2 lists the processes from ISO/IEGAEEE 12207 that are included in the process dime
ess assessment model and shows-their classification into process groups.

rocess groups and their associated processes are described in Clause 5. The descrip
ess group includes a characterization of the processes it contains. In this process
1, each process belonging to a group is identified with a process identifier (ID) consi
p abbreviated nameand the sequential number of the process in that group.

processes in this document are derived directly from ISO/IEC/IEEE 12207 an(ll meet the

aracteristic
indicators.

ss capability
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Software life cycle processes

Agreement processes (AGR)
AGR.1 Acquisition
AGR.2 Supply

Organizational project-enabling processes (ORG)
ORG.1 Life cycle model management

Technical processes (TEC)

TEC.1 Business or mission analysis

TEC.2 Stakeholder needs and requirements definition
TEC.3 System/software requirements definition
TEC.4 Architecture definition

TEC.5 Design definition

ORG.6 K

owledge management

Technic:
MAN.1 P
MAN.2 Py
MAN.3D
MAN.4 R
MAN.5 C
MAN.6 In
MAN.7 M|
MAN.8 Q

1l management processes (MAN)
oject planning

oject assessment and control

bcision management

sk management

nfiguration management

formation management

Pasurement

hality assurance

ORG.2 Infrastructure management TEC.6 System analy.515
. TEC.7 Implementation

ORG.3 Portfolio management .

ORG.4 Hymarrresoureetnanagement TEC 8 Integration

ORG.5 Qyality management TEC.9 Verification

TEC.10 Transition
TEC.11 Validation
TEC.12 Operation
TEC.13 Maintenance
TEC.14 Disposal

o)

<
O
&
o

’;\\\

4.2.3 Pro

Each proce
the sequent
outcomes, b

Each proce
functional

process out
positive res

Figure 2 — Process groups

cess dimension

ks has a process identifier (ID) consisting of the process group abbreviated name
ial number of the process in that \gfoup. Each process is described by its name, purpose,

ase practices, and process outputs.

5s is described in terms. offa purpose statement. These statements contain the un
pbjectives of the process,when performed in a particular environment. A list of spd
comes is associated with each of the process purpose statements, as a list of expe

ults of the processperformance.

4.2.4 Quality dimension

For the qu
implementg

plity dimension, the minimum requirement is that the process is performed, i.e
d proeess achieves its process purpose and the expected outcomes are observable.

Process att

'ibdtes are features of a process that can be evaluated on a scale of achievement, provid

measure of

ne quality or thie process dnd are applicable to all processes.

4.3 Assessment indicators

and

ique
cific
cted

the

nga

A process assessment model is based on the principle that the quality of a process can be assessed by
demonstrating the achievement of process attributes on the basis of evidences related to assessment

indicators.

There are two types of assessment indicators: process performance indicators and process quality
indicators. Process performance indicators address the process purpose and outcomes of each process
in the process dimension. Process quality indicators demonstrate the achievement of the process
attributes in the quality dimension.
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The process performance indicators are:
— base practice (BP);
— process output (PO).

The performance of base practices (BPs) provides an indication of the extent of achievement of the
process purpose and process outcomes. The base practices correspond to ISO/IEC/IEEE 12207
activities and tasks. Process outputs (POs) are either used or produced (or both), when performing the
process. Information items that are the key outputs of the process, are primarily used as performance
indicators.

Annex A provides the list of process outputs associated with the processes in Clause 5. The process
outputs are identified by categories. The process outputs are indicated by the processdDs.

Prodess quality indicators depend on the process quality characteristic of intérest. The minimum
requirement is that at least one of the process attributes shall comprise the achievement of|the defined
prodess purpose and process outcomes for the process; this is termed the progess performarice attribute
(see[ISO/IEC 33003:2015, 4.2.1). Other process quality attributes can be defined as needed.

The process performance and process quality indicators represent types of objective evidence that can
be fpund in an instantiation of a process and therefore can be used to judge achievement of quality.
Figg‘Ee 3 shows how the assessment indicators are related to process performance and prodess quality.

QUALITY
dimension
4 Process
Process quality . assessment
attributes relevant to Progess quality
. assessment
process quality
o based on process
characteristic N
quality indicators

N~

Indicators for assessment of
process performance:
— BP : Base practice

— PO : Process output

PROCESS
dimersion

Software life cycle processes

Figure 3 — Assessment indicators

5 The process dimension

5.1 General

The process dimension comprises the set of processes defined with process purpose and process
outcomes together with a set of assessment indicators of process performance.

The individual processes each have a process identifier (ID) consisting of the process group abbreviated
name and the sequential number of the process in that group and are described in terms of process

© ISO/IEC 2021 - All rights reserved 5
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name, process purpose, and process outcomes as defined in ISO/IEC/IEEE 12207. The process group
descriptions are compiled from ISO/IEC/IEEE 12207.

In addition, the process dimension of the process assessment model provides information in the form of
a set of:

a) base practices for the process providing a definition of the tasks and activities needed to accomplish
the process purpose and fulfil the process outcomes; each base practice is associated to one or
more process outcomes;

b) process outputs that are related to one or more process outcomes;

The procesp purposes, outcomes, base practices and process outputs associated with the procgsses
are includefl in this clause. The base practices and process outputs constitute the set of indicators of
process performance.

A documented assessment process and assessor judgment is needed to ensure that(process conptext
(application] domain, business purpose, development methodology, size of the organization, et¢.) is
explicitly cqnsidered when using this information.

5.2 Agrepment processes (AGR)

5.2.1 General

Organizatidns are producers and users of software systems. One(organization (acting as an acqujirer)
can task arfother (acting as a supplier) for products or servicés. This is achieved using agreements.
Agreements$ allow both acquirers and suppliers to realize/value and support business strategief for
their organjzations.

The agreenjent processes are organizational processes that apply outside of the span of a project’q life,
as well as fpr a project’s lifespan. Generally, organizations act simultaneously or successively as poth
acquirers anhd suppliers of software systems. The;agreement processes can be used with less formplity
when the a¢quirer and the supplier are in the same organization. Similarly, they can be used within the
organizati:[; to agree on the respective responsibilities of organization, project and technical functjons.

This subclause specifies the requirements for the establishment of agreements with organizational
entities external and internal to the"organization.

The agreement processes consist.of the following:
a) acquisition process - Used by organizations for acquiring products or services;
b) supply process -ased by organizations for supplying products or services.

These proc¢sses define the activities necessary to establish an agreement between two organizatjons.
If the acquisition/process is invoked, it provides the means for conducting business with a supplier.
This may incliide products that are supplied for use as an operational software system, servicgs in
support of operational activities, software elements of a system, or elements of a software system being
provided by a supplier. If the supply process is invoked, it provides the means for an agreement in which
the result is a product or service that is provided to the acquirer.

NOTE Security is an increasing concern in systems and software engineering. See ISO/IEC 27036 (all parts)
for requirements and guidance for suppliers and acquirers on how to secure information in supplier relationships.
Specific aspects of information security supplier relationships are addressed in ISO/IEC 27036-3:2013 and
ISO/IEC 27036-4. (ISO/IEC/IEEE 12207)

5.2.2 Acquisition process

Process ID|AGR.1
Process name|Acquisition process

6 © ISO/IEC 2021 - All rights reserved
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Process purpose

The purpose of the acquisition process is to obtain a product or service in ac-
cordance with the acquirer's requirements.

NOTE As part of this process, the agreement is modified when a change request
is agreed to by both the acquirer and supplier.

Process outcomes

As aresult of the successful implementation of the acquisition process:
a) A request for supply is prepared.
b) One or more suppliers are selected.

c) An agreement is established between the acquirer and supplier.

d) A product or service complying with the agreement is accepted.

e) Acquirer obligations defined in the agreement are satisfied.,

Base practices

AGR.1.BP1: Prepare for the acquisition. [Outcome: a]
1) Define a strategy for how the acquisition will be conducted.

2) Prepare a request for the supply of a product.er service that ipcludes the
requirements.

AGR.1.BP2: Advertise the acquisition and/select the supplier. [Outcome: b]

1) Communicate the request for the supply\of a product or service o potential
suppliers.

2) Select one or more suppliers.
AGR.1.BP3: Establish and maintain an agreement. [Outcome: c, d]
1) Develop an agreement with the supplier that includes acceptance|criteria.
2) Identify necessary changes to the agreement.

3) Evaluate impact ef.changes on the agreement.

4) Negotiate theagreement with the supplier.

5) Update the agreement with the supplier, as necessary.
AGR.1.BR4: Monitor the agreement. [Outcome: d, €]

1) Assess the execution of the agreement.

2).Provide data needed by the supplier and resolve issues in a timely manner.
AGR.1.BP5: Accept the product or service. [Outcome: d, €]
1) Confirm that the delivered product or service complies with the dgreement.
2) Provide payment or other agreed consideration.

3) Accept the product or service from the supplier, or other party, ps directed
by the agreement.

4) Close the agreement.

Process outputs

Acquisition approach [Outcome: a]

Request for supply [Outcome: a]

Acquisition agreement [Outcome: c]

Acquisition agreement change request [Outcome: c]

Accepted system or system element (e.g. software) [Outcome: d]
Acquisition report [Outcome: e]

Acquisition record [Outcome: €]

© ISO/IEC 2021 - All rights reserved
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5.2.3 Supply process

Process ID|AGR.2
Process name |Supply process

Process purpose | The purpose of the Supply process is to provide an acquirer with a product or
service that meets agreed requirements.

Process outcomes|As a result of the successful implementation of the Supply process:
a) An acquirer for a product or service is identified.

b) A response to the acquirer's request is produced.

c) An agreement is established between the acquirer and supplier.
d) A product or service is provided.
e) Supplier obligations defined in the agreement are satisfied.

f) Responsibility for the acquired product or service, as directed by the agfee-
ment, is transferred.

Base practices| AGR.2.BP1: Prepare for the supply. [Outcome: a]

1) Determine the existence and identity of an acqdirer who has a need fpr a
product or service.

2) Define a supply strategy.

AGR.2.BP2: Respond to a request for,supply of products or services. [Dut-
come: b]

1) Evaluate a request for the supply of a product or service to determine fgasi-
bility and how to respond.

2) Prepare a response that satisfies the solicitation.

AGR.2.BP3: Establish and maintain an agreement. [Outcome: c]
1) Negotiate an agreement with the acquirer that includes acceptance criteria.
2) Identify necessary changes to the agreement.

3) Evaluate imipact of changes on the agreement.

4) Negotiate the agreement with the acquirer, as necessary.

5) Update the agreement with the acquirer, as necessary.
AGR:2.BP4: Execute the agreement. [Outcome: d, €]

1) Execute the agreement according to the established project plans.
2) Assess the execution of the agreement.

AGR.2.BP5: Deliver and support the product or service. [Outcome: d, e, f]

1) Deliver the product or service 1n accordance with the agreement criteria.

2) Provide assistance to the acquirer in support of the delivered product or ser-
vice, per the agreement.

3) Accept and acknowledge payment or other agreed consideration.

4) Transfer the product or service to the acquirer, or other party, as directed by
the agreement.

5) Close the agreement.
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Process outputs|Supply approach [Outcome: a]

Request for supply response [Outcome: b]
Supply agreement [Outcome: c]

Supply agreement change request [Outcome: c]
Supplied system [Outcome: d]

Supply report [Outcome: e, f]

Supply record [Outcome: e, f]
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) As part of this process, the agreement is modified when a change request affecting the
bment is agreed to by both the acquirer and supplier. (ISO/IEC/IEEE 12207)

Organizational project-enabling processes (ORG)

|  General

organizational project-enabling processes are concerned with providing the resourct
project to meet the needs and expectations of the organization’s'stakeholders. The org
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Life cycle model management process

Process ID|ORG.1

Process name |Life cycle model management process

Process purpose

The purpose of the life cycle model management process is to define, maintain,
and assure availability of policies, life cycle processes, life cycle models, and pro-
cedures for use by the organization with respect to the scope of this document.

This process provides life cycle policies, processes, models, and procedures that
are consistent with the organization's objectives, that are defined, adapted, im-
proved and maintained to support individual project needs within the context
of the organization, and that are capable of being applied using effective, proven
methods and tools.
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Process outcomes

As aresult of the successful implementation of the life cycle model management
process:

a) Organizational policies and procedures for the management and deployment
of life cycle models and processes are established.

b) Responsibility, accountability, and authority within life cycle policies, processes,
models, and procedures are defined.

c) Life cycle models and processes for use by the organization are assessed.

d) Prioritized process, model, and procedure improvements are implemented.

Base¢practites

ORG-1-BP i Establishrthe process-{Outcome=; b}
1) Establish policies and procedures for process management and deployment
that are consistent with organizational strategies.

2) Establish the processes that implement the requirements of ¢his document
and that are consistent with organizational strategies.

3) Define the roles, responsibilities, accountabilities, and authorities to facilitate
implementation of processes and the strategic management of life cycles.

4) Define business criteria that control progression’through the life cycle.

5) Establish standard life cycle models for the organization that are comprijsed
of stages, and define the purpose and outcomeSfor each stage.

ORG.1.BP2: Assess the process. [Outcomé ¢]

1) Monitor process execution across thé organization.

2) Conduct periodic reviews of the\life cycle models used by the projects.
3) Identify improvement oppoxtunities from assessment results.
ORG.1.BP3: Improve the process. [Outcome: d]

1) Prioritize and plan improvement opportunities.

2) Implement imprevement opportunities and inform relevant stakeholder

12

Procefss outputs

Life cycle modelhimanagement strategy [Outcome: a, c, d]
Organizatian policy [Outcome: a, b]

Organization procedure [Outcome: a, b]

Life-cy¢le models [Outcome: a, b]

Organizational measurement needs [Outcome: c, d]
Organizational performance data [Outcome: c, d]

Life cycle model management report [Outcome: c, d]

Life cycle model management record [Outcome: c, d]

5.3.3

Infrastructure management process

Process ID

ORG.2

Process name

Infrastructure management process

Process purpose

The purpose of the infrastructure management process is to provide the infra-
structure and services to projects to support organization and project objectives
throughout the life cycle.

This process defines, provides and maintains the facilities, tools, and communi-
cations and information technology assets needed for the organization’s business
with respect to the scope of this document.

10
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Process outcomes

As aresult of the successful implementation of the infrastructure management
process:

a) The requirements for infrastructure are defined.
b) The infrastructure elements are identified and specified.
¢) Infrastructure elements are developed or acquired.

d) The infrastructure is available.

Base practices

ORG.2.BP1: Establish the infrastructure. [Outcome: a, b, c, d]

1) Define project infrastructure requirements.

2) Identify, obtain and provide infrastructure resources and sexvides that are
needed to implement and support projects.

ORG.2.BP2: Maintain the infrastructure. [Outcome: a, b, d]

1) Evaluate the degree to which delivered infrastructure-resources satisfy pro-
ject needs.

2) Identify and provide improvements or changes’to the infrastructurg resources
as the project

requirements change.

Process outputs

Infrastructure management strategy [Outcome: b, c]
Infrastructure requirements [Outcome: a]
Organization infrastructure [Qufeome: b, c, d]
Infrastructure change requests [Outcome: b, c]
Infrastructure managentent report [Outcome: d]

Infrastructure management record [Outcome: d]

5.3.4 Portfolio management process

Process ID

ORG.3

Process name

Portfolio management process

Process purpose

The.purpose of the portfolio management process is to initiate and sustain nec-
essary, sufficient and suitable projects in order to meet the strategi¢ objectives
of the organization.

This process commits the investment of adequate organization fiinding and
resources, and sanctions the authorities needed to establish selecte¢d projects.
It performs continued assessment of projects to confirm they justify, or can be
redirected to justify, continued investment.

Hroceéss outcomes

As aresult of the successful implementation of the portfolio managemént process:

a) Business venture opportunities, investments or necessities are qualified and
prioritized.

b) Projects are identified.

c) Resources and budgets for each project are allocated.

d) Project management responsibilities, accountability, and authorities are defined.
e) Projects meeting agreement and stakeholder requirements are sustained.

f) Projects not meeting agreement or satisfying stakeholder requirements are
redirected or terminated.

g) Projects that have completed agreements and satisfied stakeholder require-
ments are closed.
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Base practices

ORG.3.BP1: Define and authorize projects. [Outcome: a, b, c, d]
1) Identify potential new or modified capabilities or missions.

2) Prioritize, select and establish new business opportunities, ventures or un-
dertakings.

3) Define projects, accountabilities and authorities.
4) Identify the expected goals, objectives, and outcomes of each project.

5) Identify and allocate resources for the achievement of project goals and ob-
jectives.

6) Identify multi-project interfaces and dependencies to be managed or supported
by each project.

7) Specify the project reporting requirements and review milestones that goyern
the execution of

each project.

8) Authorize each project to commence execution of project plans.
ORG.3.BP2: Evaluate the portfolio of projects. [Qutcome: e, f]
1) Evaluate projects to confirm ongoing viability:

2) Act to continue or redirect projects that aresatisfactorily progressing or|can
be expected to progress satisfactorily by appropriate redirection.

ORG.3.BP3: Terminate projects. [Outcome: f, g]

1) Where agreements permit, act to ¢ancel or suspend projects whose disadyan-
tages or risks to the organization outweigh the benefits of continued investmgnts.

2) After completion of the agreement for products and services, act to closd the
projects.

Procefss outputs

Portfolio management strategy [Outcome: a, b, ¢, d, ¢, f, g]
Project portfolio [Qutcome: a, b]

Project authorization [Outcome: c, d]

Project diréction [Outcome: e, f, g]

Organization lessons learned [Outcome: e, f, g]

Portfelio management report [Outcome: e, f, g|

Portfolio management record [Outcome: e, f, g]

NOTE For software systems, portfolio management also commonly refers to the management of a praduct
line (portfolio of assets, products, and enabling systems, or service catalogue) to meet organizational or custpmer
needs and oljjectives and support changes in technology. Management of assets is achieved through management

of projects. (ISQ/IEC/IEEE 12207)

5.3.5 Human resource management process

Process ID

ORG.4

Process name

Human resource management process

Process purpose

The purpose of the human resource management process is to provide the or-
ganization with necessary human resources and to maintain their competencies,
consistent with business needs.

This process provides a supply of skilled and experienced personnel qualified
to perform life cycle processes to achieve organization, project, and stakeholder
objectives.

12
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Process outcomes

As aresult of the successful implementation of the human resource management
process:

a) Skills required by projects are identified.
b) Necessary human resources are provided to projects.
¢) Skills of personnel are developed, maintained or enhanced.

d) Conflicts in multi-project resource demands are resolved.

Base practices

ORG.4.BP1: Identify skills. [Outcome: a, c]

1) Identify skill needs based on current and expected projects.

2) Identify and record skills of personnel.

ORG.4.BP2: Develop skills. [Outcome: a, c]

1) Establish skills development strategy.

2) Obtain or develop training, education or mentoring resources.
3) Provide planned skill development.

4) Maintain records of skill development.

ORG.4.BP3: Acquire and provide skills. [Outcome: b, ¢, d]

1) Obtain qualified personnel when skilbdeficits are identified.

2) Maintain and manage the pool ofskilled personnel necessary to stpff ongoing
projects.

3) Make project assignment$based on project and staff-development needs.
4) Motivate personnel, e.g:through career development and reward mechanisms.

5) Control multi-project management interfaces to resolve personngl conflicts.

Process outputs

Human resource management strategy [Outcome: a, b, ¢, d]
Human resourge requirements [Outcome: a]
Qualified personnel [Outcome: b, c, d]

Human résource management report [Outcome: c, d]

Human resource management record [Outcome: c, d]

5.3.6 Quality management process

Process ID

ORG.5

Process name

Quality management process

Process purpose

The purpose of the quality management process is to assure that produgts, services
and implementations of the quality management process meet orgpnizational

and project quality objectives and achieve customer satisfaction.

Process outcomes

Asaresult of the successful implementation of the quality management process:

a) Organizational quality management policies, objectives, and procedures are
defined and implemented.

b) Quality evaluation criteria and methods are established.

¢) Resources and information are provided to projects to support the operation
and monitoring of project quality assurance activities.

d) Quality assurance evaluation results are gathered and analysed.

e) Quality management policies and procedures are improved based upon project
and organizational results.
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Base practices|ORG.5.BP1: Plan quality management. [Outcome: a, b, c]

1) Establish quality management policies, objectives, and procedures.

2) Define responsibilities and authority for implementation of quality management.
3) Define quality evaluation criteria and methods.

4) Provide resources and information for quality management.

ORG.5.BP2: Evaluate quality management. [Outcome: b, d]

1) Gather and analyse quality assurance evaluation results, in accordance with
the defined criteria

2) Assess customer satisfaction.

3) Conduct periodic reviews of project quality assurance activities for,complidnce
with the quality management policies, objectives, and procedures,

4) Monitor the status of quality improvements on processes, produ¢ts, and services.
ORG.5.BP3: Perform corrective and preventive actionC[Outcome: d, €]
1) Plan corrective actions when quality management objectives are not achieyed.

2) Plan preventive actions when there is a sufficientxisk that quality management
objectives will not be achieved.

3) Monitor corrective and preventive actions to completion and inform releyant
stakeholders.

Processs outputs|Quality management strategy [Outcome:'a, b]

Quality management criteria and-methods [Outcome: b]
Quality management system [Qutcome: a, b, c, d, €]
Quality management corre¢tive action [Outcome: c, e]
Quality management report [Outcome: d, e]

Quality management evaluation report [Outcome: d]

Quality management record [Outcome: d, €]

NOTE Refer to ISO 9001 for information and requirements to establish a quality management system.
(ISO/IEC/IEKE 12207)

5.3.7 Kn¢wledge management process

ProcessID[ORG.6
Process name | Knowledge management process

Procegspurpose|The purpose of the knowledge management process is to create the capabijlity

and assets that enable the organization to exnloit opnpnortunities to re-a )ply
=) r rr

existing knowledge.

This encompasses knowledge, skills, and knowledge assets, including system
elements.

Process outcomes|As aresult of the successful implementation of the knowledge management process:
a) A taxonomy for the application of knowledge assets is identified.

b) The organizational knowledge, skills, and knowledge assets are developed
or acquired.

c) The organizational knowledge, skills, and knowledge assets are available.

d) Knowledge management usage data is gathered and analysed.
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Base practices | ORG.6.BP1: Plan knowledge management. [Outcome: a, b]
1) Define the knowledge management strategy.
2) Identify the knowledge, skills, and knowledge assets to be managed.

3) Identify projects that can benefit from the application of the knowledge, skills,
and knowledge assets.

ORG.6.BP2: Share knowledge and skills throughout the organization. [Out-
come: b, c]

1) Establish and maintain a classification for capturing and sharing knowledge
and sKillS across the organization.

2) Capture or acquire knowledge and skills.

3) Share knowledge and skills across the organization.
ORG.6.BP3: Share knowledge assets throughout the organization. [Ofitcome: b, ]
1) Establish a taxonomy to organize knowledge assets!
2) Develop or acquire knowledge assets.

3) Share knowledge assets across the organization.
ORG.6.BP4: Manage knowledge, skills, and knowledge assets. [Outdome: b, c, d]
1) Maintain knowledge, skills, and knowledge assets.
2) Monitor and record the reuse©f knowledge, skills, and knowledg¢ assets.

3) Periodically reassess the<urrency of technology and market neleds for the
knowledge assets.

Process outputs |Knowledge management'strategy [Outcome: a]
Knowledge managenient system [Outcome: b, c]

Knowledge asset[Outcome: b]

Knowledge management report [Outcome: d]

NOTE The re-application of existing knowledge is known as knowledge reuse and includes [the reuse of
knowledge about or from software elements. (ISO/IEC/IEEE 12207)

5.4 | Technical management processes (MAN)

5.4.1 General

The | technidal management processes are concerned with managing the resources [and assets
allogated-by organization management and with applying them to fulfil the agreements intio which the

organization or organizations enter. The technical management processes relate to the technical effort
of p@wwmwmwwm checking of

actions to help ensure that they comply with plans and performance criteria and to the identification
and selection of corrective actions that recover shortfalls in progress and achievement. These
processes are used to establish and perform technical plans for the project, manage information across
the technical team, assess technical progress against the plans for the software system, products, or
services, control technical tasks through to completion, and aid in decision-making.

Typically, several projects co-exist in one organization. The technical management processes can be
employed at a corporate level to meet internal needs.

The technical management processes are used to establish and evolve plans, to execute the plans,
to assess actual achievement and progress against the plans, and to control execution through to
fulfilment. Individual technical management processes may be invoked at any time in the life cycle
and at any level in a hierarchy of projects, as required by plans or unforeseen events. The technical
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management processes are applied with a level of rigor and formality that depends on the risk and
complexity of the project.

The scope of a technical management process is the technical management of a project or its products,
to include the software product or system-of-interest.

Project planning and project assessment and control processes are key to all management practices.
These processes establish the general approach for managing a project or a process. The other processes
in this group provide a specific focused set of tasks for achieving a specialized management objective.
They are all evident in the management of any undertaking, ranging from a complete organization down
to a single life cycle process and its tasks. In this document, the project has been chosen as the context
for describifg processes. The Same processes can atso be appiied I the performarce of SErvices,

5.4.2 Prdject planning process

Process ID| MAN.1
Proicess name |Project planning process

Process purpose | The purpose of the project planning process is to produee and coordinate effec-
tive and workable plans.

This process determines the scope of the project\management and techrlical
activities, identifies process outputs, tasks and deliverables, establishes sched-
ules for task conduct, including achievement efiteria, and required resourcgs to
accomplish tasks. This is an on-going process,that continues throughout a project,
with regular revisions to plans.

Procesq outcomes|As a result of the successful impleméntation of the project planning process:
a) Objectives and plans are defined:
b) Roles, responsibilities, accguntabilities, authorities are defined.

c) Resources and services\necessary to achieve the objectives are formally re-
quested and committed:

d) Plans for the execution of the project are activated.
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Base practices

MAN.1.BP1: Define the project. [Outcome: a, b]
1) Identify the project objectives and constraints.
2) Define the project scope as established in the agreement.

3) Define and maintain a life cycle model that is comprised of stages using the
defined life cycle models of the organization.

4) Establish a work breakdown structure (WBS) based on the deliverable prod-
ucts or the evolving architecture of the software system.

5) Define and maintain the processes that will be applied on the project.

MAN.1.BP2: Plan project and technical management. [Outcome: b, c]

1) Define and maintain a project schedule based on management’and technical
objectives and work estimates.

2) Define achievement criteria for the life cycle stage decision gat¢s, delivery
dates and major dependencies on external inputs or outputs.

3) Define the costs and plan a budget.
4) Define roles, responsibilities, accountabiljties, and authorities.
5) Define the infrastructure and services+tequired.

6) Plan the acquisition of materials and®enabling systems and services supplied
from outside the project.

7) Generate and communicate aplan for project and technical management and
execution, including reviews

MAN.1.BP3: Activate the'project. [Outcome: c, d]
1) Obtain approval for'the project.

2) Submitrequestsiand obtain commitments for necessary resources|to perform
the project.

3) Implementproject plans.

Process outputs

Project objectives [Outcome: a]

Project'constraints [Outcome: a]

Project plan (e.g. software development plan) [Outcome: a]
Project budget [Outcome: b, ]

Work breakdown structure [Outcome: b, c]

Project schedule [Outcome: b, c]

Project infrastructure needs [Outcome: ]

Project human resources needs [Outcome: c]

Acquisition need [Outcome: c]

Project planning record [Outcome: d]

NOTE The strategies defined in each of the other processes provide inputs and are integrated in the project
planning process. The project assessment and control process is used to assess whether the plans are integrated,
aligned, and feasible. (ISO/IEC/IEEE 12207)

5.4.3 Project assessment and control process

Process ID

MAN.2

Process name

Project assessment and control process
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Process purpose|The purpose of the project assessment and control process is to assess if the
plans are aligned and feasible; determine the status of the project, technical
and process performance; and direct execution to help ensure that the perfor-
mance is according to plans and schedules, within projected budgets, to satisfy
technical objectives.

This process evaluates, periodically and at major events, the progress and achieve-
ments against requirements, plans and overall business objectives. Information
is provided for management action when significant variances are detected. This
process also includes redirecting the project activities and tasks, as appropriate,
to correctidentified deviations and variations from other technical management
or technical processes. Redirection may include re-planning as appropriate.

Procesqd outcomes|As a result of the successful implementation of the project assessment-and ¢on-
trol process:

a) Performance measures or assessment results are available.
b) Adequacy of roles, responsibilities, accountabilities, and authorities is assesfsed.
c) Adequacy of resources is assessed.

d) Technical progress reviews are performed.
e) Deviations in project performance from plans-are investigated and analyged.
f) Affected stakeholders are informed of project status.

g) Corrective action is defined and directed, when project achievement is{not
meeting targets.

h) Project replanning is initiated, as'hecessary.

i) Project action to progress (or<hot) from one scheduled milestone or event to
the next is authorized.

j) Project objectives are achieved.
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Base practices

MAN.2.BP1: Plan for project assessment and control. [Outcome: a]

1) Define the project assessment and control strategy.

MAN.2.BP2: Assess the project. [Outcome: b, c, d, e, f]

1) Assess alignment of project objectives and plans with the project context.

2) Assess management and technical plans against objectives to determine ad-
equacy and feasibility.

3) Assess project and technical status against appropriate plans to determine
actual and projected cost, schedule, and performance variances.

4) Assess the adequacy of roles, responsibilities, accountabilities, anid puthorities.
5) Assess the adequacy and availability of resources.
6) Assess progress using measured achievement and milestene comjpletion.

7) Conduct required management and technical reviews;audits and inspections.
8) Monitor critical processes and new technologies-

9) Analyse measurement results and make reecommendations.

10) Record and provide status and findings\from assessment tasks.
11) Monitor process execution within the-project.

MAN.2.BP3: Control the project. [Qutcome: g, h, i, j]

1) Initiate necessary actions needed to address identified issues.

2) Initiate necessary project ¥eplanning.

3) Initiate change actiofis-when there is a contractual change to cgst, time or
quality due to the impact of an acquirer or supplier request.

4) Authorize the project to proceed toward the next milestone or event} if justified.

Process outputs

Project assessmént and control approach [Outcome: a]
Project measurement needs [Outcome: a]

Project performance data [Outcome: a]

Projeet status report [Outcome: a, b, ¢, d, €, f]

Project review result [Outcome d]

Project control request [Outcome: g, h]

Project change request [Outcome: g, h]

Project authorization to proceed request [Outcome: i]

Project lessons learned [Outcome: j]
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5.4.4 Decision management process

Process ID

MAN.3

Process name

Decision management process

Process purpose

The purpose of the decision management process is to provide a structured,
analytical framework for objectively identifying, characterizing and evaluating
a set of alternatives for a decision at any pointin the life cycle and select the most
beneficial course of action.

© ISO/IEC 2021 - All rights reserved 19


https://iecnorm.com/api/?name=4b10a0b4781789d3ed5fe8cd51879fd2

ISO/IEC TS 33061:2021(E)

Process outcomes

As aresult of the successful implementation of the decision management process:
a) Decisions requiring alternative analysis are identified.

b) Alternative courses of action are identified and evaluated.

c) A preferred course of action is selected.

d) The resolution, decision rationale and assumptions are identified.

Base practices

MAN.3.BP1: Prepare for decisions. [Outcome: a]

1) Define a decision management strategy.
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3) Involve relevant stakeholders in the decision-making in order to-draw on
experience and knowledge.

MAN.3.BP2: Analyse the decision information. [Outcome: b, d}

1) Select and declare the decision management strategy for each decision.
2) Determine desired outcomes and measurable selection-<riteria.

3) Identify the trade space and alternatives.

4) Evaluate each alternative, against the criteria.

MAN.3.BP3: Make and manage decisions. [Outcome: c, d]

1) Determine preferred alternative for eachydecision.

2) Record the resolution, decision rationale, and assumptions.

3) Record, track, evaluate and repert-decisions.

Procefss outputs

Decision management approachi@utcome: a]
Decision register [Outcomeia;c, d]
Decision management report [Outcome: b, c, d]

Decision managementrecord [Outcome: d]

NOTE1 This process is used to resolveitechnical or project issues and respond to requests for decifions

encountered
outcomes fo1
engineering
impact, pro
quality charz:
then used to
maintained

NOTE 2

during the software life eycle, in order to identify the alternative(s) that provides the pref¢rred
the situation. The methods most frequently used for decision management are the trade study and
hnalysis. Each of the alternatives is assessed against the decision criteria (e.g. cost impact, sch¢dule
brammatic constraints, regulatory implications, technical performance characteristics, critical
cteristics, and risk)“Results of these comparisons are ranked, via a suitable selection model, an{d are
decide on an optimal solution. Key study data (e.g. assumptions and decision rationale) are typjcally
o inform degcision-makers, and support future decision-making. (ISO/IEC/IEEE 12207)

hen itds hecessary to perform a detailed assessment of a parameter for one of the criterig, the
system analysis process is employed to perform the assessment. (ISO/IEC/IEEE 12207)

5.4.5 Risk management process

Process ID

MAN.4

Process name

Risk management process

Process purpose

The purpose of the risk management process is to identify, analyse, treat and
monitor the risks continually.

The risk management process is a continual process for systematically addressing
risk throughout the life cycle of a system product or service. It can be applied to
risks related to the acquisition, development, maintenance or operation of a system.
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Process outcomes|As a result of the successful implementation of the risk management process:
a) Risks are identified.

b) Risks are analysed.

c) Risk treatment options are identified, prioritized, and selected.

d) Appropriate treatment is implemented.

e) Risks are evaluated to assess changes in status and progress in treatment.
Base practices MAN.4.BP1: Plan risk management. [Outcome: a, b, ]

HBefimetheriskmanmagenrentstrategy:
2) Define and record the context of the risk management process}
MAN.4.BP2: Manage the risk profile. [Outcome: a, b]

1) Define and record the risk thresholds and conditionsunder whigh a level of
risk may be accepted.

2) Establish and maintain a risk profile.

3) Periodically provide the relevant risk prdfile to stakeholders hased upon
their needs.

MAN.4.BP3: Analyse risks. [Outcome:ay-b, c, €]
1) Identify risks in the categories described in the risk management{context.

2) Estimate the likelihood of occurtence and consequences of each ideptified risk.
3) Evaluate each risk againstits risk thresholds.

4) For each risk that doesiot meet its risk threshold, define and record recom-
mended treatment strategies and measures.

MAN.4.BP4: Treat risks. [Outcome: c, d, €]
1) Identify recommended alternatives for risk treatment.

2) Implementrisk treatment alternatives for which the stakeholderq determine
that actions should be taken to make a risk acceptable.

3) When the stakeholders accept arisk that does not meet its threshold, consider
itahigh priority and monitor it continually to determine if future risk treatment
actions are necessary or if its priority has changed.

4) Once arisk treatment is selected, coordinate management action
MAN.4.BP5: Monitor risks. [Outcome: 3, c, €]

1) Continually monitor risks and the risk management context for changes and
evaluate the risks when their state has changed.

2) Implement and monitor measures to evaluate the effectiveness of risktreatments.

3) Continually monitor for the emergence of new risks and sources throughout
the life cycle.

Process outputs|Risk management approach [Outcome: a, b, ¢, d, €]
Risk register [Outcome: a, b, ¢, d, €]

Risk management report [Outcome: e]

Risk management record [Outcome: €]

NOTE Risk is defined in ISO Guide 73 as "The effect of uncertainty on objectives". This has an attached Note
1, "An effect is a deviation from the expected — positive and/or negative." A positive risk is sometimes commonly
known as an opportunity and addressed within the risk management process. (ISO/IEC/IEEE 12207)
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5.4.6 Configuration management process

Process ID

MAN.5

Process name

Configuration management process

Process purpose

The purpose of configuration management is to manage and control system el-
ements and configurations over the life cycle. configuration management (CM)
also manages consistency between a product and its associated configuration

definition.

Process outcomes

As a result of the successful implementation of the configuration management

process:

a) Items requiring configuration management are identified and managed:

b) Configuration baselines are established.

c) Changes to items under configuration management are controlied.

d) Configuration status information is available.

e) Required configuration audits are completed.

f) System releases and deliveries are controlled and approved.
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Base practices

MAN.5.BP1: Plan configuration management. [Outcome: a, b]
1) Define a configuration management strategy.

2) Define the storage, archive and retrieval procedures for configuration items,
CM artefacts, and records.

MAN.5.BP2: Perform configuration identification. [Outcome: a, b]

1) Select the software system elements to be uniquely identified as configuration
items subject to configuration control.

2) Identify the attributes of configuration items.

3) Define baselines through the life cycle.

4) Obtain acquirer and supplier agreement to establish a baseline.
MAN.5.BP3: Perform configuration change management. [Outcqme: c, d, f]
1) Identify and record requests for change and requests,for varianceg.

2) Coordinate, evaluate, and disposition requestsifer change and rgquests for
variance.

3) Track and manage approved changes to thie'baseline, requests for thange and
requests for variance.

MAN.5.BP4: Perform release contrelZJOutcome: f]

1) Identify and record release requests, identifying the software system elements
in a release.

2) Approve software system feleases and deliveries.

3) Track and manage distribution of software system releases to speified envi-
ronments or software deliveries.

MAN.5.BP5: Perform configuration status accounting. [Outcoms: d, e]

1) Develop and maintain the CM status information, for software systein elements,
baselines, and releases.

2) Captute, store and report configuration management data.
MAN.5.BP5: Perform configuration evaluation. [Outcome: c, d, e,
1Mdentify the need for CM audits and schedule the events.

2) Verify the product configuration meets the configuration requifements by
comparing requirements, constraints, and waivers (variances) with results of
formal verification activities, which can involve sampling methods.

3) Monitor the incorporation of approved configuration changes.

4) Assess whether the software system meets the functional and pé¢rformance
capabilities identified for the baseline

5) Assess whether the operational software system elements conform to the
approved configuration information.

6) Record the CM audit results and disposition action items.
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Process outputs

Configuration management approach [Outcome: a]
Configuration management system [Outcome: a, b, c, d, e, f]
Configuration baseline [Outcome: b]

Configuration management change request [Outcome c]
Configuration management variance request [Outcome c, f]
Configuration audit result [Outcome e]

Configuration management report [Outcome: a, b, c, d, e, f]

Ccontiguration evatuation report jOutcome: dj
Configuration management record [Outcome: a, b, c, d, e, f]
NOTE1 Seftware configuration management (SCM) applies to both the software system andits interflaces.
The purposg of interface management is to agree with interface partners on the exchange-of data thrpugh
communicatjons among software systems and services. ISO/IEC/IEEE 12207:2017, E.5 providésan examplejof an
interface maphagement process view. (ISO/IEC/IEEE 12207)
NOTE 2  S¢ftware configurations are changed through the controlled release of,a new version. The purpose
of a release |s to authorize and effect the availability of a software feature, funttieh, or system for a spgcific
purpose, with or without restrictions to a subset of users. (ISO/IEC/IEEE 12207)
5.4.7 Inf¢ormation management process
Process ID| MAN.6
Process name |Information management process
Process purpose|The purpose of the informationnanagement process is to generate, obtfain,
confirm, transform, retain, retrieve, disseminate and dispose of information, to
designated stakeholders.
Information managementplans, executes, and controls the provision of information
to designated stakeholders that is unambiguous, complete, verifiable, consis{ent,
modifiable, traceable, and presentable. Information includes technical, project,
organizational,-agreement and user information. Information is often derjved
from data recerds of the organization, system, process, or project.
Procesqd outcomes|As a result, of the successful implementation of the information managenment
process:
a) Information to be managed is identified.
b) Information representations are defined.
c) Information is obtained, developed, transformed, stored, validated, presented,
and disposed of.
d) The status of information is identified.
e) Information is available to designated stakeholders.
24 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=4b10a0b4781789d3ed5fe8cd51879fd2

ISO/IEC TS 33061:2021(E)

Base practices| MAN.6.BP1: Prepare for information management. [Outcome: a, b]

1) Define the strategy for information management.

2) Define the items of information that will be managed.

3) Designate authorities and responsibilities for information management.
4) Define the content, formats and structure of information items.

5) Define information maintenance actions.

MAN.6.BP2: Perform information management. [Outcome: c, d, €]

1) UDbtaln, develop, or transiorm the identified 1tems oI Information.

2) Maintain information items and their storage records and record the status
of information.

3) Publish, distribute or provide access to information andinformatijon items to
designated stakeholders.

4) Archive designated information.

5) Dispose of unwanted, invalid or unvalidated information.

Process outputs|Information management approach [Outcoméra, b]
Information register [Outcome: a, b, c, d,'€]
Information management report [Olitcome: e]

Information management recordq{Outcome: c]

NOTE Managed information has these quality characteristics: unambiguous, complete, verifiablE, consistent,
mod]fiable, traceable, and presentable. (ISO/IEC/IEEE 12207)

5.4.8 Measurement process

Process ID | MAN.7
Process name |Measurement process

Process purpose | The purpoese of the measurement process is to collect, analyse, and report ob-
jectivedata and information to support effective management and d¢monstrate
the quality of the products, services, and processes.

ln ]

rocess outcomes{As a result of the successful implementation of the measurement process:
a) Information needs are identified.

b) An appropriate set of measures, based on the information needs, is identified
or developed.

c) Required data is collected, verified, and stored.

d) The data is analysed and the results interpreted

e) Information items provide objective information that supports decisions.
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Base practices

MAN.7.BP1: Prepare for measurement. [Outcome: a, b]
1) Define the measurement strategy.

2) Describe the characteristics of the organization that are relevant to measure-
ment, such as business and technical objectives.

3) Identify and prioritize the information needs.
4) Select and specify measures that satisfy the information needs.
5) Define data collection, analysis, access, and reporting procedures.

6) Define criteria for evaluating the information items and the Measurement

process.
7) Identify and plan for the necessary enabling systems or services te\be uged.
MAN.7.BP2: Perform measurement. [Outcome: c, d, e]

1) Integrate manual or automated procedures for data generation, collection,
analysis and reporting into the relevant processes.

2) Collect, store, and verify data.
3) Analyse data and develop information items.

4) Record results and inform the measurementusers.

Proce

Ss outputs

Measurement approach [Outcome: a, b]
Measurement register [Outcome: a, b, cd, e]

Measurement report [Outcome: d, €}

Measurement record [Outcome; cj

NOTE M
effective. (IS

5.4.9 Quality assurance process

easures have these quality characteristics:&/erifiable, meaningful, actionable, timely, and |cost-
D/IEC/IEEE 12207)

Process ID

MAN.8

Proicess name

Quality assurance process

Procej

s purpose

The purpose of the quality assurance process is to help ensure the effective
application of the organization’s quality management process to the project.

Quality assurance (QA) focuses on providing confidence that quality requiremgnts
will be fulfilled. Proactive analysis of the projectlife cycle processes and outputs
is performed to assure that the product being produced will be of the desjred
quality and that organization and project policies and procedures are followed.

Process

outcomes

As a result of the successful implementation of the quality assurance procegs:

a) PToject quatity asSurance procedures are defined and impiemented.
b) Criteria and methods for quality assurance evaluations are defined.

c)Evaluations of the project’s products, services, and processes are performed,
consistent with quality management policies, procedures, and requirements.

d) Results of evaluations are provided to relevant stakeholders.

e) Incidents are resolved.

f) Prioritized problems are treated.
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Base practices

MAN.8.BP1: Prepare for quality assurance. [Outcome: a, b]
1) Define a quality assurance strategy.

2)Establish independence of quality assurance from other life cycle

MAN.8.BP2: Perform product or service evaluations. [Outcome: b, c]

1)Evaluate products and services for conformance to established criteria, con-

tracts, standards, and regulations.

2)Monitor that verification and validation of the outputs of the life cycl

are performed to determine conformance to specified requirements.

processes.

e processes

MAN.8.BP3: Perform process evaluations. [Outcome: ]
1)Evaluate project life cycle processes for conformance.

2)Evaluate tools and environments that support or autemate the
conformance.

3)Evaluate supplier processes for conformance to process requiremients.

MAN.8.BP4: Manage QA records and reports. [Outcome: d]
1)Create records and reports related to qualityassurance activities
2)Maintain, store, and distribute record$ and reports.

3)Identify incidents and problems assoeiated with product, service, g
evaluations.

MAN.8.BP5: Treat incidentsand problems. [Outcome: d, e, f]

1) Record, analyse and classify incidents.

2) Identify selected incidents to associate with known errors or pro
3) Record, analyse and classify problems.

4) Identify root causes and treatment of problems where feasible.

5) Prioritizetreatment of problems (problem resolution) and tracKk
actions.

6) Analyse trends in incidents and problems.

7) ldentify improvements in processes and products that may pre
incidents and problems.

8) Inform designated stakeholders of the status of incidents and prd

9) Track incidents and problems to closure.

brocess for

nd process

blems.

corrective

Vent future

blems.

Process-outputs

Quality assurance approach [Outcome: a, b]

Quality assurance criteria and methods [Outcome: b]

Oualitsr occr neacuctana Ot o on oy o 1 d _al

oartrcy aASSHFrahnee Sy STCTIT LU‘\ALbUAle. o, 0, OGO

Quality assurance corrective action [Outcome: e, f]
Quality assurance report [Outcome: d, e]
Quality assurance evaluation report [Outcome: c, d]

Quality assurance record [Outcome: ¢, d, €, f]

NOTE 1

NOTE 2

IEEE 730-2014 provides additional detail. (ISO/IEC/IEEE 12207)

© ISO/IEC 2021 - All rights reserved

Outcomes a) through d) align with the outcomes of the quality management process activities and
tasks. (ISO/IEC/IEEE 12207)
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5.5 Technical processes (TEC)

5.5.1 General

The technical processes are concerned with technical actions throughout the life cycle. Technical
processes transform the needs of stakeholders into a product or service. By applying that product or
operating that service, technical processes, provide sustainable performance, when and where needed
in order to meet the stakeholder requirements and achieve customer satisfaction. The technical
processes are applied in order to create and use a software system, whether it is in the form of a model
or is an operational product. The technical processes apply at any level in a hierarchy of software

system stry

cture and at any cfngn inthe life Pyr‘]n

The techni
the require
necessary,
and to disp

The techni
the benefit
enable soft

al processes are used to define the requirements for a software system, to trans
ents into an effective product, to permit consistent reproduction of the product w
use the product to provide the required services, to sustain the provision ofthose sery
se of the product when it is retired from service.

1 processes define the activities that enable organization and projectfunctions to opti
and reduce the risks that arise from technical decisions and attions. These actiy
are systems and services to possess the timeliness and availahility, cost effectivel

form
here
ices,

mize
ities
ness,

functionalify, reliability, maintainability, producibility, usability, and .dther qualities required by

acquiring
expectation
factors.

NOTE1 F
levels for sof]

NOTE2 F
another to es

nd supplying organizations. They also enable products and: services to conform ta
s or legislated requirements of society, including health, safety, security, and environmg¢

br software systems, these processes can be recursively applied at more inclusive or more det]
fware system definition and realization. (ISO/IEC/IEEE“12207)

br software systems, these processes are ofténJperformed concurrently, iterating between
tablish a solution that has satisfactory trade-affs with respect to requirements, critical perform

the
bntal

ailed

one
ance

measures, ahd critical quality characteristics. At any level of abstraction, requirements and models are fnade

consistent v
capable of be
different sys

NOTE3 T
detail in ISO
technical pr
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cross-cuttin
view of the
management

NOTES5 I
processes fo)
view. (ISO/IH

a iterations of applicable technical processes. When requirements and models are not dir
ing implemented, the technical processes are applied recursively at a more detailed level or thr
tem views. (ISO/IEC/IEEE 12207)

he concept of life cycle stagesand the application of these processes in any stage are describ
IEC/IEEE 24748-1. It has a:cemplete set of example stages and stage outcomes for the enactmg
cesses within a software life cycle. (ISO/IEC/IEEE 12207)

terface managemengis a set of activities that cut across software engineering processes. 1
b activities of the'‘technical and technical management processes apply and track as a sp
brocesses andsoftware system. See ISO/IEC/IEEE 12207:2017, E.5 for an example of an inte
process vieWw(ISO/IEC/IEEE 12207)

r software systems. See ISO/IEC/IEEE 12207:2017, E.6 for a sample software assurance pr
C/JEEE 12207)

ectly
pugh

ed in
nt of
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bcific
rface

O/IEC 27002 and ISO/IEC 27034 provide guidance for applying security concerns in the techinical

cess

5.5.2 Business or mission analysis process

Process ID

TEC.1

Pro

cess name |Business or mission analysis process

Process purpose

of an opportunity.

The purpose of the business or mission analysis process is to define the business
or mission problem or opportunity, characterize the solution space, and deter-
mine potential solution class(es) that can address a problem or take advantage
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Process outcomes

As aresult of the successful implementation of the business or mission analysis
process:

a) The problem or opportunity space is defined.
b) The solution space is characterized.

c) Preliminary operational concepts and other concepts in the life cycle stages
are defined.

d) Candidate alternative solution classes are identified and analysed.

e) The preferred candidate alternative solution class(es) are selected.

f) Any enabling systems or services needed for business or missionh.dnalysis are
available.

g) Traceability of business or mission problems and opportunities and the pre-
ferred alternative solution classes is established.

Base practices

TEC.1.BP1: Prepare for business or mission analysis. [Outcome: f, f]

1) Review identified problems and opportunities‘in the organizati¢n strategy
with respect to desired organization goals or pbjectives.

2) Define the business or mission analysis.sttategy.

3) Identify and plan for the necessarycenabling systems or service§ needed to
support business or mission analysis.

4) Obtain or acquire access to the enabling systems or services to be¢ used.
TEC.1.BP2: Define the problem or opportunity space. [Outcome:|b, c]

1) Analyse the problems and'opportunities in the context of relevant §rade-space
factors.

2) Define the missioh,business, or operational problem or opportunity.
TEC.1.BP3: Characterize the solution space. [Outcome: b, c, d]
1) Define preliminary operational concepts and other concepts in life dycle stages.

2) Identify-candidate alternative solution classes that span the potgntial solu-
tionspace.

TEC.1.BP4: Evaluate alternative solution classes. [Outcome: d, e]
1) Assess each alternative solution class.

2) Select the preferred alternative solution class(es).

TEC.1.BP5: Manage the business or mission analysis. [Outcome: [g]

1) Maintain traceability of business or mission analysis.

2) Provide key artefacts and information items that have been selected for baselines.
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Process outputs

Business or mission analysis approach [Outcome: a, b, c]
Problem or opportunity statement [Outcome: a]

Life cycle concepts [Outcome: ]

Validation criteria [Outcome: b]

Alternative solution classes [Outcome: b, d, e]
Requirements imposed on enabling systems [Outcome f]

Traceability mapping [Outcome: g]

BUSITESS or mission analysis record jOutcome: a, b, G, 4, 6, 1, 8]

NOTE1 B
the activitieg
outside the
organization
problems an
mission anal
of operating
or supply th
operation orj
organization

NOTE2 T
there are cha

NOTE3 Iy
capabilities {
and interact
capability. T
within a give

5.5.3 Sta

lsiness and mission analysis is related to the organization encompassing stakeholders concefn

of the software life cycle. This process interacts with the organization’s strategy, which is gene
scope of ISO/IEC/IEEE 12207. The results of the organization’s strategic analysis includg
al concept of operations, strategic goals and plans, new market or mission elements; and ident
d opportunities. The organization's strategy establishes the context within whieh the busine|
lysis is performed. The organizational concept of operations relates to the leadership’s intended
the organization. It describes the organization’s assumptions and how“it ihtends to use, acq
e system to be developed, existing systems, and possible future systéms in support of an oy
series of operations of the business. In the case that the organizatign’is the system-of-interes
s strategy is part of the system definition. (ISO/IEC/IEEE 12207)

his process has application through the life of the softwaresystem solution and can be revisi
nges in the environment, needs, or other drivers. (ISO/IEC/IEEE 12207)

some domains, business or mission analysis relateS\to the concept of identifying and analy
hat are needed or desired by the organization. This{process focuses on the necessary capabi
s with the portfolio management process for, identifying the trade space that can addres
he identified problems or opportunities are often translated into target capabilities. As appli
n domain, the problem or opportunity spaceincludes the target capabilities. (ISO/IEC/IEEE 12
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Process ID | TEC.2

Proicess name

Stakeholderneeds and requirements definition process

Procej

s purpose|The purpose-of the stakeholder needs and requirements definition process
define the.stakeholder requirements for a system that can provide the capabil

needed by users and other stakeholders in a defined environment.

Itidentifies stakeholders, or stakeholder classes, involved with the sys
throughout its life cycle, and their needs. It analyses and transforms these ng
into a common set of stakeholder requirements that express the intended in
action the system will have with its operational environment and that are
reference against which each resulting operational capability is validated.

sto
ties

tem
eds
ter-
the
The

stakeholder requirements are defined considering the context of the syste

n of

interest with the interoperating systems and enabling systems.

30

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=4b10a0b4781789d3ed5fe8cd51879fd2

ISO/IEC TS 33061:2021(E)

Process outcomes

As a result of the successful implementation of the stakeholder needs and re-
quirements Definition process:

a) Stakeholders of the system are identified.

b) Required characteristics and context of use of capabilities and concepts in the
life cycle stages, including operational concepts, are defined.

c) Constraints on a system are identified.
d) Stakeholder needs are defined.

e) Stakeholder needs are prioritized and transformed into clearly defined stake-

holder requirements.
f) Critical performance measures are defined.

g) Stakeholder agreement that their needs and expectations are reflected ade-
quately in the requirements is achieved.

h) Any enabling systems or services needed for stakeholder needs and require-
ments are available.

i) Traceability of stakeholder requirements te-stakeholders and th¢ir needs is
established.
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Base practices

TEC.2.BP1: Prepare for stakeholder needs and requirements definition.
[Outcome: a, d, h]

1) Identify the stakeholders who have an interest in the software system through-
out its life cycle.

2) Define the stakeholder needs and requirements definition strategy.

3) Identify and plan for the necessary enabling systems or services needed to
support stakeholder needs and requirements definition.

4) Obtain or acquire access to the enabling systems or services to be used.

I'EC.2.BF Z: Dellne stakeholder needs. [Uutcome: b, d, €|

1) Define context of use within the concept of operations and the preliminary
life cycle concepts.

2) Identify stakeholder needs.
3) Prioritize and down-select needs.
4) Define the stakeholder needs and rationale.

TEC.2.BP3: Develop the operational concept and other life cycle concepts.
[Outcome: b, d]

1) Define a representative set of scenarios to_identify required capabilities that
correspond to anticipated operational and ether life cycle concepts.

2) Identify the factors affecting interactions between users and the system

TEC.2.BP4: Transform stakeholdér needs into stakeholder requirements.
[Outcome: ¢, d, €]

1) Identify the constraints on a system solution.

2)Identify the stakeholder requirements and functions that relate to critical
quality characteristics, such as assurance, safety, security, environment, or health.

3) Define stakeholder requirements, consistent with life cycle concepts, scenarios,
interactions, constrdints, and critical quality characteristics.

TEC.2.BP5: Analyse stakeholder requirements. [Outcome: e, f, g]
1) Analyse the complete set of stakeholder requirements.

2) Define critical performance measures that enable the assessment of techrjical
acliievément.

3) Feed back the analysed requirements to applicable stakeholders to valiglate
that their needs and expectations have been adequately captured and expresfsed.

4) Resolve stakeholder requirements issues.

TEC.2.BP6: Manage the stakeholder needs and requirements definitjon.

[Outcome: g, 1]

1) Obtain explicit agreement with designated stakeholders on the stakeholder
requirements

2) Maintain traceability of stakeholder needs and requirements.

3) Provide key artefacts and information items that have been selected for baselines.

32

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=4b10a0b4781789d3ed5fe8cd51879fd2

ISO/IEC TS 33061:2021(E)

Process outputs

Stakeholder needs and requirements definition approach [Outcome: a, b, c, d]
Stakeholder identification [Outcome: a]

Life cycle concepts [Outcome: b]

Stakeholder requirements [Outcome: e, g]

Validation criteria [Outcome: e, g]

Critical performance measurement needs [Outcome: f]

Critical performance data [Outcome: f]

Requirements Imposed on enabiing Systems [Outcome nj
Traceability mapping [Outcome: i]

Stakeholder needs and requirements definition record [Outcome: a} b, ¢, d, e, f,
g h i

NOTE The SWEBOK, Guide to the Software Engineering Body of Knowledge, Software Requirements
knowledge area discusses software requirements fundamentals (e.g. definition, types, properities, quality
chargpcteristics) and other topics, such as stakeholders, requirements elicitationy analysis, and management that

provjde additional guidance for software systems. (ISO/IEC/IEEE 12207)

5.5.4 System/software requirements definition process

Process ID

TEC.3

Process name

System/software requirements definition process

Process purpose

The purpose of the system/software requirements definition procesgis to trans-
form the stakeholder, user=oriented view of desired capabilities into|a technical
view of a solution thatmeets the operational needs of the user.

This process creates a set of measurable system requirements that specify, from
the supplier’s perspective, what characteristics, attributes, and funfgtional and
performance requirements the system is to possess, in order to satisfy stake-
holder requirements. As far as constraints permit, the requirementg should not
imply any-specific implementation.

Brocess outcomes

As agesult of the successful implementation of the system/software refjuirements
definition process:

a) The system or element description, including interfaces, functions pnd bound-
aries, for a system solution is defined.

b) System/software requirements (functional, performance, process, non-func-
tional, and interface) and design constraints are defined.

c) Critical performance measures are defined.

d) The system/software requirements are analysed.

e) Any enabling systems or services needed for system/software requirements
definition are available.

f) Traceability of system/software requirements to stakeholder requirements
is developed.
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Base practices|TEC.3.BP1: Prepare for system/software requirements definition. [Outcome:
a, b, e]

1) Define the functional boundary of the software system or element in terms of
the behaviour and properties provided.

2) Define the system/software requirements definition strategy.

3) Identify and plan for the necessary enabling systems or services needed to
support system/software requirements definition.

4) Obtain or acquire access to the enabling systems or services to be used.

TEC.3.BP2: Define system/software requirements. [Outcome: b, d]
1) Define each function that the software system or element is required te-perform.
2) Identify required states or modes of operation of the software system.
3) Define necessary implementation constraints.

4) Identify requirements that relate to risks, criticality of the’software system,
or critical quality characteristics.

5) Define system/software requirements and requirenients attributes.
TEC.3.BP3: Analyse system/software requirements. [Outcome: c, d]
1) Analyse the complete set of system/software’requirements.

2) Define critical performance measuresthat enable the assessment of techrjical
achievement.

g

3) Feed back the analysed requiremeénts to applicable stakeholders for revig

4) Identify and resolve issues, defic¢iencies, conflicts, and weaknesses withir] the
complete set of requirements.

TEC.3.BP4: Manage system/software requirements. [Outcome: d, f]
1) Obtain explicit agreement on the system/software requirements.
2) Maintain traceability of the system/software requirements.

3) Provide keydrtefacts and information items that have been selected for baselines.

Process outputs|System/software requirements definition approach [Outcome: a, b, c]
Systentfunction model [Outcome: a]

System/software requirements [Outcome: a, b, d]

Verification criteria [Outcome: a, b, d]

Critical performance measurement needs [Outcome: c]

Critical performance data [Outcome: c]

nabling cuc ftaorac IO+ maa-—al
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Traceability mapping [Outcome: f]

System/software requirements definition record [Outcome: a, b, c, d, e, f]

NOTE1 From a high-level view of the software system, this process can be used to define the overall
requirements of the system. As the software system is decomposed into elements, each element, in turn, is
treated as a system, function, or set of functions and this process can be used to further specify requirements.
Requirements analyses and tools support traceability of requirements between the software system and its
elements. (ISO/IEC/IEEE 12207)

NOTE2 The SWEBOK, Guide to the Software Engineering Body of Knowledge, Software Requirements

knowledge area discusses software requirements definition, analysis, modelling, specification, validation,
management and other topics that provide additional guidance for software systems. (ISO/IEC/IEEE 12207)
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NOTE3 The wording of the outcomes of the system/software requirements definition process differs
slightly from the outcomes in the system requirements definition process of ISO/IEC/IEEE 15288. Use of the
wording “system/software requirements” emphasize the applicability of this document to software systems,
having software requirements and systems requirements. This is intended to assist users who define systems
requirements and software requirements hierarchically or in different stages. (ISO/IEC/IEEE 12207)

5.5.5 Architecture definition process

TEC.4
Architecture definition process

Process ID

Process name

PTOCESS pUrpose| T e purpose of the architecture definition process 15 1o generate system grchitecture
alternatives, to select one or more alternative(s) that frame stakeholder concerns

and meet system requirements, and to express this in a set of-Consistent views.

Iteration of the architecture definition process with the business or mjission anal-
ysis process, system requirements definition process, désigh definition process,
and stakeholder needs and requirements definitionprecess is often employed

so that there is a negotiated understanding of théproblem to be s
satisfactory solution is identified. The results of the architecture def
cess are widely used across the life cycle proeesses. Architecture def
be applied at many levels of abstraction, highlighting the relevant d
necessary for the decisions at that level.

lved and a
nition pro-
nition may
btail that is

rocess outcomes

As aresult of the successful implementation of the architecture definit

a) Identified stakeholder concerds are addressed by the architectur.

b) Architecture viewpoints are'developed.
c) Context, boundaries, andexternal interfaces of the system are de
d) Architecture views @nd models of the system are developed.

e) Concepts, properties, characteristics, behaviours, functions, or
that are significant to architecture decisions of the system are allo
chitectural entities.

f) Systemyelements and their interfaces are identified.
g) Architecture candidates are assessed.
h) An architectural basis for processes throughout the life cycle is a

i) Alignment of the architecture with requirements and design cha
is achieved.

j) Any enabling systems or services needed for architecture definition a

k) Traceability of architecture elements to stakeholder and systen
requirements is developed.

Oon process:

a)

Fined.

ronstraints
tated to ar-

thieved.

racteristics

e available.

h/software
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Base practices

TEC.4.BP1: Prepare for architecture definition. [Outcome: a, b, ¢, h, j]

1) Review pertinent information and identify key drivers of the architecture.
2) Identify stakeholder concerns.

3) Define the architecture definition roadmap, approach, and strategy.

4) Define architecture evaluation criteria based on stakeholder concerns and
key requirements

5) Identify and plan for the necessary enabling systems or services needed to
support the architecture definition process.

6) Obtain or acquire access to the enabling systems or services to be used.
TEC.4.BP2: Develop architecture viewpoints. [Outcome: b, c, d, e]

1) Select, adapt, or develop viewpoints and model kinds based en'stakeholder
concerns.

2) Establish or identify potential architecture framework(s) to be used in dgvel-
oping models and views.

3) Capture rationale for selection of framework(s), viewpoints and model types.

4) Select or develop supporting modelling techniques and tools.
TEC.4.BP3: Develop models and views of candidate architectures. [Outcgme:
b,c,d, e, f h]

1) Define the software system contextahd boundaries in terms of interfacesfand
interactions with external entities.

2) Identify architectural entities atid relationships between entities that addfess
key stakeholder concerns and critical software system requirements.

3) Allocate concepts, propetties, characteristics, behaviours, functions, or ¢on-
straints that are significant to architecture decisions of the software system to
architectural entities.

4) Select, adapt, or:develop models of the candidate architectures of the goft-
ware system.

5) Composé.views from the models in accordance with identified viewpoints to
expressdow the architecture addresses stakeholder concerns and meets stake-
holderand system/software requirements.

6) Harmonize the architecture models and views with each other.
TEC.4.BP4: Relate the architecture to design. [Outcome: ¢, f, i, h]

1) Identify software system elements that relate to architectural entities [and
the nature of these relationships.

2) Define the interfaces and interactions among the software system elements

and external entities.

3) Partition, align and allocate requirements to architectural entities and system
elements.

4) Map software system elements and architectural entities to design charac-
teristics.

5) Define principles for the software system design and evolution.

36
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TEC.4.BP5: Assess architecture candidates. [Outcome: g, h, i]
1) Assess each candidate architecture against constraints and requirements.

2) Assess each candidate architecture against stakeholder concerns using eval-
uation criteria.

3) Select the preferred architecture(s) and capture key decisions and rationale.

4) Establish the architecture baseline of the selected architecture.
TEC.4.BP6: Manage the selected architecture. [Outcome: h, i, k]
1) Formalize the architecture governance approach and specify governance

related roles and responsibilities, accountabilities, and authoritieg related to
design, quality, security, safety.

2) Obtain explicit acceptance of the architecture by stakehpldets.

3) Maintain concordance and completeness of the architectural entitigs and their
architectural characteristics.

4) Organize, assess and control evolution of the architecture model§ and views
to help ensure that the architectural intent isymet and the architecfural vision
and key concepts are correctly implemented,

5) Maintain the architecture definition and‘evaluation strategy:.
6) Maintain traceability of the architecture.

7) Provide key artefacts and information items that have been selected for baselines.

Process outputs|Architecture definition appreach [Outcome: a, h]

System/software architecture model [Outcome: b, ¢, d, e, f, g, h, i]
System/software architecture rationale [Outcome: b, ¢, d, e, f, g, h, i]
System/software interface definition [OQutcome: c, f]

Critical perforinahce measurement needs [Outcome: g]

Critical performance data [Outcome: g]

System/spftware architecture assessment report [Outcome: g]
Requirements imposed on enabling systems [Outcome j]

Traceability mapping [Outcome: k]

Architecture definition record [Outcome: h]

NOTE1  Systé€marchitecture deals with fundamental principles, concepts, properties, and charadteristics and
theirfincorpofation into the system-of-interest. Architecture definition has more uses than as merely a driver or
part|of desigh. Refer to ISO/IEC/IEEE 42010 for more information about architecture description pnd the uses

and nature of architecture. (ISO/IEC/IEEE 12207)
NOTL_VFMF*WTW architecture definition Process SUpports identification of stakenolders and their concerns. As

the process unfolds, insights are gained into the relation between the requirements specified for the software
system and the emergent properties and behaviours of the system that arise from the interactions and relations
between the system elements. An effective architecture is as design-agnostic as possible to allow for maximum
flexibility in the design trade space. Even for a single-product software system, the design of the product will
likely change over time while the architecture remains constant. An effective architecture also highlights and
supports trade-offs for the design definition process and possibly other processes, such as portfolio management,
project planning, system/software requirements definition, and verification. (ISO/IEC/IEEE 12207)

NOTE 3  Architecture definition can apply to a product line rather than a single software system. A product
line architecture describes the structural properties for building a group of related systems with common
components and interrelationships. In product line architectures, the architecture necessarily spans several
designs. The architecture serves to make the product line cohesive and helps ensure compatibility and
interoperability across the product line. ISO/IEC 26550 describes establishing a domain architecture for a
product line. (ISO/IEC/IEEE 12207)
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NOTE4 The SWEBOK, Guide to the Software Engineering Body of Knowledge, Software Requirements,
Software Design and Software Engineering Models and Methods knowledge areas discuss key aspects of software
architecture in relationship to the system, as well as with respect to iteration with design. (ISO/IEC/IEEE 12207)

5.5.6 Design definition process

Process ID | TEC.5
Process name |Design definition process

Process purpose | The purpose of the design definition process is to provide sufficient detailed data
and information about the system and its elements to enable the implementa-
tion consistent with architectural entities as defined in models and views,of the
system architecture.

Procesq outcomes|As a result of the successful implementation of the design definition‘process:
a) Design characteristics of each system element are defined.

b) System/software requirements are allocated to system elements.

c) Design enablers necessary for design definition are selected or defined.

d) Interfaces between system elements composing the system are definefl or
refined.

e) Design alternatives for system elements areassessed.
f) Design artefacts are developed.
g) Any enabling systems or services needed for design definition are availaple.

h) Traceability of the design charactéristics to the architectural entities off the
system architecture is established;
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Base practices| TEC.5.BP1: Prepare for software system design definition. [Outcome: a, c, g]

1) Define the design definition strategy, consistent with the selected life cycle
model and anticipated design artefacts.

2) Select and prioritize design principles and design characteristics.

3) Identify and plan for the necessary enabling systems or services needed to
support design definition.

4) Obtain or acquire access to the enabling systems or services to be used.

TEC.5.BP2: Establish designs related to each software system element.
fOutcome b, T o, & 1]

1) Transform architectural and design characteristics into the design pf software
system elements.

2) Define and prepare or obtain the necessary design endblers.
3) Examine design alternatives and feasibility of implementation.

4) Refine or define the interfaces among the software system elemenits and with
external entities.

5) Establish the design artefacts.

TEC.5.BP3 Assess alternatives for obtaining software system|elements.
[Outcome: b, c, €, ]

1) Determine technologies required foreach element composing the software system.
2) Identify candidate alternative’s for the software system elements

3) Assess each candidate alternative against criteria developed froan expected
design characteristics ahd element requirements to determine suitability for
the intended application.

4) Choose the preferred alternatives among candidate design solutjons for the
software systenr-élements.

TEC.5.BP4. Manage the design. [Outcome: a, b, h]
1) Capture the design and rationale.

2) Establish traceability between the detailed design elements, the system/
seftware requirements, and the architectural entities of the softwpre system
architecture.

3) Determine the status of the software system and element design.

4) Provide key artefacts and information items that have been selected fo¢r baselines.
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Process outputs|Design definition approach [Outcome: a, b, ]

System/software design model [Outcome: 3, c, d, f]

System/software design rationale [Outcome: a, c, d, f]

System/software interface definition [Outcome: d]

System element (e.g. software) description [Outcome: a, b, d, e, f]

Critical performance measurement needs [Outcome: €]

Critical performance data [Outcome: €]

SysStem design assessment report [OUtcome: €]

Requirements imposed on enabling systems [Outcome g]

Traceability mapping [Outcome: h]

Design definition record [Outcome: f]
NOTE1 For software systems, design activities typically iterate with activities, in system/software
requirementys definition and architecture definition. Design definition is typically, applied iteratively| and
incrementally to develop a detailed design, including software elements, inteffaces, databases, and |user
documentation. Software design is usually concurrent with software implementation, integration, verificgtion,
and validatiqn. ISO/IEC/IEEE 12207:2017, Annex H discusses software design using agile methods. During d¢sign
and implem¢ntation, further process application refines allocation of evolving requirements among softvare
elements. (I§0/IEC/IEEE 12207)
NOTE 2  Thedesign definition processis driven by requirements thatrhave been vetted through the archite¢ture
and more defailed analyses of feasibility. Architecture focuses on.suitability, viability, and desirability, wh¢reas
design focusks on compatibility with technologies and other design elements and feasibility of implementhtion

and integrat|
the design trf

NOTE3 T
allocation, p

NOTE4 D
Design provi
design descr

verified against requirements and thesoftware architecture. Even if the software design is not fully speg

in a formal
planning. (IS

NOTE5 T
software def
design notat

5.5.7 Sys

ade space. (ISO/IEC/IEEE 12207)

his process provides feedback to the software system architecture to consolidate or confirn
irtitioning and alignment of architecturalentities. (ISO/IEC/IEEE 12207)

esign definition considers applicable technologies and their contribution to the system soly
des the ‘implement-to’ level of the\definition, such as drawings, state diagrams, stories, and det
iptions. For software elements, this process can result in a detailed design description that c3

Hescription, it is sufficiently detailed to permit software implementation (construction) and
O/IEC/IEEE 12207)

he SWEBOK, Guide)to the Software Engineering Body of Knowledge, provides detailed discussi

ign. This knowledge area addresses fundamentals, key issues, design strategies and methods
ons. (ISO/IEC/IEEE 12207)
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Process purpose

The purpose of the system analysis process is to provide a rigorous basis of data
and information for technical understanding to aid decision-making across the
life cycle.

The system analysis process applies to the development of inputs needed for
any technical assessment. It can provide confidence in the utility and integrity
of system requirements, architecture, and design. System analysis covers a wide
range of differing analytic functions, levels of complexity, and levels of rigor. It
includes mathematical analysis, modelling, simulation, experimentation, and
other techniques to analyse technical performance, system behaviour, feasibility,
affordability, critical quality characteristics, technical risks, life cycle costs, and

to perform sensitivity analysis of the potential range of values for parameters
across all life cycle stages. It is used for a wide range of analytical |needs con-
cerning operational concepts, determination of requirementrvalues| resolution
of requirements conflicts, assessment of alternative architectureq or system
elements, and evaluation of engineering strategies (intégration, verification,
validation, and maintenance). Formality and rigor of thiezanalysis wil| depend on
the criticality of the information need or work productsupported, th¢ amount of
information/data available, the size of the project/and the schedule for|the results.

HBrocess outcomes

As a result of the successful implementationof.the system analysis process:
a) System analyses needed are identified:

b) System analysis assumptions and results are validated.
c) System analysis results are provided for decisions.

d) Any enabling systems or sefvices needed for system analysis arefavailable.

e) Traceability of the system.analysis results is established.

Base practices

TEC.6.BP1: Define the system analysis strategy and prepare for system
analysis. [Outcome;ayc, d]

1) Identify the problem or question that requires analysis.

2) Identify the-stakeholders of the analysis.

3) Definethe scope, objectives, and level of fidelity of the analysis.
4) Setect'the methods to support the analysis.

5) Identify and plan for the necessary enabling systems or service§ needed to
support the analysis.

6) Obtain or acquire access to the enabling systems or services to b¢ used.
7) Collect the data and inputs needed for the analysis.
TEC.6.BP2: Perform system analysis. [Outcome: b, ]

1) Identify and validate contexts and assumptions.

2y Apply thesetectedamatysismrethodstoperfornrtherequiredanalysis.
3) Review the analysis results for quality and validity.

4) Establish conclusions and recommendations.

5) Record the results of the system analysis.

TEC.6.BP3: Manage the system analysis. [Outcome: €]

1) Maintain traceability of the analysis results.

2) Provide key artefacts and information items that have been selected for baselines.
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Process outputs |System analysis approach [Outcome a, b]
Requirements imposed on enabling systems [Outcome d]
Traceability mapping [Outcome: €]

System analysis report [Outcome ]

System analysis record [Outcome c, €]

NOTE The system analysis process can be employed for the entire software system or any element. This
process is often used in conjunction with the decision management process. (ISO/IEC/IEEE 12207)

5.5.8 lmﬂ)lementation process

Process ID| TEC.7
Process name |Implementation process

Process purpose | The purpose of the implementation process is to realize a specified'system elenient.

This process transforms requirements, architecture, design)including interface,
into actions that create a system element according to the practices of the sele¢ted
implementation technology, using appropriate technicalspecialties or disciplines.
This process results in a system element that satisfies specified system require-
ments (including allocated and derived requirements), architecture, and degign.

Procesq outcomes|As a result of the successful implementatioft of the implementation process}

a) Implementation constraints that inflience the requirements, architecturg, or
design are identified.

b) A system element is realized.
c) A system element is packaged or stored.

d) Any enabling systems or services needed for implementation are availahle.

e) Traceability is established.
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Base practices| TEC.7.BP1: Prepare for implementation. [Outcome: a, d]
1) Define an implementation strategy:.

2) Identify constraints from the implementation strategy and implementation
technology on the system/software requirements, architecture characteristics,
design characteristics, or implementation techniques.

3) Identify and plan for the necessary and distinct software environments, in-
cluding enabling systems or services needed to support implementation.

4) Obtain or acquire access to the software environments and other enabling
Q}IQmeQ Qr services

TEC.7.BP2: Perform implementation. [Outcome: b, c]

1) Realize or adapt software elements, according to the strategy, donstraints,
and defined implementation procedures.

2) Realize or adapt hardware elements of software systems.
3) Realize or adapt service elements of software sgstems.

4) Evaluate software unit and affiliated data er other information afcording to
the implementation strategy and criteria.

5) Package and store the software systein element.
6) Record objective evidence that the software system element meets requirements.
TEC.7.BP3: Manage results of ilnplementation. [Outcome: €]
1) Record implementation results and anomalies encountered.
2) Maintain traceability of'the implemented software system elements.

3) Provide key artefacts‘and information items that have been selected for baselines.

Process outputs|Implementation approach [Outcome a, b, ¢, d, €]
Constraints onsolution [Outcome a]

System elemient (e.g. software) [Outcome b, c]

System €lement (e.g. software) description [Outcome b, c]
Requirements imposed on enabling systems [Outcome d]
Traceability mapping [Outcome: €]

Implementation report [Outcome a, b, ¢, d, €]

Implementation record [Outcome a, b, ¢, d, €]

NOTE1 &Eorsoftware systems, the purpose of the implementation process is to realize a softivare system
element. Software system elements can include hardware, software, and services. For software implementation,
this process transforms specified designs, behaviour, interfaces and implementation constraints|into actions
that treateasoftware SySCeIIT etermemt implcmcuu:d IS TSoftware PT UUUTt OT SETVITE, alsU kmowTtras a “software
item”. Software implementation results in a software element that satisfies specified requirements through
verification and stakeholder requirements through validation. Software implementation includes various
combinations of construction (coding of newly built software elements), acquisition of new software packages
(e.g. from open source or a commercial or organizational source) or re-use of existing elements (with or without
modification). (ISO/IEC/IEEE 12207)

NOTE 2  Software implementation commonly involves use of the agreement processes to obtain non-
developmental items (NDI), such as hardware and operating systems (the platform) or enabling systems and
services. Software implementation is usually performed concurrently with software integration. Implementation
is typically performed along with all of the technical management processes and many of the technical processes,
especially:

a) the verification process, which provides objective evidence that the software implementation fulfils
its specified requirements and identifies anomalies (errors, defects, faults) in implementation-related
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information items, (e.g. system/software requirements, architecture, design, or other descriptions),
processes, software elements, items, units;

b) the validation process, which confirms that the implementation fulfils requirements for a specific intended
use of a software work product. (ISO/IEC/IEEE 12207)

5.5.9 Integration process

Process ID | TEC.8
Process name |Integration process

ProcesspurposerThepurposeoftheintegrationprocessistosynthesizeasetof systenretements
into a realized system (product or service) that satisfies system/softwarg re-
quirements, architecture, and design.

This process assembles the implemented system elements. Interfaces-are id¢nti-
fied and activated to enable interoperation of the system elements as intenfled.
This process integrates the enabling systems with the system-of-interegt to
facilitate interoperation.

Procesg outcomes As a result of the successful implementation of the integration process:

a) Integration constraints that influence system regairements, architecture, or
design, including interfaces, are identified.

b) Approach and checkpoints for the correct gperation of the assembled interfaces
and system functions are defined.

c) Any enabling systems or services né€eded for integration are available.
d) A system composed of implemented system elements is integrated.

e) The interfaces between the implemented system elements that compose the
system are checked.

f) The interfaces betweenthe system and the external environment are checked.

g) Integration results-and anomalies are identified.

h) Traceability of the integrated system elements is established.
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Base practices

TEC.8.BP1: Prepare for integration. [Outcome: a, b, c]
1) Define the integration strategy.

2) Identify and define criteria for integration and points at which the correct
operation and integrity of the interfaces and the selected software system func-

tions will be verified.

3) Identify and plan for the necessary enabling systems or services needed to

support integration.

4) Obtain or acquire access to the enabling systems or services to be used.

5J TIdentify constraints for integration to be Incorporated In the syster
requirements, architecture or design.

TEC.8.BP2: Perform integration. Successively integrate software
ment configurations until the complete system is synthesized. [Outc

1) Obtain implemented software system elements in‘a¢cordance w
schedules.

2) Integrate the implemented elements.

3) Check that the integrated software interfdees or functions run froi

to an expected termination within an expected range of data values|

TEC.8.BP3: Manage results of integration. [Outcome: g, h]

1) Record integration results and ahomalies encountered.

2) Maintain traceability of thefintegrated software system elementg.

3) Provide key artefacts andiinformation items that have been selected fg

h/software

ystem ele-
bme: d, e, f]

rith agreed

m initiation

r baselines.

Process outputs

Integration approach [Qutcome b]

Constraints on solution [Outcome a]

Integrated system or system element (e.g. software) [Outcome d]
System/software interface definition [Outcome: e, f]
Requirements imposed on enabling systems [Outcome c]
Tradeability mapping [Outcome: g]

[ntegration report [Outcome g]

Integration record [Outcome a, b, ¢, d, e, f, g, h]

NOTE1 Softwate system integration iteratively combines implemented software system elem
complete or partial system configurations in order to build a product or service. Software integratioj
performed.daily or continuously during development and maintenance stages, using automated tools
integrati¢n,involves frequent inclusion or replacement and archiving of items in software librari
contreli(ISO/IEC/IEEE 12207)

ents to form
n is typically
. Continuous
es under CM

NOTE 2 Interfaces are defined by the architecture definition and design definition processes. The integration
process coordinates with these other processes to check that the interface definitions, as implemented and
integrated, are adequate and that they take into account the integration needs. (ISO/IEC/IEEE 12207)

5.5.10 Verification process

Process ID

TEC.9

Process name

Verification process
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Process purpose

The purpose of the verification process is to provide objective evidence that a
system or system element fulfils its specified requirements and characteristics.

The verification process identifies the anomalies (errors, defects, or faults) in any
information item (e.g. system/software requirements or architecture descrip-
tion), implemented system elements, or life cycle processes using appropriate
methods, techniques, standards or rules. This process provides the necessary
information to determine resolution of identified anomalies.

Process outcomes

As aresult of the successful implementation of the verification process:

a) Constraints of verification that influence the requirements, architecture, or

desigmare [dentified:

b) Any enabling systems or services needed for verification are available.
c) The system or system element is verified.

d) Data providing information for corrective actions is reported:

e) Objective evidence that the realized system fulfils the requirements, archi-
tecture and design is provided.

f) Verification results and anomalies are identified.

g) Traceability of the verified system elements is-established.

Base¢ practices

TEC.9.BP1: Prepare for verification. [Outcomre: a, b]
1) Define the verification strategy.

2) Identify constraints from the verification strategy to be incorporated in| the
system/software requirements, architécture, or design.

3) Define the purpose, conditionsrand conformance criteria for each veriflica-
tion action.

4) Select appropriate verification methods or techniques and associated criteria
for verification actions,siich as inspection, analysis, demonstration, or testfing.

5) Identify and plap.for the necessary enabling systems or services needed to
support verification.

6) Obtain or'agquire access to the enabling systems or services to be usef to
support verification.

TEC.9.BP2: Perform verification. [Outcome: c, e, f]

1) Define the verification procedures, each supporting one or a set of verificafion
actions.

2) Perform the verification procedures.

TEC.9.BP3: Manage results of verification. [Outcome: q, €, f, g]

1) Review verification results and anomalies encountered and identify follow-up

actions.
2) Record incidents and problems during verification and track their resolution.

3) Obtain stakeholder agreement that the software system or element meets the
specified requirements.

4) Maintain traceability of the verified software system elements.

5) Provide key artefacts and information items that have been selected for baselines.
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Process outputs|Verification approach [Outcome a, b, ¢, d, ¢, f, g]
Constraints on solution [Outcome a]

Verification criteria [Outcome: €]

Verified system/software [Outcome c]

Requirements imposed on enabling systems [Outcome b]
Traceability mapping [Outcome: g]

Verification report [Outcome d, e, f]

Verification record [OUtcome g, b, G, 4, €, 1, 8]
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5.5.

£ 1 Verification can be performed across all technical processes. The verification process
at key points in a software system’s life cycle to demonstrate that the requirements (includi
hon-functional requirements) have been met, or that process outcomes have begn“achieve
ities have been performed. Different domains and engineering or development communities ca
tones, verification strategies and criteria differently. (ISO/IEC/IEEE 12207)

K 2 For software systems, the verification process is typically instantiatedfor the following

fo confirm that a software work product or service properly reflectsthe specified require
ralled software verification);

fo confirm that the integrated software product meets its defined requirements (often cal
Hualification testing);

Fo confirm that the implementation of each system/software requirement is tested for complig
3 The verification process determines that' the “product is built right”. The valida
mines that the “right product is built”. (ISO/IEC/IEEE 12207)

4 ISO/IEC/IEEE 29119 provides detailed processes and techniques for verification perfor
hg. IEEE 1012-2012 provides additiondldetails about these processes for systems, software, ha
faces being developed, maintained, 6rreused. (ISO/IEC/IEEE 12207)
5  The SWEBOK, Guide to‘the Software Engineering Body of Knowledge, provides detailg

ftware testing. This knowledge area addresses fundamentals, terminology, issues, techniques
bss planning, measures, teols, practical considerations, and references. The guide also discus

fruction for verification and software engineering models and methods support. (ISO/IEC/IEEH

|1 Transition process

is typically

or process
identify the

:Eg functional

purposes:

ments (often

ed software

nce and that

Lhe software system is ready for delivery (often calléd system qualification testing). (ISO/IEC/IEEE 12207)

fion process

med through
rdware, and

d discussion
application,
ses software

jcation and validation.in terms of software quality management processes, and identifies fethods and
techpiques that support-both verification and validation. The SWEBOK also addresses topics such

as software
12207)

Process ID | TEC.10

Process name | Transition process

Process purpose

environment.

status, such that the system is functional, operable and compatible

training system, as defined in agreements. This process is used at e

enabling systems.

The purpose of the transition process is to establish a capability for a system
to provide services specified by stakeholder requirements in the operational

This process moves the system in an orderly, planned manner into the operational

operational systems. Itinstalls a verified system, together with relevant enabling
systems, e.g. planning system, support system, operator training system, user

the system structure and in each stage to complete the criteria established for
exiting the stage. It includes preparing applicable storage, handling, and shipping

with other

ach level in
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Process outcomes

As a result of the successful implementation of the transition process:

a) Transition constraints that influence system/software requirements, archi-
tecture, or design are identified.

b) Any enabling systems or services needed for transition are available.
c) The site is prepared.

d) The system, as installed in its operational location, is capable of delivering its
specified functions.

e) Operators, users and other stakeholders necessary to the system utilization

and support are trained.
f) Transition results and anomalies are identified.
g) The installed system is activated and ready for operation.

h) Traceability of the transitioned elements is established.

Bas¢ practices

TEC.10.BP1: Prepare for software system transition. [Outcome: a, b, c]

1) Define a strategy for managing software releases andether software system
transitions.

2) Identify and define facility, site, communicatipnswietwork, or target environ-
ment changes needed for software system installation or transition.

3) Identify information needs and arrange for user documentation and traiming
of operators, users, and other stakeholdersnecessary for system utilizationfand
support.

4) Prepare detailed transition information, such as plans, schedules, and pro-
cedures.

5) Identify system constraintsfrom transition to be incorporated in the software
system requirements, architecture or design.

6) Identify and plan foxthe necessary enabling systems or services needefd to
support transition.

7) Obtain or acquire access to the enabling systems or services to be used.
TEC.10.BP2: Perform the transition. [Outcome: c, d, e, g]

1) Prepare the site of operation or virtual environment in accordance with in-
stallation requirements.

2).Deliver the software system or element for installation at the correctlocafion
and time.

3) Install the productin its physical or virtual operational location and interface
to its environment.

4) Provide user documentation and training for the operators, users, and other

stakeholders necessary for product utilization and support.

5) Perform activation and check-out.

TEC.10.BP3: Manage results of transition. [Outcome: f, h]

1) Record transition results and anomalies encountered.

2) Record transition incidents and problems and track their resolution.

3) Maintain traceability of the transitioned software system elements.

4) Provide key artefacts and information items that have been selected for baselines.
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Process outputs|Transition approach [Outcome a]

Constraints on solution [Outcome a]

Installed system/software [Outcome c, d, g]
Requirements imposed on enabling systems [Outcome b]
Traceability mapping [Outcome: h]

Transition report [Outcome f]

Transition record [Outcome a, b, ¢, d, e, f, g, h]
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.12 Validation process

£ 1 For software systems, the purpose of the transition process is to establish a capability
pvide services in a different environment. The transition process is often used for recurring de
bare to different environments, e.g. from a development environment to a test or maintenance g
tween various test environments, or from one operational environment to anothem(e.g. reh
ud services). Transitions to backup or contingent sites are typically planned and(ehearsed
nuity and disaster recovery. Transition for software systems can involve (the’ physical 1
ware, the installation and activation or deactivation of physical or virtualZinfrastructure
ms in different locations, or no change to the physical infrastructure. Trafisition can involv
ata sources, data structure, or updates or upgrades of functional software. Transition includ

een organizations and also encompasses the addition of a large group-of new users to an exist]
m or service. Transition to a new system often is performed corcurrently with retirement an
isting system, entailing data migration from the old system to.itSreplacement. (ISO/IEC/IEEE

£ 2 Transition
IEC/IEEE 12207)

can involve knowledge transfer,usihg the knowledge managems

for a system
ployments of
nvironment,
sting or use
for business
elocation of
or enabling
e changes to
es recurring

Huled or emergency patches and fixes for security and other congerns. Transition can inv¢lve transfer

ing software
d disposal of
12207)

nt process.

Process ID|TEC.11

Process name|Validation process

Process purpose|The purpose efithe validation process is to provide objective evider
system, whén in use, fulfils its business or mission objectives and 3

requirerhents, achieving its intended use in its intended operational en

The ©bjective of validating a system or system element is to acquire
in its ability to achieve its intended mission, or use, under specific

conditions. Validation is ratified by stakeholders. This process provide
sary information so that identified anomalies can be resolved by the 3
technical process where the anomaly was created.

s the neces-

ce that the
takeholder
vironment.

confidence
perational

ppropriate

rocess outeomes|As a result of the successful implementation of the validation proces
a) Validation criteria for stakeholder requirements are defined.

b) The availability of services required by stakeholders is confirmed

.

CJ Constraints of validation that Influence the requirements, arch
design are identified.

d) The system or system element is validated.

f) Validation results and anomalies are identified.

holder needs is provided.

h) Traceability of the validated system elements is established.

e) Any enabling systems or services needed for validation are available.

g) Objective evidence that the realized system or system element satisfies stake-

tecture, or
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Base practices | TEC.11.BP1: Prepare for validation. [Outcome: a, b, c, €]
1) Define the validation strategy.

2) Identify system constraints from the validation strategy to be incorporated
in the stakeholder requirements.

3) Define the purpose, conditions and conformance criteria for each validation action.

4) Select appropriate validation methods or techniques and associated criteria
for each validation action.

5) Identify and plan for the necessary enabling systems or services needed to
Support validation.

6) Obtain or acquire access to the enabling systems or services to be.usef to
support validation.

TEC.11.BP2: Perform validation. [Outcome: b, d, f]

1) Define the validation procedures, each supporting one ora-set of validafion
actions.

2) Perform the validation procedures in the defined environment.
TEC.11.BP3: Manage results of validation. [Out¢onie: f, g, h]

1) Review validation results and anomalies encguntered and identify follow-up
actions.

2) Record incidents and problems during validation and track their resolutjon.

3) Obtain stakeholder agreement that the system or system element meetg the
stakeholder needs.

4) Maintain traceability of thevalidated system elements.

5) Provide key artefacts and information items that have been selected for baseljnes.

Process outputs|Validation approach [Qutcome a, c]

Constraints on solution [Outcome c]

Validation criteria [Outcome: a]

Validated system/software [Outcome b, d]
Requirements imposed on enabling systems [Outcome €]
Traceability mapping [Outcome: h]

Validation report [Outcome f, g]

Validation record [Outcome a, b, e, f, g]

NOTE1 Thevalidation process is typically used at key points in a product’s life cycle to demonstrate thdt the
product’s requirements for stakeholder intended operational use have been met. Validation is also applicalle to
the software engineering artefa Viewed as Software System elements). Different domains and engineering or
development communities can identify the milestones, validation strategies and criteria differently. For software
systems, highly iterative life cycle models often feature frequent involvement by the acquirer, user representative,
or other stakeholders to validate, e.g. the priority of requirements for inclusion in an iteration, the usability of the
software interface through prototypes, and the suitability of the software for performing business tasks and
fulfilling the operational concept. (ISO/IEC/IEEE 12207)

NOTE 2  For software systems, the following are purposes of the validation process:

a) to confirm that the requirements for a specific intended use of the software work product are fulfilled (often
called software validation);

b) toachieve confidence (especially with an acquirer or customer) that the delivered product meets stakeholder
requirements and is fit for use (often called software acceptance testing). (ISO/IEC/IEEE 12207)
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NOTE3 The validation process determines that the “right product is built”. The verification process
determines that the “product is built right”. (ISO/IEC/IEEE 12207)

NOTE 4  Acceptance criteria, as used for acceptance testing, include criteria to determine whether the
delivered product is fit to use or not. Acceptance criteria for acceptance can be specified and agreed between two
parties, i.e., an acquirer and a supplier, and included in the stakeholder requirements. (ISO/IEC/IEEE 12207)

NOTES5 IEEE 1012-2012 provides detailed requirements. The SWEBOK, Guide to the Software Engineering
Body of Knowledge, discusses software verification and validation in terms of software quality management
processes, and contains methods and techniques that support both verification and validation. The SWEBOK also
addresses topics such as requirements and model validation. (ISO/IEC/IEEE 12207)

5.5.13 Operation process

Process ID | TEC.12
Process name|Operation process

Process purpose|The purpose of the operation process is to use the system to deliver its services.

This process establishes requirements for and assigns personnel to pperate the
system, and monitors the services and operater-system performange. In order
to sustain services, it identifies and analyse$,0perational anomalieq in relation
to agreements, stakeholder requirements-and organizational constifaints.

Hrocess outcomes |As a result of the successful implementation of the operation process:

a) Operation constraints that influence system/software requirements, archi-
tecture, or design are identified:

b) Any enabling systems, services, and material needed for operation are available.
¢) Trained, qualified operators are available.
d) System product services that meet stakeholder requirements are|delivered.

e) System productiperformance during operation is monitored.

f) Support to the customer is provided.
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Base practices| TEC.12.BP1: Prepare for operation. [Outcome: a, b, c]
1) Define an operation strategy.

2) Identify system constraints from operation to be incorporated in changes to
the system/software requirements, architecture, design, implementation, or
transition.

3) Identify and plan for the necessary enabling systems or services needed to
support operation.

4) Obtain or acquire access to the enabling systems or services to be used.

5) Identify or define training and qualification requirements ror personnel nedded
for software system operation.

6) Depending on the need for human intervention and control of operatipns,
assign trained, qualified personnel to be operators.

TEC.12.BP2: Perform operation. [Outcome: d, e, f]
1) Use the software system in its intended operational en¥ironment.

2) Apply materials and other resources, as required; to operate the software
system and sustain its services.

3) Monitor software system operation.

4) Consistent with the operational strategy, develop and, where feasible, autorate
operational procedures to minimize the risk of operational anomalies.

5) Consistent with the operational strategy, analyse measurements to confirm
that service performance is within a€ceptable parameters.

6) Perform contingency operations, if necessary.

TEC.12.BP3: Manage results of operation. [Outcome: €]

1) Record results of operation and anomalies encountered.

2) Record operationaliincidents and problems and track their resolution.
3) Maintain traeeability of the operational services and configuration items.
4) Provide key,artefacts and information items that have been selected for baselines.
TEC.12.BP4: Support the customer. [Outcome: d, e, f]

1) Provide assistance and consultation to the customers and users to resplve
complaints, incidents, problems, and service requests.

2) Record and monitor requests and subsequent actions for support.

3) Determine the degree to which delivered software system or services satjisfy
the needs of the customers and users.
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Process outputs|Operation approach [Outcome a]

Constraints on solution [Outcome a]

Trained operator [Outcome c]

Operational system/software [Outcome d, f]
Requirements imposed on enabling systems [Outcome b]
Traceability mapping [Outcome: e]

Operation report [Outcome e]

Operation record [OULCOME 34, b, G, 4, €, {]
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14 Maintenance process

£ 1 The operation process typically aims to control or reduce the cost of operations vhile g
ptable or improved level of service. Software systems can have dedicated infrastructure, but
hted in distributed environments where other software systems and services (e.g(the interne

ncern within a larger system of systems. It can include coordination withnpre-existing, c
nuing services delivered by other systems that provide identical or similar services. (ISO/IEC/

£ 2 ISO/IEC 20000-1 is a service management system standard that specifies requirements fq
ition, delivery and improvement of managed operational services,and supports the operatid
ve its purpose. (ISO/IEC/IEEE 12207)

ustaining an

are typically

t) are active.

security, availability, and operational performance of the software system-of:interest are tlhus a matter

ncurrent or
EEE 12207)

r the design,
n process to

Process ID|TEC.13

Process name | Maintenance process

The purpose of the maintenance process is to sustain the capability of
to provide a service.

Process purpose

This process moniters the system'’s capability to deliver services, recor
for analysis, takes corrective, adaptive, perfective and preventive §
confirms restored capability.

the system

s incidents
ictions and

Process outcomes

As a result of the successful implementation of the maintenance proc

a) Mainténance constraints that influence system requirements, arch|
design are identified.

b) Any enabling systems or services needed for maintenance are avali
c) Replacement, repaired, or revised system elements are made avail

d) The need for changes to address corrective, perfective, or adaptive nj
is reported.

e) Failure and lifetime data, including associated costs, is determined.

£SS:

itecture, or

lable.
hble.

aintenance
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Base practices

TEC.13.BP1: Prepare for maintenance. [Outcome: a, b]
1) Define a maintenance strategy.

2) For non-software elements, define a logistics strategy throughout the life cycle,
including acquisition and operational considerations: the number and type of
replacement elements to be stored, their storage locations and conditions, their
anticipated replacement rate, and their storage life and renewal frequency.

3) Identify constraints from maintenance to be incorporated in the system/soft-
ware requirements, architecture, or design.

4) Identify trades such that the system and associated maintenance and logistics

actions results in a solution thatis affordable, operable, supportable, and sustaingble.

5) Identify and plan for the necessary enabling systems or services-needed to
support maintenance.

6) Obtain or acquire access to the enabling systems or services tobe used.
TEC.13.BP2: Perform maintenance. [Outcome: c, d, €]

1) Review stakeholder requirements, complaints, events, incident and problen re-
ports to identify corrective, adaptive, perfective and preventive maintenance neleds.

2) Analyse the impact of maintenance changes on datastructures, data, and related
software functions, user documentation, and interfaces.

3) Upon encountering unexpected faults that cause a software system failure,
restore the system to operational status;,

4) Implement the procedures for correction of flaws (defects) and errors, of for
replacement or upgrade of system.elements.

5) Perform preventive maintenanee by replacing, patching, augmenting, or upgrad-
ing software system elements,o improve the performance of a software system
that is projected to reach unacceptable service levels, e.g. lack of capacity dye to
increases in demand or stored data, or to avoid unacceptable operating conditions,
e.g. running with outdated security software.

6) Identify when adaptive or perfective maintenance is required.
TEC.13.BP3:Perform logistics support. [Outcome: b, c]

1) Obtain resources to support the software system through its life cycle o1 the
projectisiife (acquisition logistics).
2) Monitor the quality and availability of replacement elements and enablling
systems, their delivery mechanisms and their continued integrity during storjage.

3) Implement mechanisms for software system or element distribution, inclugling
packaging, handling, storage and communications or transportation needed for
items during the life cycle.

4) Confirm thatlogistics actions to fulfil software system or element supportabil-

ity requirements or achieve operational readiness are planned and implemented.
TEC.13.BP4: Manage results of maintenance and logistics. [Outcome: d, €]

1) Record incidents and problems, including their resolutions, and significant
maintenance and logistics results.

2) Identify and record trends of incidents, problems, and maintenance and logistics
actions.

3) Maintain traceability of the system elements being maintained.

4) Provide key artefacts and information items that have been selected for baselines.

5) Monitor and measure customer satisfaction with system and maintenance support.
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Process outputs

Maintenance approach [Outcome a]

Constraints on solution [Outcome a]

Trained maintainer [Outcome b]

Maintained system/software [Outcome c]

Requirements imposed on enabling systems [Outcome b]
Traceability mapping [Outcome: d]

Maintenance report [Outcome d, €]
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NOTE 1

depl

such

initig
work

othef technical processes. (ISO/IEC/IEEE 12207)

NOTE 2

For software systems, the maintenance process makes corrections, changes, and improvements to

yed software systems and elements. The software systems maintenance approach diffeps for ystems that
are freely available, in wide commercial distribution, or operating in a small number of centrolled efvironments.
The heed for software system maintenance can arise from multiple causes other than-latent sydtem defects,
as changes to interfaced systems or infrastructure, evolving security threats;.and technical pbsolescence
of sylstem elements and enabling systems over the system life cycle. Often the extenhsion of capabijlity, mid-life
upgrpde, or evolution of legacy systems becomes a new software system developnient project that will apply the
set of processes within an appropriate life cycle. If so, the portfolio management process is the staifting point to
te the work. In other cases, software system maintenance is performied as a continuing series ¢f prioritized
items, possibly on a level of effort basis. Maintenance of software, system elements can incluge hardware,
softyare, and services, such as communication or web services. Maintenance is closely connected with the
confijguration management process and software asset management and is performed concurrently with the

ISO/IEC/IEEE 14764 and ISO/IEC 16350 provide‘additional detail. The SWEBOK, Guide to fhe Software

Engiheering Body of Knowledge, Software Maintenance knowledge area discusses software maintenance
fundhmentals, key issues, measurement, techniques, maintenance process and support activities, and tools. The
guide also discusses models, techniques and measures that support software reliability. (ISO/IEC/IEEE 12207)

5.5.15 Disposal process

Process ID

TEC.14

Process name

Disposalprocess

Process purpose

The purpose of the disposal process is to end the existence of a system element
or system for a specified intended use, appropriately handle replaced or retired
elements, and to properly attend to identified critical disposal needs|(e.g. per an
agreement, per organizational policy, or for environmental, legal, safdty, security
aspects).

This process deactivates, disassembles and removes the system or ary of its sys-
tem elements from the specific use. It addresses any waste products,[consigning
them to a final condition and returning the environment to its or%final or an

acceptable condition. The waste products can be in-process resultinglduring any
life cycle stage, e.g. waste materials during fabrication. This proceds destroys,

stores or reclaims system elements and waste products in an environmentally
sound manner, in accordance with legislation, agreements, organizational con-
straints and stakeholder requirements. Disposal includes preventing expired,
non-reusable, or inadequate elements from getting back into the supply chain.
Where required, it maintains records in order that the health of operators and
users, and the safety of the environment, can be monitored. When part of the
system will continue to be in use in a modified form, the disposal process helps

ensure the proper handling of the portion being retired.
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Process outcomes

As a result of the successful implementation of the disposal process:

a) Disposal constraints are provided as inputs to requirements, architecture,
design, and implementation.

b) Any enabling systems or services needed for disposal are available.

c) The system elements or waste products are destroyed, stored, reclaimed or
recycled in accordance with requirements, e.g. safety and security requirements.

d) The environment is returned to its original or an agreed state.

e) Records of disposal actions and analysis are available.

Bas¢ practices

TEC.14.BP1: Prepare for disposal. [Outcome: a, b]

1) Define a disposal strategy for the software system, to include eachysysftem
element and to identify and address critical disposal needs.

2) Identify constraints on disposal for the system/software requitements, archi-
tecture and design characteristics, or implementation techniques.

3) Identify and plan for the necessary enabling systems op services needed to
support disposal.

4) Obtain or acquire access to the enabling systemsor services to be used.

5) Specify containment facilities, storage locations;inspection criteria and stofage
periods, if the software system or data is to,bestored, consistent with security
and environmental considerations.

6) Define preventive methods to preclude disposed elements and materials that
should notbe repurposed, reclaimed'er reused from re-entering the supply cHain.

TEC.14.BP2: Perform disposal.[Outcome: c]
1) Deactivate the software system or element to prepare it for removal.

2) Remove the software syistem, its elements, its data, and non-reusable matgrial
from use or production-for appropriate disposition and action.

3) Withdraw impacted operating staff from the software system or system|ele-
ment and recordrelevant operating knowledge.

4) Reuse, recycle, recondition, overhaul, archive, or destroy designated software
system elements.

5) Conduct destruction of the system elements, as necessary, to reduce the am¢unt
of waste treatment or to make the waste easier to handle.

TEC.14.BP3: Finalize the disposal. [Outcome: d, €]

1) Confirm that detrimental health, safety, security, and environmental conditjons
following disposal have been identified and treated.

2) Return the environment to its original state or to a state that specified by

agreement.

3) Archive information gathered through the lifetime of the product to permit
audits and reviews in the event of long-term hazards to health, safety, security
and the environment, and to permit future software system creators and users
to build a knowledge base from experience.
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Process outputs|Disposal approach [Outcome a]

Constraints on solution [Outcome a]

Disposed system/software [Outcome c, d]

Requirements imposed on enabling systems [Outcome b]
Traceability mapping [Outcome: c]

Disposal report [Outcome a, |

Disposal record [Outcome e]

NOTE 1
elemknts, stored data, media and firmware, information items, and associated hardware elements

Disposal of software systems encompasses the termination of services and disposal

of software
that will not

be rqused or transitioned to another system. The disposal process is intended to be applicable’in ajny stage of a

softyare systems life cycle. For software, the disposal process applies throughout the life cycle to|
or eyecutable copies of the software, personally identifiable or controlled data used.ify the softy
and fssociated information items, retained under centralized configuration controher’distributed
dispgpsing of prototypes in early life cycle stages, and decommissioning elements' reéplaced from 1
during utilization/deployment and support stages. When the system-of-interest isbeing modified fqg

orc

NOT

appl
(ISO

6

Apr
requ
prog
of py
outc

NOT
whic
each

The
judg
of in
its e
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A py
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ability upgrades, only the impacted elements are deactivated and removed. (ISO/IEC/IEEE 12

2 The business or mission analysis process and decision ‘mianagement process 4
ed to address the impact on stakeholders of system disposal and potential new system
IEC/IEEE 12207)

The quality dimension

bcess assessment model shall incorporate a process measurement framework conformg
irements of ISO/IEC 33003 and is expressed<as'a process quality characteristic with a d
ess attributes. At minimum, a process medsurement framework includes a process qualji
ocess performance, which is needed to demonstrate that the process achieves its exped
pmes. Other process quality attributes may be added over the process performance att

1 ISO/IEC 33020 provides a process measurement framework for the assessment of proce
h can be incorporated into this doeument. ISO/IEC 33020 also includes a set of process quality i
process attribute in the process measurement framework.

hssessment indicators.are used as a basis for collecting objective evidence to support a
ement in assigning.ratings of the performance and quality of an implemented procg
dicators defined in this document are not intended to be an all-inclusive set and a
ntirety. Subsets.appropriate to the context and scope of the assessment should be s¢
ntially augmented with additional indicators.

ocess_assessment is conducted according to a documented assessment process. A d
5sméent process identifies the rating method to be used in rating process attributes ar
fines the aggregation method to be used in determining ratings.

source code
vare system,
for use, e.g.
hodifications
r technology
207)

re typically
capabilities.

int with the
bfined set of
ty attribute
ted process
ribute.

ss capability
ndicators for

n assessor’s
bss. The set
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tlected, and
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d identifies

NOTE 2

ISO/IEC 33020 includes a process attribute rating scale, process attribute rating method, and

aggregation method which can provide a suitable basis for use for incorporating into any documented assessment
process.
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Annex A
(informative)

Process outputs

A.1 Process output descriptions

The procegs outputs associated with the processes in Clause 5 are described in Table A.1.|The
descriptionf are exemplary. The process outputs are identified by categories which are defined in[A.2.
The corresponding processes of the process outputs are indicated by the process IDs.
NOTE For further guidance, ISO/IEC/IEEE 15289 addresses the content for life cycle process informpation
items (docurhentation).
Table A.1 — Process output descriptions
Process oufput Process output description Category Output of
Accepted system or|System element or system is transferred from supplie¥{product AGR.1
system elerhent (e.g.|to acquirer and the product or service is availabléto
software) the project. [INCOSE SE Handbook 2015]
Acquisition agreement | The formal agreement between an acquiterand a|agreement |AGR.1
supplier. Informally, commitments or agreements may
be specified between an acquirer and a supplier of the
same organization (sometimes called’amemorandum
of understanding). [Adapted from ISQ/IEC/IEEE 15289]
Acquisition agreement | Requests from an acquirer to_.change an agreement|request AGR.1
change reqyest with a supplier.
Acquisition ppproach |Specific approach to acquiring products and services|plan AGR.1
that is based on consjderations of supply sources, ac-
quisition methods, requirements specification types,
contract or agreement types, and related acquisition
risks. [ISO/IEC/TEEE 24765]
Acquisition peed The identification of a need that cannot be met within |specification [ MAN.1
the organization encountering the need or a need that
can be.met in a more economical way by a supplier.
[INCOSE SE Handbook 2015]
Acquisition fecord fRermanent, readable form of data, information, or knowl- | record AGR.1
edge related to acquisition. [[INCOSE SE Handbook 2015]
Acquisition feport’ |An account prepared for interested parties in order|report AGR.1
to communicate the status, results, and outcomes of
the acquisition activities. [INCOSE SE Handbook 2015]
Alternative solution |Identifies and describes the classes of solutions that|description |TEC.1
classes may address the problem or opportunity. [INCOSE SE
Handbook 2015]
Architecture defini- | Approaches, schedules, resources, and specific consider- | plan TEC.4
tion approach ations required to define the selected system/software
architecture that satisfies the requirements. [Adapted
from INCOSE SE Handbook 2015]
Architecture defini-|Permanent, readable form of data, information, or|record TEC.4

tion record

knowledge related to architecture definition. [INCOSE
SE Handbook 2015]
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data

(including software as a system) measurement needs.
[Adapted from INCOSE SE Handbook 2015]

Process output Process output description Category Output of
Business or mission|Approaches, schedules, resources, and specific con-|plan TEC.1
analysis approach siderations required to conduct business or mission

analysis and ensure business needs are elaborated

and formalized into business requirements. [INCOSE

SE Handbook 2015]

Business or mission|Permanent, readable form of data, information, or|record TEC.1

analysis record knowledge related to business or mission analysis.
[INCOSE SE Handbook 2015]

Configuration audit|Artefacts thatare expected through conduct of config- |record MAN.5

resylt uration audit and that can be considered elements of
exit criteria [Adapted from IEEE 15288.2-2014]

Confliguration baseline | Configuration information formally designated at|record MAN.5
a specific time during the life of a product, product
component, service, or service component. [I[SO/IEC/

IEEE 24765]

Configuration evalu-|Provides results of configuration management evalu-|report MAN.5

atioh report ations. It includes evaluation criteria. [Adapted from
ISO/IEC/IEEE 15289]

Configuration man-|Describes the responsible organization for autherizing | plan MAN.5

agethent approach |and performing configuration management activities,
and their relationship with other organizations. [Adapted
from ISO/IEC/IEEE 15289]

Conrﬂitguration manage- | Identifies a problem, maintenance need, or desired im- [request MAN.5

menjt change request | provement and requests modifications. The requested
change may affect a contract,configuration item, sys-
tem, service, hardware, software, interface, asset, or
documentation. [Adaptedfrom ISO/IEC/IEEE 15289]

Configuration man-|Permanent, readable form of data, information, or|record MAN.5

agerpent record knowledge relatedté configuration management.
[INCOSE SE Handbook 2015]

Configuration man-|Provides the status of controlled configuration items, report MAN.5

agerhent report including baselines, release identifiers, and location of
the configtiration item master version. For deactivat-
ed systems/software, it contains information about
systém/software disposal to trace potential future
ényironmental, safety, or security impacts. [Adapted
from ISO/IEC/IEEE 15289]

Configuration nran-|System used to support and enable configuration |product MAN.5

agerpent systest management.

Confliguration'manage- | Request to accept a configuration item or other desig- [request MAN.5

meng variance request|nated item which, during production or after having
been submitted for inspection, is found to depart from
Specified requirements, butis nevertheless considered
suitable for use as is or after rework by an approved
method. [Adapted from ISO/IEC/IEEE 24765]

Constraints on solution | Externally imposed limitation on system requirements, | specification | TEC.7, TEC.8, TEC.9,
design, or implementation or on the process used to TEC.10, TEC.11,
develop or modify a system/software. [Adapted from TEC.12, TEC.13,
ISO/IEC/IEEE 29148] TEC.14

Critical performance |Data provided for the identified system of interest|data TEC.2, TEC.3, TEC.4,

TEC.5
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