incose guide for writing requirements

incose guide for writing requirements serves as a crucial framework for systems engineers and
project managers to develop clear, concise, and verifiable requirements. This guide emphasizes best
practices in writing requirements that align with industry standards, ensuring that project objectives
are met efficiently and effectively. By adhering to the principles outlined in the INCOSE guide,
organizations can reduce ambiguity, enhance communication among stakeholders, and improve
overall system quality. This article explores the core components, writing techniques, and validation
methods recommended by the INCOSE guide for writing requirements. It further discusses common
pitfalls and offers strategies to maintain consistency and traceability throughout the project
lifecycle. Understanding and implementing these guidelines can significantly impact the success of
systems engineering efforts.
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Understanding the INCOSE Guide for Writing
Requirements

The INCOSE guide for writing requirements establishes a standardized approach to developing
system requirements that are unambiguous, testable, and feasible. It is designed to facilitate
communication among systems engineers, stakeholders, and customers by providing a clear
framework for documenting what the system must accomplish. The guide aligns with the systems
engineering process and supports the development of requirements that can be traced throughout
the system's lifecycle. It emphasizes the importance of well-written requirements in reducing project
risks and ensuring that the final deliverables meet stakeholder needs and expectations.

Purpose and Scope of the Guide

The primary purpose of the INCOSE guide for writing requirements is to promote consistency and
clarity in requirement specifications. It covers principles applicable to various types of requirements,
including stakeholder, system, and lower-level technical requirements. The guide also addresses the
need for requirements to be measurable and verifiable, ensuring that they can be objectively tested
during validation and verification phases. By defining a common language and structure, the guide



helps teams avoid misinterpretations and rework.

Role in Systems Engineering

Within the systems engineering lifecycle, the INCOSE guide supports the transition from
stakeholder needs to detailed design specifications. It provides methodologies for capturing
requirements that serve as the foundation for system design, development, integration, and testing.
The guide encourages iterative refinement and validation of requirements, fostering a disciplined
approach that aligns technical efforts with business goals and regulatory standards.

Key Principles of Effective Requirement Writing

Effective requirement writing is fundamental to successful system development. The INCOSE guide
for writing requirements outlines several key principles that ensure requirements are clear,
consistent, and actionable. These principles help eliminate ambiguity and provide a solid basis for
design and verification activities.

Clarity and Precision

Requirements must be written in clear and precise language to avoid multiple interpretations. The
use of simple, unambiguous terms reduces confusion and facilitates accurate implementation. The
guide recommends avoiding subjective or vague words such as "fast," "user-friendly," or "adequate"
without quantifiable metrics.

Completeness and Consistency

Requirements should comprehensively cover all necessary aspects of the system while maintaining
internal consistency. Conflicting or missing requirements can lead to design errors and costly
revisions. The guide advises reviewing requirements for completeness and ensuring they do not
contradict one another.

Verifiability

Each requirement must be verifiable through inspection, analysis, demonstration, or test. The
INCOSE guide emphasizes defining measurable criteria or acceptance thresholds for requirements,
enabling objective assessment during verification activities.

Feasibility and Necessity

Requirements must be achievable given the project's constraints, including time, budget, and
technology. The guide stresses that each requirement should serve a specific purpose, contributing
to the overall system objectives without unnecessary complexity.



Structure and Format of Requirements

Organizing requirements in a structured and standardized format enhances readability and
manageability. The INCOSE guide for writing requirements recommends formats that support
traceability and facilitate review processes.

Requirement Identification

Each requirement should have a unique identifier that allows easy referencing and traceability
throughout the project lifecycle. This identifier often follows a hierarchical numbering scheme
reflecting the requirement’s position within the system architecture.

Requirement Statement

The core of each requirement is the statement itself, which clearly defines what the system must do
or the condition it must satisfy. The statement should be concise, using active voice and present
tense to describe capabilities or constraints.

Rationale and Additional Information

Providing the rationale behind a requirement helps stakeholders understand its importance and
context. The guide suggests including supplementary notes, references, or diagrams as needed to
clarify the intent of the requirement.

Example Structure

e ID: SYS-REQ-001

¢ Requirement: The system shall process 100 transactions per second under peak load
conditions.

» Rationale: To meet operational efficiency targets and support user demand.

Techniques for Writing Clear and Concise
Requirements

Applying specific writing techniques is essential for crafting requirements that are easy to
understand and implement. The INCOSE guide for writing requirements highlights methods that
improve clarity and reduce errors.



Use of Simple Language

The guide encourages the use of plain language and avoidance of jargon or overly technical terms
unless necessary. When technical language is required, definitions or glossaries should be provided
to ensure shared understanding.

Avoidance of Ambiguity

Ambiguities can arise from vague terms, pronouns without clear antecedents, or multiple
interpretations of a phrase. The guide recommends explicitly defining terms and avoiding words like
"may," "should," or "etc." that introduce uncertainty.

Active Voice and Present Tense

Requirements should be written in the active voice to clearly identify responsible entities and in the
present tense to state ongoing system capabilities or constraints. For example, "The system shall
generate a report" is preferable to "Reports should be generated."

Use of Quantifiable Metrics

Incorporating measurable criteria in requirements enables objective verification. The guide advises
specifying numeric values, thresholds, or performance benchmarks wherever applicable.

Validation and Verification of Requirements

Ensuring that requirements accurately reflect stakeholder needs and can be tested effectively is a
vital part of systems engineering. The INCOSE guide for writing requirements outlines processes for
validation and verification that support quality assurance.

Requirement Validation

Validation confirms that the documented requirements meet the intended purpose and stakeholder
expectations. This process involves stakeholder reviews, analyses, and sometimes prototyping to
ensure requirements are complete and feasible.

Requirement Verification

Verification assesses whether the system meets the specified requirements through testing,
inspection, or analysis. The guide stresses the importance of defining acceptance criteria during
requirement development to facilitate verification.



Traceability and Change Management

Maintaining traceability links between requirements, design elements, and test cases is critical for
managing changes and ensuring coverage. The INCOSE guide recommends tools and practices for
tracking requirements through the project lifecycle to prevent scope creep and errors.

Common Challenges and Best Practices

Despite best efforts, writing effective requirements can present challenges. The INCOSE guide for
writing requirements addresses common issues and provides best practices to overcome them.

Dealing with Ambiguity and Vagueness

Ambiguity often arises from imprecise language or incomplete information. The guide advises
iterative reviews and stakeholder engagement to clarify requirements and eliminate vague
statements.

Managing Requirement Changes

Changes to requirements are inevitable during system development. Implementing a robust change
control process ensures that modifications are evaluated for impact and approved systematically,
minimizing disruption.

Ensuring Stakeholder Alignment

Engaging all relevant stakeholders throughout the requirement elicitation and writing process
promotes alignment and reduces conflicts. The guide recommends clear communication and
documentation to capture diverse perspectives effectively.

Best Practices Summary

e Adopt a standardized requirement template

e Use clear, unambiguous language

¢ Define measurable acceptance criteria

e Perform regular reviews and validations

e Maintain comprehensive traceability matrices

e Implement structured change management processes



Frequently Asked Questions

What is the purpose of the INCOSE Guide for Writing
Requirements?

The INCOSE Guide for Writing Requirements provides best practices and standardized approaches
for creating clear, concise, and verifiable system requirements to improve communication and
reduce errors in systems engineering projects.

How does the INCOSE Guide recommend structuring a good
requirement?

The INCOSE Guide recommends that a good requirement should be clear, unambiguous, complete,
consistent, feasible, verifiable, and traceable, typically structured with a subject, action, and criteria
to ensure clarity and testability.

What are common pitfalls in writing requirements according
to the INCOSE Guide?

Common pitfalls include ambiguous language, use of subjective terms, multiple requirements in a
single statement, lack of verifiability, and missing acceptance criteria, all of which the INCOSE
Guide advises to avoid.

Does the INCOSE Guide for Writing Requirements address the
use of language and terminology?

Yes, the guide emphasizes the importance of using consistent, clear, and precise language and
terminology, recommending avoidance of jargon, acronyms without definitions, and vague terms to
prevent misunderstandings.

How can the INCOSE Guide help in verifying requirements?

The INCOSE Guide advises that requirements should be written in a way that they are verifiable
through inspection, analysis, demonstration, or test, ensuring that each requirement can be
objectively confirmed.

What role does traceability play in the INCOSE Guide for
Writing Requirements?

Traceability is a key aspect highlighted in the guide, ensuring each requirement can be traced back
to stakeholder needs and forward to design, implementation, and test cases, which supports impact
analysis and validation.

How does the INCOSE Guide recommend handling



requirement changes?

The guide recommends managing requirement changes through a controlled process that includes
impact analysis, stakeholder communication, and updating traceability to maintain project alignment
and integrity.

Is the INCOSE Guide applicable to all types of systems and
industries?

Yes, the INCOSE Guide for Writing Requirements is designed to be industry-agnostic and applicable
to a wide range of systems engineering projects, providing universal principles for effective
requirements development.

Where can practitioners access the official INCOSE Guide for
Writing Requirements?

Practitioners can access the INCOSE Guide for Writing Requirements through the INCOSE website,
often as part of their Systems Engineering Handbook or as a standalone publication available to
members and for purchase.

Additional Resources

1. Writing Effective Requirements: A Practical Guide for Engineers and Project Managers

This book offers clear, step-by-step instructions for writing precise and unambiguous requirements.
It emphasizes the importance of clarity and testability in requirements documentation to ensure
successful project outcomes. The practical examples and templates make it a valuable resource for
engineers and project managers alike.

2. Mastering the Requirements Process: Getting Requirements Right by Suzanne Robertson and
James Robertson

A comprehensive guide to gathering, analyzing, and documenting requirements, this book provides a
robust framework for managing requirements throughout the project lifecycle. It stresses
communication between stakeholders and offers techniques to avoid common pitfalls. The book is
widely respected for its practical and user-friendly approach.

3. Requirements Engineering: Fundamentals, Principles, and Techniques by Klaus Pohl

This textbook covers the theoretical and practical aspects of requirements engineering, including
elicitation, analysis, specification, and validation. It integrates standards and best practices,
including those aligned with INCOSE guidelines. The book is suitable for both students and
professionals seeking a thorough understanding of the requirements process.

4. Software Requirements by Karl Wiegers and Joy Beatty

Focused on software development, this book details techniques for identifying, documenting, and
managing requirements. It discusses how to avoid common mistakes and how to communicate
requirements effectively with stakeholders. The second edition includes updated best practices
aligned with industry standards such as INCOSE.

5. Agile Requirements: Lean Requirements Practices for Teams, Programs, and the Enterprise by



Dean Leffingwell

This book bridges traditional requirements engineering with agile methodologies, offering strategies
for writing and managing requirements in dynamic environments. It provides guidance on how to
maintain flexibility while ensuring clarity and completeness. The approach supports collaboration
and continuous stakeholder engagement.

6. INCOSE Systems Engineering Handbook: A Guide for System Life Cycle Processes and Activities
As a primary resource from INCOSE, this handbook provides detailed guidance on systems
engineering processes, including requirements development and management. It aligns with
international standards and best practices, making it essential for systems engineers seeking to
adhere to INCOSE guidelines. The handbook covers the full life cycle of system development.

7. Writing Better Requirements by Ian F. Alexander and Richard Stevens

This practical guide offers techniques for crafting clear, concise, and testable requirements. It
addresses common challenges such as ambiguity and complexity in requirements documentation.
The book includes examples and exercises to improve writing skills for requirements engineers and
analysts.

8. Requirements Engineering for Software and Systems by Phillip A. Laplante

This book provides a detailed examination of requirements engineering processes, emphasizing both
software and systems contexts. It covers elicitation, specification, validation, and management,
incorporating best practices and standards consistent with INCOSE recommendations. The text is
enriched with case studies and practical tips.

9. Effective Requirements Practices by Ralph R. Young

Focusing on real-world application, this book outlines best practices for defining and managing
requirements to ensure project success. It highlights the importance of stakeholder involvement and
iterative review processes. The practical approach includes tools and templates to enhance the
quality of requirements documentation.
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incose guide for writing requirements: INCOSE Needs and Requirements Manual Louis
S. Wheatcraft, Michael J. Ryan, Tami Edner Katz, 2024-10-18 Complete and comprehensive manual
for eliciting, defining, and managing needs and requirements, integration, verification, and
validation across the lifecycle The INCOSE Needs and Requirements Manual presents product
development and systems engineering practices, activities, and artifacts from the perspective of
needs, requirements, verification, and validation across the system lifecycle. Composed of 16
chapters, this book provides practical guidance to help organizations understand the importance of
lifecycle concepts, needs, requirements, verification, and validation activities, enabling them to
successfully and effectively implement these activities during product development, systems
engineering, and project management. The parent handbook published by Wiley, INCOSE Systems
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Engineering Handbook, divides the system lifecycle into a series of processes, with each process
described in terms of a series of activities. This Manual provides more detail needed by practitioners
to successfully implement these activities, with guidance and lessons learned from hundreds of years
of collective experience of the authors, contributors, and reviewers. For example, while the
Handbook mentions the need to define the problem statement, mission, goals, and objectives for a
system, the Manual provides detailed guidance on doing so. Sample topics covered in the INCOSE
Needs and Requirements Manual include: Defining the problem, opportunity, or threat and defining
a mission statement, goals, objectives, and measures. Identifying external and internal stakeholders,
eliciting stakeholder needs and requirements, defining drivers and constraints, and assessing risk.
Performing lifecycle concept analysis and maturation and defining an integrated set of needs that
represents the scope of the project. Transforming the integrated set of needs into well-formed
design input requirements. Using attributes to manage needs and requirements across the lifecycle.
Continuous integration, verification, and validation across the lifecycle. Moving between levels of
the architecture, flow down and allocation of requirements, and budgeting performance, resource,
and quality requirements. Defining the system verification and system validation success criteria,
method, strategy, and responsible organizations. Planning and executing successful system
verification and validation programs. Managing needs, requirements, verification, and validation
across the lifecycle. Understanding the importance of an integrated, collaborative project team and
effective communication between team members The INCOSE Needs and Requirements Manual is
an essential accompanying reference to the INCOSE Systems Engineering Handbook for novice and
seasoned system engineers, software engineers, project managers, product developers, tool vendors,
course developers, educators, trainers, customers, suppliers, non-SE stakeholders , as well as
researchers and students studying systems engineering and systems design.

incose guide for writing requirements: Real-Time Quality Assessment of the INCOSE
Guide for Writing Requirements Rules The Reuse Company, 2020-06-30 This book is only
available in certain periods. If you want to buy a copy, please contact us at
contact@reusecompany.com

incose guide for writing requirements: INCOSE Systems Engineering Handbook INCOSE,
2015-06-12 A detailed and thorough reference on the discipline and practice of systems engineering
The objective of the International Council on Systems Engineering (INCOSE) Systems Engineering
Handbook is to describe key process activities performed by systems engineers and other
engineering professionals throughout the life cycle of a system. The book covers a wide range of
fundamental system concepts that broaden the thinking of the systems engineering practitioner,
such as system thinking, system science, life cycle management, specialty engineering, system of
systems, and agile and iterative methods. This book also defines the discipline and practice of
systems engineering for students and practicing professionals alike, providing an authoritative
reference that is acknowledged worldwide. The latest edition of the INCOSE Systems Engineering
Handbook: Is consistent with ISO/IEC/IEEE 15288:2015 Systems and software engineering—System
life cycle processes and the Guide to the Systems Engineering Body of Knowledge (SEBoK) Has been
updated to include the latest concepts of the INCOSE working groups Is the body of knowledge for
the INCOSE Certification Process This book is ideal for any engineering professional who has an
interest in or needs to apply systems engineering practices. This includes the experienced systems
engineer who needs a convenient reference, a product engineer or engineer in another discipline
who needs to perform systems engineering, a new systems engineer, or anyone interested in
learning more about systems engineering.

incose guide for writing requirements: Requirements Engineering Jeremy Dick, Elizabeth
Hull, Ken Jackson, 2017-08-23 Written for those who want to develop their knowledge of
requirements engineering process, whether practitioners or students. Using the latest research and
driven by practical experience from industry, Requirements Engineering gives useful hints to
practitioners on how to write and structure requirements. It explains the importance of Systems
Engineering and the creation of effective solutions to problems. It describes the underlying



representations used in system modeling and introduces the UML2, and considers the relationship
between requirements and modeling. Covering a generic multi-layer requirements process, the book
discusses the key elements of effective requirements management. The latest version of DOORS
(Version 7) - a software tool which serves as an enabler of a requirements management process - is
also introduced to the reader here. Additional material and links are available at:
http://www.requirementsengineering.info

incose guide for writing requirements: Practical Model-Based Systems Engineering Jose L.
Fernandez, Carlos Hernandez, 2019-07-31 This comprehensive resource provides systems engineers
and practitioners with the analytic, design and modeling tools of the Model-Based Systems
Engineering (MBSE) methodology of Integrated Systems Engineering (ISE) and Pipelines of
Processes in Object Oriented Architectures (PPOOA) methodology. This methodology integrates
model based systems and software engineering approaches for the development of complex
products, including aerospace, robotics and energy domains applications. Readers learn how to
synthesize physical architectures using design heuristics and trade-off analysis. The book provides
information about how to identify, classify and specify the system requirements of a new product or
service. Using Systems Modeling Language (SysML) constructs, readers will be able to apply ISE &
PPOOA methodology in the engineering activities of their own systems.

incose guide for writing requirements: Advanced Information Systems Engineering
Workshops Marcela Ruiz, Pnina Soffer, 2023-06-12 This book constitutes the thoroughly refereed
proceedings of the international workshops associated with the 35th International Conference on
Advanced Information Systems Engineering, CAiSE 2023, which was held in Zaragoza, Spain, during
June 12-16, 2023. The workshops included in this volume are: - 1st International Workshop on
Hybrid Artificial Intelligence and Enterprise Modelling for Intelligent Information Systems
(HybridAIMS) - 1st Workshop on Knowledge Graphs for Semantics-Driven Systems Engineering
(KG4SDSE) - Blockchain and Decentralized Governance Design for Information Systems (BC4IS and
DGD) They reflect a broad range of topics and trends ranging from blockchain technologies via
digital factories, ethics, and ontologies, to the agile methods for business and information systems.
The theme of this year’s CAiSE was “Cyber-Human Systems”. The 10 full papers and 9 short paper
presented in this book were carefully reviewed and selected from 25 submissions.

incose guide for writing requirements: Complex Systems Design & Management Gauthier
Fanmuy, Eric Goubault, Daniel Krob, Francois Stephan, 2016-12-08 This book contains all refereed
papers that were accepted to the seventh edition of the international conference « Complex Systems
Design & Management Paris» (CSD&M Paris 2016) which took place in Paris (France) on the
December 13-14, 2016 These proceedings cover the most recent trends in the emerging field of
complex systems sciences & practices from an industrial and academic perspective, including the
main industrial domains (aeronautic & aerospace, defense & security, electronics & robotics, energy
& environment, healthcare & welfare services, software & e-services, transportation), scientific &
technical topics (systems fundamentals, systems architecture & engineering, systems metrics &
quality, system is modeling tools) and system types (artificial ecosystems, embedded systems,
software & information systems, systems of systems, transportation systems). The CSD&M Paris
2016 conference is organized under the guidance of the CESAMES non-profit organization, address:
CESAMES, 8 rue de Hanovre, 75002 Paris, France.

incose guide for writing requirements: The Proceedings of the 2024 Conference on Systems
Engineering Research Alejandro Salado, Ricardo Valerdi, Rick Steiner, Larry Head, 2024-07-25 The
22nd International Conference on Systems Engineering Research (CSER 2024) pushes the
boundaries of systems engineering research and responds to new challenges for systems
engineering. CSER was founded in 2003 by Stevens Institute of Technology and the University of
Southern California. In 2024 the conference was hosted by the University of Arizona, home to the
first-ever established Department of Systems Engineering. The following foundational research
topics are included: ¢ Scientific Foundations of Systems Engineering ¢ Digital Engineering, Digital
Twins ¢ Digital Transformation * Advances in Model-Based Systems Engineering (MBSE) ¢



Value-based and Agile Systems Engineering ¢ Artificial Intelligence for Systems and Software
Engineering (AI4SE) * Systems and Software Engineering for Artificial Intelligence (SE4AI) ¢
Cybersecurity and System Security Engineering * Uncertainty and Complexity Management ¢ Trust
and Autonomous Systems * Human-Systems Integration ¢ Systems of Systems ¢ Social Systems
Engineering * Systems Thinking * Advances in requirements engineering, systems architecture,
systems integration, and verification and validation. The 21st Annual Conference on Systems
Engineering Research (CSER 2024) was poised to push the boundaries of systems engineering,
embracing a wide array of themes from its scientific underpinnings to the forefront of digital
engineering transformation and the seamless integration of artificial intelligence within systems and
software engineering. Delving into cutting-edge topics such as Model-Based Systems Engineering
(MBSE), cybersecurity, and the management of uncertainty and complexity, CSER 2024 tackled the
varied challenges and seize the opportunities emerging in the field. The conference's commitment to
blending theoretical insights with practical innovations makes it a pivotal event for the systems
engineering community.

incose guide for writing requirements: Software Technology: Methods and Tools Manuel
Mazzara, Jean-Michel Bruel, Bertrand Meyer, Alexander Petrenko, 2019-10-08 This book constitutes
the refereed proceedings of the 51st International Conference on Software Technology: Methods
and Tools, TOOLS 2019, held in Innopolis, Russia, in October 2019.The 19 revised full papers and 13
short papers presented in this book were carefully reviewed and selected from 62 submissions. The
papers discuss all aspects of software engineering and programming languages; machine learning;
internet of things; security computer architectures and robotics; and projects.

incose guide for writing requirements: System Engineering Analysis, Design, and
Development Charles S. Wasson, 2015-11-16 Praise for the first edition: This excellent text will be
useful to every system engineer (SE) regardless of the domain. It covers ALL relevant SE material
and does so in a very clear, methodical fashion. The breadth and depth of the author's presentation
of SE principles and practices is outstanding. —Philip Allen This textbook presents a comprehensive,
step-by-step guide to System Engineering analysis, design, and development via an integrated set of
concepts, principles, practices, and methodologies. The methods presented in this text apply to any
type of human system -- small, medium, and large organizational systems and system development
projects delivering engineered systems or services across multiple business sectors such as medical,
transportation, financial, educational, governmental, aerospace and defense, utilities, political, and
charity, among others. Provides a common focal point for “bridging the gap” between and unifying
System Users, System Acquirers, multi-discipline System Engineering, and Project, Functional, and
Executive Management education, knowledge, and decision-making for developing systems,
products, or services Each chapter provides definitions of key terms, guiding principles, examples,
author’s notes, real-world examples, and exercises, which highlight and reinforce key SE&D
concepts and practices Addresses concepts employed in Model-Based Systems Engineering (MBSE),
Model-Driven Design (MDD), Unified Modeling Language (UMLTM) / Systems Modeling Language
(SysMLTM), and Agile/Spiral/V-Model Development such as user needs, stories, and use cases
analysis; specification development; system architecture development; User-Centric System Design
(UCSD); interface definition & control; system integration & test; and Verification & Validation
(V&V) Highlights/introduces a new 21st Century Systems Engineering & Development (SE&D)
paradigm that is easy to understand and implement. Provides practices that are critical staging
points for technical decision making such as Technical Strategy Development; Life Cycle
requirements; Phases, Modes, & States; SE Process; Requirements Derivation; System Architecture
Development, User-Centric System Design (UCSD); Engineering Standards, Coordinate Systems,
and Conventions; et al. Thoroughly illustrated, with end-of-chapter exercises and numerous case
studies and examples, Systems Engineering Analysis, Design, and Development, Second Edition is a
primary textbook for multi-discipline, engineering, system analysis, and project management
undergraduate/graduate level students and a valuable reference for professionals.

incose guide for writing requirements: A Hands-On Guide to Designing Embedded Systems




Adam Taylor, Dan Binnun, Saket Srivastava, 2021-10-31 This practical resource introduces readers
to the design of field programmable gate array systems (FPGAs). Techniques and principles that can
be applied by the engineer to understand challenges before starting a project are presented. The
book provides a framework from which to work and approach development of embedded systems
that will give readers a better understanding of the issues at hand and can develop solution which
presents lower technical and programmatic risk and a faster time to market. Programmatic and
system considerations are introduced, providing an overview of the engineering life cycle when
developing an electronic solution from concept to completion. Hardware design architecture is
discussed to help develop an architecture to meet the requirements placed upon it, and the
trade-offs required to achieve the budget. The FPGA development lifecycle and the inputs and
outputs from each stage, including design, test benches, synthesis, mapping, place and route and
power estimation, are also presented. Finally, the importance of reliability, why it needs to be
considered, the current standards that exist, and the impact of not considering this is explained.
Written by experts in the field, this is the first book by “engineers in the trenches” that presents
FPGA design on a practical level.

incose guide for writing requirements: Quality of Information and Communications
Technology Martin Shepperd, Fernando Brito e Abreu, Alberto Rodrigues da Silva, Ricardo
Pérez-Castillo, 2020-08-31 This book constitutes the refereed proceedings of the 13th International
Conference on the Quality of Information and Communications Technology, QUATIC 2020, held in
Faro, Portugal*, in September 2020. The 27 full papers and 12 short papers were carefully reviewed
and selected from 81 submissions. The papers are organized in topical sections: quality aspects in
machine learning, Al and data analytics; evidence-based software quality engineering; human and
artificial intelligences for software evolution; process modeling, improvement and assessment;
software quality education and training; quality aspects in quantum computing; safety, security and
privacy; ICT verification and validation; RE, MDD and agile. *The conference was held virtually due
to the COVID-19 pandemic.

incose guide for writing requirements: Advances in Production Management Systems.
Artificial Intelligence for Sustainable and Resilient Production Systems Alexandre Dolgui, Alain
Bernard, David Lemoine, Gregor von Cieminski, David Romero, 2021-09-01 The five-volume set IFIP
AICT 630, 631, 632, 633, and 634 constitutes the refereed proceedings of the International IFIP WG
5.7 Conference on Advances in Production Management Systems, APMS 2021, held in Nantes,
France, in September 2021.* The 378 papers presented were carefully reviewed and selected from
529 submissions. They discuss artificial intelligence techniques, decision aid and new and renewed
paradigms for sustainable and resilient production systems at four-wall factory and value chain
levels. The papers are organized in the following topical sections: Part I: artificial intelligence based
optimization techniques for demand-driven manufacturing; hybrid approaches for production
planning and scheduling; intelligent systems for manufacturing planning and control in the industry
4.0; learning and robust decision support systems for agile manufacturing environments; low-code
and model-driven engineering for production system; meta-heuristics and optimization techniquesfor
energy-oriented manufacturing systems; metaheuristics for production systems; modern analytics
and new Al-based smart techniques for replenishment and production planning under uncertainty;
system identification for manufacturing control applications; and the future of lean thinking and
practice Part II: digital transformation of SME manufacturers: the crucial role of standard; digital
transformations towards supply chain resiliency; engineering of smart-product-service-systems of
the future; lean and Six Sigma in services healthcare; new trends and challenges in reconfigurable,
flexible or agile production system; production management in food supply chains; and sustainability
in production planning and lot-sizing Part III: autonomous robots in delivery logistics; digital
transformation approaches in production management; finance-driven supply chain; gastronomic
service system design; modern scheduling and applications in industry 4.0; recent advances in
sustainable manufacturing; regular session: green production and circularity concepts; regular
session: improvement models and methods for green and innovative systems; regular session: supply



chain and routing management; regular session: robotics and human aspects; regular session:
classification and data management methods; smart supply chain and production in society 5.0 era;
and supply chain risk management under coronavirus Part IV: Al for resilience in global supply chain
networks in the context of pandemic disruptions; blockchain in the operations and supply chain
management; data-based services as key enablers for smart products, manufacturing and assembly;
data-driven methods for supply chain optimization; digital twins based on systems engineering and
semantic modeling; digital twins in companies first developments and future challenges;
human-centered artificial intelligence in smart manufacturing for the operator 4.0; operations
management in engineer-to-order manufacturing; product and asset life cycle management for smart
and sustainable manufacturing systems; robotics technologies for control, smart manufacturing and
logistics; serious games analytics: improving games and learning support; smart and sustainable
production and supply chains; smart methods and techniques for sustainable supply chain
management; the new digital lean manufacturing paradigm; and the role of emerging technologies
in disaster relief operations: lessons from COVID-19 Part V: data-driven platforms and applications
in production and logistics: digital twins and Al for sustainability; regular session: new approaches
for routing problem solving; regular session: improvement of design and operation of manufacturing
systems; regular session: crossdock and transportation issues; regular session: maintenance
improvement and lifecycle management; regular session: additive manufacturing and mass
customization; regular session: frameworks and conceptual modelling for systems and services
efficiency; regular session: optimization of production and transportation systems; regular session:
optimization of supply chain agility and reconfigurability; regular session: advanced modelling
approaches; regular session: simulation and optimization of systems performances; regular session:
Al-based approaches for quality and performance improvement of production systems; and regular
session: risk and performance management of supply chains *The conference was held online.

incose guide for writing requirements: Computer Safety, Reliability, and Security.
SAFECOMP 2022 Workshops Mario Trapp, Erwin Schoitsch, Jérémie Guiochet, Friedemann
Bitsch, 2022-09-06 This book constitutes the proceedings of the Workshops held in conjunction with
SAFECOMP 2022, which took place in Munich, Germany, in September 2022. The 23 full papers
included in this volume were carefully reviewed and selected from 27 submissions. - 17th
International ERCIM/EWICS/ARTEMIS Workshop on Dependable Smart Embedded Cyber-Physical
Systems and Systems-of-Systems (DECSoS 2021) - 3rd International Workshop on Dependable
Development-Operation Continuum Methods for Dependable Cyber-Physical System (DepDevOps
2022) - 9th International Workshop on Next Generation of System Assurance Approaches for Critical
Systems (SASSUR 2022) - 1st International Workshop on Security and Safety Interaction (SENSEI
2022) - 3rd International Workshop on Underpinnings for Safe Distributed Artificial Intelligence
(USDAI 2022) - 5th International Workshop on Artificial Intelligence Safety Engineering (WAISE
2022)

incose guide for writing requirements: Management Essentials for Civil Engineers Cody
A Pennetti, C. Kat Grimsley, Brian Grindall, 2024-09-24 The Civil Engineer's Guide to Effective
Project Management The success of a project requires more than technical calculations and designs.
As detailed in this book, effective management of civil engineering projects requires the ability to
align project operations with the broader context of stakeholder objectives. Management Essentials
for Civil Engineers offers a comprehensive guide for civil engineers seeking to enhance their project
management and business development skills, focusing on integrating technical expertise with
strategic leadership and organizational insight. Essential Concepts Included in this Book: Tailored
Project Management Principles designed explicitly for civil engineers to align project outcomes with
defined objectives for success. Leadership and Power Dynamics to understand and leverage various
forms of power for leading teams towards consistently achieving objectives. Risk Navigation to
develop skills in anticipating, managing, and responding effectively to threats and opportunities.
Contract Law and Liability covering the complexities specific to civil engineering. Effective
Communication strategies to enhance interactions with diverse clients, design teams, and



stakeholders. Focus on Value Creation, shifting from technical solutions to creating significant value
in projects. Systems Perspective viewing projects as integral components of broader operational
frameworks, including program and portfolio management Supplementing the content of each
chapter is a narrative that threads through the core topics of this book, providing tangible context to
theoretical constructs. This narrative approach makes the book more engaging and helps readers to
apply the concepts in practice. Authored by three professionals with backgrounds in engineering,
law, and business, this book combines insightful experiences with practical recommendations. The
interdisciplinary approach underscores the book's comprehensive nature, as it provides theoretical
constructs and practical recommendations that can be directly applied to real-world projects. A
resource designed for both emerging leaders and seasoned professionals, this textbook offers a
tailored approach to project management and leadership for civil engineers. It provides the tools to
navigate projects toward success, ensuring sustainability and alignment with broader objectives.

incose guide for writing requirements: Enterprise Interoperability Marten van Sinderen,
Vincent Chapurlat, 2015-05-19 This book constitutes the proceedings of the 6th International IFIP
Working Conference on Enterprise Interoperability, IWEI 2015, held in Nimes, France, in May 2015.
The event was organized by the IFIP Working Group 5.8 on Enterprise Interoperability in
co-operation with INTEROP-VLab and PGSO (Pole Grand Sud Ouest) from INTEROP-Vlab. The theme
for IWEI 2015 was “From Enterprise Interoperability Modelling and Analysis to Enterprise
Interoperability Engineering.” The nine full, four short, and two industrial papers presented in this
volume were carefully selected from 20 submissions. The selection was based on a thorough review
process, in which each paper was reviewed by at least three experts in the field. The papers are
representative of the current research activities in the area of enterprise interoperability. They cover
a wide spectrum of enterprise interoperability issues, including foundational theories, frameworks,
architectures, methods and guidelines, and applications and case studies.

incose guide for writing requirements: Enterprise Interoperability Bernard Archimede,
Bruno Vallespir, 2017-05-24 Interoperability of enterprises is one of the main requirements for
economical and industrial collaborative networks. Enterprise interoperability (EI) is based on the
three domains: architectures and platforms, ontologies and enterprise modeling. This book presents
the EI vision of the “Grand Sud-Ouest” pole (PGSO) of the European International Virtual Laboratory
for Enterprise Interoperability (INTEROP-VLab). It includes the limitations, concerns and
approaches of EI, as well as a proposed framework which aims to define and delimit the concept of
an EI domain. The authors present the basic concepts and principles of decisional interoperability as
well as concept and techniques for interoperability measurement. The use of these previous
concepts in a healthcare ecosystem and in an extended administration is also presented.

incose guide for writing requirements: Engineering Intelligent Systems Barclay R. Brown,
2022-09-16 Engineering Intelligent Systems Exploring the three key disciplines of intelligent
systems As artificial intelligence (AI) and machine learning technology continue to develop and find
new applications, advances in this field have generally been focused on the development of isolated
software data analysis systems or of control systems for robots and other devices. By applying
model-based systems engineering to Al, however, engineers can design complex systems that rely on
Al-based components, resulting in larger, more complex intelligent systems that successfully
integrate humans and Al. Engineering Intelligent Systems relies on Dr. Barclay R. Brown'’s 25 years
of experience in software and systems engineering to propose an integrated perspective to the
challenges and opportunities in the use of artificial intelligence to create better technological and
business systems. While most recent research on the topic has focused on adapting and improving
algorithms and devices, this book puts forth the innovative idea of transforming the systems in our
lives, our societies, and our businesses into intelligent systems. At its heart, this book is about how
to combine systems engineering and systems thinking with the newest technologies to design
increasingly intelligent systems. Engineering Intelligent Systems readers will also find: An
introduction to the fields of artificial intelligence with machine learning, model-based systems
engineering (MBSE), and systems thinking—the key disciplines for making systems smarter An



example of how to build a deep neural network in a spreadsheet, with no code or specialized
mathematics required An approach to the visual representation of systems, using techniques from
moviemaking, storytelling, visual systems design, and model-based systems engineering An analysis
of the potential ability of computers to think, understand and become conscious and its implications
for artificial intelligence Tools to allow for easier collaboration and communication among
developers and engineers, allowing for better understanding between stakeholders, and creating a
faster development cycle A systems thinking approach to people systems—systems that consist only
of people and which form the basis for our organizations, communities and society Engineering
Intelligent Systems offers an intriguing new approach to making systems more intelligent using
artificial intelligence, machine learning, systems thinking, and system modeling and therefore will
be of interest to all engineers and business professionals, particularly systems engineers.

incose guide for writing requirements: Recent Trends and Advances in Model Based Systems
Engineering Azad M. Madni, Barry Boehm, Daniel Erwin, Mahta Moghaddam, Michael Sievers,
Marilee Wheaton, 2022-03-24 This volume comprises papers from the 18th Conference on Systems
Engineering Research (CSER). The theme of this volume, “Recent Trends and Advances in
Model-Based Systems Engineering,” reflects the fact that systems engineering is undergoing a
transformation motivated by mission and system complexity and enabled by technological advances
such as model-based systems engineering, digital engineering, and the convergence of systems
engineering with other disciplines. This conference is focused on exploring recent trends and
advances in model-based systems engineering (MBSE) and the synergy of MBSE with simulation
technology and digital engineering. Contributors have submitted papers on MBSE methods,
modeling approaches, integration of digital engineering with MBSE, standards, modeling languages,
ontologies and metamodels, and economics analysis of MBSE to respond to the challenges posed by
21st century systems. What distinguishes this volume are the latest advances in MBSE research, the
convergence of MBSE with digital engineering, and recent advances in applied research in MBSE,
including growing convergence with systems science and decision science. This volume is
appropriate as a reference text in graduate engineering courses in Model-Based Systems
Engineering.

incose guide for writing requirements: Complex Systems Design & Management Gérard
Auvray, Jean-Claude Bocquet, Eric Bonjour, Daniel Krob, 2015-11-05 This book contains all refereed
papers that were accepted to the sixth edition of the « Complex Systems Design & Management
Paris » (CSD&M Paris 2015) international conference which took place in Paris (France) on
November 23-25, 2015.These proceedings cover the most recent trends in the emerging field of
complex systems sciences & practices from an industrial and academic perspective, including the
main industrial domains (aeronautics & aerospace, defense & security, electronics & robotics,
energy & environment, health & welfare, software & e-services, transportation), scientific &
technical topics (systems fundamentals, systems architecture & engineering, systems metrics &
quality, systems modeling tools) and systems types (artificial ecosystems, embedded systems,
software & information systems, systems of systems, transportation systems).The CSD&M Paris
2015 conference is organized under the guidance of the CESAMES non-profit organization, address:
CESAMES, 8 rue de Hanovre, 75002 Paris, France.
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