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Prof. Dr. Christopher Shneider Cerqueira

* Quick Educational Background Presentation

* Industrial Informatics Professional Technical School
(ETEP —1998-2003)

 Computer Engineer — AR Researcher (unirei - 2005-2011)

e Space Engineering and Technology Master (inpe - 2012-
2014)

e Space Engineering and Technology PhD (inpe - 2014-2018)

» Systems Engineering / Aeronautics & Aerospace
Engineering Professor (ma-201s-2025)

* Systems Engineering (erau-2025-now)

cerqueic@erau.edu

WWW.cscerqgueira.com.br

4 Let's be friends in Pokémon GO! My Trainer Code is 512244814898!


mailto:cerqueic@erau.edu
http://www.cscerqueira.com.br/

Prof. Dr. Christopher Shneider Cerqueira

* Quick Industry Background Presentation

* Product Line experience developing embedded
systems (then called microcontroller programming).

* FPGA development for missile on-board computers.

 Augmented Reality projects supporting digital
transformation in museumes.

* Worked in Satellite Integration Rooms.
* Experience in Concurrent Design Facilities for space

mission design.
 Reviewer/manager of life-cycle, architectures, and e ,

requirements for projects of the Brazilian Space cerqueic@erau.edu

Agency and the Brazilian Air Force. WWw.cscerqueira.com.br

* Systems Engineering of the UTM effort at Brazil.
5 * And now—I'm here! @


mailto:cerqueic@erau.edu
http://www.cscerqueira.com.br/

A goal of education is. to assist
growth toward greater complexity
and integration and to assist in the

process of self-organization - to

modify individuals capacity to
modify themselves.
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It SHALL
operate at
-50C to
200°C!

The system SHALL
respond in 0.1ms!

(" Yeah...it'll work. Y
| Butnotexactly | &
how they wrote it. )

REQUIREMENTS
SPECIFICAT\ON

— SHALL. —
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1) The system SHALL never crash. (Great, we’re building
immortality now?)
2) The vehicle SHALL comply with all future regulations. (Nice
try, maybe fortune teller wrote this.)
3) The interface SHALL be user-friendly. (define friendly.
handshakes? compliments?)
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What is a Requirement?



What is a Specification?



What is a Requirement
Specification?



How do we guarantee
that we made the

system right?



How do we guarantee
that we made the right

system?



Academic Contract

https://erau.simplesyllabus.com/doc/ediycyfog/Daytona%2FPrescott-2025-Fall-DB-
SYS-530-01DB-System-Requirements-Analysis-and-Modeling?mode=view
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() SYS 530 System Requirements Analysis and Modeling
3 Credits (3,0)

* This course is concerned with the development, definition, and
management of requirements for system or product.

* Topics include the system requirements process, requirements elicitation
techniques, alternative requirements analysis techniques, requirements
specification, requirements verification and validation, requirements
management, and requirements standards and tools.

* Issues such as stakeholder identification, risk analysis, trade off analysis as
it relates to the requirements will be covered.



" Course Goals

e SYS530-01DB-CG-01 - Students will learn how to analyze and
e SYS530-01DB-CG-02 - validate customer needs,
* SYS530-01DB-CG-03 - expectations, and

* SYS530-01DB-CG-04 - system concepts in the development of system
requirements.

* SYS530-01DB-CG-05 - They will explore techniques for defining and
* SYS530-01DB-CG-06 - techniques for modeling system requirements

 RATIONALE: that align with both customer and developer goals
throughout the system realization process



Student Learning Outcomes

* Describe the essential elements of system requirements engineering.
 Distinguish between various requirements specification techniques.

* Analyze requirements specifications for validation and verification
purposes.

* Formulate requirements and specifications for large-scale software and
systems.

* |dentify tools and techniques for systems requirements management.
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W Dates Topic Ref Activity
Course Introduction [11[6]
35 26-Aug Systems Engineering Review 71091 Groups & Names
Requirement Engineering (Generic Process)
. . [2] .
36 2-5ep Lego exercise01 - First assessment (10] Exercise Report
Definition and Structure of Requirements [B][&] _ _
8.5e Exercise List
37 P Functional and non-functional Requirements [10]
38 16-Sep Elicitation Technigues ( Interview / Rich Picturef use Group Project Delivery
Cases )
39 23-Sep Rules for need and requirement statements [2][3] Exercise List
Attributes of need and requirement statements
30-5e Exercise List
40 P Boilerplates/patterns 2]
41 7-Oct [Carrer Explo] * Reading activity
Self-paced t
42 14-Oct Midterm Session wipRoec conoep

[Fall break]

questions
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w

Dates Topic

Ref Activity

21-0ct MBSE Trends

**  Group Project Delivery

28-0Oct Traceability - Organization

[5]] Group Project Delivery

Metadata: Rationale + Verification and Validation

d4-Mov 4] Group Project Delive
45 (Success Criteria) L2141 p o b
46 11-Mov [Veterans Day] *reading activity

18-Mov Lego Exercise 02 2] Exercize Report
47 [10]
48 25-Mov System Requirement Review Presentation (G1-G4)
[Thanksgiving]

48 2-Dec System Requirement Review Presentation (G5-G8)

8.Dec S-&lf-p_a::ed concept
49 Finals questions and a small

case




* Level 4 — Self-Assessment (10%)

* Level 3 — Group Case (Report-Presentation) (40%)
* Group reports. (50% of)
* Presentation (50% of)

 Level 2 — Final Individual Exam (15%)
* Final quiz (10 questions max + case)

* Level 1 — Mid Individual Exam (15%)
* Mid quiz (10 questions max + case)

* Level 0 — Homework Quizzes/Lists (20%)
* quizzes w/ max 10 questions each.
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“Final considerations

* This course is being “organized to
ERAU”.

* Problems are expected.
 We are going to work hard to solve
them.

* Expecting feedbacks and lessons
learned through the semester.

* We need to be in this
endeavor.

* Hope you have fun learning through
the course.




A little background before we
start....

23
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INCOSE Systems Engineering Handbook

INCOSE P

Systems Engineering

(SEH) History <7 HANDBOOK

MIL-STD-499B  EIA/IS-632 ANSI/EIA-632 ANSI/EIA-632
Draft Dec 1994 Jan 1999 Sep 2003 ISO/IEC/IEEE ISO/IEC/IEEE

Sept 1993 ISO/IEC15288:2002 ISO/IEC/IEEE 15288:2008 15288:2015 15288:2023
Nov 2002 Feb 2008 May 2015 May 2023
4 4

SEH Draft SEHv1 SEH v2 SEH v2A SEH V3 SEH V3.1 SEH V3.2 SEH SE

Jun 1994 Jan 1998 Jul 2000 Jun 2004 Jun 2006 Aug 2007 Jan 2010

© Copyright 2023 Sysnovation, LLC. Used by INCOSE with Permission

SEBoK
Sep 2012 ...

Handbook Overview www.incose.org
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Three Main SEH Inputs ncost B IANDBOOK

INTERNATIONAL ISONEG/
STANDARD IEEE
15288

ISO/IEC/IEEE 15288 standard

*  Developed by the consensus of SE experts from
government, industry, and academia

*  Defines a set of processes and associated
o . g Systems Engineering
terminology weost B HANDBOOK

SYSTEMS ENGINEERING HANDBOOK

A GUIDE FOR SYSTEM LIFE CYCLE PROCESSES AND ACTIVITIES

o]
< IEEE

r—

INCOSE Working Groups

Subject Matter Experts from the INCOSE
technical community serve as section
authors

* Handbook includes summaries and pointers
to INCOSE Working Group products

FIFTH EDITION

n

| P{COSE International Council on Systems Engineering WILEY

SE Body of Knowledge (SEBoK)

. Reflects the state-of-the-knowledge of Systems
Engineering

*  Provides a widely accepted, community-based, and
regularly updated wiki-based baseline of SE
knowledge

Handbook Overview www.incose.org 7
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Agreement
Processes

SECTION 2.3.2

Acquisition
SECTION 2.3.2.

Supply
SECTION 23.2.2

Life Cycle Model
Management
SECTION 2331 T

Infrastructure
Management
SECTION 2.3.3.2

Portfolio
Management
SECTION 2.3.3.3

Human Resource
Management
SECTION 2.3.3.4

Quality
Management
SECTION 2.3.3.5

Knowledge
Management
SECTION 2.3.3.6
Organization
Project Enabling
Processes

SECTION 2.3.3

Technical Management Processes Continual planning, assessment, and control

across all processes and life cycle stages.

‘ SECTION 2.3.4
. | T Project Project Decision Risk Configuration Information  Measurement Quality
Planning Assessment & | Management | Management Management Management Assurance
Control : ?
SECTION 2.3.41 SECTION 2.3.4.2 | SECTION 2343 | SECTION 2.3.4.4  SECTION 2.3.45 SECTION 2.3.4.6  SECTION 2.3.4.7 SECTION 2.3.4.8
ailoring Invoked by
sacnou a ‘ processes
| as needed —_
(,ePt Defln,t / ' throughout ] oep\oyme,,,
: . lifecycle & ‘,\P“‘ %0
¢ \ 5,
' | ©
ceve Business or Mission | e Operation
Snmcysis i it Technical Processes SAEHTN 1
SECTION 2.3.51 i y
| SECTION 2.35.6 SECTINE 25 Transition Disposal
‘ _ ) 7 SECTION 2.3.510 SECTION 2.3.5.14
Stakeholder Needs and Maintenance
Requirements Definition xem Deﬂhit Real SECTION 2.3.5.13
SECTION 2.3.5.2 o¥° /o, ) 0,
System System T RN
— Requirements Architecture Ss\éi:g'riaztlgg 9 SE::‘:?;“;"S 1 —
Definition Definition i, i
ECTION 2.3.5.3  SECTION 2.3.54 {
Implementation Integration f [ g 1
SECTION 2.3.5.7  SECTION 2.3.5.8
Design — ,Ctoncqrrency
Definition = lteration
SECTION 2.3.5.5 ‘ 5 T?
Recursion
L. o

FIGURE 2.10 System life cycle processes per ISO/IEC/IEEE 15288. INCOSE SEH original figure created by Roedler and Walden. Usage per the INCOSE Notices
page. All other rights reserved.



Technical Management Processes € ) —wes

System of Interest

Technical Processes

System of Interest
Elements

Lol )}—

g
8.0
o 1

LR ]
) — 0P0 | |8 0| 850
G L oF a® H

FIGURE 2.12 Concurrency, iteration, and recursion. INCOSE SEH original figure created by Roedler and Walden. Usage per the
INCOSE Notices page. All other rights reserved.
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Cyber Domain
urewoq awinLepy

NATO - MultiDomain Framework + Social

https://www.act.nato.int/article/mdo-in-nato-explained/

https://sebokwiki.org/wiki/System_Resilience



Super Fast Systems Engineering
Review
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At the beginning there was only chaos

e At the beginning there was only Chaos,

Night, dark Erebus, and deep Tartarus.

Earth, the air and heaven had no existence.
[695] Firstly, blackwinged Night laid a germless egg in the
bosom of the infinite deeps of Erebus, and from this, after
the revolution of long ages, sprang the graceful Eros with
his glittering golden wings, swift as the whirlwinds of the
tempest. He mated in deep Tartarus with dark Chaos,
winged like himself, and thus hatched forth our race,
which was the first to see the light. [700] That of the
Immortals did not exist until Eros had brought together all
the ingredients of the world, and from their marriage
Heaven, Ocean, Earth and the imperishable race of
blessed gods sprang into being. Thus our origin is very
much older than that of the dwellers in Olympus. We are
the offspring of Eros; there are a thousand proofs to show
it. We have wings and we lend assistance to lovers. [705]
How many handsome youths, who had sworn to remain
insensible, have opened their thighs because of our power
and have yielded themselves to their lovers when almost
at the end of their youth, being led away by the gift of a
quail, a waterfowl, a goose, or a cock.

Aristophanes, Birds, line 685 (tufts.edu)



https://en.wikipedia.org/wiki/Chaos_(cosmogony)
https://en.wikipedia.org/wiki/Chaos_(cosmogony)
https://en.wikipedia.org/wiki/Chaos_(cosmogony)
http://www.perseus.tufts.edu/hopper/text?doc=Perseus%3Atext%3A1999.01.0026%3Acard%3D685

" The growth of complexity in systems

" Mechanical Electromechani Intelligent Connected New
system cal system system system servi
T | 1 T 1T | i Tl
 Mechanics. *Sensors « Controllers/ e Communicati  *Al
* Materials. *Actuators Lprocessors ons eloT
* Production *Power * Software * Network * Industry
systems. electronics * Control control 4.0
*Signal systems systems
conditioning «|[EEE 1012
*|S0O 15288 * Communicati
*|S0O 26262 ons
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https://doi.org/10.4271/12-03-02-0011
https://doi.org/10.4271/12-03-02-0011
https://doi.org/10.4271/12-03-02-0011
https://doi.org/10.4271/12-03-02-0011
https://doi.org/10.4271/12-03-02-0011
https://doi.org/10.4271/12-03-02-0011
https://doi.org/10.4271/12-03-02-0011

Ending scene from 1971 movie THX 1138

https://www.youtube.com/watch?v=atMdfOrhbpl

14 /complexity-theory-ii-m-woermann/




What is Systems Engineering?

Systems Engineering is a transdisciplinary approach and means, based on systems
principles and concepts, to enable the successful realization, use and retiral of
engineered systems.

It focuses on

establishing stakeholders’ , and defining actual or
anticipated customer needs and required functionality early in the development cycle,
establishing an = _ and process approach considering the
levels of complexity, uncertainty and change

documenting and and for each phase of

the endeavour
proceeding with
while considering the and

SystemsIEdngineeIring provides facilitation, guidance and leadership to integrate all the disciplines and specialty groups into a team effort forming an appropriately structured development process that proceeds from concept to production to operation, evolution and
eventual disposal.

Systems Engineering considers both the business and the technical needs of all customers with the goal of providing a quality solution that meets the needs of users and other stakeholders and is fit for the intended purpose in real-world operation, and avoids or
minimizes adverse unintended consequences.

A fresh look at Systems Engineering — what is it, how should it work?
28t Annual INCOSE International Symposium - 2018



Stakeholders
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‘Stakeholders

* A stakeholder is any individual, group or organization that can affect, be
affected by a project.
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Life cycle
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Life cycle

* Engineered Systems have a life cycle.

* Life cycle is a series of stages through which a system passes during its lifetime

* Life cycle considers the evolution of a system from conception through retirement

@-¢-2-pl-0-T

CONCEPT DESIGN REALIZATION PRODUCTION UTILIZATION RETIREMENT
AND SUPPORT
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Life cycle requirements

* Life cycle requirements promote the anticipated understanding about
future system attributes

Life-Cycle
Requirements

s N\

_ Utilization stage _
Development Production Retirement
stage stage stage

Support stage
\ Life-Cycle /

Requirements

Concepl stage
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What is a CONOPS?

e Description of how the System will be operated to meet stakeholder
expectations

* Explains your system’s characteristics from an operational perspective and
helps facilitate an understanding of the system’s purpose

* |llustrates a day in the life of your system’s intended use
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Functions
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Function (action/activity)

A function is an action, an operation or a service, performed by the
system or one of its components, or also by an actor interacting with the

system.

* Performing a expected by
other functions, and to do this, it requires other items provided by other
functions.

e Several into a mother function (they are then

called subfunctions, or daughter functions, of this function).
Symmetrically, a function can be refined into several functions.

* By convention, a function is named with a verb.
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https://www.vitechcorp.com/resources/core/onlinehelp/desktop/Views/Enhanced_Function_Flow_Block_Diagram_(EFBD).htm
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req u i re me nt [ ri-kwahyuh r-muhnt ] sHow IPa o)

noun

that which is required; a thing demanded or obligatory:
One of the requirements of the job is accuracy.

MJ

an act or instance of requiring.

a need or necessity:
to meet the requirements of daily life.
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* Functional Requirements describe what the system should do and Non-
functional Requirements place constraints on how these functional
requirements are implemented.
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Verification

* The verification of a product shows proof of compliance with
requirements — the product can meet each "must" claim as proven

through the performance of a test, analysis, inspection or demonstration
(or combination of these).

* Verification is a process of confirming that a requirement or system is
compliant.

* In other words, the system checker asks the question: Does the system meet your
requirements?

 The requirements checker asks the question: Does the system really meet this
specific requirement?
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j : '
Validation

* VALIDATION of a product shows that the product fulfills its intended
purpose in the intended environment — that it meets the expectations of
the customer and other stakeholders, as demonstrated by the
performance of a test, analysis, inspection, or demonstration.

* Validation is a process of confirming that a set of requirements, design, or
system meets the intent of the developer or customer.
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Architecture
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54

*System architecture is the embodiment of

concept, the allocation of
physical/informational function to the
elements of form, and the definition of
relationships among the elements and
with the surrounding context.
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= \We know the basic SE Framework
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What is a Requirement?



statement which translates or expresses a

need and its associated constraints and
conditions (ISO/IEEE 15288 — 2023)

(problem domain)

Stakeholder Need (informal):
“I want the drone to fly long enough to inspect a large farm field.”
Requirement (formal, testable):
61 "The drone shall have an endurance of at least 2 hours on a single battery charge.”



What is a Specification?



statement that describes the
implementation

(solution domain)

Power shall be provided by a rechargeable lithium-ion battery pack integrated into
the airframe.
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What is a Requirement
Specification?



The process of documenting a system’s
requirements in a structured, shareable,
and manageable form. (DoD Glossary)



How do we guarantee
that we made the

system right?



Verification — confirmation, through the
provision of objective evidence, that
specified requirements have been fulfilled
(ISO/IEEE 15288 — 2023)



How do we guarantee
that we made the right

system?



Validation - confirmation, through the
provision of objective evidence, that the
requirements for a specific intended use or
application have been fulfilled. (ISO/IEEE
15288 — 2023)



Final Considerations
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Final Considerations

e Systems Engineering is the big picture — it provides the structured process to
move from needs to solutions.

* Requirements are the link glue — they connect what stakeholders want with
what engineers will design, build, and verify.

* Requirements guide the lifecycle — they support design, integration, testing,
and validation across the system’s development.

* Requirements evolve — they are elicited, analyzed, specified, and validated,
always aligned with the system mission and constraints.

* Good requirements matter — clear, complete, and testable requirements reduce
misunderstandings, rework, and cost.

* Requirements are both technical and social — they act as a communication tool
between people and as a formal baseline for the project.

* Our goal in this course — to practice methods and techniques that help us write
requirements that enable successful systems.
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