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Introduction

Introductions

The requirements specification identifies those requirements that the
design must satisfy in order for it to be successful.

It is, in effect, the mission statement that drives all subsequent stages
of development, and, when finished, should be
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Introduction

Learning Objectives

By the end of this chapter, you should:

Understand the properties of an engineering requirement and know
how to develop well-formed requirements that meet the properties.

Be familiar with engineering requirements that are commonly
specified in electrical and computer systems.

Understand the properties of the complete requirements specification,
as well as knowing the steps to develop one.

Be able to conduct advanced requirements analysis to identify
tradeoffs.

February 8, 2022 5 / 38



Introduction

Learning Objectives

By the end of this chapter, you should:

Understand the properties of an engineering requirement and know
how to develop well-formed requirements that meet the properties.

Be familiar with engineering requirements that are commonly
specified in electrical and computer systems.

Understand the properties of the complete requirements specification,
as well as knowing the steps to develop one.

Be able to conduct advanced requirements analysis to identify
tradeoffs.

February 8, 2022 5 / 38



Introduction

Learning Objectives

By the end of this chapter, you should:

Understand the properties of an engineering requirement and know
how to develop well-formed requirements that meet the properties.

Be familiar with engineering requirements that are commonly
specified in electrical and computer systems.

Understand the properties of the complete requirements specification,
as well as knowing the steps to develop one.

Be able to conduct advanced requirements analysis to identify
tradeoffs.

February 8, 2022 5 / 38



Introduction

Learning Objectives

By the end of this chapter, you should:

Understand the properties of an engineering requirement and know
how to develop well-formed requirements that meet the properties.

Be familiar with engineering requirements that are commonly
specified in electrical and computer systems.

Understand the properties of the complete requirements specification,
as well as knowing the steps to develop one.

Be able to conduct advanced requirements analysis to identify
tradeoffs.

February 8, 2022 5 / 38



Introduction

Overview of Process [IEEE-STD 1233]

From IEEE Guide for developing system requirements specifications

February 8, 2022 6 / 38



Introduction

Definitions

1 Marketing requirements

2 Engineering requirements

3 Requirements Specification

February 8, 2022 7 / 38



Introduction

Definitions

1 Marketing requirements

2 Engineering requirements

3 Requirements Specification

February 8, 2022 7 / 38



Introduction

Definitions

1 Marketing requirements

2 Engineering requirements

3 Requirements Specification

February 8, 2022 7 / 38



Engineering Requirements

Outline

1 Introduction

2 Engineering Requirements

3 Constraints

4 More on Developing Requirements Specification

5 Advanced Requirements Analysis

February 8, 2022 8 / 38



Engineering Requirements

Engineering Requirements

Abstract.

what the system will do, not how it will be implemented.
What versus How (e.g., bridge)

Verifiable

Should be measurable after realization
Are we building the system correctly?

Unambiguous.

Should have one meaning
Use short sentence

Traceable.

Traceable to marketing to marketing requirements

February 8, 2022 9 / 38



Engineering Requirements

Engineering Requirements

Abstract.

what the system will do, not how it will be implemented.

What versus How (e.g., bridge)

Verifiable

Should be measurable after realization
Are we building the system correctly?

Unambiguous.

Should have one meaning
Use short sentence

Traceable.

Traceable to marketing to marketing requirements

February 8, 2022 9 / 38



Engineering Requirements

Engineering Requirements

Abstract.

what the system will do, not how it will be implemented.
What versus How (e.g., bridge)

Verifiable

Should be measurable after realization
Are we building the system correctly?

Unambiguous.

Should have one meaning
Use short sentence

Traceable.

Traceable to marketing to marketing requirements

February 8, 2022 9 / 38



Engineering Requirements

Engineering Requirements

Abstract.

what the system will do, not how it will be implemented.
What versus How (e.g., bridge)

Verifiable

Should be measurable after realization
Are we building the system correctly?

Unambiguous.

Should have one meaning
Use short sentence

Traceable.

Traceable to marketing to marketing requirements

February 8, 2022 9 / 38



Engineering Requirements

Engineering Requirements

Abstract.

what the system will do, not how it will be implemented.
What versus How (e.g., bridge)

Verifiable

Should be measurable after realization

Are we building the system correctly?

Unambiguous.

Should have one meaning
Use short sentence

Traceable.

Traceable to marketing to marketing requirements

February 8, 2022 9 / 38



Engineering Requirements

Engineering Requirements

Abstract.

what the system will do, not how it will be implemented.
What versus How (e.g., bridge)

Verifiable

Should be measurable after realization
Are we building the system correctly?

Unambiguous.

Should have one meaning
Use short sentence

Traceable.

Traceable to marketing to marketing requirements

February 8, 2022 9 / 38



Engineering Requirements

Engineering Requirements

Abstract.

what the system will do, not how it will be implemented.
What versus How (e.g., bridge)

Verifiable

Should be measurable after realization
Are we building the system correctly?

Unambiguous.

Should have one meaning
Use short sentence

Traceable.

Traceable to marketing to marketing requirements

February 8, 2022 9 / 38



Engineering Requirements

Engineering Requirements

Abstract.

what the system will do, not how it will be implemented.
What versus How (e.g., bridge)

Verifiable

Should be measurable after realization
Are we building the system correctly?

Unambiguous.

Should have one meaning

Use short sentence

Traceable.

Traceable to marketing to marketing requirements

February 8, 2022 9 / 38



Engineering Requirements

Engineering Requirements

Abstract.

what the system will do, not how it will be implemented.
What versus How (e.g., bridge)

Verifiable

Should be measurable after realization
Are we building the system correctly?

Unambiguous.

Should have one meaning
Use short sentence

Traceable.

Traceable to marketing to marketing requirements

February 8, 2022 9 / 38



Engineering Requirements

Engineering Requirements

Abstract.

what the system will do, not how it will be implemented.
What versus How (e.g., bridge)

Verifiable

Should be measurable after realization
Are we building the system correctly?

Unambiguous.

Should have one meaning
Use short sentence

Traceable.

Traceable to marketing to marketing requirements

February 8, 2022 9 / 38



Engineering Requirements

Engineering Requirements

Abstract.

what the system will do, not how it will be implemented.
What versus How (e.g., bridge)

Verifiable

Should be measurable after realization
Are we building the system correctly?

Unambiguous.

Should have one meaning
Use short sentence

Traceable.

Traceable to marketing to marketing requirements

February 8, 2022 9 / 38



Engineering Requirements

Example

The robot must have an average forward speed of 0.5 feet/second, a trip
speed of at least 1 foot/second, and the ability to accelerate from stand still
to the average speed in under 1 second.

Abstract, Verifiable, Unambiguous
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Engineering Requirements

Example

The robot must employ IR sensors to sense its external environment and
navigate autonomously with a battery life of 1 hour.

Not abstract, Not Verifiable, Somewhat ambiguous
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Engineering Requirements

Example

The robot must navigate autonomously, with the aid of only landmarks in
the specified environment for a period of at least 1 hour.

Abstract, Verifiable, Somewhat ambiguous
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Engineering Requirements

A Fifth Property Realism

IMPORTANT – Your requirements for your project must also be
REALISTIC.

robot should travel at speed of 1000,000 miles per hour!

�A You need to demonstrate that the target you have selected is
technically feasible.

How are you going to do this? (Violate abstractness for a moment-
get feedback from engineering team)
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Constraints

Constraints

Constraint = design decision imposed by the environment or a stakeholder
that impacts or limits the design. (see the original overview diagram).
Example
The system must use a PIC18F52 microcontroller to implement processing
functions.
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Constraints

Standards

A standard is a systematic way of doing things that ensure interoperability.

Question is, what standards are relevant to your project and how do
you use them?

Different levels of usage

User (e.g, standard communication protocol)
Implementation (e.g., json format)
Developer (e.g., code comments)

Types: safety, testing, reliability, communication, data,
documentation, design, ...
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Constraints

Identifying Engineering Requirements

Structured workshops and brainstorming

Interviews and surveys

Observation of processes and devices in use

Benchmarking and market analysis

Prototyping and simulation

Research survey
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Constraints

Engineering Requirement Examples

Need to know what type of requirement to select for a given system.

These are but EXAMPLES – you must determine the correct ones for
your system!

Hint: don’t just try to copy and paste them.

February 8, 2022 18 / 38



Constraints

Engineering Requirement Examples

Performance

The system should detect 90% of all human faces in an image.
The amplifier will have a total harmonic distortion less than 1%.

Reliability & Availability

The system will have a reliability of 95% in five years.
The system will be operational from 4AM to 10PM, 365 days a year.

Economic

Total cost of developing the system should not exceed $50,000
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Constraints

Engineering Requirement Examples

Energy

The system will operate for a minimum of three hours without needing
to recharge

Environmental

The system should be able to operate in the temperature range of 0°C
to 75°C.
The system must be waterproof and operate while submersed in water.
Health and Safety

The door should stop moving if a person or object is detected in the
door path.
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Constraints

Engineering Requirement Examples

Social and Cultural

The product shall provide help menus to the user in either English or
Spanish.

Political

This system will need in obtain FDA approval before it can he sold to
medical users.
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More on Developing Requirements Specification

Requirements Specification

The requirements specification is the complete set (engineering and marketing)
of all system requirements.

Identify them from customer or environment.

Ensure the engineering requirements are well formed

Organize the requirements (Will show examples)

Validate the requirements
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More on Developing Requirements Specification

Properties of the Requirements Specification

1 Normalized (orthogonal) set

No overlap or redundancy

2 Complete

Cover marketing requirements

3 Consistent

No conflict

4 Bounded

Within some range

5 Modifiable

Room for improvement
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More on Developing Requirements Specification

How do you VALIDATE requirements?

Ask the customer if the requirements meet their needs.

Usually done in teams.

For each engineering requirement

Traceable?
Verifiable?
Realistic & technical feasible?

For the complete Requirements Specification

Orthogonal?
Complete?
Consistent?
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More on Developing Requirements Specification

Case Study: Car Audio Amp
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More on Developing Requirements Specification

Case Study: iPod Hands Free
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More on Developing Requirements Specification

Case Study: Gigabit Ethernet Card Testing
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Advanced Requirements Analysis

The Engineering Marketing Tradeoff Matrix
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Advanced Requirements Analysis

The Engineering Tradeoff Matrix
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Advanced Requirements Analysis

Competitive BenchMarks

Competitive benchmarking helps to select targets for the engineering requirements
by analyzing competing systems.
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Advanced Requirements Analysis

Project Application: The Requirements Specification

A complete requirements document will contain:
Needs, Objectives, and Background (See Chapter 2).

Requirements.

Marketing requirements
Engineering requirements

Should be abstract, verifiable, and traceable
Some maybe constraints
Some may be standards

Advanced analysis

Engineering-marketing tradeoffs
Engineering-engineering tradeoffs
Benchmarks
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Advanced Requirements Analysis

References

Ford, Ralph Michael Coulston, Chris S - Design for electrical and
computer engineers theory, concepts, and practice-McGraw-Hill
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Advanced Requirements Analysis

Questions
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