
“Introduction to engineering”.

In Section 1 of this course you will cover these topics:
Engineering And Society

Organization And Representation Of Engineering Systems

Learning And Problem Solving

Topic : Engineering And Society

Topic Objective:

At the end of this topic students will be able to:

 Understand the term engineering

 Understand the concept of engineering in the society

 Understand engineering in social context

 Understand cultural presence of engineering

Definition/Overview:

Engineering: Engineering is the discipline and profession of applying scientific knowledge and

utilizing natural laws and physical resources in order to design and implement materials,

structures, machines, devices, systems, and processes that realize a desired objective and meet

specified criteria.
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Key Points:

1. Engineering

Engineering is the discipline and profession of applying technical and scientific knowledge and

utilizing natural laws and physical resources in order to design and implement materials,

structures, machines, devices, systems, and processes that realize a desired objective and meet

specified criteria. One who practices engineering is called an engineer, and those licensed to do

so may have more formal designations such as Professional Engineer, Chartered Engineer, or

Incorporated Engineer. The broad discipline of engineering encompasses a range of more

specialized sub-disciplines, each with a more specific emphasis on certain fields of application

and particular areas of technology.

2. History

The concept of engineering has existed since ancient times as humans devised fundamental

inventions such as the pulley, lever, and wheel. Each of these inventions is consistent with the

modern definition of engineering, exploiting basic mechanical principles to develop useful tools

and objects. The term engineering itself has a much more recent etymology, deriving from the

word engineer, which itself dates back to 1325, when an engineer (literally, one who operates an

engine) originally referred to a constructor of military engines. In this context, now obsolete, an

engine referred to a military machine, i. e., a mechanical contraption used in war (for example, a

catapult). The word engine itself is of even older origin, ultimately deriving from the Latin

ingenium, and meaning innate quality, especially mental power, hence a clever invention.

Later, as the design of civilian structures such as bridges and buildings matured as a technical

discipline, the term civil engineering[4] entered the lexicon as a way to distinguish between

those specializing in the construction of such non-military projects and those involved in the

older discipline of military engineering.
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2.1. Ancient Era

The Acropolis and the Parthenon in Greece, the Roman aquaducts, Via Appia and the

Colosseum, the Hanging Gardens of Babylon, the Pharos of Alexandria, the pyramids in

Egypt, Teotihuacn and the cities and pyramids of the Mayan, Inca and Aztec Empires, the

Great Wall of China, among many others, stand as a testament to the ingenuity and skill

of the ancient civil and military engineers.

2.2. Middle Era

An Iraqi by the name of al-Jazari helped influence the design of today's modern machines

when sometime in between 1174 and 1200 he built five machines to pump water for the

kings of the Turkish Artuqid dynasty and their palaces. The double-acting reciprocating

piston pump was instrumental in the later development of engineering in general because

it was the first machine to incorporate both the connecting rod and the crankshaft, thus,

converting rotational motion to reciprocating motion.

2.3. Renaissance Era

The first electrical engineer is considered to be William Gilbert, with his 1600

publication of De Magnete, who was the originator of the term "electricity". The first

steam engine was built in 1698 by mechanical engineer Thomas Savery. The

development of this device gave rise to the industrial revolution in the coming decades,

allowing for the beginnings of mass production.

With the rise of engineering as a profession in the eighteenth century, the term became

more narrowly applied to fields in which mathematics and science were applied to these

ends. Similarly, in addition to military and civil engineering the fields then known as the

mechanic arts became incorporated into engineering.
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2.4. Modern Era

Electrical Engineering can trace its origins in the experiments of Alessandro Volta in the

1800s, the experiments of Michael Faraday, Georg Ohm and others and the invention of

the electric motor in 1872. The work of James Maxwell and Heinrich Hertz in the late

19th century gave rise to the field of Electronics. The later inventions of the vacuum tube

and the transistor further accelerated the development of Electronics to such an extent

that electrical and electronics engineers currently outnumber their colleagues of any other

Engineering specialty.

Even though in its modern form Mechanical engineering originated in Britain, its origins

trace back to early antiquity where ingenuous machines were developed both in the

civilian and military domains. The Antikythera mechanism, the earliest known model of a

mechanical computer in history, and the mechanical inventions of Archimedes, including

his death ray, are examples of early mechanical engineering. Some of Archimedes'

inventions as well as the Antikythera mechanism required sophisticated knowledge of

differential gearing or epicyclic gearing, two key principles in machine theory that helped

design the gear trains of the Industrial revolution and are still widely used today in

diverse fields such as robotics and automotive engineering.

3. Branches of Engineering

Engineering, much like science, is a broad discipline which is often broken down into several

sub-disciplines. These disciplines concern themselves with differing areas of engineering work.

Although initially an engineer will be trained in a specific discipline, throughout an engineer's

career the engineer may become multi-disciplined, having worked in several of the outlined

areas. Historically the main Branches of Engineering are categorized as follows:
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 Aerospace Engineering: The design of aircraft, spacecraft and related topics.

 Chemical Engineering: The conversion of raw materials into usable commodities.

 Civil Engineering: The design and construction of public and private works, such as

infrastructure, bridges and buildings.

 Electrical Engineering: The design of electrical systems, such as transformers, as well

as electronic goods.

 Computer Engineering: The design of Softwares and Hardware-software integration.

 Mechanical Engineering: The design of physical or mechanical systems, such as

engines, power trains, kinematic chains and vibration isolation equipment.

With the rapid advancement of Technology many new fields are gaining prominence and new

branches are developing such as Computer Engineering, Software Engineering, Nanotechnology,

Molecular engineering, Mechatronics etc. These new specialties sometimes combine with the

traditional fields and form new branches such as Mechanical Engineering and Mechatronics and

Electrical and Computer Engineering.

For each of these fields there exists considerable overlap, especially in the areas of the

application of sciences to their disciplines such as physics, chemistry and mathematics.

4. Engineering in a Social Context

Engineering is a subject that ranges from large collaborations to small individual projects.

Almost all engineering projects are beholden to some sort of financing agency: a company, a set

of investors, or a government. The few types of engineering that are minimally constrained by

such issues are pro bono engineering and open design engineering.

By its very nature engineering is bound up with society and human behavior. Every product or

construction used by modern society will have been influenced by engineering design.

Engineering design is a very powerful tool to make changes to environment, society and

economies, and its application brings with it a great responsibility, as represented by many of the

Engineering Institutions codes of practice and ethics. Whereas medical ethics is a well-
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established field with considerable consensus, engineering ethics is far less developed, and

engineering projects can be subject to considerable controversy. Just a few examples of this from

different engineering disciplines are the development of nuclear weapons, the Three Gorges

Dam, the design and use of Sports Utility Vehicles and the extraction of oil. There is a growing

trend amongst western engineering companies to enact serious Corporate and Social

Responsibility policies, but many companies do not have these.

Engineering is a key driver of human development. Sub-Saharan Africa in particular has a very

small engineering capacity which results in many African nations being unable to develop

crucial infrastructure without outside aid. The attainment of many of the Millennium

Development Goals requires the achievement of sufficient engineering capacity to develop

infrastructure and sustainable technological development. All overseas development and relief

NGOs make considerable use of engineers to apply solutions in disaster and development

scenarios. A number of charitable organizations aim to use engineering directly for the good of

mankind:

 Engineers Without Borders

 Engineers Against Poverty

 Registered Engineers for Disaster Relief

 Engineers for a Sustainable World

5. Cultural Presence

Engineering is a well respected profession. For example, in Canada it ranks as one of the public's

most trusted professions. Sometimes engineering has been seen as a somewhat dry, uninteresting

field in popular culture, and has also been thought to be the domain of nerds. For example, the

cartoon character Dilbert is an engineer. One difficulty in increasing public awareness of the

profession is that average people, in the typical run of ordinary life, do not ever have any

personal dealings with engineers, even though they benefit from their work every day. By

contrast, it is common to visit a doctor at least once a year, the chartered accountant at tax time,

and, occasionally, even a lawyer.
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In science fiction engineers are often portrayed as highly knowledgeable and respectable

individuals who understand the overwhelming future technologies often portrayed in the genre.

Topic : Organization And Representation Of Engineering Systems

Topic Objective:

At the end of this topic students will be able to:

 Understand the meaning of engineering system

 Understand how to organize engineering system

 Understand hoe to represent engineering system

Definition/Overview:

Engineering System: Engineering Systems is an interdisciplinary field of engineering that

focuses on how complex engineering projects should be designed and managed. Issues such as

logistics, the coordination of different teams, and automatic control of machinery become more

difficult when dealing with large, complex projects. Engineering systems deals with work-

processes and tools to handle such projects, and it overlaps with both technical and human-

centered disciplines such as control engineering and project management.
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Key Points:

1. Engineering Systems

Engineering systems signifies both an approach and, more recently, as a discipline in

engineering. The aim of education in Engineering systems is to simply formalize the approach

and in doing so, identify new methods and research opportunities similar to the way it occurs in

other fields of engineering. As an approach, engineering systems is holistic and interdisciplinary

in flavor.

Engineering systems focuses on defining customer needs and required functionality early in the

development cycle, documenting requirements, then proceeding with design synthesis and

system validation while considering the complete problem, the system lifecycle. Oliver et al.

claim that the engineering systems process can be decomposed into

 An Engineering systems Technical Process, and

 An Engineering system Management Process.

Within Oliver's model, the goal of the Management Process is to organize the technical effort in

the lifecycle, while the Technical Process includes assessing available information, defining

effectiveness measures, to create a behavior model, create a structure model, perform trade-off

analysis, and create sequential build & test plan.

1.1. Need of Engineering System

The need for engineering systems arose with the increase in complexity of systems and

projects. When speaking in this context, complexity incorporates not only engineering

systems, but also the logical human organization of data. At the same time, a system can

become more complex due to an increase in size as well as with an increase in the

amount of data, variables, or the number of fields that are involved in the design. The

International Space Station is an example of such a system.
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The development of smarter control algorithms, microprocessor design, and analysis of

environmental systems also come within the purview of engineering systems.

Engineering systems encourages the use of tools and methods to better comprehend and

manage complexity in systems. Some examples of these tools can be seen here:

o Modeling and Simulation,

o Optimization,

o System dynamics,

o Systems analysis,

o Statistical analysis,

o Reliability analysis, and

o Decision making

Taking an interdisciplinary approach to engineering systems is inherently complex since

the behavior of and interaction among system components is not always immediately

well defined or understood. Defining and characterizing such systems and subsystems

and the interactions among them is one of the goals of engineering systems. In doing so,

the gap that exists between informal requirements from users, operators, marketing

organizations, and technical specifications is successfully bridged.

2. Engineering Systems Process

Depending on their application, tools are used for various stages of the engineering systems

process.
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3. Using Models

Models play important and diverse roles in engineering systems. A model can be defined in

several ways, including:

 An abstraction of reality designed to answer specific questions about the real world

 An imitation, analogue, or representation of a real world process or structure; or

 A conceptual, mathematical, or physical tool to assist a decision maker.

Together, these definitions are broad enough to encompass physical engineering models used in

the verification of a system design, as well as schematic models like a functional flow block

diagram and mathematical (i.e., quantitative) models used in the trade study process.

The main reason for using mathematical models and diagrams in trade studies is to provide

estimates of system effectiveness, performance or technical attributes, and cost from a set of

known or estimable quantities. Typically, a collection of separate models is needed to provide all

of these outcome variables. The heart of any mathematical model is a set of meaningful

quantitative relationships among its inputs and outputs. These relationships can be as simple as

adding up constituent quantities to obtain a total, or as complex as a set of differential equations

describing the trajectory of a spacecraft in a gravitational field. Ideally, the relationships express

causality, not just correlation.

4. Tools for Graphic Representations

Initially, when the primary purpose of a systems engineer is to comprehend a complex problem,

graphic representations of a system are used to communicate a system's functional and data

requirements. Common graphical representations include:
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 Functional Flow Block Diagram (FFBD)

 Data Flow Diagram (DFD)

 N2 (N-Squared) Chart

 IDEF0 Diagram,

 Use case diagram and

 Sequence diagram.

A graphical representation relates the various subsystems or parts of a system through functions,

data, or interfaces. Any or each of the above methods are used in an industry based on its

requirements. For instance, the N2 chart may be used where interfaces between systems is

important. Part of the design phase is to create structural and behavioral models of the system.

Once the requirements are understood, it is now the responsibility of a Systems engineer to refine

them, and to determine, along with other engineers, the best technology for a job. At this point

starting with a trade study, engineering systems encourages the use of weighted choices to

determine the best option. A decision matrix, or Pugh method, is one way (QFD is another) to

make this choice while considering all criteria that are important. The trade study in turn informs

the design which again affects the graphic representations of the system (without changing the

requirements). In an SE process, this stage represents the iterative step that is carried out until a

feasible solution is found. A decision matrix is often populated using techniques such as

statistical analysis, reliability analysis, system dynamics (feedback control), and optimization

methods.

At times a systems engineer must assess the existence of feasible solutions, and rarely will

customer inputs arrive at only one. Some customer requirements will produce no feasible

solution. Constraints must be traded to find one or more feasible solutions. The customers' wants

become the most valuable input to such a trade and cannot be assumed. Those wants/desires may

only be discovered by the customer once the customer finds that he has overconstrained the

problem. Most commonly, many feasible solutions can be found, and a sufficient set of

constraints must be defined to produce an optimal solution. This situation is at times

advantageous because one can present an opportunity to improve the design towards one or
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many ends, such as cost or schedule. Various modeling methods can be used to solve the

problem including constraints and a cost function.

Topic : Learning And Problem Solving

Topic Objective:

At the end of this topic students will be able to:

 Understand the concept of problem solving

 Understand the problem solving methodology

 Understand the process of problem solving

Definition/Overview:

Problem Solving: Problem solving forms part of thinking. Considered the most complex of all

intellectual functions, problem solving has been defined as higher-order cognitive process that

requires the modulation and control of more routine or fundamental skills.

Key Points:

1. Introduction

Problem solving is what engineers do. It is what they are, or should be, good at. At one time the

basic problem solving skills engineering students needed were developed in school, with
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university engineering programmes being able to build on them. Unfortunately that is no longer

the case. A look at today's GCSE and A-level papers show us why many students coming in to

university have had very little training in the process of problem solving: the problems set tend to

be largely single step tests of knowledge of individual principles. The current A-level students

are not asked to tackle multi-step problems, and if faced with a large set of information where the

required objective cannot be reached in one single familiar step many will not know what to do.

Very few new undergraduates will have the confidence and mental processes available to say I

don't know how to solve this problem yet, but if I set about it systematically and think about it I

expect I'll work it out.

It is common in engineering education to talk about the mathematics problem i.e. the weakness

in mathematics of students entering university engineering programmes. Certainly the lack of

fluency in specific mathematical techniques is an obvious aspect of this problem, but the more

serious aspect may be the lack of understanding of problem solving processes.

1.1. Problem-Solving Methodology

The process or methodology for problem solving that we will use throughout this course

has five steps:

o State the problem clearly

o Describe the input and output information

o Work the problem by hand (or with a calculator) for a simple set of data

o Develop a solution and convert it to a computer program

o Test the solution with a variety of data
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2. The Problem Solving Process

A problem comprises a situation and an objective. The situation can be real or described, and

where described, can exist in the real world or in an abstract, intellectual, world. The situation

includes resources, which may be physical objects or information, and constraints or rules. The

objective can be a) either to achieve a specific result, (for example a physical change in the

situation or a piece of information) or b) may involve producing a proof or explanation.

Both types involve going through a process, but in the first type that process is a means to an end

whereas in the second type it is the process itself that is important. The problem solving process,

for simple problems, involves:

 Assemble and Evaluate Information and Resources: First obtain a clear description of

the situation and ensure that it is fully comprehended. This may involve writing down

lists and diagrams, re-describing the situation, trying to get a clear mental picture of all

the relationships which exist within the situation, of what the resources are and what they

can be used for, and of the constraints and their implications. The objective must also be

clarified.

 Brainstorm and Plan Solution Process: The brainstorming process involves first

looking at the situation and asking what immediate changes can be made, what will be

the consequences of these changes, and looking at the objective and asking what would

enable the objective to be reached. It also involves considering any similar problems

previously solved. The aim is to identify a set of steps that lead from the original situation

to the desired objective.

 Implement Solution: Once a set of steps has been identified, the solution process

proceeds from one step to the next, regularly reviewing progress and checking back to

make sure that the steps taken so far are valid and have produced the required result, until

the required objective is reached.

 Check Results: A final check is then made to verify that the result produced is the

required objective. If, at intermediate stages, checks on progress reveal an error, then it is
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necessary to go back one or more steps and rethink the problem, again looking for a set of

steps that leads from the original situation, or from the results of previously verified

steps, to the objective.

The mistake many students make is in trying to go straight to stage 3 without first going through

stages 1 and 2, and then all too often stage 4 is forgotten altogether! Part of the reason for this is

that many A-level questions provide stages 1 and 2 and only ask the student to go straight to

stage 3.

In Section 2 of this course you will cover these topics:

Laws Of Nature And Theoretical Models

Data Analysis And Empirical Models

Modeling Interrelationships In Systems: Lightweight Structures

Topic : Laws Of Nature And Theoretical Models

Topic Objective:

At the end of this topic students will be able to:

 Understand the natural law

 Understand theoretical models

 Understand the characteristics of theoretical models
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Definition/Overview:

Natural Law: Natural law or the law of nature is a theory that posits the existence of a law

whose content is set by nature and that therefore has validity everywhere. The phrase natural law

is sometimes opposed to the positive law of a given political community, society, or nation-state,

and thus can function as a standard by which to criticize that law. In natural law jurisprudence,

on the other hand, the content of positive law cannot be known without some reference to the

natural law.

Key Points:

1. Natural Law

Natural law or the law of nature is a theory that posits the existence of a law whose content is set

by nature and that therefore has validity everywhere. The phrase natural law is sometimes

opposed to the positive law of a given political community, society, or nation-state, and thus can

function as a standard by which to criticize that law. In natural law jurisprudence, on the other

hand, the content of positive law cannot be known without some reference to the natural law (or

something like it). Used in this way, natural law can be evoked to criticize decisions about the

statutes, but less so to criticize the law itself. Some use natural law synonymously with natural

justice or natural right, although most contemporary political and legal theorists separate the two.

Natural law theories have exercised a profound influence on the development of English

common law.

2. Theoretical Models

The term theoretical is sometimes informally used in lieu of hypothetical to describe a result

which is predicted by theory but has not yet been adequately tested by observation or

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

16
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



experiment. It is not uncommon for a theory to produce predictions which are later confirmed or

proven incorrect by experiment. By inference, a prediction proved incorrect by experiment

demonstrates that the hypothesis is invalid. This either means the theory is incorrect or that the

experimental conjecture was wrong and the theory did not predict the hypothesis.

The term model has a wide range of uses: it can refer to many things, from a physical scale

model to a set of abstract ideas. The first characteristic is the fact that a theoretical model

consists of a set of assumptions about some concept or system.

Firstly, it is necessary to distinguish theoretical models from diagrams, illustrations or physical

models which, although sometimes useful to represent the model, must not be identified with the

model itself. Secondly, it is true that sometimes, although not always, what is called a model also

receives the name of theory.

This interchangeability of names is possible because, in such cases, the terms model and theory

refer to the same set of assumptions, although the same things are not suggested about this set

when we call it a model as when we call it a theory. Some of the differences, and also the reasons

why not all models are called theories, must be analysed. The second characteristic has to do

with this.

The second characteristic is the fact that a theoretical model describes a type of object or system

by attributing to it what might be called an internal structure, a composition or mechanism that,

when taken as a reference, will explain various properties of that object or system.

A theoretical model, therefore, analyses a phenomenon that exhibits certain known regularities

by reducing it to more basic components, and not simply by expressing those regularities in

quantitative terms or by relating the known properties to those of different objects or systems.

Accordingly, the use of the term theory in this sense is broader than that of model, because not

all theories are formulated with the aim of providing structural analyses, which are typical of

models.

The third characteristic is the fact that a theoretical model is considered as an approximation that

is useful for certain purposes. The value of a particular model can be judged from two different
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but related viewpoints: how well it serves the purposes for which it is employed, and the

completeness and accuracy of the representation that it provides.

The fact that a theoretical model may be proposed as a way of representing the structure of an

object or system for certain purposes explains why various models are often used alternately.

This represents another difference between the use of the terms model and theory. To propose

something as a model of something is equivalent to suggesting it as a representation that

provides at least some approximation to the real situation; furthermore, it means admitting the

possibility of alternative representations that may be useful for different purposes. To propose

something as a theory, however, is equivalent to suggesting that that something is governed by

certain specified principles, and not just that it is useful for certain purposes to represent it as

being governed by those principles or that those principles approximate to the principles that

actually apply. Consequently, someone who proposes something as a theory is obliged to

maintain that any alternative theories must be discarded or modified, or that they will only be

valid in special cases.

Finally, the fourth characteristic is the fact that a theoretical model is often formulated and

developed and perhaps even named on the basis of an analogy between the object or system that

it describes and some other object or different system.

This implies a comparison in which one observes properties and principles that are similar in

certain aspects, which fits in with the previous observation to the effect that theoretical models

have the aim of providing a useful representation of a system: in order to provide such a

representation, it is often helpful to establish an analogy between the system in question and

some known system that is governed by rules or principles that are understood, and one supposes

that some of those rules, or others like them, also govern the system that one is trying to describe

with the model. Reasoning of this kind, based as it is on an argument by analogy, is never

considered sufficient to establish the principles in question, but only to suggest that they may be

considered as first approximations, subject to proof and subsequent modification. In each case,

however, the model itself can be distinguished from any analogy on the basis of which it was

developed.
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Theoretical models can fulfil the same functions as theories: they can be used for purposes of

explanation, prediction, calculation, systematisation, derivation of principles, and so on. The

difference between the use of a model and the use of a theory does not lie in the kind of function

for which it can be used, but in the way in which it fulfils that function. Theoretical models

provide explanations; but these explanations are based on assumptions that may be simplified,

and this condition must be borne in mind when one compares them with theories. It is often said

of explanation and systematisation by means of a theory that they are more profound and

penetrating, which reflects the belief that the principles that constitute a theory are more accurate

than those of a model and take more known magnitudes into account.

2.1. The Components of Local Theoretical Models

The stability of phenomena of educational mathematics and the well-established

replicability of the experimental designs that have been used to study them are such that

we cannot fail to include these observations among the components that are important for

any theoretical model for observation in Educational Mathematics. Thus we have the

need to propose theoretical components that deal with different types of (1) teaching

models, together with (2) models for the cognitive processes, both related to (3) models

of formal competence that simulate the competent performance of an ideal user of an

MSS, and (4) models of communication, to describe the rules of communicative

competence, formation and decoding of texts, and contextual and circumstantial

disambiguation.
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Topic : Data Analysis And Empirical Models

Topic Objective:

At the end of this topic students will be able to:

 Understand the concept of data analysis

 Understand the concept of empirical models

Definition/Overview:

Data Analysis: Data analysis is the process of looking at and summarizing data with the intent to

extract useful information and develop conclusions. Data analysis is closely related to data

mining, but data mining tends to focus on larger data sets, with less emphasis on making

inference, and often uses data that was originally collected for a different purpose.

Empirical Data: An empirical model is based only on data and is used to predict, not explain, a

system. An empirical model consists of a function that captures the trend of the data.
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Key Points:

1. Data Analysis

Data analysis is the process of looking at and summarizing data with the intent to extract useful

information and develop conclusions. Data analysis is closely related to data mining, but data

mining tends to focus on larger data sets, with less emphasis on making inference, and often uses

data that was originally collected for a different purpose. In statistical applications, some people

divide data analysis into descriptive statistics, exploratory data analysis and confirmatory data

analysis, where the EDA focuses on discovering new features in the data, and CDA on

confirming or falsifying existing hypotheses. Data analysis assumes different aspects, and

possibly different names, in different fields.

2. Empirical Model

Sometimes it is difficult or impossible to develop a mathematical model that explains a situation.

However, if data exists, we can often use this data as the sole basis for an empirical model. The

empirical model consists of a function that fits the data. The graph of the function goes through

the data points approximately. Thus, although we cannot use an empirical model to explain a

system, we can use such a model to predict behavior where data do not exist. Data are crucial for

an empirical model. We use data to suggest the model, to estimate its parameters, and to test the

model.

Sometimes with a derived model that explains, it may be difficult or impossible to differentiate

or integrate a function to perform further analysis. In this case, too, we can derive an empirical

model, such as a polynomial function, that is differentiable and integrable. For example, a step

function might accurately model a pulsing signal, but we cannot differentiate such a function

where it is discontinuous, or jumps from one step to the next. In this case, we can use

trigonometric functions, which we can differentiate and integrate, in an empirical model that

captures the trend of the data.
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A central concept in science and the scientific method is that all evidence must be empirical, or

empirically based, that is, dependent on evidence or consequences that are observable by the

senses. Empirical data are data that are produced by experiment or observation. It is usually

differentiated from the philosophic usage of empiricism by the use of the adjective "empirical" or

the adverb "empirically." "Empirical" as an adjective or adverb is used in conjunction with both

the natural and social sciences, and refers to the use of working hypotheses that are testable using

observation or experiment. In this sense of the word, scientific statements are subject to and

derived from our experiences or observations.

Topic : Modeling Interrelationships In Systems: Lightweight Structures

Topic Objective:

At the end of this topic students will be able to:

 Understand the concept of structure

 Understand the lightweight structure or truss

 Understand lightweight structure characteristics

 Understand analysis of lightweight structure

Definition/Overview:

Structure: Structure is a fundamental and sometimes intangible notion covering the recognition,

observation, nature, and stability of patterns and relationships of entities.
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Lightweight Structure: In architecture and structural engineering, lightweight structure or truss

is a structure comprising one or more triangular units constructed with straight slender members

whose ends are connected at joints referred to as nodes.

Key Points:

1. Structure

A structure defines what a system is made of. It is a configuration of items. It is a collection of

inter-related components or services. The structure may be a hierarchy (a cascade of one-to-

many relationships) or a network featuring many-to-many relationships. Structural engineering is

a field of engineering dealing with the analysis and design of structures that support or resist

loads. Structural engineering is usually considered a speciality within civil engineering, but it can

also be studied in its own right.

Structural engineers are most commonly involved in the design of buildings and large

nonbuilding structures but they can also be involved in the design of machinery, medical

equipment, vehicles or any item where structural integrity affects the item's function or safety.

Structural engineers must ensure their designs satisfy given design criteria, predicated on safety

(e.g. structures must not collapse without due warning) or serviceability and performance (e.g.

building sway must not cause discomfort to the occupants).

Structural engineering theory is based upon physical laws and empirical knowledge of the

structural performance of different geometries and materials. Structural engineering design

utilises a relatively small number of basic structural elements to build up structural systems than

can be very complex. Structural engineers are responsible for making creative and efficient use

of funds, structural elements and materials to achieve these goals.
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2. Lightweight Structure

The design of a type of lightweight structure called a truss. In architecture and structural

engineering, a truss is a structure comprising one or more triangular units constructed with

straight slender members whose ends are connected at joints referred to as nodes. External forces

and reactions to those forces are considered to act only at the nodes and result in forces in the

members which are either tensile or compressive forces.

A planar truss is one where all the members and nodes lie within a two dimensional plane, while

a space truss has members and nodes extending into three dimensions.

2.1. Characteristics

A truss is composed of triangles because of the structural stability of that shape. A

triangle is the simplest geometric figure that will not change shape (angles) when the

lengths of the sides are fixed. In comparison, both the angles and the lengths of a square

must be fixed for it to retain its shape.

The simplest form of a truss is one single triangle. This type of truss is seen in a framed

roof consisting of rafters and a ceiling joist. Because of the stability of this shape and the

methods of analysis used to calculate the forces within it, a truss composed entirely of

triangles is known as a simple truss.

A planar truss lies in a single plane. Planar trusses are typically used in parallel to form

roofs and bridges. A space truss is a three-dimensional framework of members pinned at

their ends. A tetrahedron shape is the simplest space truss, consisting of six members

which meet at four joints.

The depth of a truss, or the height between the upper and lower chords, is what makes it

an efficient structural form. A solid girder or beam of equal strength would have

substantial weight and material cost as compared to a truss. For a given span length, a
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deeper truss will require less material in the chords and greater material in the verticals

and diagonals. An optimum depth of the truss will maximize the efficiency.

In Section 3 of this course you will cover these topics:
Modeling Interrelationships In Systems: Digital Electronic Circuits

Modeling Change In Systems

Topic : Modeling Interrelationships In Systems: Digital Electronic Circuits

Topic Objective:

At the end of this topic students will be able to:

 Understand digital electronic

 Understand integrated circuits

Definition/Overview:

Digital Electronics: Digital electronics are electronics systems that use digital signals. Digital

electronics are representations of Boolean algebra also see truth tables and are used in

computers, mobile phones, and other consumer products.
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Integrated Circuits: In electronics, an integrated circuit (also known as IC, microcircuit,

microchip, silicon chip, or chip) is a miniaturized electronic circuit that has been manufactured in

the surface of a thin substrate of semiconductor material.

Key Points:

1. Digital Electronics:

In a digital circuit, a signal is represented in one of two states or logic levels. The advantages of

digital techniques stem from the fact it is easier to get an electronic device to switch into one of

two states, then to accurately reproduce a continuous range of values. Digital electronics or any

digital circuits are usually made from large assemblies of logic gates, simple electronic

representations of Boolean logic functions. To most electronic engineers, the terms "digital

circuit", "digital system" and "logic" are interchangeable in the context of digital circuits.

1.1. Advantages

One advantage of digital circuits when compared to analog circuits is that signals

represented digitally can be transmitted without degrading because of noise. For example,

a continuous audio signal, transmitted as a sequence of 1s and 0s, can be reconstructed

without error provided the noise picked up in transmission is not enough to prevent

identification of the 1s and 0s. An hour of music can be stored on a compact disc as about

6 billion binary digits.

In a digital system, a more precise representation of a signal can be obtained by using

more binary digits to represent it. While this requires more digital circuits to process the

signals, each digit is handled by the same kind of hardware. In an analog system,
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additional resolution requires fundamental improvements in the linearity and noise

characteristics of each step of the signal chain.

Computer-controlled digital systems can be controlled by software, allowing new

functions to be added without changing hardware. Often this can be done outside of the

factory by updating the product's software. So, the product's design errors can be

corrected after the product is in a customer's hands.

Information storage can be easier in digital systems than in analog ones. The noise-

immunity of digital systems permits data to be stored and retrieved without degradation.

In an analog system, noise from aging and wear degrade the information stored. In a

digital system, as long as the total noise is below a certain level, the information can be

recovered perfectly.

1.2. Disadvantages

In some cases, digital circuits use more energy than analog circuits to accomplish the

same tasks, thus producing more heat as well. In portable or battery-powered systems this

can limit use of digital systems.

For example, battery-powered cellular telephones often use a low-power analog front-end

to amplify and tune in the radio signals from the base station. However, a base station has

grid power and can use power-hungry, but very flexible software radios. Such base

stations can be easily reprogrammed to process the signals used in new cellular standards.

Digital circuits are sometimes more expensive, especially in small quantities. The sensed

world is analog, and signals from this world are analog quantities. For example, light,

temperature, sound, electrical conductivity, electric and magnetic fields are analog. Most

useful digital systems must translate from continuous analog signals to discrete digital

signals. This causes quantization errors. Quantization error can be reduced if the system

stores enough digital data to represent the signal to the desired degree of fidelity. The
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Nyquist-Shannon sampling theorem provides an important guideline as to how much

digital data is needed to accurately portray a given analog signal.

In some systems, if a single piece of digital data is lost or misinterpreted, the meaning of

large blocks of related data can completely change. Because of the cliff effect, it can be

difficult for users to tell if a particular system is right on the edge of failure, or if it can

tolerate much more noise before failing.

Digital fragility can be reduced by designing a digital system for robustness. For

example, a parity bit or other error management method can be inserted into the signal

path. These schemes help the system detect errors, and then either correct the errors, or at

least ask for a new copy of the data. In a state-machine, the state transition logic can be

designed to catch unused states and trigger a reset sequence or other error recovery

routine.

Embedded software designs that employ Immunity Aware Programming, such as the

practice of filling unused program memory with interrupt instructions that point to an

error recovery routine. This helps guard against failures that corrupt the microcontroller's

instruction pointer which could otherwise cause random code to be executed.

Digital memory and transmission systems can use techniques such as error detection and

correction to use additional data to correct any errors in transmission and storage.

On the other hand, some techniques used in digital systems make those systems more

vulnerable to single-bit errors. These techniques are acceptable when the underlying bits

are reliable enough that such errors are highly unlikely.

1.3. Analog issues in digital circuits

Digital circuits are made from analog components. The design must assure that the

analog nature of the components doesn't dominate the desired digital behavior. Digital
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systems must manage noise and timing margins, parasitic inductances and capacitances,

and filter power connections.

Bad designs have intermittent problems such as "glitches", vanishingly-fast pulses that

may trigger some logic but not others, "runt pulses" that do not reach valid "threshold"

voltages, or unexpected ("undecoded") combinations of logic states.

Since digital circuits are made from analog components, digital circuits calculate more

slowly than low-precision analog circuits that use a similar amount of space and power.

However, the digital circuit will calculate more repeatably, because of its high noise

immunity. On the other hand, in the high-precision domain (for example, where 14 or

more bits of precision are needed), analog circuits require much more power and area

than digital equivalents.

2. Integrated Circuits

In electronics, an integrated circuit (also known as IC, microcircuit, microchip, silicon chip, or

chip) is a miniaturized electronic circuit (consisting mainly of semiconductor devices, as well as

passive components) that has been manufactured in the surface of a thin substrate of

semiconductor material. Integrated circuits are used in almost all electronic equipment in use

today and have revolutionized the world of electronics.

A hybrid integrated circuit is a miniaturized electronic circuit constructed of individual

semiconductor devices, as well as passive components, bonded to a substrate or circuit board.

Integrated circuits were made possible by experimental discoveries which showed that

semiconductor devices could perform the functions of vacuum tubes, and by mid-20th-century

technology advancements in semiconductor device fabrication. The integration of large numbers

of tiny transistors into a small chip was an enormous improvement over the manual assembly of

circuits using discrete electronic components. The integrated circuit's mass production capability,
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reliability, and building-block approach to circuit design ensured the rapid adoption of

standardized ICs in place of designs using discrete transistors.

There are two main advantages of ICs over discrete circuits: cost and performance. Cost is low

because the chips, with all their components, are printed as a unit by photolithography and not

constructed one transistor at a time. Furthermore, much less material is used to construct a circuit

as a packaged IC die than as a discrete circuit. Performance is high since the components switch

quickly and consume little power (compared to their discrete counterparts), because the

components are small and close together.

2.1. Advances

Among the most advanced integrated circuits are the microprocessors or "cores", which

control everything from computers to cellular phones to digital microwave ovens. Digital

memory chips and ASICs are examples of other families of integrated circuits that are

important to the modern information society. While cost of designing and developing a

complex integrated circuit is quite high, when spread across typically millions of

production units the individual IC cost is minimized. The performance of ICs is high

because the small size allows short traces which in turn allows low power logic (such as

CMOS) to be used at fast switching speeds.

ICs have consistently migrated to smaller feature sizes over the years, allowing more

circuitry to be packed on each chip. This increased capacity per unit area can be used to

decrease cost and/or increase functionalitysee Moore's law which, in its modern

interpretation, states that the number of transistors in an integrated circuit doubles every

two years. In general, as the feature size shrinks, almost everything improvesthe cost per

unit and the switching power consumption go down, and the speed goes up. However,

ICs with nanometer-scale devices are not without their problems, principal among which

is leakage current (see subthreshold leakage for a discussion of this), although these

problems are not insurmountable and will likely be solved or at least ameliorated by the

introduction of high-k dielectrics. Since these speed and power consumption gains are
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apparent to the end user, there is fierce competition among the manufacturers to use finer

geometries.

Topic : Modeling Change In Systems

Topic Objective:

At the end of this topic students will be able to:

 Understanding engineering models

 Understanding engineering model use in software engineering

Definition/Overview:

Engineering models: Model-driven engineering (MDE) is a software development methodology

which focuses on creating models, or abstractions of something more tangible, that describe the

elements of a system. It is meant to increase productivity by maximizing compatibility between

systems, simplifying the process of design, and promoting communication between individuals

and teams working on the system.
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Key Points:

1. Model-Driven Engineering

Model-driven engineering (MDE) is a software development methodology which focuses on

creating models, or abstractions of something more tangible, that describe the elements of a

system. It is meant to increase productivity by maximizing compatibility between systems,

simplifying the process of design, and promoting communication between individuals and teams

working on the system.

A modeling paradigm for MDE is considered effective if its models make sense from the point of

view of the user and can serve as a basis for implementing systems. The models are developed

through extensive communication among product managers, designers, and members of the

development team. As the models approach completion, they enable the development of software

and systems.

2. MDE as Used in Software Engineering

As it pertains to software development, model-driven engineering refers to a range of

development approaches that are based on the use of software modeling as a primary form of

expression. Sometimes models are constructed to a certain level of detail, and then code is

written by hand in a separate step. Sometimes complete models are built including executable

actions. Code can be generated from the models, ranging from system skeletons to complete,

deployable products. With the introduction of the Unified Modeling Language (UML), MDE has

become very popular today with a wide body of practitioners and supporting tools. More

advanced types of MDE have expanded to permit industry standards which allow for consistent

application and results. The continued evolution of MDE has added an increased focus on

architecture and automation.

MDE technologies with a greater focus on architecture and corresponding automation yield

higher levels of abstraction in software development. This abstraction promotes simpler models
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with a greater focus on problem space. Combined with executable semantics this elevates the

total level of automation possible. The Object Management Group (OMG) has developed a set of

standards called model-driven architecture (MDA), building a foundation for this advanced

architecture-focused approach.

In Section 4 of this course you will cover these topics:

Getting Started With Matlab

Vector Operations In Matlab

Topic : Getting Started With Matlab

Topic Objective:

At the end of this topic students will be able to:

 Understand the basic definition of MATLAB

 Understanding how to use MATLAB

Definition/Overview:

MATLAB: MATLAB is a numerical computing environment and programming language.

Created by The Math Works, MATLAB allows easy matrix manipulation, plotting of functions

and data, implementation of algorithms, creation of user interfaces, and interfacing with
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programs in other languages. Although it is numeric only, an optional toolbox interfaces with the

Maple symbolic engine, allowing access to computer algebra capabilities.

Key Points:

1. MATLAB

Matlab is a tool for doing numerical computations with matrices and vectors. It can also display

information graphically. MATLAB is built around the MATLAB language, sometimes called M-

code or simply M. The simplest way to execute M-code is to type it in at the prompt, >> , in the

Command Window, one of the elements of the MATLAB Desktop. In this way, MATLAB can

be used as an interactive mathematical shell. Sequences of commands can be saved in a text file,

typically using the MATLAB Editor, as a script or encapsulated into a function, extending the

commands available.

1.1. Variables

Variables are defined with the assignment operator, =. MATLAB is dynamically typed,

meaning that variables can be assigned without declaring their type, except if they are to

be treated as symbolic objects, and that their type can change. Values can come from

constants, from computation involving values of other variables, or from the output of a

function.

1.2. Vectors/Matrices
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MATLAB is a "Matrix Laboratory", and as such it provides many convenient ways for

creating vectors, matrices, and multi-dimensional arrays. In the MATLAB vernacular, a

vector refers to a one dimensional (1N or N1) matrix, commonly referred to as an array in

other programming languages. A matrix generally refers to a 2-dimensional array, i.e. an

mn array where m and n are greater than 1. Arrays with more than two dimensions are

referred to as multidimensional arrays.

1.3. Limitations

For a long time there was criticism that because MATLAB is a proprietary product of

The MathWorks, users are subject to vendor lock-in. Recently an additional tool called

the MATLAB Builder under the Application Deployment tools section has been provided

to deploy MATLAB functions as library files which can be used with .NET or Java

application building environment. But the drawback is that the computer where the

application has to be deployed needs MCR (MATLAB Component Runtime) for the

MATLAB files to function normally. MCR can be distributed freely with library files

generated by the MATLAB compiler.

Topic : Vector Operations In Matlab

Topic Objective:

At the end of this topic students will be able to:

 Understand vectors

 Understand vector operations in MATLAB
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Definition/Overview:

Vector: A quantity, such as velocity, completely specified by a magnitude and a direction.

Vector Operations: Both a magnitude and a direction must be specified for a vector quantity, in

contrast to a scalar quantity which can be quantified with just a number. Any number of vector

quantities of the same type (i.e., same units) can be combined by basic vector operations.

Key Points:

1. Defining a Vector

Matlab is a software package that makes it easier for you to enter matrices and vectors, and

manipulate them. The interface follows a language that is designed to look a lot like the notation

use in linear algebra. In the following tutorial, we will discuss some of the basics of working

with vectors.

Almost all of Matlab's basic commands revolve around the use of vectors. A vector is defined by

placing a sequence of numbers within square braces:

>> v = [3 1]

v =

3 1

This creates a row vector which has the label "v". The first entry in the vector is a 3 and the

second entry is a 1. Note that matlab printed out a copy of the vector after you hit the enter key.

If you do not want to print out the result put a semi-colon at the end of the line:

>> v = [3 1];
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>>

If want to view the vector just type its label:

>> v

v =

3 1

Can define a vector of any size in this manner:

>> v = [3 1 7 -21 5 6]

v =

3 1 7 -21 5 6

Notice, though, that this always creates a row vector. If you want to create a column vector you

need to take the transpose of a row vector. The transpose is defined using an apostrophe ("'"):

>> v = [3 1 7 -21 5 6]'

v =

3

1

7

-21

5

6

A common task is to create a large vector with numbers that fit a repetitive pattern. Matlab can

define a set of numbers with a common increment using colons. For example, to define a vector

whose first entry is 1, the second entry is 2, the third is three, up to 8 you enter the following:

>> v = = [1:8]

v =

1 2 3 4 5 6 7 8

If you wish to use an increment other than one that you have to define the start number, the value

of the increment, and the last number. For example, to define a vector that starts with 2 and ends

in 4 with steps of .25 you enter the following:

>> v = [2:.25:4]

v =
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Columns 1 through 7

2.0000 2.2500 2.5000 2.7500 3.0000 3.2500 3.5000

Columns 8 through 9

3.7500 4.0000

2. Accessing Elements within a Vector

You can view individual entries in this vector. For example to view the first entry just type in the

following:

>> v(1)

ans =

2

This command prints out entry 1 in the vector. Also notice that a new variable called ans has

been created. Any time you perform an action that does not include an assignment matlab will

put the label ans on the result.

To simplify the creation of large vectors, you can define a vector by specifying the first entry, an

increment, and the last entry. Matlab will automatically figure out how many entries you need

and their values. For example, to create a vector whose entries are 0, 2, 4, 6, and 8, you can type

in the following line:

>> 0:2:8

ans =

0 2 4 6 8

Matlab also keeps track of the last result. In the previous example, a variable "ans" is created. To

look at the transpose of the previous result, enter the following:

>> ans'

ans =

0

2

4

6

8
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To be able to keep track of the vectors you create, you can give them names. For example, a row

vector v can be created:

>> v = [0:2:8]

v =

0 2 4 6 8

>> v

v =

0 2 4 6 8

>> v;

>> v'

ans =

0

2

4

6

8

Note that in the previous example, if you end the line with a semi-colon, the result is not

displayed. This will come in handy later when you want to use Matlab to work with very large

systems of equations.

Matlab will allow you to look at specific parts of the vector. If you want to only look at the first

three entries in a vector you can use the same notation you used to create the vector:

>> v(1:3)

ans =

0 2 4

>> v(1:2:4)

ans =

0 4

>> v(1:2:4)'

ans =

0
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4

3. Basic Operations on Vectors

Once you master the notation you are free to perform other operations:

>> v(1:3)-v(2:4)

ans =

-2 -2 -2

For the most part Matlab follows the standard notation used in linear algebra. We will see later

that there are some extensions to make some operations easier. For now, though, both addition

subtraction are defined in the standard way. For example, to define a new vector with the

numbers from 0 to -4 in steps of -1 we do the following:

>> u = [0:-1:4]

u = [0:-1:-4]

u =

0 -1 -2 -3 -4

We can now add u and v together in the standard way:

>> u+v

ans =

0 1 2 3 4

Additionally, scalar multiplication is defined in the standard way. Also note that scalar division

is defined in a way that is consistent with scalar multiplication:

>> -2*u

ans =

0 2 4 6 8

>> v/3

ans =

0 0.6667 1.3333 2.0000 2.6667

With these definitions linear combinations of vectors can be easily defined and the basic

operations combined:

>> -2*u+v/3

ans =
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0 2.6667 5.3333 8.0000 10.6667

You will need to be careful. These operations can only be carried out when the dimensions of the

vectors allow it. You will likely get used to seeing the following error message which follows

from adding two vectors whose dimensions are different:

>> u+v'

??? Error using ==> plus

Matrix dimensions must agree.

In Section 5 of this course you will cover these topics:

Matrix Operations In Matlab

Introduction To Algorithms And Programming In Matlab

Topic : Matrix Operations In Matlab

Topic Objective:

At the end of this topic students will be able to:

 Understand the matrix

 Understand the matrix operations

Definition/Overview:

Matrix: In mathematics, a matrix (plural matrices) is a rectangular table of elements (or entries),

which may be numbers or, more generally, any abstract quantities that can be added and
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multiplied. Matrices are used to describe linear equations, keep track of the coefficients of linear

transformations and to record data that depend on multiple parameters. Matrices are described by

the field of matrix theory. They can be added, multiplied, and decomposed in various ways,

which also makes them a key concept in the field of linear algebra.

Key Points:

1. Matrices as Fundamental Objects

MATLAB is one of a few languages in which each variable is a matrix (broadly construed) and

"knows" how big it is. Moreover, the fundamental operators (e.g. addition, multiplication) are

programmed to deal with matrices when required. And the MATLAB environment handles much

of the bothersome housekeeping that makes all this possible. Since so many of the procedures

required for Macro-Investment Analysis involve matrices, MATLAB proves to be an extremely

efficient language for both communication and implementation.

2. Matrix Functions

Once you are able to create and manipulate a matrix, you can perform many standard operations

on it. For example, you can find the inverse of a matrix. You must be careful, however, since the

operations are numerical manipulations done on digital computers. In the example, the matrix A

is not a full matrix, but matlab's inverse routine will still return a matrix.

3. Matrix Operations

Consider the following MATLAB expression:
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C = A + B

If both A and B are scalars (1 by 1 matrices), C will be a scalar equal to their sum. If A and B are

row vectors of identical length, C will be a row vector of the same length, with each element

equal to the sum of the corresponding elements of A and B. Finally, if A and B are, say, {3*4}

matrices, so will C, with each element equal to the sum of the corresponding elements of A and

B.

In short the symbol "+" means "perform a matrix addition". But what if A and B are of

incompatible sizes? Not surprisingly, MATLAB will complain with a statement such as:

??? Error using ==> +

Matrix dimensions must agree.

So the symbol "+" means "perform a matrix addition if you can and let me know if you can't".

There are also routines that let you find solutions to equations. For example, if Ax=b and you

want to find x, a slow way to find x is to simply invert A and perform a left multiply on both

sides (more on that later). It turns out that there are more efficient and more stable methods to do

this (L/U decomposition with pivoting, for example). Matlab has special commands that will do

this for you.

Before finding the approximations to linear systems, it is important to remember that if A and B

are both matrices, then AB is not necessarily equal to BA. To distinguish the difference between

solving systems that have a right or left multiply, Matlab uses two different operators, "/" and "\".

Examples of their use are given below. It is left as an exercise for you to figure out which one is

doing what.
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Topic : Introduction To Algorithms And Programming In Matlab

Topic Objective:

At the end of this topic students will be able to:

 Understand Programming in MATLAB

 Understand Algorithms in MATLAB

Definition/Overview:

Algorithms: In mathematics, computing, linguistics and related subjects, an algorithm is a

sequence of finite instructions, often used for calculation and data processing. It is formally a

type of effective method in which a list of well-defined instructions for completing a task will,

when given an initial state, proceed through a well-defined series of successive states, eventually

terminating in an end-state. The transition from one state to the next is not necessarily

deterministic; some algorithms, known as probabilistic algorithms, incorporate randomness.

Key Points:

1. MATLAB Programming

MATLAB can call functions and subroutines written in C programming language or Fortran. A

wrapper function is created allowing MATLAB data types to be passed and returned. The
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dynamically loadable object files created by compiling such functions are termed "mex files",

although the file name extension depends on the operating system and processor.

Function sum (A) where A is a matrix gives a row vector containing the sum of each column of

A, and sum (v) where v is a column or row vector gives the sum of its elements; hence the

programmer must be careful if the matrix argument of sum can degenerate into a single-row

array. While sum and many similar functions accept an optional argument to specify a direction,

others, like plot, do not, and require additional checks. There are other cases where MATLAB's

interpretation of code may not be consistently what the user intended.

2. The Square Root Algorithm

Programming is the implementation of algorithms. Our first algorithm is a method for

approximating the square root X of a nonnegative number A. The algorithm can be regarded as a

special case of Newton's method for nonlinear equations. The shorthand version is:

x := 0.5 * ( x + a / x ).

3. Implementation

Now we need to think about implementing the algorithm. This means nailing down details that

we ordinarily skip over, but which are crucial to making the algorithm actually work. After all, a

hammer may be essentially a piece of metal you hit stuff with, but it's useless without a hammer.

We need especially to consider the issues of

 Data structures

 Initialization

 Input

 Input checking

 Iteration control
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 Termination

 Output.
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