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Preface
Books and text material in the field of environmental, public 
health, and sanitary engineering are numerous for address-
ing the principles, fundamentals, methods, models, con-
cepts, designs, remedial activities, and science-related ideas. 
Nonetheless, rare are the books that deal with practical prob-
lems, problem solving in environmental engineering, and fun-
damental utilization of computer programming perceptions 
and applications.

The broad objectives of this book are to facilitate teach-
ing, improve learning, shoulder training, and assist research 
in the application of computer programming based on well-
established models, equations, formulae, and procedures used 
in the environmental engineering domain. Visual Basic .NET 
was selected and used as the programming language of choice 
throughout this book for its simplicity, comprehensive usage, 
and easiness. It is a language that was traditionally consid-
ered a model language of teaching purposes, not to under-
mine its wide range of applicability; it has been introduced 
into scripting, application programming (VBA), databases 
(VB and SQL), and web scripting (VBScript), to mention but 
a few uses.

Section I of first edition has been rewritten from scratch 
to reflect the advancements in computer modeling and soft-
ware programming that took place over the past two decades. 
The first edition was written in Quick BASIC 4.5, a widely 
used and popular model programming language of the time. 
As BASIC faded away and gave the stage to its descendants 
Visual Basic and Visual Basic .NET, programming models 
and methods have changed vastly, new programming con-
cepts emerged, and graphical user interface (GUI) systems 
took over command-line environments. Object-oriented pro-
gramming (OOP) became the de facto programming model, 
and a whole set of new programming languages has erupted 
to exploit these concepts.

In addition, severe competition emerged between Closed 
Source and Open Source camps. Companies fighting to pro-
tect their royalties and copyrights by defending the Closed 
Source regime and closing arms with the emerging and ever-
growing Open Source movement, which has novel concepts 
such as the freedom of source code and software copyleft-
ing (a pun on the word copyright to reflect the exact opposite 
meaning, that is, freedom of information). These concepts 
are changing the face of contemporary programming, more 
details on which can be found in Section I of the first edition.

Lastly, there are more operating systems (OSs) in active 
use today than when the first edition of the book was pub-
lished. Microsoft™ and Apple® were once the only horses 
in the OS arena (not to undermine UNIX, but it was majorly 
a teaching OS used by universities and big institutions, not 
by regular users on their home portable computers); nowa-
days, other systems such as Linux, Solaris, Android, and 
iOS are actively contributing to the OS industry. As such, 
programmers are being faced with the problems of system 

compatibility (ensuring software runs on different OSs) and 
architecture compatibility (ensuring software runs on differ-
ent platforms such as x86 and x86_64).

In the face of all these intermingled points, the authors 
were faced with the question of which programming language 
to use in writing the examples of this text: 

 1. Using a cross-platform language such as Java would 
seem logical. This ensures all the examples will work 
on the widest possible range of target machines with-
out recompilation. In fact, this would have been the 
best choice had the intent been commercial software 
production, not teaching. Java is an OOP language 
by nature; and the performance hit of using the inter-
mediate Java Virtual Machine (JVM) is negligible 
in most cases. This is all good, but using Java means 
the need to discuss OOP in depth, having a few sec-
tions on the JVM, the garbage collector, Java pack-
ages and built-in classes, and so on. This will shift 
the focus of the text from modeling computer appli-
cations for solving environmental engineering prob-
lems to a text on Java and OOP.

 2. Using a simple procedural language such as C is per-
fect in a teaching setting like this, as it will remove 
all the headache of OOP, virtual machines, interme-
diate compilers, garbage collectors, and other things 
that are not primal to the teaching process. The 
reader will be able to focus on the specific modeling 
techniques under discussion. In addition, pure C is 
text based by nature, which is an important feature 
when programming console programs (such as Linux 
terminal programs or MS-DOS prompt-like pro-
grams). However, unfortunately, console programs 
have fallen out of favor to GUI programs, and most 
users (except power users and system administrators) 
feel uncomfortable when faced with the black screen 
and its blinking cursor. As such, using C alone is 
defective. One would usually combine C with a GUI 
toolkit; the most popular combination is using C++ 
with Qt (pronounced “cute”; stands for the Q tool-
kit). However, again, this will make it obligatory to 
include a whole chapter on Qt, its history, structure, 
object classes, and its uses, not to mention the man-
datory chapter on core C programming. This will 
undoubtedly unnecessarily inflate the book out of 
scope.

 3. Use of a traditional teaching language such as Pascal 
or Basic. This ensures that the focus of the text will 
remain on problem solving and application model-
ing. The chapter on programming itself will be sup-
plementary, and habituated programmers can skip it 
and start directly on the text proper. This is the solu-
tion we opted to use throughout this text.
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That being said, there are important points and topics per-
taining to computer programming in general, and to model-
ing engineering applications specifically, which need to be 
discussed, or to the least, pointed to. These topics have been 
handled in Section I of the first edition.

The more specified objectives are proposed to accomplish 
the main learning outcomes for students enrolled in environ-
mental engineering courses, which are as follows: 

 1. To help the reader in the design of treatment and dis-
posal facilities

 2. To introduce the basic concepts of computer design 
related to environmental engineering

 3. To aid in teaching of environmental engineering unit 
operations and processes design

 4. To improve the understanding by students and 
researchers in environmental engineering field

 5. To improve the understanding of relevant physical, 
chemical, and biological processes, and their mutual 
relationships within various sanitation components

 6. To promote environmental protection, improvement, 
and sustainability, enhancing the overall quality of 
life

 7. To demonstrate effective problem-solving abilities
 8. To utilize the current technology of waste collection, 

handling, treatment, final disposal, and management
 9. To apply appropriate regulations and guidelines in 

safeguarding environmental conditions
 10. To be able to design and apply necessary procedures 

and precautions to establish sound environmental 
engineering systems

Recently, the Department of Environmental Engineering of 
the College of Engineering at the Imam Abdulrahman Bin 
Faisal University, Kingdom of Saudi Arabia (KSA), sought 
the Accreditation Board for Engineering and Technology 
Accreditation Commission (http://www.abet.org/). As such, 
student outcomes were adhered to as per requirements. The 
program must have documented student outcomes that prepare 
graduates to attain the program educational objectives. Student 
outcomes are outcomes (a) through (k) plus any additional out-
comes that may be articulated by the program are as follows: 

 a. An ability to apply the knowledge of mathematics, 
science, and engineering

 b. An ability to design and conduct experiments, as 
well as to analyze and interpret data

 c. An ability to design a system, component, or process 
to meet the desired needs within realistic constraints 
such as economic, environmental, social, political, 
ethical, health and safety, manufacturability, and 
sustainability

 d. An ability to function on multidisciplinary teams
 e. An ability to identify, formulate, and solve engineer-

ing problems
 f. An understanding of professional and ethical 

responsibility
 g. An ability to communicate effectively
 h. The broad education necessary to understand the 

impact of engineering solutions in a global, eco-
nomic, environmental, and societal context

 i. A recognition of the need for, and an ability to 
engage in, lifelong learning

 j. A knowledge of contemporary issues
 k. An ability to use the techniques, skills, and mod-

ern engineering tools necessary for engineering 
practice

Computer-Aided Modeling in Environmental Engineering 
is chiefly intended as a supplement and a complementary 
guide to basic principles of environmental engineering. 
Nonetheless, it can be sourced as a stand-alone problem-solv-
ing text in the field. The book targets university students tak-
ing first-degree courses in environmental, construction, civil, 
mechanical, biomedical, and chemical engineering or related 
fields. The manuscript is estimated to have valuable benefits 
to postgraduate students and professional sanitary and envi-
ronmental engineers. Equally, it is anticipated that the book 
will stimulate problem-solving learning and accelerate self-
teaching. By writing such a script, it is hoped that the included 
worked examples, set problems, and compiled computer pro-
grams will warrant that the booklet is a treasured support to 
student-centered learning. To accomplish such goals, great 
attention was paid to offer solutions to selected problems in a 
well-defined, clear, and discrete layout exercising step-by-step 
procedures and explanation of the related solution employing 
crucial procedures, methods, approaches, equations, data, fig-
ures, and calculations.

Chapter 6 has been added to the format of the book to 
address solid waste engineering and management. The first 
part deals with municipal solid waste classification, quan-
tities, and properties stressing on introductory items, and 
physical and chemical properties of solid waste. The second 
part deals with solid waste collection, processing, mate-
rial separation, and financing facilities. Treatment methods 
tackle incorporated sanitary landfill, biochemical processes, 
and combustion and energy recovery. This chapter highlights 
financing solid waste facilities. Likewise, this part of the book 
incorporates homework problems shouldering both discus-
sion and special mathematical types of practical questions to 
be encountered. Computer programs were written for every 
stage discussed in this chapter.

The authors hope this work will contribute toward the 
achievement of United Nations Sustainable Development 

http://www.abet.org/
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Goals (UN SDGs*) numbers 1 (no poverty), 3 (good health 
and decent work and economic growth), 4 (quality education), 
6 (clean water and sanitation), 8 (decent work and economic 
growth), 9 (industry, innovation, and infrastructure), 11 (make 
cities inclusive, safe, resilient, and sustainable, i.e., sustain-
able cities and communities), 12 (Reasonable consumption 
and production), 13 (climate action), 14 (life under water), 15 
(life on land), and 17 (partnership for the goals).

Users of this book will be able to access the contents of 
Appendix 9 (A User’s Manual and Programs Screenshots), 
the source codes and executables of all example programs, 

along with the solutions manual on the downloads tab of the 
book’s CRC Press site:  https://www.crcpress.com/Computer-
Modeling-Applications-for-Environmental-Engineers-
Second-Edition/Ahmed-Abdel-Magid-Abdel-Magid/p/
book/9781498776547.

Prof. Dr. CEng. Isam Mohammed Abdel-Magid Sr.

Dr. Mohammed Isam Mohammed Abdel-Magid Jr. 
Dammam, Doha, 2017

* UN SDGs include (1) end poverty in all its forms everywhere, that is, no poverty; (2) end hunger, achieve food security and improved nutrition, and promote 
sustainable agriculture, that is, zero hunger; (3) ensure healthy lives and promote well-being for all at all ages, that is, good health and welfare; (4) ensure 
inclusive and quality education for all and promote lifelong learning, that is, quality education; (5) gender equality; (6) ensure access to water and sanita-
tion for all, that is, clean water and sanitation; (7) affordable and clean energy; (8) promote inclusive and sustainable economic growth, employment, and 
decent work for all, that is, decent work and economic growth; (9) industry, innovation, and infrastructure; (10) reduced inequalities; (11) make cities 
inclusive, safe, resilient, and sustainable, that is, sustainable cities and communities; (12) responsible consumption and production; (13) climate action; (14) 
life below water; (15) life on land; (16) peace, justice, and strong institutions; (17) partnership for the goals. (Source: United Nations, 2015, http://www.
un.org/sustainabledevelopment/sustainable-development-goals/#.)

http://www.un.org/sustainabledevelopment/sustainable-development-goals/#
http://www.un.org/sustainabledevelopment/sustainable-development-goals/#
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Preface and Acknowledgment to First Edition
Environmental engineering is the branch of engineering deal-
ing with activities in the areas of air, water, wastewater, solid 
waste, radiation, and hazardous materials. Many textbooks 
have been published in all of these areas; however, most of 
them lack the fundamental utilization and application of com-
puter programming. Computer programming is now of para-
mount importance not only for the students but also for the 
practicing engineers. This book presents computer programs 
in the air, water, wastewater, and solid waste fields that can 
be used to evaluate and assist in the design of environmental 
control systems. This book will be of value to environmental 
engineers, sanitary engineers, civil engineers, town planners, 
industrial engineers, agricultural engineers, treatment plant 
designers, consultation firms, and researchers. The BASIC 
programming language was selected for its simplicity and 
used throughout this book.

The broad objectives of this book are to facilitate improv-
ing teaching, learning, and research in the application of 
computer programming based on well-established models, 
equations, formulae, and procedures used in the environmen-
tal engineering field.

The more specified objectives are as follows: 

 1. To help the reader in the design of treatment and dis-
posal facilities

 2. To introduce the basic concepts of computer design
 3. To aid in teaching of environmental engineering unit 

operations and processes design
 4. To improve the understanding by students and 

researchers in the environmental engineering field

This book contains many illustrative figures, schematic dia-
grams, solved practical examples, design problems, and 
tutorial homework problems. A wide range and spectrum of 
environmental engineering subjects are covered. Many com-
puter programs are included, and they cover both the environ-
mental design principles and the structural design parameters 
using different materials. This book is written in a clear, con-
cise manner in order to enhance understandability. SI units 
are used throughout this book.

The format of the book is divided mainly into four sec-
tions. Section I deals with an introductory material that con-
tains functions and layout of the computer, programming and 
modeling concepts, and the basic outlines for the BASIC lan-
guage, which is discussed in Chapter 1.

Section II covers water sources and resources, and is 
divided into three chapters. Chapter 2 deals with the charac-
teristics of water and wastewater, supported by mathemati-
cal equations in order to help programming, water resources 
and sources, and groundwater flow. Emphasis is laid on water 
abstraction from wells with the consequent drawdown rela-
tionships. Chapter 3 discusses water treatment unit operations/

processes and water storage and distribution. It outlines the 
design concepts adopted in treatment plant unit operations 
(e.g., screens, sedimentation and flotation, and aeration) and 
treatment unit processes (e.g., coagulation and flocculation, 
filtration, desalinization, and water stabilization). Each treat-
ment process is briefly introduced and emphasis is given to 
the design of the units using appropriate equations, assump-
tions, and design tools. Chapter 4 deals with water storage and 
distribution. It highlights the design of water storage tanks 
(communa and, dwelling) and the methods used for both 
urban and rural water distribution.

Section III deals with wastewater engineering, measure-
ment, collection, treatment units, and disposal. It is divided 
into two main chapters. Chapter 5 focuses on wastewa-
ter collection systems for rural areas and urban fringes. 
Sewerage system design is introduced within the context of 
this chapter. Chapter 5 also discusses the selected methods 
for wastewater disposal for rural Inhabitants. Chapter 6 is 
introduced to aid the design of wastewater treatment and 
disposal units. More stress is placed on in-depth design 
considerations and parameters for selected systems univer-
sally adopted for both rural and urban regions. This chap-
ter emphasizes preliminary, primary, tertiary, and sludge 
treatment methods and the disposal of treated wastewater 
to  rivers, lakes, or oceans.

Section IV deals with air pollution control technology. It 
presents a brief overview of the air pollution field followed 
by the fundamental concepts that are necessary for calcu-
lations dealing with air pollution control. It also includes 
computer programs based on mathematical equations and 
models related to these fundamental concepts. The most 
commonly used air pollution control devices for gaseous and 
particulate pollutants are presented (e.g., absorption, adsorp-
tion, and combustion for gaseous contaminants and settling 
chambers, cyclones, electrostatic precipitators, venturi scrub-
bers, and baghouse filters for controlling particulate emis-
sions). Each control device or technique is accompanied by a 
computer program that can aid in the design or evaluation of 
air pollution control equipment. This section concludes with 
mathematical models that can be used for the determination 
of effective stack heights (plume rise) as well as dispersion 
models that can help estimate the concentrations of air pol-
lutants dispersed in the atmosphere. Computer programs 
for both stack height calculations and dispersion models are 
included. All computer programs in the book are included on 
diskettes.

The authors gratefully acknowledge the support, patience, 
encouragement, and understanding of their families while 
they were engaged in the enjoyable task of writing this book.

CRC Press/Lewis editors are acknowledged for their for-
bearance and patience during all stages of the manuscript 
preparation, review, editing, and publishing. Particular thanks 



xxxii Preface and Acknowledgment to First Edition

and appreciation go to Andrea Demby, Jan Boyle, and Victoria 
Held for their contributions and outstanding efforts to bring 
this book into existence.

The authors are indebted to a number of institutions, orga-
nizations, and individuals for permission to reproduce and 
draw published material, and these are acknowledged in the 
references. Thanks are also extended to the reviewers of the 
manuscript for their helpful comments and numerous con-
structive suggestions.

The authors extend their thanks to all who contributed 
in different ways toward the production of this book. In the 
air pollution control section, special acknowledgment goes 
to Asa Raymond for typing, reviewing, and developing the 
computer programs. Also a special thanks goes to Gary 
Whittle for his significant contribution in locating pertinent 
literature in the air pollution control field. Special thanks are 
also extended to Majid Soud Rashid Al-Khanjri and Taiseer 
Marhoon Al-Riyami for redrawing and tracing Figures 7.16, 
7.17, 7.32, and 7.33.

The authors trust that the book will serve the needs of the 
profession and provide help and stimulation for candidates to 
develop their own computer models. They invite and welcome 
any comments, suggestions, improvements, and constructive 
criticism from users of the text. Although diligent efforts have 
been made by the authors, reviewers, editors, and publisher 
to produce an error-free book, nonetheless, this may not have 
been achieved and some errors may have escaped the scrutiny 
of all. The authors would appreciate if any omissions or errors 
found be brought to their attention so that corrections can be 
made, which will enhance the usefulness of this publication.

Isam Mohammed Abdel-Magid

Abdel-Wahid Hago Mohammed

Donald R. Rowe

ISBN 1-56670-172-4
© 1997 by CRC Press, Inc.
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List of Symbols and Abbreviations

Symbol Description Unit

A Area m2

AI Aggressiveness index

Alk Total alkalinity mg/L CaCO3

Ai Area of heat exchanger number i m2

An Area of an individual unit m2

At Total area m2

A Constant, coefficient, factor, fraction

a′ Effective sulfide flux coefficient m/h

aa Percentage open area for a clogged screen %
ac Cell constant

ao Percentage open area for a clean screen %

B Width, thickness m

BOD Biochemical oxygen demand mg/L

BODe Effective biochemical oxygen demand mg/L

BODload BOD load kg/m3

BODs BOD of standard sewage gBOD5/c/day

BODt BOD that has been exerted in time 
interval t

mg/L

BOD5 5-Day BOD of wastewater mg/L

b' Constant

b Slope of the straight line of t/V versus V s/m6

C Concentration mg/L

C Idle resistance factor Dimensionless

C Efficiency factor

C Total amount percolating within the top 
layer of soil

mm/year

C Capacity tons/h

CA Sludge age day

Cd Constant or shape factor Dimensionless

CON Conductance Ohm–1

C' Solubility of oxygen at barometric 
pressure P and given temperature

mg/L

CD Newton’s drag coefficient Dimensionless

Ce Concentration in effluent mg/L, g/m3

Cf Friction coefficient, coefficient of DeChezy m0.5/s

Cm Concentration of the pollutant in mixture 
of river water and wastewater discharge, 
or concentration of pollutant in the river 
downstream point of discharge

mg/L

Co Concentration at time t = 0 (initial) mg/L

Cp Carbon concentration in the mixture prior 
to composting, as the percentage of total 
wet mass of mixture

%

Cs Saturation concentration mg/L

Cs Carbon concentration in the sludge, as the 
percentage of total wet sludge mass

%

Cr Concentration of the same pollutant in 
river upstream discharge point

mg/L

Cr Carbon concentration in the refuse, as the 
percentage of total wet refuse mass

%

Symbol Description Unit

Cv Volumetric concentration of particles 
(volume of particles divided by the total 
volume of the suspension)

Dimensionless

Cw Concentration of pollutant in wastewater kg/m3

C Coefficient, constant

C Velocity of the sound in a given medium m/s

ch Chlorinity g/kg

cg Gas concentration in gas phase g/m3

D Cumulative passing weight fraction %
D Diameter m

D Disintegrating organic material

D Cylinder diameter m

D60 Particle (sieve) size where 60% of the 
particles are smaller than that size

D10 Particle (sieve) size where 10% of the 
particles are smaller than that size

Diff Molecular diffusion coefficient m3/s

Dm Mean hydraulic depth ft

DOc Critical oxygen deficit mg/L

DI Dielectric constant

DOo Initial Oxygen deficit at the point of waste 
discharge, at time t = 0

mg/L

DOt Oxygen deficit at time t mg/L

DR Dilution rate Dimensionless

DWF Dry weather flow L/day

d Depth, diameter m

d Particle size

d' and n Characteristic of the material studied

do Maximum particle size

dP Differential change in pressure Pa

du/dy Velocity gradient (rate of angular 
deformation, rate of shear)

s–1

dV Differential change in volume m3

dmax Maximum depth m

dp The distance between blades or the scroll 
pitch

m

E Coefficient of Eddy diffusion, or turbulent 
mixing

m2/s

E Evapotranspiration mm/year

EC Electrical conductivity Ohm/m

Eff Efficiency %
EM Electrophoretic mobility m/s/V/m

Eb Bulk modulus N/m2

Ev Rate of evaporation L/day

E ' Activation energy calories

Ee Electrochemical equivalent g/Coulumb

ee Expanded bed porosity Dimensionless

e Porosity Dimensionless

(Continued)
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Symbol Description Unit

F Collection frequency, number of 
collections per week

F Speed factor Dimensionless

F Volume of reduction

Far Faraday’s constant Ampere*h

F/M Food-to-microorganisms ratio day–1

Fr Froude number Dimensionless

Ft Shear force N

F1, F2 Recirculation factor Dimensionless

f Factor, function, coefficient

f Frequency cycle/s (Hertz)

G Food waste, percentage by weight of total 
MSW, on a dry basis

%

G Velocity gradient s–1

g Gravitational acceleration m/s2

H Lift ft

H Total energy (total head, energy head) m

Hard Hardness mg equivalent 
CaCO3/L

HCa Calcium hardness mg/L CaCO3

HEi Heat exchanged in effect number i J

Ho Initial resistance for a clean screen m

Hs Resistance for a clogged screen m of water

[H+] Concentration of hydrogen ions mol/L

h Height, depth, thickness m

hf Friction head m

hl Head loss m

ht Height of proposed tank m

I Mean rainfall intensity for a duration 
equal to the time of concentration

mm/h

Ir Average infiltration into the sewer owing 
to poor joints or pervious material

L/day

i Annual interest rate fraction

i Current A

i Current density A/cm2

j Slope, gradient m/m

K Constant, factor, coefficient

K Coefficient of permeability

K Hydraulic conductivity of the drainage 
layer

ft/day

K Intrinsic permeability or specific 
permeability

Kb Bunsen absorption coefficient g/J

KD Distribution coefficient

Ks Half-velocity constant mg/L

k Coefficient, constant

k Constant Dimensionless

k Exponent Dimensionless

k Landfill gas emission constant Time–1

kH Henry’s constant g/m3*Pa (g/J)

kl Loss coefficient

kn Kinetic coefficient Dimensionless

Symbol Description Unit

kp Removal rate constant for waste 
stabilization pond

day–1

kt Decay constant for the particular decay 
reaction

day–1

k"' Reaeration constant day–1

k' First-order reaction rate constant day–1

k1 Bacterial die-away rate day–1

L Length of conveyor belt ft

L Length of cylinder m

Lb BOD5
20 of benthal deposit g/kg volatile 

matter

Le Effluent BOD mg/L

Li Influent BOD mg/L

Lm Maximum daily benthal oxygen demand g/m2

Lo Methane generation potential volume/mass of 
waste

Lo BOD remaining at time t = 0 (total or 
ultimate first stage BOD initially 
present)

mg/L

Lt Amount of first-stage BOD remaining in 
the sample at time t

mg/L

LEP,d Daily personal noise exposure level dB

LEP,w Weekly average of the daily personal 
noise exposure

dB(A)

(LEP,d)i Daily personal noise exposure of day i dB(A)

l Length, depth m

le Expanded bed depth m

le Equivalent pipe length m

M Moisture content, percentage (on a wet 
basis)

%

M Mass of the material lb, tons, kg

MCRT Mean cell residence time day

MLVSS Mixed liquor suspended solids mg/L

MW Molecular weight of the gas g

Ma Moisture in solids as in shredded and 
screened refuse

%

Md Moisture content, percentage (on a dry 
basis)

%

Mi Mass of wet waste, placed at time i

MP Moisture in mixed pile (heap) ready to 
begin process of composting

%

m Mass kg

N Number Dimensionless

N Number of conveyor leads or number of 
blades wrapped around conveyor hub

N Number of sound sources

N Number of collection vehicles needed

N Number of working days taken into 
account during the week

ND Nondecomposable material

Ne Effluent bacterial number, number of 
bacteria

/100 mL

Ni Influent bacterial number, number of bacteria /100 mL

No Number of viable microorganisms of one 
type at time t = 0

/100 mL
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Symbol Description Unit

n Number Dimensionless

n Number of installments

n Number of years

N Roughness factor, Manning and Kutter 
factor

m1/6

N Sound intensity level dB

N Total time periods of waste placement

OL Organic loading rate of the sewage 
effluent

g/L

P Distance between collection pipes ft

P Level of sound intensity to be measured W

P Number of people served by the sewer Dimensionless

P Paper, percentage by weight of total 
MSW, on a dry basis

P Precipitation mm/year

P Pressure mmHg, N/m2 
(Pa)

P Pressure of sound wave Pa

P Pulley friction horsepower

PA(t) Time-varying value of A-weighted 
instantaneous sound pressure

Pa

Pref Some reference sound pressure Pa

PE Population equivalent Dimensionless

POW Power J/s, W

Pg Partial pressure of the respective gas in 
the gas phase

Pa, atm

Posm Osmotic pressure atm

pOH Negative logarithm of the hydroxyl ion 
concentration

pw Pressure of saturated water vapor mmHg, N/m2

Po A reference level, usually the intensity of 
a note of the same frequency at the 
threshold of audibility = intensity of the 
least audible sound

W

Pref Some reference sound pressure

Px1 Purity of the first output stream in terms 
of x

%

pAlk Negative logarithm of total alkalinity Equivalent 
CaCO3/L

pCa2+ Negative logarithm of calcium ion mol/L

Pf Peaking factor Dimensionless

pH Negative logarithm of the hydrogen ion 
concentration

pHa Actual [measured] pH of the water

pHs Saturation pH

Q Rate of flow, fire demand m3/s

Q Delivery of refuse m3/min

Qa Average flow m3/s

QI Total inflow volume during a specified 
period

m3/s

Qmax Maximum flow rate m3/s

Qmin Minimum wastewater flow m3/day

QO Total outflow volume during a specified 
period

m3/s

Qp Peak flow m3/s

Symbol Description Unit

QR Recirculated flow m3/s

QT Total gas emission rate from a landfill volume/time

ORx,y Overall recovery for components x and y

Qw Waste sludge flow m3/day

q+ Charge on the colloid Coulomb

q Flow that can be applied per unit area L/m2*day

q Vertical inflow (infiltration) ft/day

R Plastics, percentage by weight of total 
MSW, on a dry basis

R Rotational speed of screw rpm

R Universal gas constant J/K*mol, 
L*atm/
mol*K, 
J/kg*K

Re Reynolds number Dimensionless

RES Resistance of a conductor W

RESs Specific resistance of the suspension W*cm

RI Ryzner index

Rm Resistance of filter medium m–1

Rmr Rate of corrosion

Rs Specific resistance W–1

RT Total removal %
Ru Recycling ratio Dimensionless

Rx1 Recovery of component x in the first 
output stream (1)

r Coefficient of runoff (can be estimated for 
different types of soil)

r Radius m

rD Rate of deoxygenation

rH Hydraulic radius m

rr Rate of reaeration

rs Specific resistance of sludge cake m/kg

rs' Constant

S Salinity correction term

S Storage in the soil or solid waste mm/year

S Speed of belt ft/min

S Total number of customers serviced

SA Sludge age days

SDI Sludge density index g/mL

SLR Sludge loading rate day–1

SRT Solids retention time m

SS Suspended solids mg/L

SVI Sludge volume index mL/g

SWL sound power level dB

SPL Sound pressure level dB

SPLN Net sound pressure level dB

SLPA Sound level at distance DA from the noise 
source

m

SLPB Sound level at distance DB from the noise 
source

m

SPLi Sound pressure level from source i dB

Sc Specific capacity of well m3/day*m

Su Sulfide concentration mg/L*h

Sudis Dissolved sulfide concentration in 
wastewater

mg/L

(Continued)
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Symbol Description Unit

s Distance of separation between cylinders 
(discs)

m

sa Salinity g/kg

s.g. Specific gravity of settling particle Dimensionless

s* Growth-limiting substrate concentration 
in solution

mg/L

T Capacity tons/h

T Temperature °C, °F, °K

TDS Total dissolved solids mg/L

TOR Net torque input dyne/cm

TR Transmissibility of aquifer m3/day*m

Tc Temperature correction factor Dimensionless

Tw Average trade waste discharge L/day

Te Duration of the person’s personal 
exposure to noise

To Length of the working day h

t Time, detention time days

tc Critical time days

t½ Half-life of the particular nuclide s, days

t25 Time required for water surface to fall 
25 mm

s

ti Age of the ith section of waste Time

U Velocity at free plate surface LT–1

UC Uniformity coefficient

ua Average velocity m/s

ui Heat transfer coefficient for heat 
exchanger number i

J

V Volume m3

V Volume of refuse between each pitch m3

V Volume of sanitary landfill area

Vr Volume of a layer of coverage required

VO Volatile organics

Vo Original size (initial)

Vc Volume after compaction

VOL Volumetric organic loading rate kg/m3*s

VS Concentration of volatile solids kg/m3

VA Volume of material (A)

VB Volume of material (B)

Vg Volumetric gas production rate

(specific yield) m3 gas/m3 
digester/day

Vs Settled volume of sludge in a 1000 mL 
graduated cylinder in 30 minutes

mL/L, %

v Velocity m/s

v Speed of cylinders rpm

v' Hindered settling velocity m/s

va Approach, actual velocity m/s

vc Centerline velocity m/s

vf Filtration velocity m/s

vH Velocity of horizontal water movement m/s

vr Rotational velocity of the bowl rad/s

vs Settling rate ,displacement velocity, 
loading rate, overflow rate

m/s

vsc Self-cleansing velocity m/s

Symbol Description Unit

vsco Scour velocity m/s

vw The difference in the rotational velocity 
between the bowl and the conveyor

rad/s

vz Updraft velocity m/s

W Loading rate kg/day

W Number of workdays per week

W Organic loading of the trickling filter g BOD/day

W Power of sound wave W

W Water, percentage by weight, on a dry 
basis

%

W Weight of SW to be buried

Wt Weight kg

Ww Initial (wet) weight of sample

Wd Final (dry) weight of the sample

Wo Some reference sound power W (pW)

wp Wetted perimeter m

X Amount borrowed, amount available 
every year

X Number of customers a single truck can 
service per day

XT Total removal %
Xs Total mass of sludge, wet tons per day

Xr Total mass of refuse, wet tons per day

x1 First component emerging of the first 
output stream (1)

Mass/time

xo x Component entering to the binary 
separator

Mass/time

xg Mole fraction of gas Dimensionless

xc Critical distance m

x Distance, drawdown m

x Percentage of compressed SW volume %
xa Mass of solids wet tons

xs Mass of sludge or other source of water tons

Y Distance from a fixed plate m

Y Installment cost, amount that has to be 
invested

Ymax Maximum saturated depth over the liner ft

Yt Ultimate gas yield m3 gas/kg VS 
added

y Distance, depth, width m

Z Depth, elevation m

ZP Zeta potential V

α Constant

α Inclination of liner from horizontal °
β Beta function for a centrifuge

σ Surface tension N/m

ϕ Angle °
ϕ Particle shape factor Dimensionless

ϕsw Hydrogen sulfide flux to pipe wall g/m2*h

γ Specific weight N/m3

γ Specific weight of water

τ Shear stress N/m2
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Symbol Description Unit

Σ Parameter related to the characteristics of 
centrifuge

ΣF Sum of all forces acting on fluid 
contained between two cross sections

N

ρ Density kg/m3

ρ Average density of solid waste 
and garbage

ρ Density of the material g/cm3

ρo Original apparent density

ρc Apparent density after compaction

ρc = ρA + B Bulk density of the mixture of material 
(A) and material (B)

ρA Bulk density of material (A)

ρB Bulk density of material (B)

δ Thickness of laminar layer m

Ψ Rate of deposition m2/s

ν Kinematic viscosity m2/s

ζ Eddy viscosity N*s/m2

Symbol Description Unit

μ Dynamic (absolute) viscosity N*s/m2

μ Dynamic viscosity of water

ξ Ionic strength

θ Temperature coefficient Dimensionless

ε Roughness of the pipe wall m

λo Filtration coefficient m–1

λ wave length m

ω Impeller rotations Number of 
rotations/min

χ Constant

μs Growth rate of microorganism day–1

(μs)max Maximum specific growth rate of 
microorganisms

day–1

υ Specific volume of the fluid m3/kg

ΔT Change in temperature °C

ΔS Change in storage volume during 
specified interval

ΔP Pressure difference Pa
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List of Acronyms

Abbreviation Meaning

ALGOL algorithmic language

ALU arithmetic and logic unit

AMD Advanced Micro Devices, Inc.

BASIC beginner’s all-purpose symbolic instruction code

BIOS basic input/output system

BMP bitmapped picture

CD compact disc

CIL common intermediate language

CLI command line interface

COBOL common business-oriented language

CPU central processing unit

CRT cathode ray tube

DVD digital versatile disc, or digital video disc

ENIAC electronic numerical integrator and computer

FORTRAN formula translation

FOSS free and open source software

FSF free software foundation

GNU GNU’s not Unix

GPL GNU general public license

GUI graphical user interface

IBM International Business Machines Corporation

IDE integrated developer environment

IoT internet of things

JIT just-in-time translator

JPEG joint of picture experts group

JVM Java virtual machine

LAN local area network

Abbreviation Meaning

LCD liquid crystal display

LED light emitting diodes

MMIO memory mapped input/output

MS-DOS microsoft disk operating system

MSDN microsoft developer network

OCR optical character recognition

OOP object-oriented programming

OS operating system

OSI open source initiative

PC personal computer

PDF portable document format

PNG portable network graphics

PROLOG programming logic

QWERTY The first six letters appearing from the left-hand side 
of a keyboard

QWERTZ same as QWERTY, German version

RAM random access memory

ROM read-only memory

SQL structured query language

TUI text-user interface

USB universal serial bus

VB.NET Visual Basic.NET

VBA VB for applications

VS Visual Studio

WINE Windows Emulator
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1 Programming Concepts

This chapter presents an introduction to the basic functions, 
layout, and components of a computer workstation. Computer 
programming languages are briefly outlined and summarized, 
delineating their history, types, and uses, with an emphasis 
being placed on Visual Basic.NET (VB.NET) language as is 
the language of choice to this book.

The management of water resources, wastewater col-
lection, treatment, and disposal, solid waste collection and 
ultimate recycling, reuse and disposal as well as air pol-
lution and noise abatement and control involves complex 
processes. This is due to many interacting parameters, some 
of which are difficult in presenting a straightforward math-
ematical model, equation, or formula. Mathematical mod-
eling techniques can be used in predicting the quality and 
sequence of relationships that can help management in an 
effort to solve potential environmental problems. A model 
can be regarded as an assembly of concepts in the form 
of one or more mathematical equations that approximate 
the behavior of a natural system or phenomenon (Ji 2008). 
Models can be divided into simulation, optimization, and 
computer-aided design models (Chapra 2008). Simulation 
models address the presentation of a mathematical model 
that simulates a specific situation, with the formulation of 
a mathematical relationship and solution through a struc-
tured and valid process. Optimization models use mathe-
matical techniques to achieve a reasonable solution from a 
range of possibilities. Computer-aided design models help 
in the preparation of design drawings and computation of 
quantities.

Modeling methods rely on computers for their validation, 
testing, speediness, and efficient use. The basic concepts of 
mathematical modeling and formulation of a well-written 
operative computer program form the central theme of this 
book. The aim is to train individuals to write, develop, vali-
date, and use their own environmental engineering control 
programs and simulation models.

In many of the examples tackled in this book, the best 
teaching method was adhered to. This is not always the best 
working or the best method with regards to its real-world 
performance. Sometimes the teaching method is longer, 
slower, or even more complex than what a production-level 
model should be, but the authors opted to make all exam-
ples, presented throughout the manuscript, as readable and 
understandable as possible. As such the reader is free to 
edit any selected examples to be more performance efficient 
if so he or she desires. A live example is editing controls’ 

properties in the form _ load() function of each form. In 
reality, the programmer (including oneself for that matter) 
will edit these properties in the design view. This will not 
only reduce code clutter, but it also helps separate design 
from code and reduces the work that the program has to 
do when loading each new instance of the form to memory 
upon execution. In this book, however, everything is placed 
inside code blocks to reduce the complexity of the text. As 
such, the reader is able to follow easily the code and under-
stand exactly what it does without really looking into the 
form design. Suffice it to know that there are five labels, five 
textboxes, and one button in the form. Every other detail 
about these 11 controls is found in one place inside the 
form _ load() function. Again, this design choice is not 
suitable for production-level software as it is solely intended 
for teaching models like the ones presented in this script. 
Furthermore, error checking has been dropped in some 
examples to keep the programs as direct, explicit, clear, and 
simple as possible.

1.1 HOW IT ALL STARTED

Long before computers came to life, machines have been 
developed to perform certain tasks. These ranged from 
ancient and simple devices like the Greek Abacus, which 
was used for counting (around 50 BC), to the Pascaline 
(a mechanical calculator), which was named after its inven-
tor, Blaise Pascal, in the seventeenth century, to help his 
father do his tax work. It functioned mainly to add num-
bers. The first real calculator that could do the four basic 
calculations (addition, subtraction, multiplication, and divi-
sion) was developed by the Austrian Antonius Braun (1727). 
Later on, in 1822, Charles Babbage (1791–1871), known as 
the father of computers, designed a machine that would do 
complex calculations and print the results. This was a revo-
lutionary concept in his time. Although he never actually 
built the machine due to the limitations present in the tech-
nology at that time, which was not precise enough to match 
his designs, the design and functions he set are present in 
nearly all today’s computers (see Figure 1.1). During World 
War II, German submarines were receiving encrypted 
messages from the bases that were coded using a coding 
machine called the Enigma. Around that time, in the U.S. 
Army, a machine for computing tables for ballistic trajecto-
ries, named electronic numerical integrator and computer, 
was being developed (Murdocca and Heuring 1999).
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1.2 COMPONENTS OF A COMPUTER

Essentially, a computer is a machine that can perform com-
plex, long, and repetitive sequences of operations at very high 
speeds (Welsh and Elder 1988). It captures data in the form of 
instructions or electronic signals, processes it, and then sup-
plies the results in the form of information or electronic sig-
nals to control some other device or process (Schneider 2013). 
Theoretically speaking, conventional computers have five 
major components (as designed by von Neumann and others, 
often referred to as the von Neumann model) (see Figure 1.2) 
(Murdocca and Heuring 1999): 

 1. An input unit
 2. An arithmetic and logic unit (ALU)
 3. An output unit
 4. A memory unit
 5. A control unit

A typical personal computer (PC) includes four hardware 
components (in analogy to the von Neumann model): a pro-
cessor (central processing unit [CPU], which contains both 
the control unit and the ALU), input devices (a keyboard 
and a mouse), output devices (video display devices such as 
a monitor or a projector, printers, and other peripherals), and 
storage media (memory, hard disks, optical media, and flash 
memory).

The main components of a PC system can be detailed as 
follows (see Figures 1.2 through 1.6):

 1. The CPU: This component represents the brain or 
the control center of the computer. It carries out the 
sequence of operations specified by a program, and 

it controls all computer activities. The functions 
of the CPU can be divided as follows (Hager and 
Wellein 2010): 

 a. The control unit controls electronic signals pass-
ing through the processor, and it monitors the 
operation of the whole system. It also controls 
the flow of code and data through the proces-
sor, on system buses, to main memory and other 
destinations (such as hard disks, Universal Serial 
Bus [USB] disks, and output devices such as 
printers).

Input unit

Arithmetic/
logic unit

Central
controller

Output unit

FIGURE 1.1 Components of a computing machine.

Input unit
(e.g., keyboard
and scanner)

ALU

Control unit

Output unit
(e.g., monitor and

printer)

Memory unit

FIGURE 1.2 Components of a computer (von Neumann model).

Control
bus

Address
bus

Data
bus

System
bus

Main memory

Peripheral I/O
devices

Central processing
unit

FIGURE 1.3 The system bus. I/O, input/output.

Connection cord
(to computer)

Left button Right button

Scroll wheel

FIGURE 1.5 Structure of a computer mouse.

Q W E R T Y

[   ] = Function keys
[   ] = Meta keys and other special keys
[   ] = Alphanumeric set

FIGURE 1.4 QWERTY keyboard layout.
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 b. The ALU executes arithmetic and logical opera-
tions. These are of paramount importance, as 
most of the commands performed by the proces-
sor involve data moving or operations on data. 
As the processor’s golden currency is time, this 
must be handled as efficiently as possible. As 
such, modern processors apply very complex 
logical operations to determine the best path to 
take, how to handle data, and what operation to 
do next, and when to do it.

 As the CPU is the maestro of the orchestra, it must 
have a method of contacting the other components 
under its control (see Figure 1.2). It negotiates tasks 
with other components of the system using a com-
mon channel known as the system bus (see Figure 
1.3), which has three components (Murdocca and 
Heuring 1999): 
• The control bus: It carries information about 

the operation being requested, for example, read 
from memory and write to disk.

• The address bus: It carries the address of the 
destination (or source) of the data, be it in the 
main memory or saved on the disk.

• The data bus: It carries the data being read/
written.

 2. Input devices: There are several programmable input 
devices such as the keyboard, digital pen, joystick, 
mouse, microphone, and document scanner. These 
input devices function much the same as human sen-
sory organs in that they provide input from different 
sources into the computer: 

 a. The keyboard is by far the primary and mostly 
used input device for entering commands and 
data. It transfers characters to a special “key-
board buffer” in memory in response to each key 
event. Key events include key press, key release, 
and “sticky” or persistent key presses. Each key 
event corresponds to a special and well-defined 
“scan code” (Brouwer 2009), which is a special 
byte number indicating the key that generated 

the event and the event itself (press, release, 
repeat). Most key events generate one to three 
scan codes. In addition to the scan codes, most 
keyboards generate special control codes that are 
used to convey messages to the host computer 
(e.g., the presence of key input) or to respond to 
commands from the host computer. A typical PC 
keyboard has 101 keys (some Windows-specific 
keyboards have 104). The keys generate scan 
codes as described previously. The operating 
system (OS) does the job of transforming each 
key event to its respective key mapping (e.g., 
the user pressed the key with “A” printed on it. 
This might result in “a” printed on the screen, or 
“A” if the user pressed Shift simultaneously, or 
has turned Caps Lock on beforehand, or maybe 
it prints a whole different letter in another lan-
guage if the user is using international language 
mapping). The keys on a typical keyboard can be 
divided into: (1) alphabetical letters and numbers 
(also called the alphanumeric set), (2) special 
symbols and shapes, and (3) function and con-
trol keys. As each scan code is 1 byte in length, 
the keyboard driver can generate 256 different 
scan codes (a byte is 8 bits, thus 28 different val-
ues can be represented in a single byte). This is 
not an awful lot, but remembering that each key 
event can generate one to three different scan 
codes means that all key events (press, release, 
repeat) can be generated by using multiple scan 
codes for individual key events. There are dif-
ferent ways of arranging the keys on a key-
board, which is termed the keyboard “layout” 
(see Figure 1.4). The most commonly used layout 
is the QWERTY layout, which corresponds to 
the first six letters appearing from the left hand 
side. This layout was adopted from early type-
writers. Other layouts exist, such as QWERTZ 
(a German layout) and others.

 b. The mouse is a positioning device that is used 
to navigate graphical user interfaces (GUIs) by 
controlling a cursor (commonly shaped as an 
arrow with changing sizes, shapes, and colors). 
It eases user interaction with the system by pro-
viding a means of working with files, operating 
on the disk file system, launching programs, and 
other functions, by the user clicking on one (or 
more) of its two to three buttons. Older mice 
used to have three buttons by default. More cur-
rent mice dropped the middle button (but can 
usually be emulated by pressing both buttons 
concurrently) and substituted it for the scrolling 
wheel (see Figure 1.5). Although the mouse is 
commonly associated with GUI environments, 
a lot of contemporary OSs provide some (albeit 
sometimes rudimentary) mouse support in text-
based environments (text–user interface; also 

Printer

Mouse
Keyboard

Monitor
CPU

FIGURE 1.6 Components of a PC system.
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called command-line interface). For example, 
most Linux distributions provide mouse support 
by default on their virtual terminals.

 c. The digital pen is a type of input device that 
can be used to convert analog data (like user 
handwriting or hand drawing) to digital data 
that can be accepted, processed, and stored by 
a computer system. A popular use is in sending 
handwritten articles (by authors or journalists, 
for example) to the computer, after which it can 
be run through a special software known as opti-
cal character recognition (OCR) software, which 
can analyze the digital data, perform complex 
calculations on it, and ultimately convert the 
raw pixel data it received into distinct language 
characters, thus recovering the original piece of 
handwritten article. Text can then be edited by 
a word processor to add visual effects and can 
thereafter be printed or emailed.

 d. Document scanners are used to scan pages and 
save them in an image format (such as JPEG, 
PNG, BMP, and others) or in the portable docu-
ment format (PDF). The data can then be han-
dled as is or processed through the same type of 
OCR software described previously to retrieve 
the data contained in it.

 3. Output devices use different means to display the 
output of calculations, the results of different com-
putations, whole documents, spreadsheets, or even 
audio and video.

 a. The monitor (visual display, display screen): 
This output unit permits the display of input 
information as it is entered and allows the dis-
play of the output produced by computer soft-
ware. Many types of monitors are found on 
the market, with different vendors, sizes, and 
capabilities. Current monitors are usually light-
emitting diode displays, which use an array of 
light-emitting diodes to present the pixels on 
screen. Some other monitors are using the infe-
rior liquid crystal display technique, which takes 
advantage of the light-modulating capabilities of 
liquid crystals. The old cathode ray tube displays 
are rendered extinct by these new technolo-
gies. The contents of the display are governed 
by data stored in a special area of the memory 
known as the video memory. The video memory 
is typically built into the monitor itself to allow 
for fast transfer of images from the memory to 
the screen proper. The OS usually either writes 
directly to the video memory or channels the 
graphics (or text) it wants output on the screen 
to a special area of the main memory, known as 
memory mapped input/ output (MMIO), which is 
connected to the main video memory. Writing 
to this special MMIO area is akin to writing 

the main video memory, and changes in one are 
directly reflected on the other. This technique is 
not exclusively used by video memory. In fact, 
most (though not all) modern I/O devices use 
some sort of MMIO in their communication with 
the system. Some vendors provide special capa-
bilities with their video cards to enable programs 
with higher visual needs to be run seamlessly, 
a feature that is very important in video game 
programming (Hill and Pilkgton 1990).

 b. Printers and plotters: A printer allows the gener-
ation of a permanent record or a hard copy of the 
output. Printers can be broadly classified accord-
ing to the following:
– Users connected to the printer:

– Personal printer: It is connected to one 
host computer. It is usually office or 
home based. It is easy to install, oper-
ate, and maintain, and is suitable for per-
sonal or small business use.

– Shared or multiuser printer: It is con-
nected to a network (usually local area 
network) of users. Typically, it is found 
in corporate offices and is shared and 
used simultaneously by different users at 
the same time. This type must be dura-
ble and highly maintained to withstand 
the workload expected.

– Physical versus virtual: Physical printers 
are real-world printers like the one sit-
ting on top of one’s own desk. A virtual 
printer is a piece of software that acts and 
behaves as if it was a real printer. From 
the application’s point of view, the virtual 
printer is a printer, and all data that were 
destined to be printed will be sent to the 
virtual printer as such. A typical example 
is the indispensable “generic” PDF printer, 
which is installed by default on almost all 
modern OSs.

– Dimensions of the printed document: Typical, 
everyday use printers are two dimensional. 
With the advent of three-dimensional print-
ers (3D), a new era of printing has emerged, 
and it may not take long for 3D printing to 
be integrated into our daily life activities and 
routine.

– Mechanisms of character formation:
– Dot matrix printers form individual 

characters by using a series of dots, one 
line at a time. Although it is considered 
legacy technology, dot matrix printers 
are still used in special situations where 
low cost, low quality, or large volume 
printing is required, for example, in cash 
registers.
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– Solid font mechanisms produce fully 
formed characters via the formation of 
sharp images. They are to be preferred 
to dot matrix printers when letter-quality 
output is needed.

– Method of transfer of data, or print, to page:
– Impact printers form characters by strik-

ing the type against an inked ribbon that 
presses the image onto the paper. This is 
obsolete nowadays.

– Nonimpact printers do not involve 
physical contact but instead transfer 
the image to the paper using ink spray, 
heat, xerography, or laser. They are 
usually quieter and faster than impact 
printers. Most modern printers are 
nonimpact printers.

 A plotter allows the sequential drawing of objects 
rather than using the raster-scan principle adopted 
for printers. The plotter produces professional qual-
ity drawings on different paper sizes and allows the 
production of final, multiple-colored drawings.

 4. Data storage media: Storage of programs and 
data can be made on (fixed) internal hard disks, 
optical media (including compact discs [CDs] and 
DVDs), memory sticks (USB or flash drives), and 
external hard disk stores. Memory is considered 
storage medium, albeit temporary, as all the infor-
mation stored therein is lost whenever the electri-
cal current is lost; hence, it is often called “volatile 
memory.”

  Generally, storage media are used to store infor-
mation, either permanently (like CDs and hard disks) 
or temporarily (like memory). They may be divided 
as follows:
• Floppy disks (diskettes): These portable media 

are made of flexible plastics that can be mag-
netized. Data are stored on the disks as magne-
tized spots or concentric tracks on its magnetic 
coating by the head of the disk drive. They are 
largely obsolete and are rarely used today as 
the other technologies have superseded them in 
terms of efficiency, reliability, storage size, and 
cost effectiveness.

• Hard disks (Winchester disks): These are made 
of inflexible metal and are installed and fixed 
in the computer. They are more reliable with 
larger storage capacities and faster access times 
than the floppies. Each computer system usu-
ally contains at least one hard disk, which is 
fixed inside the computer case. This serves 
as the primary storage medium for the sys-
tem. Otherwise, disks can be used as a large 
medium for transferring data between systems 
or as backup storage for data recovery in case 
of system failure.

• CDs are made of polycarbonate plastic with a 
thin layer of aluminum (the reflective surface). 
Data are stored on the surface of the disc as 
a series of microscopic indentations; this is 
read later using a laser beam. These discs can 
be formatted to store media (e.g., music CDs), 
data (e.g., software CDs), and video (e.g., 
movie CDs).

• The primary memory is volatile, that is, when 
the computer is turned off, the information 
is lost (also known as the main store, random 
access memory [RAM], or read/write memory). 
It is used by the processor as a temporary infor-
mation storage device. The information can be 
an input to the system, or it may be generated 
from internal calculations. The RAM is also 
used to store and retrieve computer programs 
during program execution. The basic measure-
ment unit of computer memory is denoted as a 
byte (corresponds to 8 bits, a bit being the small-
est unit of information handled by a computer 
and either 1 or 0 in the binary number system). 
Bytes are grouped into kilobytes (1 kB = 1024 
or 210 bytes), megabytes (1 MB  =  1024  kB), 
giga bytes (1 GB  =  1024  MB), and tera bytes 
(1 TB = 1024 GB). The immutable memory is 
called read-only memory (ROM) and contains 
the basic input/output system (BIOS). The BIOS 
controls the major I/O devices in the system. 
ROM is not a volatile memory, it is built into the 
computer, and this information is retained even 
when the computer is off.

Figure 1.6 shows the main components of a computer. The 
inside of the computer contains the main board, power sup-
ply, adapter cards, disk drives, processor, RAM, ROM, math 
coprocessor, and support chips. For effective, trouble-free 
operation, routine corrective and preventive maintenance 
should be performed regularly for the computer. Computer 
failures can be caused by excessive heat, dust buildup, noise 
interference, powerline problems, corrosion, and the presence 
of magnetic flux (Andrews 2013).

1.3 TYPES OF PROGRAMS

A program is an orderly collection of instructions directed 
to the computer, instructing it to perform specific tasks. 
Programs collectively available to the computer to be per-
formed are termed software. This is in contrast with the 
hardware, which is the solid component of a computer sys-
tem, described in Section 1.2. Software is needed to direct 
the computer to perform the required tasks. Hardware 
without software is just a collection of assembled material. 
Likewise, software has no purpose to do if there is no hard-
ware to control. Software can be divided into the following 
categories:
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1.3.1 OS (SuperviSOr prOgramS)

This is a group of programs that efficiently control the opera-
tion of the computer. It is usually the first program to load into 
memory, immediately after the BIOS finishes inspecting the 
hardware, checks memory for errors, does some household 
work, and then looks for a suitable OS to run. The BIOS looks 
into its list of bootable media (editable through BIOS setup on 
all modern computers and laptops). For example, if the first 
bootable medium is the CD ROM, the BIOS looks into the con-
troller to see if there is a CD in it. If there is, it inspects the disk 
to see if it is bootable. If so, it looks for the OS executable and 
loads it into a special address of the main memory and handles 
it control of the system. If the CD is not bootable (or no media 
is inserted in the drive), the BIOS checks the next bootable 
medium, typically one of the hard disks, and if it finds an OS 
installed there, it loads it and passes control to it. The part of 
the OS that forms the core of the system and is loaded by the 
BIOS is called the OS kernel. The kernel permanently resides 
in the computer memory throughout the system operation. It 
continuously supervises and coordinates other programs run-
ning on the machine and monitors device activities. Many OSs 
have been, and will continue to be, developed, such as Mac 
O/S by Apple, Microsoft Windows by Microsoft Corporation, 
and Unix and its successor Linux by Bell Laboratories.

Linux was originally developed by Linus Torvalds (started 
as a hobby project back in 1991). Since then, Linux became 
a pillar of its own. It expanded vigorously, and with many 
contributions from the GNU project (http://www.gnu.org), 
GNU/Linux has become an important and respected player 
in today’s OS arena. There are many systems built around the 
Linux kernel, which are called “distributions,” or shortly “dis-
tros.” Such distros include Fedora Linux, SuSE Linux, and 
Gentoo Linux.

1.3.2 utility prOgramS (uSer prOgramS)

These programs are designed by manufacturers or software 
companies to perform specific tasks. Examples of utility pro-
grams include text editors, debugging aids, disk formatters, 
file copiers, data sorters, and data file mergers. The major 
difference between user and supervisor programs is that user 
programs run in user mode, which means they are not granted 
direct control of the system except through special requests to 
the kernel. For example, when the user opens a document in 
his/her word processor, the user program (the word proces-
sor) asks the OS (the kernel) to do the operation of opening 
and reading the document. The process of shielding the user 
programs and preventing them from doing such important 
actions on the system is an important concept. Consider what 
happens if that same word processor had frozen because of 
a bug in the program logic, or even worse, due to malware 
or viral infection. If the word processor was given liberty 
while handling the disk and the files on it, a disaster could 
have happened when the program is frozen: When a program 
goes down, it will take the whole system down with it. This 
was the case in the old Microsoft Disk OS (MS-DOS) era, 

when system crash was common, and every user knew the 
life- saving  Ctrl-Alt-Del combination to reboot the system and 
start anew. In modern OSs however, user programs must ask 
the kernel to do almost every task that involves interaction 
with the computer system or its peripherals. As such, when 
a program freezes for whatever reason, the system remains 
intact, and the user can simply click the “kill this program” 
button to get rid of the offending software, leaving the rest of 
the system out of harms’ way.

1.4 PROGRAMMING AND LANGUAGES

As computers became more and more complex, so did the 
functions performed by a computer. Old-fashioned computers 
were general purpose, whereas most of today’s microproces-
sors serve specific goals, such as driving a user’s smartphone, 
smart watch, or iPad, or even controlling a smart TV or a 
smart fridge; the interconnection of all these objects together 
has led to the term “Internet of Things.” With the universal 
explosion of information technology that resulted in virtually 
each person having at least a personal laptop, a desktop PC at 
work, and a smartphone in his or her pocket, focus has shifted 
from the older PC era, when the old-fashioned desktop PC 
was the center of the programming world, and every effort 
was made to suit the programming process to ensure com-
patibility with the specific system vendor’s specifications and 
needs.

Complexities in programs and their goals have led to the 
development of new programming languages, some of which 
are specific, sometimes highly specific to the extent that one 
programming language might be associated with just pro-
gramming into another program (scripting). As such, there 
are different ways of looking at the programming languages 
and grouping them into different categories: 

• Object-oriented versus procedural programming: 
Almost every programming language in today’s 
world is object oriented (OOP). In this paradigm, 
everything is an object: you, your car, your dog, and 
every other thing in your world. Every object belongs 
to a class of objects, which defines in general terms 
what are the common features held by objects of its 
type. Every class has members that define its charac-
teristics (such as color, model, and number of doors a 
car has) and methods that define how the outer world 
interacts with it (gas pedal to accelerate the car, user 
does not need to know how it actually works inter-
nally). As such, every object contains two things: data 
(members or fields) and code (methods) that works on 
this data. This programming model is different from 
the old way in which programs were written, which 
is known as procedural programming. In procedural 
programming, the program is written as one clump 
of code, which is read and executed by the processor 
sequentially until the commands are finished. This 
method of programming is considered retrospective 
in most today’s programming aspects, but it still has 

http://www.gnu.org
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its important applications in selected cases. The user 
is directed to the references where more information 
about OOP is provided (Buyya et al. 2009).

• Event-driven environments: In an OOP world, 
everything is event driven; nothing happens on its 
own. For example, the word processor program 
will continue staring back at the user unless he or 
she strikes a key, clicks a mouse button, or touches 
a touch screen, instructing the program to do some 
action. As such, every event (key press, mouse click, 
touch on a touch screen) has an event handler (special 
part of the program’s code that determines how to 
respond to certain events in specific ways). Contrast 
this with procedural programming where the only 
event needed was the user invoking the program’s 
executable from the command line, after which the 
program will continue running from the top down 
in a predetermined and well-known path. Each and 
every time the program is run, it will run in the exact 
same way. It is worth mentioning that reference con-
cerns the output (or results), and not focuses on the 
steps taken to reach these results. In an event-driven 
environment, how the program runs exactly depends 
on the events generated by the user, which are dif-
ferent every time unless the user generates the exact 
set of events every time he or she runs the program.

• High-, intermediate-, and low-level programming 
(see Figure 1.7) (Dandamudi 2005): As more basic 
functionality is hidden from the user (termed encap-
sulation [Buyya et al. 2009] under the OOP umbrella), 
as more the language becomes high level. High-level 
programmers usually program desktop application 
software; they do not need to know exactly how the 
OS or the underlying hardware works. Examples of 
high-level languages are VB, (Visual) C and C++, 
Java, structured query language (SQL), and many 
more. On the contrary, OS programmers need to have 
a detailed knowledge of how the monitor paints pixels 
to display images, how the keyboard sends key strokes 
in the form of scan codes, how the hard disk retrieves 
a sector from the disk to read part of a file, and so on. 

In essence, these programmers need to know how the 
system behaves under the hood. As such, they need 
a language that does not have all the ornaments of a 
high-level language but is actually more close to the 
understanding of the underlying processor. This is 
known as the intermediate language (or the assem-
bly language, which differs slightly according to the 
type of the underlying processor architecture). The 
lowest level of functionality is the bare bones, actual 
machine language, which is not human readable, and 
it translates to the letter what the processor does, usu-
ally expressed in the form of hexadecimal (letters and 
numbers) words.

• General- and special-purpose languages: Languages 
used to program desktop software, games, general 
web applications, and servers are general-purpose 
languages (most of the commonly used program-
ming languages fall into this category, including 
VB, C/C++, Java, among others). Special-purpose 
languages are tailored toward more specific tasks, 
for example, database handling, program scripting, 
or programming logic, and artificial intelligence 
(e.g., SQL for database handling, Visual Basic for 
Applications, JavaScript for web scripting, and 
PROLOG [Programming in Logic] for artificial 
intelligence programs).

• Compiled and translated languages: Traditionally, 
every programming language was compiled. 
Compilation means transforming a program’s 
source code (usually written in a high-level lan-
guage code) into a machine-specific low-level 
(binary) code. The compiler is a program that 
understands both the high-level and machine lan-
guages for the specific platform, something akin 
to the human language translators in international 
meetings, and as such, each language has its own 
compiler, being specific for each and every proces-
sor. This is not a good scheme for certain conditions, 
for example, web scripting. As the web page needs 
to be fast loading and small in size, having a pre-
compiled program is not always the good answer. 

User application programs (e.g., word 
processors, spreadsheets, engineering design 
software)
High-level languages (e.g., VB, C/C++, PROLOG)

Platform-specific assembly language
(e.g., Intel’s x86 assembly)
Machine code (binary format)

Basic hardware operations

Moving up the levels: more
abstraction with more low-
level details hidden from
the user, and thus moving
toward high-level
programming

Moving down the levels:
less abstraction with more
exposure to basic hardware
operations

User level

System level

FIGURE 1.7 Different levels of abstraction in the programming model.
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Some languages were developed for this very pur-
pose, being resident as a source code, which will be 
executed by a mediocre program (the translator) at 
execution time (e.g., JavaScript for web scripting). 
This scheme involves another step in program’s 
life: writing program source, distributing it, and 
letting another program (the translator) read it and 
tell the processor what to do. Some languages took 
it even further, as there arose the problem of system 
compatibility. A program written for MS Windows 
will not work on Unix or Linux. A program writ-
ten for Intel’s x86 architecture will not work on 
Motorola AMD processor, at least not natively 
and easily. Therefore, the compatibility problem 
has two facets: OS and architecture compatibility. 
Some languages such as Java solved this problem 
by inventing the Java virtual machine (JVM). Java 
source code is compiled into an executable contain-
ing intermediate Java binary code (similar, but not 
identical to, machine code). This executable needs 
a small program (the JVM) to run it. The JVM 
is like a processor inside a processor; it reads the 
binary code and tells the real processor what to do. 
Thus, programmers need not worry about distribut-
ing their original source code (a headache for many 
corporations and programmers), and users only 
need to install a small-sized virtual machine that 
is specific to their systems (e.g., JVM for x86 under 
Linux, JVM for AMD under Windows). Every pro-
gram written in Java will work on the fly (provided 
the JVM is installed on the target system), with the 
price of some slowness of execution compared to a 
native machine-coded program.

Writing one’s own programs has many benefits over buying 
and using packaged programs. These advantages include the 
following: 

• Solve specific problems, as the new program will be 
written specifically to answer the question at hand

• Speed, performance, and interpretation of calcula-
tions, compared to manual interpretation of data. 
Computers are better than humans in doing complex 
calculations, provided the correct input is given

• Enhancing graphical work, especially with the 
advent of new hardware that is specially tailored 
toward graphical design and the continuous improve-
ments in graphical design and modeling software

• Formulating cost-effective design and operation of 
products. Certainly, a company that invents its own 
software solutions manages to save more money than 
the one that relies on presold software

• Computer-aided design and manufacturing is a con-
tinuously growing market

• Performing preliminary testing enables preemp-
tion of bugs and early correction of problems before 
deploying software solutions to users

• Controlling manufacturing and assembly operations
• Control and automation of processes
• Effective business and management operations
• Communicating technical results in a reliable and 

effective way
• Educational and training programs. Virtual tutors 

are becoming a common practice in many educa-
tional institutions and corporate training schedules

Writing one’s own software can have some drawbacks and 
problems also as follows: 

• Reinventing the wheel, which is the most fatal 
mistake a programmer might do. If there is some 
problem that needs solving, one might better do 
some search around, looking at some programming 
forums, running through a specialized website (like 
the Microsoft Developer Network—http://msdn.
microsoft.com), or even asking Google or Bing: 
someone might have had the answer in a more effec-
tive and elegant way, so there is no need to waste 
time and brain power.

• Not knowing where to start. Sitting there with a 
void mind and an empty source file, staring at the 
blinking cursor with no notion of what code to write. 
Therefore, good programming design and preemp-
tive thinking are paramount before grasping the key-
board and starting on writing code.

• Not knowing which language to use. Having a look 
at the examples of programming languages and 
their uses as discussed previously helps make this 
decision.

• Working single handedly. Usually as programs 
grow bigger, team work becomes more efficient and 
effective. Sometimes assigning team members with 
specific tasks help speed up the process and make 
it more effective and reliable, such as having one 
software programmer, one debugger, and one testing 
person.

Once a program has been written, it needs to be verified for 
its accuracy through the use of specific data. This results in 
a cycle of checking and correcting the program to obtain 
required accuracy and specifications. This process is called 
debugging, and it is carried out by running the program on 
a computer with suitable test data to eliminate (almost) all 
compile time, runtime, and logical errors. Figure 1.8 shows 
the steps to be followed in order to obtain a virtually error-free 
program (we say virtually because it is impossible to write a 
100% error-free program. Each and every program—except 
the most trivial ones—will fail at some point in some way 
under the wrong—or right?—conditions). The process of 
debugging is simply a trial to reduce these errors to a mini-
mum and to ensure that the program runs as expected under 
most normal conditions.

High-level programming languages are machine indepen-
dent; after all, this is why they were developed in the first 

http://msdn.microsoft.com
http://msdn.microsoft.com

