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Introduction 

Writing a program is something that we do many times a day. Well maybe not really 

writing but rather making a plan of what we need to do to get some task accomplished. 

For example as when we decide we want to make a fresh cup of coffee, we need to think 

of the steps we need to take in order to go from the raw materials to the finished product 

that is the hot freshy made coffee in my cup, for example we need to consider the 

ingredients and the tools and instruments we will use, such as some coffee, some water, 

a kettle, and a spoon. As you may have noticed in the previous sentence, we forgot at least 

one ingredient and one tool. Can you guess what these were?1 

1 At least, we forgot to mention a cup where the coffee should go, and maybe, a pinch of sugar. We can 

also define whether you are using ground coffee or coffee beans, in which case you will also need a grinder. 

 



 

  

In computers, when writing a program, it also helps to have clearly defined the initial 

conditions of our problem and the expected outcome of the program, or at least, how a 

valid solution should look like. 

 

Historically, computers were created to solve mathematical problems that were either too 

long or two complicated to solve by hand, as for example, cracking the enigma code use 

by German army in World War II, or many years before that, a mechanical calculator was 

used in the US census in the beginning of the 20th century. 

 

So it should come as no surprise that, during most of the 20th century for the civil society, 

computers were seen as machines that helped solving business problems. Of course for 

the military computers were soon used as tools to optimize military resources. As a result 

of the military use of computers, but not only, we have currently a network of satellites 

that provides signals that support GPS applications. 

 

In businesses, inventory, invoicing, payroll, logistics, and any other aspect of business 

life, cannot me conceived in modern days without the extensive use of computers. 

 

In our daily lives, computers also play a very important role. Home-banking, school, 

entertainments, social media, TV, and many many other areas in our homes are deeply 

changed buy the use of computers. 

 

In the early days of computers, only wealthy corporations and governments were able to 

pay for a computer, and in 1943 an expert predicted that in the whole world there was 

only place for some 5 computers2. So, in the early days of computing, there was 1 

computer for a large corporation, this is to say, there was 1 computer used by many 

persons. 

 

At around the 70s and 80s of the XX century, manufacturing prices for computer, or 

better, manufacturing prices for integrated circuits tha are the main components of 

computers, had decreased so much that it was possible to build a personal computer. In 

computing, this started an era known as personal computing. So, instead of having one 

computer used by many persons, we now had one computer to be used by one person. 

This was the first time in history that a person in her home add the possibility to write a 

program that would solve her particular computing problem. 

 

Currently we are in a different scenario where a single person uses many computers 

sometimes without acknowledging that, as for example when we drive our car and use 

our cell phone. This is commonly referred to as the era of ubiquitous computing, this is 

to say, that computers are present everywhere in our daily life and sometimes are used in 

an invisible manner, the user interacting with computers without explicitly having to type 

something on the keyboard. 
 

 

 

 

 

 

 

 

2 https://www.pcworld.com/article/155984/worst_tech_predictions.html 

 
 

http://www.pcworld.com/article/155984/worst_tech_predictions.html
http://www.pcworld.com/article/155984/worst_tech_predictions.html
http://www.pcworld.com/article/155984/worst_tech_predictions.html
http://www.pcworld.com/article/155984/worst_tech_predictions.html


 

  

The evolution of computers has been so fast that any off the shelf smartphone as more 

computing power then The Apollo mission guidance computing computers3. 

 

This combined with the fact that computers are everywhere, in every aspect of human life 

and human interaction, including businesses, social networks, intelligent houses, and so 

on, makes writing programs for computers a highly desirable skill. 

 

As we have seen, we all plan our tasks to a certain degree of detail with the goal of aiming 

to have those tasks completed with success. 

 

To plan the steps that the given task needs to see through, is what in programming we call 

to write the algorithm. An algorithm is a series of steps that need to be taken to accomplish 

a given task, with the goal of solving a specific problem. 

 

The history of the word “algorithm” is very interesting and maybe a good research 

exercise. 

 

While programming, we use a number of tools and instruments to make our life easier. 

For example, we use algorithms, that are translated into pseudocode, sometimes 

represented by flowcharts before they are written in a specific and suitable programming 

language. 

 

Algorithms are usually a list of steps written in plain English as could be the case of 

Writing a letter to someone explaining how to make coffee. In pseudocode English is still 

used although in a much more structured manner. Here the programmer tries to write the 

steps that need to be addressed to solve a particular problem in a manner that can later be 

used to simplify the task of writing the code of the program. Flowcharts are graphical 

representations of the pseudocode or the algorithm and help visualize the flow of the 

program. 

 

As to programming languages, there are several hundreds of different programming 

languages some being usable for a specific type of problems and others being used in a 

more generic manner. In this later group we can find Python, Java, C, and others. 

 

This module is dedicated to “computation thinking and everyday business coding” and 

aims to provide an introductory perspective on computational thinking. As you can find 

from your own experience later on, there is only one way to learn how to too right a 

computer program, this is to put your hands on the keyboard or on any other input device 

and right and try your own code. Of course, your program will probably not work at the 

first try but believe me, all the experienced programmers walked the same path. As an 

analogy, you understand you can watch many TV shows on how to cook a particular dish, 

and you can even be convinced that, if given the chance you could do it yourself, but you 

will never know if that is true until you actually try to do that with your own hands in a 

kitchen. 
 

 
 

3 

 

https://www.science20.com/the_conversation/is_your_cell_phone_more_powerful_than_nasas_apollo_gu 

idance_computer-239388 

 

http://www.science20.com/the_conversation/is_your_cell_phone_more_powerful_than_nasas_apollo_gu
http://www.science20.com/the_conversation/is_your_cell_phone_more_powerful_than_nasas_apollo_gu
http://www.science20.com/the_conversation/is_your_cell_phone_more_powerful_than_nasas_apollo_gu


 

  

You may also have heard that you need to have strong mathematical skills to be a good 

computer programmer. We will not try to convince you that this is false, but we can assure 

you that there are many good programmers that don't have a degree in Math. What you 

will need in order to write a program, is a good analytical mind, attention to detail, and 

the ability to organize your thoughts in your mind. Or in short, if you can think of all the 

steps you need to take to make a nice cup of coffee, you are already a programmer. 

 

This course will help you develop some of the skills that will be useful while writing a 

program, yet, to complete this course you will not need to be close to a computer, as this 

course has activities that are mostly of the type you would do using pen-and-paper. 

 

A final note has to be written on the understanding of how to write an algorithm and to 

which extent an algorithm is different from what we usually consider to be pseudo-code. 

The approach we present here does not address pseudo-code. Instead, we propose to write 

algorithms with some degree of formality, using known expressions or instructions, and 

considering the detail of setting specific values to variables. It can be argued that we are 

writing pseudo-code and not algorithms. We will not dispute that. We have found that 

when we try to write an algorithm to sort a list of values using Bubble Sort, it is very 

helpful to determine that we will use variables that act as array sweeping indexes, or 

comparison indexes, and so on. 

 

The main goal is that at the end, the reader / student does understand that in order to add 

a and b, we will need to store the result of the operation in c. 

 

Writing my first algorithm 

 
Let the games begin! 

 
Before we attempt to write our first algorithm it's probably wise to state what an algorithm 

is. An algorithm is usually defined as a sequence of unambiguous instructions or steps 

that need to be performed to solve a specific problem, this is, accept a sequence of steps 

that allow us to obtain a required output for any legitimate input in a finite amount of 

time. 

 

Let me underline some of the aspects that are contained in the definition of algorithm. 

The first one is that an algorithm serves to solve a specific problem, usually a very small 

part of a larger problem. 

 

The second one is that an algorithm will only work well if the input data is legitimate, or 

in an anecdotal example, you cannot expect that an algorithm helps you calculate how 

many days there are until the end of the year if you give it as input your height. Also 

related to this is the quality of the output that the algorithm must return, this is to say that 

the algorithm has to return and output that is expected and valid given a particular input 

data. 
 

 

 

 

 



 

  

The last aspect we want to underline is that an algorithm is expected to deliver results in 

finite amount of time, i.e., although the number of steps needs to be limited, the time that 

the algorithm needs to run also needs to be limited. 

 

Also related to the notion of algorithm is the definition of what the programming language 

is. First and foremost, a programming language is a language, meaning that it will contain 

words that need to be used in a predefined manner as to produce the expected results. A 

possible definition of what a Programming Language was written some time ago in 

Wikipedia, as follows. 

 

“A programming language is a formal constructed language designed to 

communicate instructions to a machine, particularly a computer. Programming 

languages can be used to create programs to control the behavior of a machine or 

to express algorithms.”4 

 
 

Training my computer 
 

As we aim to use algorithms to run in computers by means of the representation of the 

algorithm in a particular programming language, we need to know what type of operations 

we can do in the computer. It is easy to understand that, in a simple example, we can send 

data into the computer by using, for example, a keyboard. This is what we usually call 

performing data input. There are other manners to provide data to a program, for example, 

the data can be coded as part of the program, or the data can be read from a file previously 

stored in a hard drive that the computer has access to. 

 

As to viewing the results, it is common to use a screen or a printer. Other manners may 

include writing the results into a file that is stored in some external memory the computer 

has access to. Apart from the input and output actions, we know that the computer is also 

capable of performing calculations, and that these calculations will be done according to 

the instructions written in a program. 

 

So, for our initial assessment of the capabilities of a computer we can say that the 

computer can receive data from the outside, input, send data through the outside, output, 

and perform calculations following a program. 

 

As we are writing algorithms that are meant to run in a computer, we will have lines that 

will represent the reading of data from the keyboard (for example), and other lines will 

represent the writing of data on the screen or a printer (also for example), and other lines 

will just make calculations. 

 

The bottom line is that in an algorithm, we cannot write a line that says, for example, 

Calculate the value of the tax for Product X, as this is ambiguous. We need to 

specify the rate of the tax, and detail exactly how the calculation of the value of the tax is 

going to be made to that specific product. 
 

 
 

4 Initially published in https://en.wikipedia.org/wiki/Programming_language. The 31st August 2020 

published definition is different. 

 

https://en.wikipedia.org/wiki/Programming_language


 

  
 

A piece of code 
 

The example showed in Code 1, shows a sample program written in the Java 

programming language. Please note that the first column contains numbers from 1 to 7, 

and these numbers are not part of the program, They only serve to help us reference the 

lines in the code. The program itself begins with the word public and ends with }. It can 

be seen that the opening curly bracket { is present in the first line of the program. 

 

As with in every language, Java has several reserved words such as for example, public, 

static, void, int, args and each instruction line ends with a semi-colon “;”. Line 6 

spans two lines in the text because it’s too long to fit in the page. The computer 

understands that the instruction line only ends when a “;” is found. 

 
Code 1 – A sample program in Java that calculates the sum of numbers 2 and 5 and presents the result in the screen. 

 

1 

2 

3 

4 

5 

6 

 
7 

public static void main(String[] args) { 

int a, b, sum; 

a=5; 

b=2; 

sum=a+b; 

System.out.println("The result of the sum of "+a+ 

" with "+b+" is "+sum); 

} 

 

This program defines three integer variables named a, b, sum, as seen in line 2. Lines 

3, 4 and 5 assign values to each of these variables. Line 3 stores the value 5 into variable 

a, line 4 stores the value 2 into variable b, and line 5 calculates the sum of a and b and 

stores the result of this sum into the variable sum. It's no coincidence that the variable that 

stores the result of the sum is named sum, and it's considered a good programming practice 

to name the variables of a program in a meaningful and concise manner. Moreover, there 

are several styles that can be adopted when the defining the names for variables in the 

program5. 

 

You can now argue that although variable sum has a meaningful name, variables a and b 

do not. You are right – extra points to you if you figured it out before reading this. Yet, 

some simpler variables do not require long meaningful names, such as the two parcels of 

an addition or a variable in a small cycle. 

 

Every time the program showed in Code 1 runs, it returns the same output (see Output 1), 

which is not very useful. In this case, we say that the input is hard-coded into the program. 

 

Code 2 shows a program that does exactly the same thing, but this time, written in Python 

3. What are the visible differences between these two pieces of code? We will address 

some of the differences and similitudes between programming languages at another 

course. 
 

 

5 You can find more information here https://en.wikipedia.org/wiki/Naming_convention_(programming), 

for example. 

 

https://en.wikipedia.org/wiki/Naming_convention_(programming)


The result of the sum of 5 with 2 is 7 

1. Store 5 to integer variable a 

2. Store 2 to integer variable b 

3. Calculate a + b and store the result in integer variable sum 

4. Display the result message, showing the values for the variables 

a, b, and sum. 

1. Ask the user to enter an integer, store it to variable a 

2. Ask the user to enter an integer, store it to variable b 

3. Calculate a + b and store the result in integer variable sum 

4. Display the result message, showing the values for the variables 

a, b, and sum. 

 

  

As promised in the title of this chapter we can now try to write the algorithm that 

corresponds to the program shown in Code 1, taking into consideration that so far we only 

know how to perform three actions, input and output of data and calculations. As you 

may imagine often there is not a single unique way to write an algorithm. The algorithm 

of Code 1 could be written as Algorithm 1 shows. Please observe that in line four of the 

algorithm the way the result is displayed is not perfectly specified. As this is an algorithm, 

it is usually left to the programmer to detail the format and content of the output, as well 

very often, the names of the variables. So as long as the reader/programmer understands 

the process that the algorithm tries to represent, the algorithm can be written with a 

considerable degree of freedom. 

 
Output 1 – Output resulting from running the program in Code 1. 

 

 

 

 

 

Code 2 – A sample program in Python 3 that calculates the sum of numbers 2 and 5 and presents the result in the 

screen. 
 

1 

2 

3 

4 

a = 5 

b = 5 

sum=a+b 

print('The sum of ',a , ' with ',b,' is ', sum) 

 
Algorithm 1 – A possible description of the algorithm for the program in Code 1 

 

 

Let us now consider That we want to write an algorithm to sum any 2 integer numbers. 

As we will need to know which numbers are going to be summed, we need to ask the user 

to provide us with the values that she wants to be processed by the program. The algorithm 

could look like this: 

 
Algorithm 2 – A possible description of the algorithm for summing two integers and displaying the result. 

 

 

 

What is an algorithm? 
 

As you can see in Algorithm 2, only lines 1 and 2 were changed. In fact, the user running 

this program would only understand what the program does after the program displays 
 

 



 

  

the message with the result. In this sense, this algorithm is not a good example, as an 

algorithm should be as friendly as possible both to the programmer and the user. 

 

There are many examples of well-known algorithms, one of them possibly, the Euclid’s 

algorithm to find the greatest common divisor for two non-negative integers. We will 

study this algorithm later on this course. 

 

For now, we would like to convey additional information on what is an algorithm. We 

know that an algorithm is a sequence of steps that need to be taken in order to solve a 

problem, in a finite amount of time. 

 

We know that an algorithm can be expressed in different manners, but additionally, an 

algorithm has all of the following characteristics: 

1. Unambiguity/clearness 

2. Effectiveness 

3. Finiteness/termination 

4. Correctness. 

 
Let us detail a bit each one of them. 

 

1. Unambiguity and clearness: this means that the algorithm details exactly what 

needs to be detailed to solve the problem at hands, in a clear, not ambiguous 

manner. 

2. Effectiveness: this means that the algorithm is effective, this is to say, it provides 

an output / solution to the problem. 

3. Finiteness and termination: as stated before, the algorithm should run and have an 

end in an acceptable amount of time. 

4. Correctness: this means that the output is the expected and is acceptable 

considering the given input. 

 

Please note that when describing the concept of algorithm, we did not use the expression 

“efficient”, but rather “effective”. In fact, there are some problems to which we are not 

sure on what is the most efficient algorithm, but rather we know of effective algorithms. 

Of course, the most efficient algorithm is the one that provides the correct output while 

using the minimum amount of time and computational resources. An example of a 

problem to which there is no known efficient algorithm is the Travelling Salesperson 

problem. In this problem there is a list of clients in different cities that need to be visited 

by a salesperson. The algorithm is expected to receive the list of clients and their 

addresses and output the best possible manner to visit each one of them with the smallest 

cost, being this cost either travelled kilometers, shortest time spend travelling, most 

important clients first, or whatever combination of these or other variables is considered. 

 

We can also think of an algorithm as a function, in the sense that the algorithm receives 

some data, processes the data and returns a suitable output (Figure 1). 
 
 



a = b * c 

weeklyPay = hoursWorked * hourlyRate 

 

  
 

Figure 1 – The algorithm as a funcion. 

 

 

Variables 
 

In Algorithm 2 we have used three variables, and named them a, b and sum. Moreover, 

we stated that these variables should be integers. So exactly what does this means? 

 

In an algorithm, a variable is an entity that serves to hold a value. In a computer program, 

a variable is a portion of the memory of the computer that is going to be used to store a 

value. 

 

When the values that are going to be stored are number, we say we have numeric 

variables, but when the variables need to store names, we say we have alphanumeric 

variables. 

 

If the variable is expected to store integer numbers, it is said that we have integer 

variables, and when it is expected to store real numbers, we say we have real variables. 

 

There are many manners to classify different types of variables, but for now, we will only 

consider numerical variables, of the type integer and real. The integer variables will store 

integer numbers, and the real variables will store number that may have a decimal part. 

 

As this is a course on learning how to write an algorithm we do not need to be concerned 

with the range of values that each variable will hold, but you can understand that the 

larger the range of values is, the larger the amount of memory we will later need to use 

in the computer to assign to that variable. 

 

Variables must have names, as we have seen before. There are some very easy rules to 

assign names to variables, one of them already discussed here. So let’s make a quick list 

of rules to take into consideration when assigning a name to variables: 

 

1. As much as possible, use meaningful names, i.e., do not call a variable salary 

when it is expected to hold the price of a product. In the example in Code 3, 

which line you think is easier to understand, the one with variables a, b and c, or 

the one with variables weeklyPay, hoursWorked and hourlyRate? And yet, both 

perform the same operation… 

Code 3 – Two identical lines of code. 
 

 

 

 



1. Ask the user to enter a number, the dividend, and store it to 

variable a 

2. Ask the user to enter another number, the divisor, and store it 

to variable b 

3. Calculate a / b and store the result to real variable res 

4. Display the result message, showing the values for the variables 

a, b, and res. 

 

  

2. Names of variables should start with a letter from a to z or from A to Z. It’s fine 

to create names of variables such as price1, price2, and price3, but for the most 

languages, it’s forbidden to name variables as 1stprice, 2ndprice, 3rdprice, 

because these names do not start with a letter. Some languages allow you to start 

a variable name with an underscore character “_”, but as we’re writing algorithms, 

we will not use this as the first character of a variable name; 

3. Characters that are used in numerical or logical operations, such as “+”, “-”, “/”, 

“*”, “&”, “.”, and so on are usually not allowed in any part of the name of a 

variable; 

4. If you want to select a style to define the names of your variables, please do so, 

but keep your choice to just one style, i.e., if you decide to use the camelCase, you 

should not name variables using snake-case; 

5. Special use variables may need special names. For example, a variable named 

temp or tmp is usually a variable used to store a temporary value for some 

intermediate calculation. Variables named i and j are used in loops and cycles. 

Please avoid using lower case “l” for naming variables. It is very easy to mistake 

a lower case l with a number 1; 

6. Always assume that the names of the variables are case-sensitive, i.e., variables 

named Sum, sum, SUM, sUm and suM are five different variables. 

 

 

Preventing problems 
 

Let us know try to write an algorithm that divides two numbers, instead of adding them. 

Can you try to write the sequence of steps / procedure? 

 

How about this? (please see Algorithm 3.) 

 
Algorithm 3 – A possible algorithm for dividing two numbers and displaying the result. 

 

 

You can observe that, because we are now dividing two numbers, the variables are no 

longer described as integers but were defined as generic numbers. We shall address the 

different types of variables we have at our disposal in the next chapter, but for the 
 
 



Please enter a number for the dividend: 6 

Please enter another number for the divisor: 2 

The result of the division of 6 by 2 is 3.0. 

Please enter a number for the dividend: 6 

Please enter another number for the divisor: 0 

Traceback (most recent call last): 

File "main.py", line 3, in <module> 

res=float(a)/float(b) 

ZeroDivisionError: division by zero 

 

  

moment, we will slightly violate rule #1 of the characteristics of an algorithm and find 

the variables as “numbers”, which of course is quite ambiguous. 

 

If we were to program this algorithm, what would be a possible output? Consider that the 

program displays the following. 

 
Output 2 – Output resulting from running a program representing the Algorithm 3 (text entered by the user appears 

in Blue). 
 

 

We can see that despite the user having entered only one digit as input (6 and 2), the 

program seems to display the result as “3.0”. This is a result of having defined the 

variable that will store the result of the division (res) as a real variable (line 3 of the 

algorithm), as to allow it to store real numbers6. It is also a particular feature of the Python 

3 programming language we will be using in this module to present some examples of 

algorithms, so you don’t need to worry about that right now. But rest assured, most 

programming languages have tools that you can use to format the output of variables as 

you very well desire. 

 

Let’s give this program another run, now using different values for input (Output 3). 

 

Now you can see that when you enter 0 as the value for the divisor, the programming 

language does not know how to perform such a division, because division by zero is an 

impossible operation with real numbers. Because of this the program returns an error 

message that says “ZeroDivisionError: division by zero”. 

 
Output 3 – Output resulting from running a program in Python 3 representing the Algorithm 3 with an error (text 

entered by the user appears in Blue). 
 

 

As we have not yet come to the point where we need to write the actual program, and 

we're still trying to write the algorithm, it is probably a good idea to foresee all the ranges 

of numbers that the user may enter. This is why we need to check that the value that the 

user enters as the divisor is different of 0, or, if the user chooses the enter 0, the algorithm 

should not perform the division but instead display an error message. 

 

The algorithm, protected against such erroneous an invalid input, could look like the one 

shown in Algorithm 4. 
 

 
 

6 This is probably a good time to refresh your knowledge of numbers. At this stage, we will be using integer 

and real numbers. 

 



1.  Ask the user to enter a number, the dividend, and store it to 

variable a 

2.  Ask the user to enter another number, the divisor, and store it to 

variable b 

3. If b equals 0, then 

3.1 Display the message “Division by zero is not possible” 

Else 

3.2 Calculate a / b and store the result in integer variable res 

3.3 Display the result message, showing the values for the variables 

a, b, and res 

4. Display the message “The algorithm has finished.” 

 

  

Algorithm 4 – A possible algorithm for dividing two numbers and displaying the result, preventing division by zero. 
 

 

You can see that in Algorithm 4 we have used new words such as if then and else. As 

the problems get more complicated, we will need to use more complicated language. 

 

What line 3 of this example shows is that if variable b equals some value, then the 

instruction in line 3.1 should be executed or else the instructions in the following lines, 

namely 3.2 and 3.3 should be executed you could point. You can also see that we have 

decided to display a final message in line 4. We included this line 4 just to allow us to 

explain that whether variable b equals 0 or not, the instruction in line 4 will always be 

executed, because it is located outside the scope of action of the conditional instruction 

in line 3. So, it becomes clear, that instructions such as 3.1, 3.2 and 3. 3 are only executed 

depending on the condition in instruction 3 being verified or not. 

 

Instruction in line 3 as a specific name and it is called a conditional instruction, and 

instructions after then (in line 3.1) and else (the block of instructions of 3.2 and 3.3) are 

called condition branches. 

 

It is also visible that we have decided to write the instructions of this algorithm using the 

different spacing at the beginning of each line depending on that line being subject to the 

previous instruction or not. This is called indentation and its use is regarded as the best 

practice as it allows us to better read and understand the algorithm. 

 

In Algorithm 4 we have also introduced a new formatting convention. We used “” to 

represent a specific message we want to see displayed in the output screen of the 

computer. An example of this can be seen in the instruction in line 4. 

 

In fact, it is usual to write algorithms in the simplest possible manner, while still allowing 

them to be understandable and readable by a human. Algorithm 4 could have been written 

like this: 

 

There are some changes in this new version of the algorithm. It starts with the line that is 

a comment, as this line begins with the # signal. Other signals are usually used to represent 

comments such as for example the !, and most of the times, the comment lines do not 

have any number associated to them. 

 

Comments in algorithms and in programs are always welcome as long as they don't 

distract us from properly reading the algorithm. In comments, we are free to write 
 

 

 



# This algorithm presents a simpler version of a program that divides 

two numbers and presents the results. 

1. 

2. 

3. 

3.1 

 
3.2 

3.3 

Input “Enter the dividend”, a 

Input “Enter the divisor”, b 

If b == 0 then 

Display “Division by zero is not possible” 

Else 

res = a / b 

Display a, b, and res 

please 

# make this message user friendly, 

4. Display “The program has finished.” 

 

  

whatever we feel helps us to understand what are the goals, the constraints, or maybe, 

when the algorithm was written and by whom. 

 
 

Algorithm 5 – A possible algorithm for dividing two numbers and displaying the result, preventing division by zero, 

using a lighter syntax. 
 

 
 

Also, in lines 1 and 2 we used the word input instead of ask. We could have used the 

word read, or some other word that would allow us to understand that lines 1 and 2 need 

to get some data from the user. We also added a specific message at these lines within 

double quotes “”, and we added the name of the variable after the message. 

 

In line 3 we used the == signs instead of the word equals as this does not impair the 

understanding of the condition. Sometimes, the test for equality can be written as b = 0, 

with just one = sign. It is really irrelevant for the most cases, but you can try to think of 

the testing of equality in a condition by means of the operator “==”, as this makes it harder 

for you to later on make mistakes in languages such as C or Python. 

 

In line 3.2 we omitted the use of the verb calculate and instead preceded to define how 

the calculation should be made by writing what is called and Attribution instruction. 

 

Finally, in line 3.4 we added a comment at the end of the line also marked buy an ash tag 

signal. 

 

 

Wrap up and first challenge 
 

So now you know that there the lines of an algorithm that is meant to run in a computer 

can contain instructions that are input and output of data, that can be calculations by 

means of an attribution instruction, and that these lines can be executed or not 

according to conditions being verified in conditional instructions. 

 

This is to say that we now know how to write algorithms that use the words: 

Input, Display, If…then…else, and that use the attribution operator we have defined as 

the “=”. 

 

Problem 1 
 

 
 



 

  

Let me give you your first challenge: write an algorithm that can read the number of hours 

worked by a person, read her hourly rate, and calculate and display how much she should 

be paid for her work. A possible solution to this and other problems may be found in 

chapter 0. 

 
 

More algorithms and new data structures 

 
Getting more complicated and strategies to simplify 

 
Imagine you have a list of grades of your students and you wish to give a special award 

to the student who has the highest grade. How would you write such an algorithm? 

 

As you probably have seen, the previous sentence already contains an expression that we 

did not use in the first chapter, and this expression is “list”. We do now have a list of 

grades. But how many items are there in this list? How do we address “lists” in an 

algorithm? 

 

There is a trick: more complex problems not only demand the use of additional words in 

the algorithm, they also require use to use more complicated variables. 

 

To address complicated problems, we have many different strategies. We will discuss two 

of them here, because these are the most common used while finding an algorithm. 

 

 

Simplify 
 

In the problem of finding the student with the highest grade, clearly our problem is that, 

how we have many students in different classes, and we will have in the future other 

classes, we cannot decide, right now, if we need to span a list with 10 names and grades, 

or a list with 100 names and grades, or even a list with a 1000 names and grades (because 

at some point, one of our dear colleagues will ask us to apply the same algorithm to all of 

the students of our school). 

 

We do know how to decide which number is higher, if the list is only composed by two 

students. 

 
Table 1 . List of grades for two students 

 

Student number Student name Grade 

2222 Mary 8 

4444 Peter 6 

 

Let us take a moment to properly address all the different items we have in this table. We 

can see three columns, the first one containing the number of the student, the second one 

containing the name of the student and the third one containing the given grade. 
 

 

 

 



… 

The student with the highest grade is 

Student number: NNNN 

Student name: XXXXXXXXXXXXXX 

Student grade: NN 

The algorithm has finished. 

# This algorithm presents a solution to find the student with the highest 

grade from a list of two students. 

1. Input “Enter the number of the first student”, numberStudent1 

2. Input “Enter the name of the first student”, nameStudent1 

3. Input “Enter the grade of the first student”, gradeStudent1 

4. Input “Enter the number of the second student”, numberStudent2 

5. Input “Enter the name of the second student”, nameStudent2 

6. Input “Enter the grade of the second student”, gradeStudent2 

7. Display “The student with the highest grade is” 

8. If gradeStudent1 > gradeStudent2 then 

 

  

We also have three lines, despite only having two students. The first line contains the 

header of the table, the second line contains the data for the first student, and the third 

line contains the data for the second student. If we were to have a list of 100 students, we 

would have a table with 101 lines, so we can simply omit the first line because we know 

that this line does not contain variable data (emphasis on variable). 

 

At this point, we only know how to use simple variables. So let us solve this by using 

variables as we know them – but be warned, this is not how it’s supposed to be done. 

 

We have two students, so we can think of the following variables: numberStudent1, 

numberStudent2, nameStudent1, nameStudent2, gradeStudent1, and 

gradeStudent2. 

 

Before we start to write our algorithm, it helps to visualize what information we want to 

see displayed in the screen. We propose the algorithm displays something like this 

(Output 4): 

 
Output 4 – Proposal for the output of the algorithm to find the student with the highest grade. 

 

 

This is a proposal of an algorithm to solve our problem (Algorithm 6). 

 

We can see that the algorithm starts by asking the user to enter the data for the two 

students (lines 1 to 6), and in line 7 it starts to announce the result, although at line 7, the 

algorithm does not know yet which student has the highest grade. We can do this because 

the delay between the display of the lines is, in human terms, non-existent, and because 

we have drawn a sketch of what the output of this algorithm should look like. In fact, 

defining a sketch of what the output should look like is very common, and helps us to 

think on what the algorithm should do as to produce the expected result. We had seen in 

section 0 that an algorithm gives us an expected output as response to a legitimate input, 

and this is what we did here, we looked what would be an example of an input, and 

decided on what would be an expected output, even before we started to draw the 

algorithm itself. 

 
Algorithm 6 – A possible algorithm for finding the student with the highest grade, for a list of two students. 

 

 
 



8.1 Display “Student number: ”, numberStudent1 

8.2 Display “Student name: ”, nameStudent1 

8.3 Display “Student grade: ”, gradeStudent1 

Else 

8.4 Display “Student number: ”, numberStudent2 

8.5 Display “Student name: ”, nameStudent2 

8.6 Display “Student grade: ”, gradeStudent2 

9. Display “The algorithm has finished.” 

# This algorithm presents a simpler solution to find the student with 

the highest grade from a list of two students. 

1. Input “Enter the grade of the first student”, gradeStudent1 

2. Input “Enter the grade of the second student”, gradeStudent2 

3. Display “The student with the highest grade is” 

4. If gradeStudent1 > gradeStudent2 then 

4.1 Display “the first student has the highest grade” 

5. If gradeStudent2 > gradeStudent1 then 

 

  
 

 

Will this algorithm work for our simplified problem? Yes. 

 

Is this algorithm elegant? No. But this is an additional question that we will address later 

on. 

 

Is this algorithm complete, in the sense that covers all the possible scenarios? No. Why? 

We’ll let you find out and try to propose a solution to solve this gap (but we show what 

this problem is in the next section). 

 

We want to close this approach by underlining what we did here. We had a somehow 

complex problem, which we did not know how to solve. So, we applied one very common 

strategy, which was to simplify. In this case, we limited the number of possible inputs to 

try to understand how this could be solved. 

 

Although we gained some insight on the problem, in fact, the algorithm we wrote is 

useless to the problem we have defined, to select the student with the highest grade from 

a list of students. So, it’s time to move on to the next strategy on addressing complex 

problems. 

 

 

Reduction of dimensionality 
 

We can see in Table 1 that we don’t have a list of grades, we have three lists. The first 

list is a list of numbers of students (column 1), the second list is a list of names (column 

2), and the third list is a list of grades (column 3). 

 

So, we could make the problem simpler by focusing on the one list that we need to 

process, the list of grades. 

 

Let us reformulate Algorithm 6 and present a solution that, although does not give the 

output that we wished, is simpler. 

 
Algorithm 7 – Another possible algorithm for finding the student with the highest grade, for a list of two students. 

 

 
 



5.2 Display “the second student has the highest grade” 

6. If gradeStudent1 == gradeStudent2 then 

6.1 Display “both students have the same grade” 

9. Display “The algorithm has finished.” 

 

  
 

 

As you can see in Algorithm 7, the non-completeness we found in Algorithm 6 appears 

to be solved, as this algorithm now covers all the possible scenarios for the values of the 

grades of the students. But this algorithm is not yet elegant, nor effective, because, it only 

addresses two students, and we can see that there are many lines of instructions that seem 

repeated (lines 1 and 2, 4, 4.1 and 5, 5.1, etc.). 

 

We can try to make an exercise here that underlines the lack of effectiveness of this 

algorithm, by trying to eliminate the simplification we had done on our highest grade 

problem. 

 

For two students we have 3 possible scenarios: grade 1 higher than grade 2, grade 2 higher 

than grade 1, and grades are equal. 

 

What about if we have three students? We can have the following scenarios: 

grade 1 is the higher 

grade 2 is the higher 

grade 3 is the higher 

grade 1 and grade 2 are equal and higher than grade 3 

grade 1 and grade 3 are equal and higher than grade 2 

grade 2 and grade 3 are equal and higher than grade 1 

grade 1, grade 2 and grade 3 are equal. 

 

We hope we have not forgotten any possible scenario, but we can see that going from two 

to three grades, we also have gone from three to seven possible scenarios. Increasing the 

number of grades to process will only make this impossible to manage, so we know that 

this is not a viable manner to solve this. 

 

Before we move on the next step on learning new words, new tools, new strategies that 

allow us to write algorithms, we want to note that in Algorithm 7 you can see that we 

used a simplified version of the if…then…else conditional instruction. As you can see in 

lines 4, 5, and 6, there is no else group of instructions. In most programming languages 

(and also in algorithms), the else block of instructions is optional. 

 

There is a manner to visually represent the flow of this algorithm, by using flowcharts. 

We will address flowcharts in the next chapter. 

 

In chapter 0 we study other strategies to approach complex problems. 

 

 

Meet the matrix – a very brief presentation 
 

A matrix is a mathematical construction that holds a collection of values, and these values 

are accessible by means of an index. This is a simple definition of a matrix, and in 

Equation 1 you can see an example of a matrix such as the ones used in mathematic. 
 

 

 



 

  
 

𝑚1,1 

𝑀 = [𝑚2,1 

𝑚1,2 

𝑚2,2 

𝑚1,3 

𝑚2,3] 
𝑚3,1 

(1) 

𝑚3,2 𝑚3,3 

 

This matrix is called M and its elements are referenced by an double index i,j that specifies 

the row and column where they can be positioned. Therefore ,if we say that all the 

elements in this matrix are zeros except for the elements in the main diagonal (the case 

where i=j) we have 
1 0 0 

𝑀 = [0 1 0]. 

0 0 1 

We can say many things about matrices. The first thing is that matrices have dimensions, 

for example, matrix M has 3 lines and 3 columns, so we say that this is a square matrix 

with dimension 3 (and therefore has 3x3 elements). We can define matrices that are bi- 

dimensional, such as matrix M (has lines and columns), or we can define matrices that 

have just on dimension, such as for example, the matrix N seen in Equation 2. 
 

3 

𝑁 = [4] 
1 
(2) 

 

The matrix N is a also called a vector (in this case we have a column matrix), and its 

dimensions are 3x1 (3 lines, 1 column), which is also a particular case of a rectangular 

matrix. 

 

In algorithms and in mathematic we can define matrices that are as large and as multi- 

dimensional as we wish. In computers is not so easy to do that because we need to store 

all the values of the matrix in the computer’s memory, and this is a limited resource. 

 

Matrices play a fundamental role in algorithmy and computation, and we will use them 

to solve our grading problem. 

 

In algorithms it is common to use the term Array instead of Matrix. 

 

One of the particular characteristics of arrays is that usually they need to be defined 

beforehand in the algorithm, and also, it is considered that arrays cannot be re- 

dimensioned during the run-time of a program, this is to say, that once an array is defined 

with a given dimension, say 10 lines and 1 column, it stays like that until the program 

finishes. We can change the values inside the array how many times we wish, but adding 

a 11th column is usually not allowed. Having said this, we need also to note that for many 

more recent languages this is not really a limitation, however, it is still considered a good 

programming practice not to re-dimension arrays, and if there is the case of needing to 

have a data structure that needs to change its dimension during the run-time of the 

program, then we should select other data structure such as for example, a List (see 

section 0). 

 

We address the values inside an array in the same manner as we do in a matrix, by using 

indexes, as we will see in the next section. 
 
 



# This algorithm is not completely useless, it serves as a bad example. 

1. Define G(100) 

lines 

# G will be an array with 100 

2. Input “Enter the grade of the first student”, G(1) 

3. Input “Enter the grade of the second student”, G(2) 

4. Input “Enter the grade of the third student”, G(3) 

… 

101. Input “Enter the grade of the 100th student”, G(100) 

… 

 

  

 

To close this section, we need to say that after introducing you to variables, the array or 

matrix is the simplest of the composite data structures. In an array what we have is a 

collection of variables that we can use under the same name, distinguishing one value 

from the other by using one or more indexes. We also need to stress that, being a 

collection, arrays are expected to be used with data of the same type, i.e., we can define 

an array to store the numbers of the students, another array to store the names, and another 

array to store the grades, but not an array to store the first line of the table, or the second, 

and so on. The values of an array must all be of the same type and nature. 

 

 

Sweeping a vector – meet the instruction that will put you in the loop 
 

Let us return to the problem of finding the highest grade of our list of students. As we 

need to define the dimension of the grade array, we need to count how many students we 

have in our list. Say we have 100 students. As you imagine it makes little sense to make 

an algorithm that goes 
Algorithm 8 – A terrible example on how to use an array. 

 

 

Before we address lines 2 to 101, we need to say something about line 1. 

 

Line 1 states that the array named G will hold 100 values. Therefore, we will have G(1), 

G(2), … and finally, G(99) and G(100). Each of these variables will hold a value and be 

referenced by the name G (G for Grade). Usually names of arrays are defined as capital 

letters. 

 

We need to make a parenthesis here, because of a slight incongruence in the indexing of 

arrays and matrices. In mathematic, an index usually starts in 1 and goes onward to the 

end of the matrix dimension, as we saw in equation (1). Yet in arrays, and for most 

programming languages, defining an array in the manner we did in line 1 would allow us 

to use G(0), G(1), … and finally, G(98) and G(99), this is to say, in arrays, the index 

values usually start at zero, not at one. Having noted this, in this course we will still use 

arrays with indexes that range from 1 to the size of the index, as we would while defining 

a matrix. 

 

Moving on, it is clear that we need a new instruction to handle those 100 lines that are 

similar. The good news is that this instruction exists, and it’s called the loop instruction, 

also known as the for..loop, or the for..next instruction. 

 
Algorithm 9 – A partial algorithm to read 100 values into an array. 

 
 



# This algorithm reads 100 values into an array. 

1.  Define G(100) # G will be an array with 100 

lines 

2. for i=1 to 100 

2.1 Display “Please enter the grade for the student in line ”, i 

2.2 Input G(i) 

3. Display “grades entered, starting calculations…” 

… 

# This algorithm reads 100 values into an array, 

# 

1. 

and displays what was the highest value entered 

define G(100) 

lines 

for i=1 to 100 

# G will be an array with 100 

2. 

 

  
 

 

We can use this instruction as shown in Algorithm 9. Please note that there are many 

ways we could have used to write the for..loop. In the example below, we decided not 

to use the word loop to close the for..loop block, because the numbering and the 

indentation of the instructions in the algorithm make it clear that the body of the loop is 

composed by instructions 2.1 and 2.2. While in this context, i is said to be the loop 

variable, or the loop counter. For this loop, the total number of iterations is 100 

(upper limit – lower limit + 1). 

 

Instead of using a formulation for the for..loop as we used in line 2, we could have 

used a syntax similar to Python, for example 
for i in range(1,100) 

or a syntax similar to C 
for (i=1,i<100,i++) 

this one a bit more enigmatic, but still with the same result. 

 

When we write for i=1 to 100 (line 2), we understand easily that the variable i will 

start in 1 and will take all the values from 1 to 100, adding 1 to i every time the instruction 

loops. In fact, instructions in the body of the cycle (lines 2.1 and 2.2) will be executed 

100 times, also known as the number of iterations in the loop. 

 

You can also see that we added line 2.1 as a courtesy to the user, because entering 100 

values using the keyboard without any kind of feedback is not an easy task, so we display 

a message for each iteration of the cycle 

 

We can now complete the algorithm by performing what is usually called as sweeping 

the array to find the highest grade. Please note that this will still be incomplete as the 

algorithm will only display the highest grade but will not handle the situation of having 

more than one student that have the highest grade7. Still, Algorithm 10 shows a pretty 

good approach to solving the problem. 

 
 

Algorithm 10 – A possible algorithm to find the highest value in an array with 100 values. 
 

 

7 You may have noticed that while the initial problem was somehow simple, when we started the attempt 

to write an algorithm, we found ourselves discovering new problems inside the problem. Don’t worry, this 

is very common in computer science, and in life in general. 

 



2.1 

2.2 

3. 

4. 

display “Please enter the grade for the student in line ”, i 

input G(i) 

display “grades entered, starting calculations…” 

max=-1 # we will use the value -1 as initial 

value 

5. for i=1 to 100 

5.1 if G(i) > max 

5.1.1 max = G(i) 

6. display “the highest grade found in this list was ”, max 

7. display “the algorithm has ended” 

… 

3. display “grades entered, starting calculations…” 

4. max=G(1) # we will assume that the first student has the highest 

grade 

5. for i=2 to 100 

… 

 

  
 

 

We have done a number of simple changes in Algorithm 10. First, all the instruction 

words are now written in lower case, as this sort of simplifies the writing. Also, we no 

longer show the names of the variables in bold. And, in line 5.1, we omitted the then 

expression, while not harming the legibility of the algorithm. 

 

Take a moment to analyse Algorithm 10. You will find that line 5.1.1. will only be 

executed if the value of G(i) is larger than the maximum value found in the previous i- 

1 elements of the array. 

 

Also, how many lines do we need to change in order to run the program for a list with a 

different number of students?8 

 

Line 4 introduces what we usually call a limit or flag variable, as the variable max will 

store the highest value found in the array. We start by assigning this variable a value that 

we know it will not be found in the array, and we chose -1 to do this. We could have done 

it in other manner, as shown below: 
 

 

Here we decided that the first student had the highest grade (which may be true or not, 

but it is irrelevant as the algorithm will still sweep the rest of the array), and by doing this, 

we can skip the verification of the first element of the array, and in line 5 we can see that 

we start in the second element of the array. 

 

Considering Algorithm 10, let us have some fun… What changes would you make in the 

algorithm as to: 

1. Display the position where the highest grade was found, alongside with the 

highest grade (you may guess that we are asking for something new, so we need 

a new variable); 

 

 

 
8 You would need to change lines 1, 2 and 5. 

 
 



 

  

2. After finding the highest grade in the array, count how many students had that 

grade; 

3. Alongside with finding the highest grade, find also the lowest grade; 

4. Calculate the average of the grades in the list; 

5. Count how many students had grades higher than 8; 

6. If zero means that a student did not got graded, count how many students were 

not graded; 

7. Alongside with reading the grades of the students, read also two other arrays with 

the numbers and names of the students and display an output similar to Output 4. 

 

The answers for these challenges can be found in chapter 0, but remember what we wrote 

previously, you only know you can cook when you get your hands on the pots and pans 

in the kitchen… so before peaking at the solutions we proposed, try to thing (at least) or 

write (the best course of action to actually learn) your proposals. 

 

Before moving on to the next section we strongly advise you to try to solve the challenges, 

and to read section 0, as we make some important considerations and present concepts 

that may be useful to read the next chapters. 

 

 

Sorting a vector 
 

In the previous sections we addressed problem of trying to find the students who had the 

highest grade, and we proposed a solution that could actually find the highest grade, but 

it was not able to return all the students that had that particular grade. We could think in 

a manner to sweep the array several times in order to 1st, find the highest grade, 2nd, 

display all the names of the students who had the highest grade. Can you write such an 

algorithm? 

 

One other possible solution, could be to sort the grade array (or grade vector) in 

descending order, and display the 1st element in the sorted array, and the second element 

(if the second is equal to the first), and the third (if the third is equal do the first), and so 

on. This is not very different of the previous proposal, of sweeping the array two times. 

Actually, sorting the array is a bit heavier on the computational effort, but on the other 

hand, we end up with more information, as the whole array is now sorted. 

 

Sorting data is one of the most common tasks in computing, and you can see it 

everywhere. When you receive your bank account movement detail, the movements are 

sorted by date and time. Student lists are usually sorted by student number. Book lists are 

sorted by title, or by author, or by topic (and some times, by all of these combined). 
 

 

 

 

 

 

 

 
 



1.1 numberOfStudents=100 

1.2 

2. 

2.1 

2.2 

3. 

# 

define G(numberOfStudents) 

lines 

for i=1 to numberOfStudents 

# new constant 

# G will be an array with 100 

display “Please enter the grade for the student in line ”, i 

input G(i) 

display “grades entered, starting the sorting phase…” 

# the Bubble Sort algorithm starts here 

# 

4. for i=1 to numberOfStudents-1 # this will be the sweeping loop 

4.1 for j=1 to numberOfStudents-i # this is the comparison loop 

4.1.1 if G(j) < G(j-1) 

4.1.1.1 swap G(j) with G(j+1) 

 

  

There are many sorting algorithms (you can take a peek to some of them here9), using 

different strategies, including partitioning the data that has to be sorted, merging two 

random sets of data, and swapping two consecutive elements, among others. 

 

Since we are working with arrays, we will present here the Bubble Sort algorithm. This 

is not the most efficient algorithm, nor the fastest if we want to apply it to large data 

volumes. As we want to sort an array with 100 elements, Bubble Sort will do just fine. 

 

The Bubble Sort algorithm is called like this because it works like that – the algorithm 

sweeps the array and catches the “largest bubble” and brings it to the top. After the first 

sweep, the largest element is brought to the top, therefore, it needs to make several sweeps 

in the array to complete the sorting. In the first sweep, it places the largest value at the 

top, in the second sweep, it places the second largest value in the second position, and so 

on. For an array with n elements, it needs to perform n-1 sweeps, because in the last 

sweep, it places not one but two elements. 

There are many implementations of Bubble Sort, but here is one proposal for bubble sort. 

In this algorithm we will only sort the grades array. 

 

We will take some more lines in order to explain how we propose to do this. We need to 

get the array to be sorted in a manner that the highest value is placed in position number 

1 of the array. 

 

Let us try to sweep the array in a manner that works like this: we can compare the element 

in the first position with the element the second position. If the element in the second 

position is larger that the element in the first position, we will swap them. And we can 

continue to compare the element in the second with the element in the third position, and 

again, swap them if the element in the third position is larger than the element in the 

second. This causes the highest value to be taken all the way into the last position of the 

array. But wait, this is not what we want, we want the largest element to be in the first 

position! No worries, we reverse this, and make the swap only if the element in the 

position j is smaller (not larger) than the element in the position j+1. Algorithm 11 shows 

how this can be written. 

 
Algorithm 11 – A possible implementation of the Bubble Sort algorithm on the student grades array. 

 

 

9 https://en.wikipedia.org/wiki/Sorting_algorithm 

 
 



#  loop in j ends here 

# loop in i ends here 

# 

# and this is it! The Bubble Sort Algorithm is composed by two nested 

loops 

# 

5. display “this if the sorted array” 

6. for i=1 to numberOfStudents 

6.1 display G(i) 

7. display “the algorithm has ended” 

# 

# the Bubble Sort algorithm starts here 

# 

4. for i=1 to numberOfStudents-1 # this will be the sweeping loop 

4.1 for j=1 to numberOfStudents-i # this is the comparison loop 

4.1.1 if G(j) < G(j-1) 

4.1.1.1 temp=G(j) 

4.1.1.2 G(j)=G(j+1) 

4.1.1.3 G(j+1)=temp 

#  loop in j ends here 

# loop in i ends here 

# 

# and this is it! The Bubble Sort Algorithm is composed by two nested 

loops 

# 

 

  
 

 

There are several things worth noting in Algorithm 11. 

 

The first one is that we have implemented the Bubble Sort in four lines (line 4, 4.1, 4.1.1, 

4.1.1.1). This is really the smallest amount of lines one can write to implement a sorting 

algorithm. 

 

You can also see that the loop in i is executed numberOfStudents-1 times, i.e., 99 times 

(line 4). This is because in an array of 100 elements, we only need to sweep it 99 times, 

as explained before. 

 

Because lines 4.1, 4.1.1 and 4.1.1.1 are part of the body of the loop i, you can see that 

these lines will run 99 times (at the most). As one of the lines is a loop, that loop will run 

99 x 100 time maximum, but actually it will be less, because the upper limit of the j loop 

is not always 99, is 100-i. So, line 4.1.1 will be executed 99 times when i=1, 98 times 

when i=2, 97 times when i=3, and so on. Why is this important? Because one of the 

metrics of the efficiency of the sorting algorithms is the number of times the line of 

comparison is executed. If you are interested in this, you can find more information 

online, following the link in footnote 9. 

 

Another comment is on the swap instruction we used in line 4.1.1.1. We instructed the 

algorithm to swap G(j) with G(j+1) 
 

Actually, there are programming languages where you could use the swap command. But 

in most cases, you will have to perform the swap operation by doing for example this: 
 

 
 



1.1 

1.2 

1.3 

2. 

2.1 

3. 

upperLimit=10 

lowerLimit=1 

counter=0 

# avoiding magic numbers… 

for counter=lowerLimit to upperLimit 

display counter 

display “the algorithm has ended” 

 

  

 

You can see that we added two comments marking the end of each of the loops. These 

are of course irrelevant, as the loop ends when an instruction at a different level of 

indentation is found, but we decided to keep them just to try to make clear what is the 

scopy / body of each loop. 

 

The three assignment instructions in 4.1.1.1, 4.1.1.2 and 4.1.1.3 use a temporary variable 

named temp to store the first value, then overwrite the first value with the second value, 

and finally, assign the second element of the array with the value that was previously in 

the first position. It’s probably easier to understand the swapping of the two values if you 

think this way. Imagine you have a bottle of soda on your right hand, and a bag of popcorn 

in your left hand, and you want to exchange their positions. You will need to temporarily 

place one of the items on a tabletop to make the exchange, or, you can toss them into the 

air like a juggler, hoping that you don’t spill the soda nor the popcorns… 

 

To close this section, we would like to invite you to write the algorithm to present the full 

information – number, name, grade, sorted by grade. You can see our proposal for the 

answer in section 0. Spoiler alert: if you use the swap instruction, you only need to add 

two lines to the Bubble Sort inner loop. 

 
 

Still in the loop 

 
In the previous chapter we have seen the for..loop, but there are at least two other ways 

we can consider to create a loop. 

 

Take the example in Algorithm 12, where we describe a possible algorithm to write all 

the numbers from 1 to 10. 

 
Algorithm 12 – A simple algorithm to display all the integers from 1 to 10. 

 

 

This was actually a quite simple algorithm. We only needed to use a few instructions, and 

the concept of a counter variable. A counter variable is a variable that counts, usually 

from 1 to some other number, but we can use counters that decrease its value. 

 

The for..loop is extremely useful and simple to use when you know in advance how 

many iterations the body of the cycle will need to perform, such as in the example of the 

Algorithm 12. 

 

Yet there are other situations when you need to loop and you cannot tell in advance how 

many iterations you will need to do. This is why we need other types of loops. 
 

 
 



1.1 

1.2 

1.3 

2. 

2.1 

3. 

4. 

5. 

6. 

upperLimit=10 

lowerLimit=1 

counter=lowerLimit 

if counter > upperLimit 

go to line 6 

display counter 

counter = counter +1 

go to line 2 

# avoiding magic numbers… 

display “the algorithm has ended” 

1.1 

1.2 

1.3 

2. 

2.1 

2.2 

3. 

upperLimit=10 

lowerLimit=1 

counter=0 

# avoiding magic numbers… 

for counter=lowerLimit to upperLimit 

display counter 

counter=0 

display “the algorithm has ended” 

 

  
 

Again, the for loop 
 

In fact, the for loop can be described in other manners. Take a look at the Algorithm 13. 

You can see that here we have used a new instruction, often called a jump instruction 

(lines 2.1 and 5). 

 

After setting the counter to the value of the lowerLimit (line 1.3), the next line (line 

2) checks to see if the counter has a value larger than the upperLimit. 

 

Of course, the first time we pass in line 2, if the values for the lower and the upper limits 

have been defined properly, this will not happen, and consequently, the algorithm runs 

lines 3, 4 and 5. The body of the loop is composed by these lines (3, 4 and 5). 

 

If the condition counter > upperLimit (also called loop exit condition) is true, the 

algorithm breaks the cycle and proceeds to line 6. When the algorithm exits the loop, the 

value of the loop variable is usually the defined upper limit plus 1. 

 
Algorithm 13 – A simple algorithm to display all the integers from 1 to 10, using jump instructions. 

 

 

Obviously, it is much simpler to represent a for..loop as we did in Algorithm 12, so 

this manner of representing these loops is not usual. 

 

As a last comment regarding for..loops – and only for for..loops, we need to say 

that it’s usually not considered a good practice to change the value of the loop variable 

while inside the loop. For example, the line 2.2 shown in Algorithm 14, is usually 

considered a bad example, as this would cause the algorithm to never end, as counter 

would never reach the upperLimit value. 

 
Algorithm 14 – A bad example if an algorithm because if changed the value of the loop variable inside the loop. 

 

 

 

The while loop 
 
 

 



1.1 counter=0 

entered 

sum=0 

average=0 

# we need a counter to know how many values we 

1.3 

1.4 

2. 

3. 

3.1 

3.2 

3.3 

# 

4. 

5. 

6. 

7. 

# we will initialize this accumulator to 0 

# at this point, average is also 0 

display “Please enter the a value (0 to end) ”, val 

if val != 0 # we read “!=” as “different” 

sum = sum + val 

counter = counter +1 

go to step 2 

the algorithm only reaches this point if the value entered was 0 

display “the user entered”, counter, “ values” 

average = sum / counter 

display “the average for the values is ”, average 

display “the algorithm has ended” 

1.1 counter=0 

entered 

# we need a counter to know how many values we 

1.3 sum=0 # we will initialize this accumulator to 0 

1.4 average=0 # at this point, average is also 0 

 

  

If you don’t know in advance how many iterations you need to do on a group of 

instructions (the body of the loop), then you cannot use the for..loop. But don’t worry, 

there are other solutions for this type of problems. Meet the while..loop (). 

 

Consider the following problem: you have been given a very long list of values (say 3 or 

4 pages long) and you need to calculate the average for all those values. If we knew how 

many values you have in the list, you could simply apply Algorithm 24. Yet, you don’t 

really want to count them all, so you think “what if I enter the values and the algorithm 

considers that when I enter the value 0, it’s because there are no more values and it needs 

to calculate the average?” 

 

There are many examples that cannot be processed with a for..loop simply because you 

don’t know how many iterations you need to consider. This is the time to use a 

while..loop. 

 
Algorithm 15 – A possible algorithm to calculate the average of the values in a list of unknown size at run time. 

 

 

We need to add some comments to Algorithm 15. First, we can see that there is a loop 

formed by the lines between line 2 and line 3.3. Line 3 states that if the entered value is 

different from 0, then lines 3.1, 3.2 and 3.3 need to be executed. Line 3.1 is an 

accumulation of val onto sum, and line 3.2 is an increment on counter. Line 3.3 closes 

the loop and sends the control of the algorithm to line 2. And finally, we can see that in 

this loop, there is a condition that is tested at the beginning of the loop (line 3). 

 

Yet this algorithm has a problem. Can you see what the problem is? We’ll give you a hint 

in section 0. 

 

Algorithm 15 shows a typical while..loop, and this could be better written as follows 

(Algorithm 16). 

 
Algorithm 16 – A possible while..loop algorithm. 

 

 

 
 



1.5 val=-1 

used 

# we define -1 as a dummy value, as it will not be 

2. 

2.1 

2.2 

2.3 

while val != 0 # we read “!=” as “different” 

2.3.1 

2.4 

display “Please enter the a value (0 to end) ”, val 

sum = sum + val 

if val != 0 

counter = counter +1 

loop 

# the algorithm only reaches this point if the value entered was 0 

3. display “the user entered”, counter, “ values” 

4. average = sum / counter 

5. display “the average for the values is ”, average 

6. display “the algorithm has ended” 

1.1 counter=0 

entered 

sum=0 

average=0 

# we need a counter to know how many values we 

1.3 

1.4 

2. 

3. 

4. 

5. 

5.1 

6. 

# we will initialize this accumulator to 0 

# at this point, average is also 0 

display “Please enter the a value (0 to end) ”, val 

sum = sum + val 

counter = counter +1 

if val != 0 

go to step 2 

# we read “!=” as “different” 

counter = counter -1 

the 

# the user entered 0 and we need to discard 

# last increment 

 

  
 

 

We can make additional comments regarding the while..loop. First, with this new 

presentation, the loop is clearer, as we can see that lines 2.1, 2.2, and 2.3 make the body 

of the loop. Line 2.4 closes the while..loop and returns the control of the algorithm to 

line 2.1. 

 

Finally, as we need to test the value for the case of being zero at line 2, coming from line 

1.5, we need to define a value that is not zero as to allow the algorithm to execute this 

line at least once. Line 1.5 defines this value to -1, this being a dummy value, because the 

first time the value at val is really used is in line 2.2, after val being read in line 2.1. 

 

Yet, we still need line 2.3 to make sure that we don’t count the final 0 as a valid value, 

because we need the variable counter to hold a valid value as we will need to use it in 

line 4. 

 

 
 

The repeat loop 
 

We can think of the problem of calculating the average of a list of values in a different 

manner. Let us recover Algorithm 15 and rewrite this, considering that we want to read 

values until the user enters the value 0, as a signal that she has no more values to enter. 

So, we need to repeat the reading of values until the user enters 0. And this is exactly 

what we do in Algorithm 17. 

 
Algorithm 17 – Another possible algorithm to calculate the average of the values in a list of unknown size at run time. 

 

 



# the algorithm only reaches this point if the value entered was 0 

7. display “the user entered”, counter, “ values” 

8. average = sum / counter 

9. display “the average for the values is ”, average 

10. display “the algorithm has ended” 

1.1 counter=0 

entered 

sum=0 

average=0 

repeat 

# we need a counter to know how many values we 

1.3 

1.4 

2. 

2.1 

2.2 

2.3 

2.4 

3. 

# we will initialize this accumulator to 0 

# at this point, average is also 0 

display “Please enter the a value (0 to end) ”, val 

sum = sum + val 

counter = counter +1 

until val == 0 

counter = counter -1 

the 

# this is the exit condition 

# the user entered 0 and we need to discard 

# last increment 

# the algorithm only reaches this point if the value entered was 0 

4. display “the user entered”, counter, “ values” 

5. average = sum / counter 

6. display “the average for the values is ”, average 

7. display “the algorithm has ended” 

 

  
 

 

The loop is now made between lines 2 and 5.1, and more importantly, the verification of 

the condition (the user wants to exit the data entry loop and has entered 0), is done after 

all the body of the loop has being executed. This is typical situation for a repeat..until 

loop, and the algorithm can now be written as follows (Algorithm 18). 

 
Algorithm 18 – A possible repeat..until loop. 

 

 

 

Final remarks on loops 
 

As we are writing algorithms to run on computers, it is not a surprise that we try to solve 

“computing” problems, such as sorting, finding maxima and minima, and so on. 

 

Often these tasks comprehend doing the same operations on a list of values over and over 

again. These iterations are the perfect indication that we need to use a cycle or loop. 

 

As the word suggests, a loop is a set of instructions that repeat several times. Not 

surprisingly, the implementation of loops in different languages is subject to variations, 

to different instructions with different syntaxes. But there are characteristics that are 

common to most implementations, and this is what we want to summarize now. 

 

1. There are usually three ways to implement loops: the for..next, the 

while..loop and the repeat..until. Please note that some languages do not 

implement the repeat..until loop. 

 

 

 

 



 

  

2. The for..next is mostly used in situations where we know with some degree of 

certainty how many iterations we will need to perform, as for example, the number 

of sweeps we need to do on the array we are sorting. 

3. In the opposite sense, the while..loop and the repeat..until loops are used 

when we don’t know how many iterations we need to do for a given task. 

4. The main difference from the while..loop and the repeat..until is that the 

while..loop tests the loop condition at the beginning of the loop (while this 

condition is true, do these instructions), and the repeat..until tests the loop 

condition at the end of the loop (repeat these instructions until this condition is 

verified). 

5. When entering a for..next loop, if the initial value of the loop is already outside 

the scope of the loop, the loop is not executed at all. 

6. Combining the two previous remarks, we conclude that the repeat..until is the 

only loop that is executed at least once. 

7. Although we have said previously that am algorithm has to be finite, it is possible 

to build an infinite loop, and in fact, we do that a lot, for example, when a server 

software runs it enters an infinite loop waiting to receive requests from the client 

software. 

8. As mentioned before, in for..next loops it is usually considered inelegant to 

mess with the loop variable. 

9. It is ok to have nested loops, this is to say, loops within loops. We used nested 

loops in the Bubble Sort algorithm (Algorithm 11). 

10. If you need to exit a loop before the exit condition is tested, you can usually use 

the break instruction. This instruction exits the loop and sends the control of the 

execution of the algorithm (or program) to the instruction that is immediately after 

the loop. 

 

Loops are a very important part of algorithms and computer programs, so you may want 

to get acquainted with its use in more detail. There are many examples in the web, but if 

you feel curious, you may want to check some of the examples in Python at this link: 

https://wiki.python.org/moin/ForLoop. 

 

More data structures and routines 
 

 

 

 

 

https://wiki.python.org/moin/ForLoop


 

  
 

Meet the Lists 
 

In the previous chapter we resorted to matrices or arrays to store the data and allow us to 

access each of the elements in it by simply changing an index number. This has many 

advantages, such as for example, allow us to use loops to sweep the array and find a 

particular type of data. 

 

Yet it often is the case where we don’t know beforehand how big the data we need to 

process will be, and maybe we still we need to keep the list sorted every time a new set 

of data is entered. 

 

Consider the example of a list of shopping list, each line having a name, a price per unit 

and the quantity of purchased items. In such a list you usually have a name of a product 

and eventually a quantity. Figure 2 shows a sample shopping list (without specifying 

quantities). 
 

Figure 2 – A sample shopping list10. 

 

 

The main characteristic about lists is that a list is, by definition, dynamic, this is to say, 

for example, you make a shopping list, and while you are shopping you remember you 

need to add another item to the list. Also, as you shop, you remove items from the list. At 

the end, the list may be empty or not, depending on whether you managed to buy all the 

items or not. 

 

A list is composed by elements or nodes (if you want to be more technical). Although 

when we build a list we don’t do it on purpose (sometimes we just add elements as they 

come to mind…), a list as an order. For example, in the list from Figure 2, the first item 

is Milk, the second item is Beer, and the third item is Bread. You may want to give this 

list some other order, for example, from the most important to the least important, or 

according more or less to the layout of the products in the supermarket of your choice, to 

minimize your shopping time. 
 

 

10 By Santeri Viinamäki, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=59929767 

 
 



 

  

Anyhow, lists are common and very useful data structures to solve many problems. 

 

As we have a new data structure, we need to think on what types of operations we can do 

to a list. For sure we can add items to the end of the list, and we can remove items from 

anywhere in the list. If the list is written on paper, such as the one on Figure 2, we cannot 

add items to the beginning of the list (except if the list is empty), and we cannot add items 

in the middle of the list. But generally, in lists we can do these two operations. There are 

other operations that we can do on lists but we will not detail them at this point. 

 

Before we dig any deeper in this, let us meet two special types of lists, the queues and the 

stacks. 

 

 

The queue 
 

A queue is a special type of list, in which the first element to be added is the first element 

to exit. We call this to push an element into the queue and to pop an element from the 

queue, and it is implicit that the element to be pushed will stay at the end of the queue, 

and the element to be popped is the first element in the queue. 

 

So, a queue admits the following operations: 

1. Add / enqueue a new node into the queue, 

2. Remove / dequeue a node from the queue. 

 
We also need to consider the following procedures: 

3. Is the queue empty? 

4. Is node X in the queue already? 

5. What is the size of the queue? And eventually, 

6. Is the queue bigger than its maximum allowed size? 

 
In fact, operations 3, 4 and 6 are said to be Boolean, in the sense that its respective 

response is either true or false. And we can think that the operation in 3 can be 

implemented using the operation in 5, i.e., if the size of the queue is 0, then the queue is 

empty. 

 

There are other operations that we can think of regarding queues, namely: 

7. What is the element at the head of the queue? and 

8. What is the element at the tail of the queue? 

 
As you can see, the terms head and tail are used to signify the beginning and the end of 

the queue. 

 

And finally, as a way to implement the operation in 4, we need at least one additional 

method, the nextNode. Method nextNode will allow us to start at the head of the queue 

and visit all nodes until the tail of the queue is reached. So while we are at it, let us define 

additional operations to the queue, as follows: 
 
 



 

  

9. nextNode, which allow us to move towards the back of the queue, and 

10. previousNode, which allow us to move towards the head of the queue. 

Maybe now we can write some algorithms that use queues. Let us list a couple of them. 

We can try to write the following algorithms: 

A. Check if an element is in the queue and if not, add it as a new node, 

B. Remove all the nodes in the queue 

 
To make the writing of these algorithms more tangible, let us consider that the queue we 

want to process is a playlist that we are going to populate with our favourite music. 

 

Please note that in the previous examples (A. and B.), we make no assumption as to 

whether the queue is empty or not, we just assume that the list has been created, which in 

terms of pen and paper would consist in knowing that a sheet of paper with the title “My 

Playlist” exists. 

 

Let us start! 

 

How can we add a new song to the list? First we have to consider the possibility of the 

list being empty. If the list is empty, we create a new node in the list and define that the 

head and the tail of the list are the same, and both point to the new node we just added. If 

the list is not empty, we need to start at the head and move towards the tail, visiting each 

node. If the node we visit if the song we need to add, we just exit the algorithm and return 

a flag indicating that the song was not added. If we reach the tail and found no match, we 

can create a new node with the new song title, and define that the tail of the queue is now 

the new node. Quite simple, really. 

 

Figure 3 shows a sample queue with three songs, the Head and Tail pointers, as well as 

the nextNode pointers (there are only two, the last node nextNode pointer points to null, 

meaning it points to nothing at all). Note that when we write “pointer” we just mean 

“something that points to a particular thing”; for example, in Algorithm 10, line 2.2, the 

pointer could be seen as the loop variable i. As we don’t know how many songs my 

playlist will have, we should not use an array, so a queue is a more suitable data structure. 

Figure 3 also shows a pointer named Current. This pointer allows me to access the node 

that has the song “Today and Tomorrow”. You can also notice that we have drawn an 

anchor to the Head and Tail pointers. This is underline that both the Head and Tail 

pointers are more or less fixed, i.e., just as anchors may be dropped or lifted, and therefore, 

moved, the Head and Tail pointers can also be moved. But usually, they are static. 
 

Figure 3 – A sample playlist (queue) with three songs, showing the Head, Tai, Currentl and nextNode pointers. 

 

 

 
 



 

  

We need to start working at the queue by one of the anchors, i.e., either by the Head or 

the Tail. If we start at the Tail, there is no place we can go to, because there are no 

pointers that allow us to reach any other node from there. But if we start at the Head, we 

can progress towards the end of the queue by following each node’s nextNode pointer. 

 

We will use the new character    allowing us to read Head  as “Head points to”, and 

suggest a manner to represent this as follows: 

a) Although  Head is a pointer,  Head is a node. In the example of Figure 3, Head 

is the node “All you need is love”. In the same manner, Head  nextNode 

is the node “Today and Tomorrow”, which is the same as Current; 

b) When we write visitedNode = Tail, we mean that visitedNode is the song 

“Sunshine”; 

a. When we write Current   = Current   nextNode   we mean that 

the now the Current pointer now points to the node “Sunshine”. So, 

if we write Current  = Head we can say that the Current 

pointer points to the node “All you need is love”. 

 
Algorithm 19 – Add a new music to the playlist – a queue example. 

 
# This algorithm receives the title of the music to be added as a 

parameter 

# and this is the variable newSong 

# and returns 1 if the music has been added 

# or 0 if the music was already there 

# we assume that there is no limit for the size of this queue 

# 

# this algorithm is addSong(newSong) returns 0,1 

# 

1. if myPlaylist is empty 

# this means that both the Head and Tail pointers are pointing to nothing 

1.1 create newNode 

1.2 newNode = newSong 

1.2 Head  = newNode 

1.3 Tail  = newNode 

1.4 return 1 

# when we issue the instruction return, the algorithm terminates, so no 

more 

# lines are executed 

# 

# we shall now start visiting all the nodes in the queue, 

2. Current  = Head # starting with the head 

3. while Current  != null 

# if the node we are currently in is the song we want to add, 

# then we know that this song is already in the list and we can exit 

3.1 if Current  == newSong 

3.1.1 return 0 # we found the song already in the list, just 

exit 

 

 



3.2 Current  = CurrentnextNode # we can proceed to the 

next node 

4. display “I have traversed all the queue and found that this new song 

is 

not yet on the list, so I will add it to the Tail of the 

queue” 

5. create newNode 

6. newNode = newSong 

# we’ve added the new node, now we need to make sure the pointers stay 

# coherent, as follows 

7. Tail  nextNode  = newNode 

8. Tail  = newNode 

9. return 1 

1. if myPlaylist is empty 

1.1 create newNode 

1.2 newNode = newSong 

1.2 Head  = newNode 

1.3 Tail  = newNode 

1.4 return 1 

2. Current  = Head 

3. while Current  != null 

3.1 if Current  == newSong 

3.1.1 return 0 

3.2 Current  = CurrentnextNode 

4. … 

5. create newNode 

6. newNode = newSong 

7. Tail  nextNode  = newNode 

8. Tail  = newNode 

9. return 1 

0.1 create newNode 

0.2 newNode = newSong 

 

  
 

 

Just for the sake of cleanliness, let us write again this algorithm, but without the comments 

that sometimes can be distracting (we also omitted line 4). Remember the song we need 

to add is feeded into the algorithm as newSong. 
 

 

We can now make some remarks on this code. 

 

The first comment has to do with lines 1.1, 1.2 and 5 and 6. We can see that independently 

of the queue being empty or not, these two instructions need to be executed. 

 

So, we could place them at the beginning of the algorithm. Let’s do that now (and keep 

the numbering of the other instructions just to not lose the link with previous comments). 

As you may see, we can be very liberal with the numbering of the lines in our algorithm. 

 

We can now better see that, when adding a song to the playlist, the only thing that really 

needs to change are the pointers to the tail, and the nextNode pointer in the former tail 

node. Eventually, if the queue is empty, we also need to change the pointer to the head of 

the queue. 
 

 
 



 

 

 
 
2. Current  = Head 

3. while Current  != null 

3.1 if Current  == newSong 

3.1.1 return 0 

3.2 Current  = CurrentnextNode 

4. … 

7. Tail  nextNode  = newNode 

8. Tail  = newNode 

9. return 1 

 

  
 

1. if myPlaylist is empty 

1.2  Head  = newNode 

1.3  Tail  = newNode 

1.4  return 1 

 

 

 

 

 

 

 

 

 

 

 

We can also observe the loop that allow us to verify if the song is already in the playlist 

or not. This loop comprehends lines 3, 3.1, 3.1.1 and 3.2. There are two ways of exiting 

this while..loop. the first one is if the song we need to add is already on the playlist 

(line 3.1), and the second one is when we reach the tail, i.e., when we have passed the tail 

and are now trying to compare our new song with Tail   nextNode, which points to 

nothing. 

 

The final part of the algorithm needs to reorganize the pointers because we just added a 

new node, and the queue has grown. Line 7 fixes the pointer that previously pointed to 

null and line 8 fixes the Tail pointer to point to the newly created node. 

 

You can also note that we used two new words while writing the algorithm: create and 

return. Create was used to symbolize the creation of a new node in the data structure. 

Return was used as a way to exit the algorithm allowing is to assign an exit value (exit 

code), that can later be used in the main algorithm to assess if the insertion of the song 

was successful or not. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  
 

Figure 4 – The different pointers at different steps of the algorithm. 

 

 

Figure 4 shows four stages of the pointers Head, Tail and Current while adding the new 

song “Purple rain”, at steps 2, 4, 7 and 8 of the algorithm, respectively. 

 

The second challenge we prepared for this section consisted in removing all nodes from 

a queue. A possible solution for this challenge can be found in section 0. 

 

 

The stack 
 

We can think of another structure that behaves in a similar manner as a queue, with the 

difference that while for a queue, the first element to be added is the first element to be 

removed (First In, First Out – FIFO), in this new data structure, it’s the last element to be 

added is the first element to be removed (Last In First Out – LIFO). We call such a data 

structure a stack, e.g., a stack of books such as the one shown in Figure 5. 
 

 

 

 

 



 

  
 

Figure 5 – A stack of books. 

 
 

Figure 6 – A representation of a stack of books. 

 

 

Figure 6 shows a representation for the bottom 4 books in Figure 5. We can see that there 

is only one pointer, called Top, pointing at the element at the top of the stack. The 

previousNode pointer of the bottom element of the stack, the “Ambient Assisted Living” 

book, points to null, a signal that this book is the last one in the stack. 

 

In the same manner as with a queue, a stack also allows us to define a concrete set of 

operations, as follows: 

1. Add / push a new node onto the stack, 

2. Remove / pop a node from the stack. 

 
We also need to consider the following procedures: 

3. Is the stack empty? 

4. Is node X in the stack already? 

5. What is the size of the stack? And eventually, 

6. Is the stack bigger than its maximum allowed size? 
 

 

 



# This algorithm receives the title of the book to be searched as a 

parameter 

# and returns 1 if the book exists in the stack 

# or 0 if the book was not found 

# we assume that there is no limit for the size of this stack 

# 

# this algorithm is searchBook(bookTitle) returns 0,1 

# 

# the following lines mean that if Top pointer is pointing to nothing, 

# the book we are looking for is not in the stack 

# 

1. if myBookStack is empty 

1.1 return 0 

# 

# we shall now start visiting all the nodes in the stack, 

2. Current  = Top # starting from the top 

3. while Current  != null # loop, all the way to the bottom 

# if the node we are currently in is the book we are searching for 

3.1 if Current  == bookTitle 

3.1.1 

exit 

return 1 # we found the book in the stack, and we can 

3.2 Current  = CurrentpreviousNode # we can visit the node 

bellow 

4. display “I have traversed all the stack and found that this new book 

is 

not yet on the stack” 

9. return 0 

 

  

As in queues, operations 3, 4 and 6 are said to be Boolean, in the sense that its respective 

response is either true or false, and operation 3 can be implemented at the expenses of 

operation 5. 

 

In a stack we only can interact with the top of the stack, as this is where the new nodes 

will be added and the existing nodes can be removed. Therefore, we have only one 

operation regarding the retrieval of the elements, as follows: 

7. What is the element at the top of the stack? 

 
One of the possible challenges for an algorithm operating a stack may be to check if a 

given book is in the stack. Algorithm 20 shows a possible solution for this problem. 

 
Algorithm 20 – Find if a given book is in a stack – a stack example. 

 

 

What would be algorithm to add the “Real-World Algorithms” book to this stack? Section 

0 proposes a response to this problem. 

 

 

Final considerations and other data structures 
 

There are many of the so called classical data structures, including Linked Lists (in fact 

the queues and the stacks are particular cases of single linked lists), Double Linked Lists, 

Trees (binary and others), Maps, and so on. As we are aiming to make an introduction to 
 

 

 



 

  

algorithms, we will not detail neither more elaborate data structures nor, for that matter, 

classical algorithms that use them. 

 

One final consideration has to be made regarding the way these algorithms work 

independently of the content of the nodes. For example, the algorithm written to add a 

new song to the playlist, would be roughly the same if we wanted to add books to a queue, 

or students to an exam list. The conceptual nature of the data structures allow us to 

identify the types of operations we can perform on those data structures, independently 

of the content of the data they will store. 

 

Flowcharts 

 
A flowchart is a visual representation of an algorithm. Just as we have defined a set of 

words or instructions we can use in an algorithm, we also have a set of symbols we use 

in a flowchart. 

 

Flowcharts are usually drawn to highlight the flow of the algorithm from instruction to 

instruction, but they are not so much used to represent a full algorithm, rather it is more 

common to see a flowchart of a section of an algorithm. 

 

The algorithms we have written in this document are not large, so we can afford to draw 

a flowchart for the whole algorithm. 

 
An example 

 
Figure 7 shows a flowchart representing Algorithm 10. The problem here was to enter 

100 students’ grades and identifying what was the highest grade. There are several 

elements in the flowchart. 

 

The elements start and end are enclosed in an elliptic shape. This shape is only used for 

this purpose, to signal the start and the end (or the several “ends” at the several branches) 

of the algorithm. 

 

The input and the output of data is shown in rhomboid (a type of parallelogram), as seen 

for the instructions read “grade”, G(i) and display max. 

 

A rectangle (another parallelogram) is used for assignment instructions such as e.g. max=- 

1. 

 

A rhombus is used for conditional instructions, such as G(i)>max?, and this rhombus has 

two exit lines, one to be taken in case of yes and the other in case of no. 

 

Loops are represented here by a hexagon (for i=1..100) and a small circle. The small 

circle represents the end of the loop while the hexagon is usually used to represent 

complex instructions, such as loops, procedures, calls to external functions, and so on. 
 

 

 

 

 



 

  
 

Figure 7 – a flowchart representing Algorithm 10. 

 

 

Finally, the last element in a flowchart are the oriented lines that connect all the elements. 

The idea for a flowchart is to allow the visual representation of a piece of an algorithm 

(or code) as to allow a visual perception on where the flow of the execution of that code 

will go next. 

 

For example, a quick view of the flowchart in Figure 7 allows us an immediate 

assessment: this algorithm has two loops and a conditional instruction (among other 

instructions). 

 

 

Other types of representation of algorithms 
 

Flowcharts are part of the early days’ computer science, but we should use them every 

time we need to make clear how the flow of the execution of the instructions will behave. 

There are other types of representation of algorithm flow analysis, and you may find other 

types of figures for representation of the elements of a flowchart, but the bottom line is 

that whatever shapes you may find, you still understand how the algorithm will behave. 

 

Strategies to approach complex problems 

 
In section 0 we presented a simple manner that allowed us to address a problem that 

potentially could be very large. 
 

 
 



 

  

 

There are other strategies one can take to simplify a complex problem – which is usually 

the case, some of them discussed here. 

 

This is a short chapter, and its intention is to allow you to know that there are strategies 

that allow us to address complex problems. 

 

 

Simplification 
 

In a complex problem, it’s sometimes possible to simplify it in a manner that it allows us 

to focus on the issues that needs to be handled. 

 

For example, consider the problem of the admission of students to a given college course. 

There are usually more applicants than vacancies, so we need to decide on a criteria that 

selects the top students. 

 

The input data is complex, we will have an application number, background training area, 

high-school exam grades, names, dates of birth, addresses, emails, and so on. 

 

A possible simplification could consist on sorting the array of the grades. Once we have 

the array sorted, we will know what is the cut-line for the n element in the array, where n 

is the number of open positions. 

 

Departing from this, we can then process all the applicant’s information and produce a 

list of admitted applications. 

 

 

Reduction or increasing of dimensionality 
 

There are other types of problems that can benefit from a reduction or an increase of 

dimensionality. The reduction of dimensionality consists in taking a problem that has a 

large number of variables and treat only a small set of those variables as to allow arriving 

to a conclusion. One of these examples is the classification of an email as spam or not. 

We can analyse variables such as the title of the email, the content of the email, whether 

the email follows a known template, if the source address is known to have sent spam, 

and so on. To reduce the dimensionality of the problem, we can try to select some of the 

most important features of the problem – the most relevant variables, and produce an 

intermediate response, that can, later on, be analysed with additional depth in a sequent 

phase. There are specific methods to perform dimensionality reduction that are out of 

scope of this chapter. 

 

Although less common, increasing the number of dimensions of a problem will do the 

opposite. Sometimes, the variables of a problem are interdependent, and addressing one 

is almost the same as addressing another one. You can try to create a new variable that is 

a function of the previous two (or more) interdependent variables, that not being neither 

one nor the other, includes both. 
 

 

 

 

 



 

  
 

Divide and conquer 
 

A classical method to address complex problems is to understand that often a complex 

problem is made up of several different stages, each one of these addressable in an almost 

separable manner. Management problems are often addressable in this manner. 

 

For example, consider the problem of controlling the stocks of a shop. You need to first 

have an initial stock statement (maybe repeat this every once in a while), and to have an 

algorithm that affects the stock for every sale made, and another one to update the stock 

with each product order. 

 

Addressing each of these areas independently allows us to focus on solving one problem 

instead of addressing the whole shop-management system as a complex system. 

Interaction between modules can be achieved by messages passing from one module to 

the other, or by allowing a module to access the stock database. 

 

 

Exploring the boundaries 
 

Some problems need additional analysis as the frontier conditions are often specific. For 

the case of the calculation of the average of numbers described by Algorithm 15 and better 

addressed in section 0, it was important to see how the algorithm would perform if the 

user entered 0 as the first input value. 

 

Most algorithms work in a value space that is normal, in the sense that the algorithm will 

handle these values as expected, but sometimes, we need to assess what happens when 

the values are at the boundaries of that space. 

 

This would take us to a different chapter on testing the performance of algorithms, but 

this is out of scope of this course. 

 

Solutions and other stuff 

 
Answers to additional challenges to the problem of finding the student with the 

highest grade. 
 

In section 0, we wrote: 

 

Considering Algorithm 10, let us have some fun… What changes would you make 

in the algorithm as to: 

1. Display the position where the highest grade was found, 

alongside with the highest grade (you may guess that we 

are asking for something new, so we need a new 

variable); 

Algorithm 21 

 

 

 



1. define G(100) 

lines 

# G will be an array with 100 

2. 

2.1 

2.2 

3. 

4. 

5. 

for 

6. 

6.1 

for i=1 to 100 

display “Please enter the grade for the student in line ”, i 

input G(i) 

display “grades entered, starting calculations…” 

max=-1 

position=0 

# we will use the value -1 as initial value 

# we know we still haven’t found what we’re looking 

for i=1 to 100 

if G(i) > max 

6.1.1 max = G(i) 

6.1.2 position = i 

7. display “the highest grade found in this list was ”, max 

8. display “the last time this grade was seen was in position ”, position 

9. display “the algorithm has ended” 

1.1 numberOfStudents=100 

1.2 define G(numberOfStudents) 

lines 

# new constant 

# G will be an array with 100 

1.3 

1.4 

for 

1.5 

2. 

2.1 

2.2 

3. 

4. 

4.1 

max=-1 

position=0 

# we will use the value -1 as initial value 

# we know we still haven’t found what we’re looking 

count=0 # we’ll use this variable to count how many students… 

for i=1 to numberOfStudents 

display “Please enter the grade for the student in line ”, i 

input G(i) 

display “grades entered, starting calculations…” 

for i=1 to numberOfStudents 

if G(i) > max 

 

  
 

2. After finding the highest grade in the array, count how 

many students had that grade; 

Algorithm 22 

3. Alongside with finding the highest grade, find also the 

lowest grade; 

Algorithm 23 

4. Calculate the average of the grades in the list; Algorithm 24 

5. Count how many students had grades higher than 8; Algorithm 25 

6. If zero means that a student did not got graded, count how 

many students were not graded; 

Algorithm 26 

7. Alongside with reading the grades of the students, read 

also two other arrays with the numbers and names of the 

students and display an output similar to Output 4. 

Algorithm 27 

 

Algorithm 21 – A possible algorithm to find the highest value in an array with 100 values and its latest position. 
 

 

Algorithm 22 – A possible algorithm to find the highest value in an array with 100 values and its latest position, 

counting how many students had that grade. 
 

 
 



4.1.1 

4.1.2 

max = G(i) 

position = i 

5. display “the highest grade found in this list was ”, max 

6. display “the last time this grade was seen was in position ”, position 

7. for i=1 to numberOfStudents 

7.1 if G(i) == max 

7.1.1 count = count +1 

8. display “we have found that ”, count, “ students had this grade” 

9. display “the algorithm has ended” 

 

  
 

 

We would like to note some things in this algorithm. First, you can notice that we have 

moved the definition of all the counting and flag variables to the beginning of the 

algorithm, and have numbered these lines as 1.1, 1.2 and so on. This helps us to change 

the algorithm without having to renumber all the sequent lines, and besides, having the 

initial set up of the variables at the beginning of the algorithm is also considered to be a 

good practice. 

 

Also, in line 1.1 we have defined the numberOfStudents variable as 100. We can in fact 

say that this is not a variable, but rather a constant, as its value remains constant 

throughout the algorithm. By doing this, if we need to run the algorithm for a different 

number of students we will only need to change that particular line. Moreover, the values 

“100” that were seen in lines 1, 2 and 6 in Algorithm 21 are often to be said “magic 

numbers” because if you have a long algorithm you will forget what that number refers 

to and believe us, it will looks like the numbers in the code appear as if by magic arts. 

Magic numbers should be avoided. 

 

There is another reason as to constant values should always be coded as variables or 

constants with names instead of using its value in the code. Suppose you are grading a 

test that has 100 questions and you have a class of 100 students. If you need to resize the 

test to say 20 questions but not resize the class, you will need to be extra-careful when 

changing the lines in the code, because at some point, the value 100 will refer to the 

number of questions, but at a different point, it will refer to the size of the class. Using 

named constants allow us to increase the readability of the algorithm, and consequently, 

of the code. 

 

We also need to discuss line 7.1.1. 

 
 

In this line, although we are using an equal sign, this is not an equation, this is to say that 

we are not saying that count is equal to count +1. Please keep in mind that we defined 

these types of instructions as being attribution instructions. Therefore, what we are saying 

in line 7.1.1 is 
Calculate count +1 and store this new value in the variable count. 

 

This type of instruction has a specific name, it’s called an increment instruction and 

the variable count has a specific name, it’s called a counter. 
 

 

 
 

7. for i=1 to numberOfStudents 

7.1 if G(i) == max 

7.1.1 count = count +1 

8. display “we have found that ”, count, “ students had this grade” 



1.1 numberOfStudents=100 

1.2 define G(numberOfStudents) 

lines 

# new constant 

# G will be an array with 100 

1.3 

1.4 

2. 

2.1 

2.2 

3. 

4. 

4.1 

5. 

5. 

6. 

sum=0 

average=0 

# we will initialize this accumulator to 0 

# at this point, average is also 0 

for i=1 to numberOfStudents 

display “Please enter the grade for the student in line ”, i 

input G(i) 

display “grades entered, starting calculations…” 

for i=1 to numberOfStudents 

sum=sum+G(i) 

average = sum / numberOfStudents 

display “the average for the grades in this list is ”, average 

display “the algorithm has ended” 

 

  

Algorithm 23 – A possible algorithm to find the highest and the lowest values in an array with 100 values and its 

latest positions, counting how many students had the maximum grade. 

 
1.1 numberOfStudents=100 # new constant 

1.2  define G(numberOfStudents) # G will be an array with 100 

lines 

1.3 max=-1 # we will use the value -1 as initial value 

1.4 min=999 # we are processing grades so 999 can be assumed as 

a 

# value that we will never find in the grade array 

1.5 maxPosition=0 # we know we still haven’t found what we’re looking 

for 

1.6 minPosition=0 

1.7 count=0 # we’ll use this variable to count how many students… 

2. for i=1 to numberOfStudents 

2.1 display “Please enter the grade for the student in line ”, i 

2.2 input G(i) 

3. display “grades entered, starting calculations…” 

4. for i=1 to numberOfStudents 

4.1 if G(i) > max 

4.1.1 max = G(i) 

4.1.2 maxPosition = i 

4.2 if G(i) < min 

4.2.1 min = G(i) 

4.2.2 minPosition = i 

5. display “the highest grade found in this list was ”, max 

6. display “the last time this grade was seen was in position ”, 

maxPosition 

7. display “the lowest grade found in this list was ”, min 

8. display “the last time this grade was seen was in position 

“,minPosition 

8. for i=1 to numberOfStudents 

8.1 if G(i) == max 

8.1.1 count = count +1 

9. display “we have found that ”, count, “ students had the highest 

grade” 

10. display “the algorithm has ended” 

 

Algorithm 24 – A possible algorithm to calculate the average of the values in an array with 100 values. 
 

 
 



1.1 numberOfStudents=100 

1.2 define G(numberOfStudents) 

lines 

# new constant 

# G will be an array with 100 

1.3 count=0 # we’ll use this variable to count how many 

students… 

1.4 gradeThreshold=8 # no more Magic Numbers in our algorithms! 

2. for i=1 to numberOfStudents 

2.1 display “Please enter the grade for the student in line ”, i 

2.2 input G(i) 

2.3 if G(i) > gradeThreshold 

2.3.1 count = count + 1 

3. display “we have found ”, count, “ students with a grade higher than 

”, 

gradeThreshold 

4. display “the algorithm has ended” 

1.1 numberOfStudents=100 

1.2 define G(numberOfStudents) 

lines 

# new constant 

# G will be an array with 100 

1.3 count=0 # we’ll use this variable to count how many 

students… 

1.4 

2. 

2.1 

2.2 

2.3 

notGraded=0 # no more Magic Numbers in our algorithms! 

for i=1 to numberOfStudents 

display “Please enter the grade for the student in line ”, i 

input G(i) 

if G(i) == notGraded 

2.3.1 count = count + 1 

3. display “we have found ”, count, “ students that have not been 

graded” 

4. display “the algorithm has ended” 

1.1 numberOfStudents=100 

1.2 

1.3 

1.4 

1.5 

1.6 

for 

1.7 

2. 

define G(numberOfStudents) 

lines 

define Names(numberOfStudents) 

define Numbers(numberOfStudents) 

# new constant 

# G will be an array with 100 

# this array will hold the names 

# this array … students’ numbers 

max=-1 # we will use the value -1 as initial value 

maxPosition=0 # we know we still haven’t found what we’re looking 

count=0 # we’ll use this variable to count how many students… 

for i=1 to numberOfStudents 

 

  

 

We need to add some comments on this particular algorithm. Variable sum is also known 

as an accumulator, because it will serve to accumulate values. Also, we could have done 

this in a simpler manner, by placing instruction 4.1 as instruction 2.3, and removing 

completely instructions in lines 4 and 4.1. 

 
Algorithm 25 – A possible algorithm to find how many values higher than 8 an array with 100 values contains. 

 

 

Algorithm 26 – A possible algorithm to find how many values are zero in an array with 100 values. 
 

 

Algorithm 27 – A possible algorithm to read student data and find the highest value in an array with 100 values and 

its latest position. 
 

 



2.1 display “Please enter the number, name and grade for the student 

in 

line ”, i 

2.2 input Numbers(i), Names(i), G(i) 

3. display “Student data entered, starting calculations…” 

4. for i=1 to numberOfStudents 

4.1 if G(i) > max 

4.1.1 max = G(i) 

4.1.2 maxPosition = i 

5. display “the highest grade found in this list was ”, max 

6. display “the last time this grade was seen was in position ”, 

maxPosition 

7. display “the latest student with this grade was student number ”, 

Numbers(maxPosition), “and his/her name is ”, 

Names(maxPosition) 

8. for i=1 to numberOfStudents 

8.1 if G(i) == max 

8.1.1 count = count +1 

9. display “we have found that ”, count, “ students had the highest 

grade” 

10. display “the algorithm has ended” 

1.1 numberOfStudents=100 

1.2 

1.3 

1.4 

2. 

2.1 

define G(numberOfStudents) 

lines 

define Names(numberOfStudents) 

define Numbers(numberOfStudents) 

for i=1 to numberOfStudents 

# new constant 

# G will be an array with 100 

# this array will hold the names 

# this array … students’ numbers 

display “Please enter the number, name and grade for the student 

in 

line ”, i 

2.2 input Numbers(i), Names(i), G(i) 

3. display “Student data entered, starting sorting…” 

# 

# the Bubble Sort algorithm starts here 

# 

4. for i=1 to numberOfStudents-1 # this will be the sweeping loop 

4.1 for j=1 to numberOfStudents-i # this is the comparison loop 

4.1.1 if G(j) < G(j-1) 

4.1.1.1 swap G(j) with G(j+1) 

 

  
 

 

We need to add some notes also to this algorithm. In line 2.2 we have assumed that a 

single line of input can read three values of different types. In fact, we don’t need to 

worry about the specificities of a particular language when writing an algorithm, because 

when the algorithm is translated into a programming language, maybe each of the values 

needs to be read using different types of input instructions. But considering we’re writing 

an algorithm, it’s not a problem to make these assumptions. 

 

 

Answer to presenting the full information with the sorted array grade. 
 

Algorithm 28 – A possible algorithm to read student data into arrays with 100 values and present the data sorted by 

grade. 
 

 



4.1.1.2 

4.1.1.3 

swap Names(j) with Names(j+1) 

swap Numbers(j) with Numbers(j+1) 

5 

6 

display “Number Name Grade” 

for i=1 to numberOfStudents 

6.1 display Numbers(i), Names(i), G(i) 

7. display “the algorithm has ended” 

# 

# and this is it! The Bubble Sort Algorithm is composed by two nested 

loops 

# 

Please enter a value (0 to end) 5 

Please enter a value (0 to end) 4 

Please enter a value (0 to end) 3 

Please enter a value (0 to end) 2 

Please enter a value (0 to end) 0 

the user entered 4 values 

the average for the values is 3.5 

the algorithm has ended 

Please enter a value (0 to end) 0 

the user entered 0 values 

ERROR DIVISION BY ZERO 

1.1 counter=0 

entered 

sum=0 

average=0 

# we need a counter to know how many values we 

1.3 

1.4 

2. 

# we will initialize this accumulator to 0 

# at this point, average is also 0 

display “Please enter the a value (0 to end) ”, val 

 

  
 

 

 

The problem of Algorithm 15 
 

While designing an algorithm, we need to be extra careful in foreseeing what the user can 

type as input of the data. Algorithm 15 aims to read a series of values of unknown length, 

and to calculate its average. What happens in Algorithm 15 if the user enters the values 

5, 4, 3, 2 and 0 as input data? (Output 5) 

 
Output 5 – Screen showing a possible run for Algorithm 15. 

 

 

What if the user enters the following data? (Output 6) 

 
Output 6 – Screen showing another possible run for Algorithm 15. 

 

 

We can see that if the user enters the value 0 as the first value, the variables counter and 

sum remain 0, as they were set to 0 in lines 1.1 and 1.2. 

 

Algorithm 29 shows a possible solution for the case of the user entering no values at all, 

and invoking the exit condition at the first input. There are other ways to formulate this, 

but we’ll leave this to your imagination. 

 
Algorithm 29 – A possible algorithm to calculate the average of the values in an array with 100 values. 

 

 

 



3. 

3.1 

3.2 

3.3 

# 

4. 

5. 

5.1 

if val != 0 # we read “!=” as “different” 

sum = sum + val 

counter = counter +1 

go to step 2 

the algorithm only reaches this point if the value entered was 0 

display “the user entered”, counter, “ values” 

if counter == 0 

display “the user entered no values. I cannot calculate the 

average!” 

else 

5.2 average = sum / counter 

5.3 display “the average for the values is ”, average 

6. display “the algorithm has ended” 

1. 

1.1 

2. 

3. 

3.1 

3.2 

3.3 

# 

3.4 

if myPlaylist is empty 

return 0 

Current  = Head # This is a queue, we should start by the head 

while Current  != null 

temp  = Current 

Current  = CurrentnextNode # we can proceed to the 

next node Head  = Current 

 

remove temp 

# this line is irrelevant as we will not need 

to use the Head pointer in this loop 

# remove the node that was the head of the 

queue 

4. Tail  = null 

5. Head  = null 

6. return 1 

# This algorithm receives the title of a book 

# and tries to add it if the book was not yet in the stack 

# This algorithm uses the method searchBook(bookTitle) 

# defined in Algorithm 20 

# The algorithm returns 1 if the book was successfully added 

# and returns 0 if the book was not added because it was already there 

# 

# this algorithm is addBook(bookTitle) returns 0,1 

## 

1. if myBookStack is empty 

 

  
 

 

 

 

Emptying the queue 
 

This algorithm will empty a queue, returning 0 if the queue was already empty or 1 if the 

queue had content when it was received. 

 
Algorithm 30 – Emptying the playlist – a queue example. 

 

 

 

Adding a book to the stack 
 

Algorithm 31 – Add a book to the stack – a stack example. 
 

 
 



1.1 

1.2 

1.3 

1.1 

create newBook 

Top  = newBook 

newBook = bookTitle 

return 1 

# the above lines handle the special case of having the stack empty 

# 

2. Current  = Top # starting from the top 

3. while Current  != null # loop, all the way to the bottom 

# if the node we are currently in is the book we are searching for 

3.1 if searchBook(bookTitle)==1 

3.1.1 

exit 

3.2 

return 0 # we found the book in the stack, and we can 

Current  = CurrentpreviousNode # we can visit the node 

bellow 4. display “I have traversed all the stack and found that this new book 

is 

not yet on the stack” 

5. create newBook 

6. newBook = bookTitke 

7. Top  = newBook 

8. return 0 
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