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It is a situation that needs to be addressed, a problematic state that needs to be solved. 
However, the solution of a problem can’t be known or obvious but needs some actions in 

order to be confronted and resolved. 

School problems are usually calculative 
problems which demand a set of logical 

thoughts (comparisons) or mathematical 
operations such as additions, subtractions, 

multiplications and divisions. 

 
WHAT IS A PROBLEM? 

 

▪ All people confront daily problems either in their 
personal or in their social environment. 

► the calculation of the shortest route to our school  
► the planning and management of a school trip 
► the arrangement of our books in a library 
► the solving of a linear or a quadratic equation 
► the calculation of the perimeter or an area of a shape 
 

▪ Apart from daily common problems, there are also a number of problems which have arisen  during 
the last years and seem to be more complex and inconvenient e.g. 

► the pollution of the atmosphere  
► the ozone layer depletion 
► the energy problem  
► the exploration of space 
► the malnutrition, the unemployment, the economic crisis e.g. 

 

 
THE ELEMENTS OF A PROBLEM 

Regardless of its class, every problem includes three basic elements: data, solution and information.  
 
 
 
Data are all the standard elements of a problem that are known from the beginning. They are 
indisputable and can be used by the solver as the basis for solving the problem. 

Solution is the procedure a solver should follow in order to collect data, to understand their meaning as 
well as to combine and process them in an appropriate manner to meet the objectives of the problem, 
which is the conclusion of the final information.  

Information is anything the solver tries to find in a problem in order to get out of the problematic state. 
It is a matter of continuous exploration and research. Information is the result of data processing. 

 
STAGES OF A PROBLEM 

 
During the first stage, we need to clarify the data and the goals (the information 
we need to get) of the problem, as well as to understand the specifications of 
the environment in which this problem is going to be solved.  

Due to its difficulty and complexity the initial problem cannot be addressed 
directly by the solver. So, in order to be confronted it needs to be analyzed in 
individual sub-problems which will have a simpler solution. 

It is the implementation of the problem solution in the form of a set of simple 
and clear commands (algorithm).     
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Create a meal 

1. Gather materials 
2. Prepare all pans 
3. Cook the meal  
4. Prepare the salad 
5. Prepare the table 
6. Lunch your meal 
7. Clean the table 
8. Wash the dishes  
9. Arrange the cuisine 

 
 
 
         Example 
Problem Analysis 

 
 
 

PROBLEM CATEGORIES  

Problems can be categorized into 3 individual categories based on 3 corresponding criteria: the solving 
ability, the structuring level and the solving type. For each one of these criteria we can distinguish 3 
more individual subcategories of problems. 

 
 

WHAT IS AN ALGORITHM? 
This term derives from the name of Persian Mathematician Mohammed ibn-Musa al-Khuwarizmi (750 – 850 A.D.) 

 
 
 
 
▪ An algorithm is a term that is not only associated with scientific problems but also with any problem 

derived from daily personal or social life e.g. a cooking recipe is an algorithm 
because it needs to follow a set of logical steps in order to be performed 
correctly. 

▪ The steps that constitute the algorithm are called commands or 
instructions and should always be placed in a logical order. 

▪ The one who executes the commands of an algorithm is called an 
executioner and might be a human being or a computer machine. 

▪ When an algorithm is expressed in a set of commands that are 
understandable to computer then it is called a program. 

Solving Ability Structuring Level Solving Type 

SOLVABLE 

Problems that can be solved and their 
solution is already known and formulated 
e.g. the calculation of the area of a shape  

 

STRUCTURED 

Problems whose solution derives from one 
individual automated procedure (a series of 
known steps) that is already formulated e.g. 
how can we find the roots of a linear or a 
quadratic equation? 

 

DECISION 

Problems that often can be answered with a 
single “Yes” or “No”. They are closed type 
problems that leave solver the ability to 
decide what of the available choices is 
correct e.g. is number 15 odd or even? is 
number 7 a primary number?   

OPEN 

Problems whose solution has not yet been 
found but also we haven’t proved that 
they are unsolved e.g. is there life on other 
planets, is there life after death? 

 

SEMI-STRUCTURED 

Problems that can be solved within a range of 
possible automated procedures leaving to 
the human factor the ability to choose e.g. 
the selection of transportation mode for a 
trip 

COMPUTATIONAL 

Problems whose solution derives from a 
number of calculations and at the end the 
final answer of the problem is a number  
e.g. a mathematical operation  

UNSOLVED 

Problems that have been proved not to 
have any chance to be solved e.g. the 
squaring of the circle, the prevention of 
death etc. 

 

UNSTRUCTURED 

Problems whose solution is based on human 
intuition and doesn’t follow any automated 
procedure e.g. how can we organize our 
party? 

 

OPTIMIZATION 

Problems for which we are trying to find  
the optimum result, the result that satisfies 
the data of the problem in the best possible 
way e.g. the finding of the fastest (or 
slowest) route for a specific location.  

Algorithm is a finite set of individual instructions (logical steps or commands) that are 
formulated with accuracy and definiteness having as major objective the solution of a problem. 

Algorithm Example 
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ALGORITHM ATTRIBUTES 

An algorithm in order to be 
complete should have the 
following characteristics: 
 
 
 

WHAT IS A PROGRAM? 

▪ A program is an algorithm that is formulated in such a way that its set of instructions is fully 
understood by the computer machine so they can be executed instantly. 

▪ The rule that derives from the previous definition is that while a program is always a type of an 
algorithm, the opposite doesn’t happen necessarily. 

▪ Any algorithm to be conceivable and executable by a computer, needs to respect a set of spelling and 
syntax specifications. 

 

WHAT IS A PROGRAMMING LANGUAGE? 

▪ It is an artificial language that is a powerful tool of the user in 
order to communicate with the computer and express his 
algorithms in an intelligible manner.  

▪ As any natural language, a programming language has its own 
syntactic and conceptual rules to form its instructions. 

▪ Each programming language has its own syntax, vocabulary 
and alphabet. 

▪ Today there are some hundreds of programming languages, 
that some of them might be useful to an individual 
programmer e.g. Pascal, Basic, Fortran, Cobol, Logo, C, C++, 
Java, Python, Perl, Lisp, Visual Basic, C#, SQL, Ada, Prolog etc. 

▪ Each programming language is made to implement specific range of applications. 
 

THE EVOLUTION OF LANGUAGES 

MACHINE LANGUAGE 
It is the mother language of computer (the only language it understands). 
All the instructions are written in binary form in bits (series of 0 and 1). 
It is a very hard type of programming with high complexity. 
A program in binary form is executed directly by the computer because it is fully 
understandable without the need of any translation. 
 
SYMBOLIC LANGUAGE (ASSEMBLY) 
▪ In contrast to the machine language, it is a more comprehensible kind of language which uses 

symbolic names instead of numbers to express its commands. 
▪ A symbolic program can be easily composed and checked for errors.  
▪ Assembly is also known as low level language because it is not independent 

from the computer architecture.  
▪ That means that it doesn’t have any portability, so a symbolic program can be 

executed only to the computer it has been written. 
▪ The symbolic program is not executable directly by the computer, so it needs to 

be translated to machine language first.  
▪ The program which makes the necessary translation is called an assembler. 

CLEAR Every step leaves no doubt about its correct execution 

EFFECTIVE It gives its results in a finite time period 

FEASIBLE It is executable by an individual executioner 

FAST It uses the least possible number of steps to be completed 

ECONOMIC It requires fewer resources as possible 

GENERAL It is able to solve a set of related problems 
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HIGH LEVEL LANGUAGES 
▪ They resemble to human languages so they seem to be more familiar to 

programmers. 
▪ They use a short vocabulary of English words as a set of commands, a simple 

syntax and many mathematical symbols. 
▪ Each instruction of a high level language corresponds to a set of binary 

instructions in machine language. 
▪ To be translated in machine language, high-level languages have two types of 

translation programs: compilers and interpreters. 
▪ Unlike Assembly, they are portable so they are independent from computer architecture. 
 
 

ATTRIBUTES OF A PROGRAMMING LANGUAGE 

Like all the natural languages, each artificial programming language includes 3 basic features: 

ALPHABET 
It is the set of characters - symbols which are used by the language to 
express its commands (e.g. letters, numbers, punctuation, mathematical 
symbols) 

VOCABULARY 
It is the set of words (instructions) which are recognizable by the language as 
accepted commands and they have a fixed meaning. 

SYNTAX 
It is the set of rules which determine the spelling and syntax restrictions of a 
language. It constitutes the grammar of a programming language.  

 
 

PROGRAMMING ENVIRONMENT 

▪ It is a software suite which allows programmers to develop their applications and programs. 
▪ Such environment should provide programmer two basic programming tools in order to implement 

their applications: 

► EDITOR 
It is the program we need to edit and correct the source code of the program (it has a similar 
usage to a word processor). 

► TRANSLATOR 
It converts program instructions from high level language (source file in form of english 
commands) to machine language (object file in form of bits) searching simultaneously for 
possible syntax errors. 

 

TRANSLATOR CATEGORIES 

COMPILER INTERPRETER 

It checks the entire program for syntax errors and 
in case it doesn’t find any, it converts the program 
into machine language in order to be executed.  

If it finds an error, it provides an error message to 
programmer that describes the line and the cause 
of the error in order to correct it.  

It checks the program line by line (each one 
command individually) and in case it is syntactically 
correct, it converts it to machine language and 
executes it.  

If it finds an error, it provides a corresponding 
error message to programmer and stops the 
interpretation process immediately. 
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STAGES OF A PROGRAM EXECUTION 

 

 
           (source file)         (object file)    (executable file) 

 

ERROR TYPES 

There are two basic categories of error that are made in programming very often: 

SYNTAX ERRORS 

They are errors caused by a violation of grammatical rules of the programming language e.g. a violation 
of syntax or spelling limit the execution of a program. 
Syntax errors can be detected by the compiler during translation and need correction by programmer in 
order to execute the program.   
 
RUN-TIME ERRORS (logical errors) 

They are errors caused by an incorrect algorithm made by the programmer in order to implement the 
program and they appear mainly during execution. 
They are more complicated errors because they cannot be detected by any compiler during translation 
and only the programmer can detect them during execution. 
 
 
 

Algorithm Program
Conversion to 

machine language
Execution of the 
program in CPU


