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INTRODUCTION
Today, computer has become a part and parcel of modern life and mankind relies heavily on the computer, this can be proven by the fact that virtually every household in developing country has one or more computers, hence the use of computer is beneficial as it can streamline industrial processes, can promote sharing and exchange of ideas and information through the internet and can generate income for its specialist. We use them for doing various tasks in a faster and more accurate manner. For example, using a computer or smartphone, we can book train tickets online. 
The term computerization is used to indicate the use of computer to develop software in order to automate any routine human task efficiently. Computers are used for solving various day-to-day problems and thus problem solving is an essential skill that a computer science student should know. It is pertinent to mention that computers themselves cannot solve a problem. Precise step-by-step instructions should be given by us to solve the problem. Thus, the success of a computer in solving a problem depends on how correctly and precisely we define the problem, design a solution (algorithm) and implement the solution (program) using a programming language. 
Thus, problem solving is the process of identifying a problem, developing an algorithm for the identified problem and finally implementing the algorithm to develop a computer program.

What is Computer Science?
Computer science is the study of the theoretical foundations of information and computation, and of practical techniques for their implementation and application in computer systems. So, computer science is all about taking in information and then performing some computations & analysis to solve a particular problem or produce a desired result, which depends on the application at hand. Computer science is similar to mathematics in that both are used as a means of defining and solving some problem. In fact, computer-based applications often use mathematical models as a basis for the manner in which they solve the problem at hand. In mathematics, a solution is often expressed in terms of formulas and equations. In computer science, the solution is expressed in terms of a program:
Computers are used everywhere in our society:
·  Communications: internet, e-mail, cell phones
·  Word Processing: typing/printing documents
·  Business Applications: accounting, spreadsheets
·  Entertainment: games, multimedia applications
·  Database Management: police records, stock market
·  Engineering Applications: scientific analysis, simulations
·  Manufacturing: CAD/CAM, robotics, assembly and many more.


Computer is defined as follows: -
A computer is a programmable machine that receives input, stores and manipulates data, and provides output in a useful format. In regards to today’s computers, the “machine” part of the computer is called the hardware, while the “programmable” part is called the software. There are specific fields that are more computer-related than others. For example the fields of electrical engineering and computer systems engineering primarily focus on the design and manufacturing of computer hardware, while the fields of software engineering and computer science primarily focus on the design and implementation of software. 
Software 3 Main Categories:
• System Software: is designed to operate the computer’s hardware and to provide and maintain a platform for running applications. (e.g., Windows, Mac OS, Linux, Unix, etc.)
• Middleware: is a set of services that allows multiple processes running on one or more machines to interact. Most often used to support and simplify complex distributed applications. It can also allow data contained in one database to be accessed through another. Middleware is sometimes called plumbing because it connects two applications and passes data between them. (e.g., web servers, application servers).
• Application Software: is designed to help the user perform one or more related specific tasks. Depending on the work for which it was designed, an application can manipulate text, numbers, graphics, or a combination of these elements. (e.g., office suites, web browsers, video games, media players, etc…) 

Software is usually written to fulfill some need that the general public, private industry or government needs. Ideally, software is meant to make it easier for the user (i.e., the person using the software) to accomplish some task, solve some problem or entertain him/herself. Regardless of the user’s motivation for using the software, many problems will arise when trying to develop the software in a way that produces correct results, is efficient and robust, easy to use and visually appealing. That is where computer science comes in:

Problem-solving strategies 
People face problems every day—usually, multiple problems throughout the day. Sometimes these problems are straightforward, sometimes, the problems we encounter are more complex. For example, say you have a work deadline, and you must mail a printed copy of a report to your supervisor by the end of the business day. The report is time-sensitive and must be sent overnight. You finished the report last night, but your printer will not work today. What should you do? First, you need to identify the problem and then apply a strategy for solving the problem. 
Practicing different problem-solving strategies can help professionals develop efficient solutions to challenges they encounter at work and in their everyday lives. Each industry, business and career has its own unique challenges, which means employees may implement different strategies to solve them. If you are interested in learning how to solve problems more effectively, then understanding how to implement several common problem-solving strategies may benefit you. In the sections that follow, we discuss what problem-solving strategies are, why they are important and list several examples of problem-solving strategies you can try
Problem-solving strategies defined 
A problem-solving strategy is a plan used to find a solution or overcome a challenge. Different strategies have different action plans associated with them. For example, a well-known strategy is trial and error. Each problem-solving strategy includes multiple steps to provide you with helpful guidelines on how to resolve a business problem or industry challenge. Effective problem-solving requires you to identify the problem, select the right process to approach it and follow a plan tailored to the specific issue you are trying to solve. 
Multiple Problem-solving Strategies 
Problems themselves can be classified into two different categories known as ill-defined and well-defined problems. Ill-defined problems represent issues that do not have clear goals, solution paths, or expected solutions whereas well-defined problems have specific goals, clearly defined solutions, and clear expected solutions. Problem solving often incorporates logical reasoning and interpretation of meanings behind the problem, and also in many cases require abstract thinking and creativity in order to find novel solutions. Various methods of studying problem solving exist including introspection, simulation, computer modelling, and experimentation. 
Understanding how a variety of problem-solving strategies work is important because different problems typically require you to approach them in different ways to find the best solution. By mastering several problem-solving strategies, you can more effectively select the right plan of action when faced with challenges in the future. This can help you solve problems faster and develop stronger critical thinking skills.
1.Trial and Error 
A trial-and-error approach to problem-solving involves trying a number of different solutions and ruling out those that do not work. This approach can be a good option if you have a very limited number of options available. In terms of a broken printer for example, one could try checking the ink levels, and if that doesn’t work, you could check to make sure the paper tray isn’t jammed. Or maybe the printer isn’t actually connected to a laptop. When using trial and error, one would continue to try different solutions until the problem is solved. Although trial and error is not typically one of the most time-efficient strategies, it is a commonly used one. 
2. Algorithm and Heuristic 
- An algorithm is a problem-solving formula that provides you with step-by-step instructions used to achieve a desired outcome. Algorithms are used frequently in our everyday lives, especially in computer science. When you run a search on the Internet, search engines like Google use algorithms to decide which entries will appear first in your list of results. Facebook also uses algorithms to decide which posts to display on your newsfeed. Can you identify other situations in which algorithms are used? 
- A heuristic is another type of problem-solving strategy. While an algorithm must be followed exactly to produce a correct result, a heuristic is a general problem-solving framework. You can think of these as mental shortcuts that are used to solve problems. A “rule of thumb” is an example of a heuristic. Such a rule saves the person time and energy when making a decision, but despite its time-saving characteristics, it is not always the best method for making a rational decision. Different types of heuristics are used in different types of situations, but the impulse to use a heuristic occurs when one of five conditions is met when: 
· There is too much information 
· The time to make a decision is limited 
·  The decision to be made is unimportant 
·  There is access to very little information to use in making the decision 
·  An appropriate heuristic happens to come to mind in the same moment 
Example of Heuristics: 
    - Working backwards is a useful heuristic in which you begin solving the problem by focusing on the end result. It is common to use the working backwards heuristic to plan the events of your day on a regular basis, probably without even thinking about it.
-     Another useful heuristic is the practice of accomplishing a large goal or task by breaking it into a series of smaller steps. Students often use this common method to complete a large research project or long essay for school. For example, students typically brainstorm, develop a thesis or main topic, research the chosen topic, organize their information into an outline, write a rough draft, revise and edit the rough draft, develop a final draft, organize the references list, and proofread their work before turning in the project. The large task becomes less overwhelming when it is broken down into a series of small steps.
Other Problem-solving Strategies 
Here are some examples of problem-solving strategies that may equally be adopted to see which works best for you in different situations: 
i. Use Past Experience
Take the time to consider if you have encountered a similar situation to your current problem in the past. This can help draw connections between different events. Ask yourself how you approached the previous situation and adapt those solutions to the problem currently being solved. For example, a company trying to market a new clothing line may consider marketing tactics they have previously used, such as magazine advertisements, influencer campaigns or social media advertisements. By analysing what tactics have worked in the past, they can create a successful marketing campaign again. 
ii) Bring in a facilitator 
If one is trying to solve a complex problem with a group of other people, bringing in a facilitator can help increase efficiency and mediate collaboration. Having an impartial third party can help a group stay on task, document the process and have a more meaningful conversation. Consider inviting a facilitator to your next group meeting to help generate better solutions.
After having decided which factors to include, use them to rank each potential solution by assigning a weighted value of 0 to 10 in each of these areas. For example, one solution may receive a score of 10 in the timeliness factor because it meets all the requirements, while another solution may only receive a seven. Having ranked each of the potential solutions based on these factors, add up the total number of points each solution received. The solution with the highest number of points should meet the most important criteria. 
 iii) Ask your peers for help 
Getting opinions from peers can expose new perspectives and unique solutions. Friends, families or colleagues may have different experiences, ideas and skills that may contribute to finding the best solution to a problem. Consider asking a diverse range of colleagues or peers to share what they would do if they were in your situation. Even if you don't end up taking one of their suggestions, the conversation may help you process your ideas and arrive at a new solution. 
iv) Step away from the problem 
Finally, if the problem being worked on does not need an immediate solution, consider stepping away from it for a short period of time. You can do this literally by taking a walk to help clear your mind or figuratively by setting the problem aside for a few days until you are ready to approach it again. Allowing yourself time to rest, exercise and take care of your own well-being can make solving the problem easier when you come back to it because you may feel energized and focused.
The problems that we want to solve can come from any real-world problem or perhaps even from the abstract world. We need to have a standard systematic approach to solving problems. Since we will be using computers to solve problems, it is important to first understand the computer’s information processing model. The model shown in Fig. 1-1 below assumes a single CPU (Central Processing Unit). Many computers today have multiple CPUs, so it can be imagined the above model being duplicated multiple times within the computer.
A typical single CPU computer processes information as shown in the diagram. Problems are solved using a computer by obtaining some kind of user input (e.g., keyboard/mouse information or game control movements), then processing the input and producing some kind of output (e.g., images, text, sound). Sometimes the incoming and outgoing data may be in the form of hard drives or network devices
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Figure 1-1: Simplified Model of a Uniprocessor Computer
Computer as a Model of Computation 
In regards to problem solving, we will apply the above model in that we will assume that we are given some kind of input information that we need to work with in order to produce some desired output as solution. However, the above model is quite simplified. For larger and more complex problems, we need to iterate (i.e., repeat) the input/process/output stages multiple times in sequence, producing intermediate results along the way that solve part of our problem, but not necessarily the whole problem. For simple computations, the above model is sufficient. 
Since it is the “problem solving” part of the process that is the main focus in this unit, more attention will be devoted to this. Among the many definitions for “problem solving”, the following will be adopted below: 
Definition 1-1: Problem Solving is the sequential process of analysing information related to a given situation and generating appropriate response options. 
In solving a problem, there are some well-defined steps to be followed. For example, consider how the input/process/output works on a simple problem: 

Example: Calculate the average grade for all students in a class. 
1. Input: get all the grades … possibly by typing them in via the keyboard or by reading them from a USB flash drive or hard disk.
2. Process: add them all up and compute the average grade. 
3. Output: output the answer to either the monitor, to the printer, to the USB flash drive or hard disk … or a combination of any of these devices. 

It is noted that the problem is easily solved by simply getting the input, computing something and producing the output. We now examine the steps to problem solving within the context of the above example. 
STEPS FOR PROBLEM SOLVING
1. Understand the Problem: The first step to solving any problem is to make sure that one understands the problem about to be solved. One needs to know what: 
· What input data/information is available?
· What does the data/information represent? 
· In what format is the data/information? 
· What is missing in the data provided? 
· Does the person solving the problem have everything needed 
· What output information needs to be produced? 
· In what format should the result be: text, picture and graph? 
· What are the other requirements needed for computation? 

In the example given above, it is understood that the input is a bunch of grades. But we need to understand the format of the grades. Each grade might be a number from 0 to 100 or it may be a letter grade from A to F. If it is a number, the grade might be a whole integer like 73 or it may be a real number like 73.42. We need to understand the format of the grades in order to solve the problem. 
We also need to consider missing grades. What if we do not have the grade for every student: for instance, some were away during the test? Should we be able to include that person in our average (i.e., they received 0) or ignore them when computing the average? We also need to understand what the output should be. Again, there is a formatting issue. Should the output be a whole or real number or a letter grade? Do we want to display a pie chart with the average grade? The choice is ours. 
Finally, one needs to understand the kind of processing that must be performed on the data. This leads to the next step.
2. Analyzing the problem
I. It is important to clearly understand a problem before we begin to find the solution for it. If we are not clear as to what is to be solved, we may end up developing a program which may not solve our purpose. Thus, we need to read and analyse the problem statement carefully in order to list the principal components of the problem and decide the core functionalities that our solution should have. By analysing a problem, we would be able to figure out what are the inputs that our program should accept and the outputs that it should produce.
II. Developing an Algorithm
Having understood the problem and formulated a model, it is time to come up with a precise plan. The solution is represented in natural language and is called an algorithm 
Definition 1-2: Algorithm is a precise sequence of instructions for solving a problem. 
To develop an algorithm, the instructions must be represented in a way that is understandable to a person who is trying to figure out the steps involved. Two commonly used representations for an algorithm is by using (1) pseudo code, or (2) flowcharts. 
III. Coding
After finalizing the algorithm, we need to convert the algorithm into the format which can be understood by the computer to generate the desired solution. Different high level programming languages can be used for writing a program. It is equally important to record the details of the coding procedures followed and document the solution. This is helpful when revisiting the programs at a later stage.
IV. Testing and Debugging
The program created should be tested on various parameters. The program should meet the requirements of the user. It must respond within the expected time. It should generate correct output for all possible inputs. In the presence of syntactical errors, no output will be obtained. In case the output generated is incorrect, then the program should be checked for logical errors, if any. The errors or defects found in the testing phases are debugged or rectified and the program is again tested. This continues till all the errors are removed from the program. Once the software application has been developed, tested and delivered to the user, still problems in terms of functioning can come up and need to be resolved from time to time. The maintenance of the solution, thus, involves fixing the problems faced by the user, answering the queries of the user and even serving the request for addition or modification of features.

 The Notion of Algorithm 
By definition, an algorithm is an effective step-by-step procedure for solving a problem in a finite number of steps. In other words, it is a finite set of well-defined instructions or step-by-step description of the procedure written in human readable language for solving a given problem. An algorithm itself is division of a problem into small steps which are ordered in sequence and easily understandable. Algorithms are very important to the way computers process information, because a computer program is basically an algorithm that tells computer what specific tasks to perform in what specific order to accomplish a specific task. The same problem can be solved with different methods. So, for solving the same problem, different algorithms can be designed. In these algorithms, number of steps, time and efforts may vary more or less. 
For example, we might need to sort a sequence of numbers into non-decreasing order. This problem arises frequently in practice and provides fertile ground for introducing many standard design techniques and analysis tools. Here is how we formally define the sorting problem: 
Input: A sequence of 𝑛 numbers 〈𝑎1,2,⋯,𝑎𝑛〉,. 
Output: A reordering 〈𝑎1′,2′,⋯,𝑎𝑛′〉of the input sequence such that 𝑎1′≤ 𝑎2′≤ ⋯≤ 𝑎𝑛′. 
For example, given the input sequence 〈31; 41; 59; 26; 41; 58〉, a sorting algorithm returns as output the sequence 〈26; 31; 41; 41; 58; 59〉. Such an input sequence is called an instance of the sorting problem. In general, an instance of a problem consists of the input (satisfying whatever conditions are imposed in the problem statement) needed to compute a solution to the problem. 
In computer science we give a special name to the sub-algorithms. 
ALGORITHM
In our day-to-day life we perform activities by following certain sequence of steps. Examples of activities include getting ready for school, making breakfast, riding a bicycle, wearing a tie, solving a puzzle and so on. To complete each activity, we follow a sequence of steps. Suppose following are the steps required for an activity ‘riding a bicycle’:
1) Remove the bicycle from the stand,
2) sit on the seat of the bicycle,
3) start peddling,
4) Use breaks whenever needed and
5) Stop on reaching the destination.
ALGORITHM: GREATEST COMMON DIVISOR
Let us now find Greatest Common Divisor (GCD) of two numbers 45 and 54. Note: GCD is the largest number that divides both the given numbers.
Step 1: Find the numbers (divisors) which can divide the given numbers
Divisors of 45 are: 1, 3, 5, 9, 15, and 45
Divisors of 54 are: 1, 2, 3, 6, 9, 18, 27, and 54
Step 2: Then find the largest common number from these two lists.
Therefore, GCD of 45 and 54 is 9
Hence, it is clear that we need to follow a sequence of steps to accomplish the task. Such a finite sequence of steps required to get the desired output is called an algorithm. It will lead to the desired result in a finite amount of time, if followed correctly. Algorithm has a definite beginning and a definite end, and consists of a finite number of steps.
 Why do we need an Algorithm?
A programmer writes a program to instruct the computer to do certain tasks as desired. The computer then follows the steps written in the program code. Therefore, the programmer first prepares a roadmap of the program to be written, before actually writing the code. Without a roadmap, the programmer may not be able to clearly visualise the instructions to be written and may end up developing a program which may not work as expected. Such a roadmap is nothing but the algorithm which is the building block of a computer program. For example, searching using a search engine, sending a message, Finding a word in a document, booking a taxi through an app, performing online banking, playing computer games, all are based on algorithms. Writing an algorithm is mostly considered as a first step to programming. Once we have an algorithm to solve a problem, we can write the computer program for giving instructions to the computer in high level language. If the algorithm is correct, computer will run the program correctly, every time. So, the purpose of using an algorithm is to increase the reliability, accuracy and efficiency of obtaining solutions.
(A) Characteristics of a good algorithm
· Precision: - the steps are precisely stated or defined.
· Uniqueness: - results of each step are uniquely defined and only depend on the input and the result of the preceding steps.
· Finiteness: - algorithm always stops after a finite number of steps.
· Input: - the algorithm receives some input.
· Output: - the algorithm produces some output.
(B) While writing an algorithm, it is required to clearly identify the following:
· The input to be taken from the user
·  Processing or computation to be performed to get the desired result
· The output desired by the user

STEPS INVOLVED IN ALGORITHM DEVELOPMENT
An algorithm can be defined as “a complete, unambiguous, finite number of logical steps for solving a specific problem “ 
Step1.  Identification of input: For an algorithm, there are quantities to be supplied called input and these are fed externally. The input is to be identified first for any specified problem. 
Step2:  Identification of output: From an algorithm, at least one quantity is produced, called for any specified problem. 
Step3:  Identify the processing operations: All the calculations to be performed in order to lead to output from the input are to be identified in an orderly manner
Step4:  Processing Definiteness: The instructions composing the algorithm must be clear and there should not be any ambiguity in them
Step5:  Processing Finiteness: If we go through the algorithm, then for all cases, the algorithm should terminate after a finite number of steps. 
Step6:  Possessing Effectiveness: The instructions in the algorithm must be sufficiently basic and in practice they can be carries out easily. 
REPRESENTATION OF ALGORITHMS
Using their algorithmic thinking skills, the software designers or programmers analyse the problem and identify the logical steps that need to be followed to reach a solution. Once the steps are identified, the need is to write down these steps along with the required input and desired output. There are two common methods of representing an algorithm —flowchart and pseudocode. Either of the methods can be used to represent an algorithm while keeping in mind the following:
• it showcases the logic of the problem solution, excluding any implementation details
• It clearly reveals the flow of control during execution of the program.

COMPUTATIONAL APPROACHES TO PROBLEM SOLVING
Solving a problem involves finding a way to move from a current situation to a desired outcome. To be able to solve a problem using computational approaches, the problem itself needs to have certain characteristics: 
· The problem needs to be clearly defined — this means that one should be able to identify the current situation, the end goal, the possible means of reaching the end goal, and the potential obstacles 
·  The problem needs to be computable — one should consider what type of calculations are required, and if these are feasible within a reasonable time frame and processing capacity 
· The data requirements of the problem need to be examined, such as what types of data the problem involves, and the storage capacity required to keep this data 
·  One should be able to determine if the problem can be approached using decomposition and abstraction, as these methods are key for tackling complex problems 
Once these features of the given problem are identified, an informed decision can then be made as to whether the problem is solvable or not using computational approaches.

Brute-force Approach 
This strategy is characterised by a lack of sophistication in terms of their approach to the solution. It typically takes the most direct or obvious route, without attempting to minimise the number of operations required to compute the solution. 
Brute-force approach is considered quite often in the course of searching. In a searching problem, we are required to look through a list of candidates in an attempt to find a desired object. In many cases, the structure of the problem itself allows us to eliminate a large number of the candidates without having to actually search through them. As an analogy, consider the problem of trying to find a frozen pie in an unfamiliar grocery store. You would immediately go to the frozen food corridor, without bothering to look down any of the other aisles. Thus, at the outset of your search, you would eliminate the need to search down most of the aisles in the store. Brute force approach, however, ignores such possibilities and naively search through all candidates in an attempt to find the desired object. This approach is otherwise known as exhaustive search. 
Example: 
Imagine a small padlock with 4 digits, each from 0-9. You forgot your combination, but you don't want to buy another padlock. Since you can't remember any of the digits, you have to use a brute force method to open the lock. So you set all the numbers back to 0 and try them one by one: 0001, 0002, 0003, and so on until it opens. In the worst case scenario, it would take 104, or 10,000 tries to find your combination. 
Divide-and-Conquer Approach 
In the divide and conquer strategy, a problem is solved recursively by applying three steps at each level of the recursion: Divide, conquer, and combine. 
· Divide 
“Divide” is the first step of the divide and conquer strategy. In this step the problem is divided into smaller sub-problems until it is small enough to be solved. At this step, sub-problems become smaller but still represent some part of the actual problem. As stated above, recursion is used to implement the divide and conquer algorithm. A recursive algorithm calls itself with smaller or simpler input values, known as the recursive case. So, when the divide step is implemented, the recursive case is determined which will divide the problem into smaller sub-problems. 
Then comes the “conquer” step where we straightforwardly solve the sub-problems. By now, the input has already been divided into the smallest possible parts and we’re now going to solve them by performing basic operations. The conquer step is normally implemented with recursion by specifying the recursive base case. Once the sub-problems become small enough that it can no longer be divided, we say that the recursion “bottoms out” and that we’ve gotten down to the base case. Once the base case is arrived at, the sub-problem is solved. 

· Combine 
In this step, the solution of the sub-problems is combined to solve the whole problem. The output returned from solving the base case will be the input of larger sub-problems. So after reaching the base case we will begin to go up to solve larger sub-problems with input returned from smaller sub-problems. In this step, we merge output from the conquer step to solve bigger sub-problems. Solutions to smaller sub-problems propagate from the bottom up until they are used to solve the whole original problem. 
 
                     Example: The Merge Sort Algorithm 
The merge sort algorithm closely follows the divide and conquer paradigm. In the merge sort algorithm, we divide the n-element sequence to be sorted into two subsequences of 𝑛=2 elements each. Next, we sort the two subsequences recursively using merge sort. Finally, we combine the two sorted subsequences to produce the sorted answer. 
Let the given array be:
[image: ]
Divide the array into two halves
[image: ]
Again, divide each subpart recursively into two halves until you get individual elements.
[image: ]
Now, combine the individual elements in a sorted manner. Here, conquer and combine steps go side by side.
[image: ]
Advantages of Divide and Conquer Algorithms 
The first, and probably the most recognizable benefit of the divide and conquer paradigm is the fact that it allows us to solve difficult problems. Being given a difficult problem can often be discouraging if there is no idea how to go about solving it. However, with the divide and conquer method, it reduces the degree of difficulty since it divides the problem into easily solvable sub-problems.
Another advantage of this paradigm is that it often plays a part in finding other efficient algorithms. In fact, it played a central role in finding the quick sort and merge sort algorithms. It also uses memory caches effectively. The reason for this is the fact that when the sub-problems become simple enough, they can be solved within a cache, without having to access the slower main memory, which saves time and makes the algorithm more efficient. And in some cases, it can even produce more precise outcomes in computations with rounded arithmetic than iterative methods would. 
In the divide and conquer strategy problems are divided into sub-problems that can be executed independently from each other. Thus, making this strategy suited for parallel execution. 
Disadvantages of Divide and Conquer Algorithms
One of the most common issues with this sort of algorithm is the fact that the recursion is slow, which in some cases outweighs any advantages of this divide and conquer process. Another concern with it is the fact that sometimes it can become more complicated than a basic iterative approach, especially in cases with a large n. In other words, if someone wanted to add large numbers together, if they just create a simple loop to add them together, it would turn out to be a much simpler approach than it would be to divide the numbers up into two groups, add these groups recursively, and then add the sums of the two groups together. 
Dynamic Programming Approach
Dynamic programming approach is similar to divide-and-conquer in that both solve problems by breaking it down into several sub-problems that can be solved recursively. The difference between the two is that in the dynamic programming approach, the results obtained from solving smaller sub-problems are reused in the calculation of larger sub-problems. Thus, dynamic programming is a bottom-up technique that usually begins by solving the smallest sub-problems, saving these results and then reusing them to solve larger and larger sub-problems until the solution to the original problem is obtained. This is in contrast to the divide-and-conquer approach, which solves problems in a top-down fashion. In this case the original problem is solved by breaking it down into increasingly smaller sub-problems, and no attempt is made to reuse previous results in the solution of any of the sub-problems. 
It is important to realise that a dynamic programming approach is only justified if there is some degree of overlap in the sub-problems. The underlying idea is to avoid calculating the same result twice. This is usually accomplished by constructing a table in memory, and filling it with known results as they are calculated (memorization). These results are then used to solve larger sub-problems. Note that retrieving a given result from this table takes Θ(1) time. 
Dynamic programming is often used to solve optimisation problems. In an optimisation problem, there are typically large number of possible solutions, and each has a cost associated with it. The goal is to find a solution that has the smallest cost (i.e., optimal solution). 
 Example: Fibonacci Series 
Let's find the Fibonacci sequence up to the 5th term. A Fibonacci series is the sequence of numbers in which each number is the sum of the two preceding ones. For example, 0,1,1,2,3. Here, each number is the sum of the two preceding numbers. 
Algorithm
Let 𝑛 be the number of terms. 
1. If 𝑛 ≤1, return 1. 
2. Else return the sum of two preceding numbers.
We are calculating the Fibonacci sequence up to the 5th term. 
1. The first term is 0. 
2. The second term is 1. 
3. The third term is sum of 0 (from step 1) and 1(from step 2), which is 1. 
4. The fourth term is the sum of the third term (from step 3) and second term (from step 2) i.e. 1 + 1 = 2. 
5. The fifth term is the sum of the fourth term (from step 4) and third term (from step 3) i.e. 2 + 1 = 3. 

Hence, we have the sequence 0,1,1, 2, 3. Here, we have used the results of the previous steps as shown below. This is called a dynamic programming approach.
F(0) = 0 
F(1) = 1 
F(2) = F(1) + F(0) 
F(3) = F(2) + F(1) 
F (4) = F(3) + F(2)
Recursion vs Dynamic Programming
Dynamic programming is mostly applied to recursive algorithms. This is not a coincidence, most optimization problems require recursion and dynamic programming is used for optimization. But not all problems that use recursion can use Dynamic Programming. Unless there is a presence of overlapping sub-problems like in the Fibonacci sequence problem, a recursion can only reach the solution using a divide and conquer approach. This is the reason why a recursive algorithm like Merge Sort cannot use Dynamic Programming, because the sub-problems are not overlapping in any way. 
Greedy Algorithm Approach

In a greedy algorithm, at each decision point the choice that has the smallest immediate (i.e., local) cost is selected, without attempting to look ahead to determine if this choice is part of our optimal solution to the problem as a whole (i.e., a global solution). By locally optimal, we mean a choice that is optimal with respect to some small portion of the total information available about a problem. 
The most appealing aspect of greedy algorithm is that they are simple and efficient – typically very little effort is required to compute each local decision. However, for general optimization problems, it is obvious that this strategy will not always produce globally optimal solutions. Nevertheless, there are certain optimization problems for which a greedy strategy is, in fact, guaranteed to yield a globally optimal solution. 
Characteristics of the Greedy Algorithm
The important characteristics of a Greedy algorithm are: 
1. There is an ordered list of resources, with costs or value attributions. These quantify constraints on a system. 
2. Take the maximum quantity of resources in the time a constraint applies. 
3. For example, in an activity scheduling problem, the resource costs are in hours, and the activities need to be performed in serial order. 

Motivations for Greedy Approach
Here are the reasons for using the greedy approach: 
· The greedy approach has a few trade-offs, which may make it suitable for optimization. 
· One prominent reason is to achieve the most feasible solution immediately. In the activity selection problem (Explained below), if more activities can be done before finishing the current activity, these activities can be performed within the same time 
· Another reason is to divide a problem recursively based on a condition, with no need to combine all the solutions.
·  In the activity selection problem, the “recursive division” step is achieved by scanning a list of items only once and considering certain activities. 
Greedy Algorithms vs Dynamic Programming
Greedy algorithms are similar to dynamic programming in the sense that they are both tools for optimization. However, greedy algorithms look for locally optimum solutions or in other words, a greedy choice, in the hopes of finding a global optimum. Hence greedy algorithms can make a guess that looks optimum at the time but becomes costly down the line and do not guarantee a globally optimum. Dynamic programming, on the other hand, finds the optimal solution to sub-problems and then makes an informed choice to combine the results of those sub-problems to find the most optimum solution. 
Randomized Approach
This approach is dependent not only on the input data, but also on the values provided by a random number generator. If some portion of an algorithm involves choosing between a number of alternatives, and it is difficult to determine the optimal choice, then it is often more effective to choose the course of action at random rather than taking the time to determine the vest alternative. This is particularly true in cases where there are a large number of choices, most of which are “good.” 
Although randomising an algorithm will typically not improve its worst-case running time, it can be used to ensure that no particular input always produces the worst-case behavior. Specifically, because the behaviour of a randomised algorithm is determined by a sequence of random numbers, it would be unusual for the algorithm to behave the same way on successive runs even when it is supplied with the same input data.  
Randomised approaches are best suited in game-theoretic situations where we want to ensure fairness in the face of mutual suspicion. This approach is widely used in computer and information security as well as in various computer-based games.
The Concept of Abstraction
This is the creation of well-defined interfaces to hide the inner workings of computer programs from users. It may also be defined as the process of identifying the general characteristics needed to solve a problem while filtering out unnecessary information. It is also described as simplifying a process or artefact by providing what you really need, and hiding the useless details you don't care about, thus removing unnecessary detail. 
Abstraction is widely used to simplify things that may be very complex. We use abstractions all the time, almost without thinking. For example, if you learn to drive, you will be taught that putting your foot on the accelerator will speed up the car and putting your foot on the brake pedal will slow it down. You will not be taught anything about how the acceleration or braking systems actually work. 
Importance of Abstraction 
In computer science, abstraction is used to manage the complexity of a lot of what is designed and created. Computer hardware is seen as components or black boxes.
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The abstraction above represents a computer. It shows the names of the components and how they interact with each other but hides the complexity of each type of component. 
How to Abstract
In computing, when we decompose problems, we then look for patterns among and within the smaller problems that make up the complex problem. Abstraction allows us to create a general idea of what the problem is and how to solve it. We remove all specific detail, and any patterns that will not help us solve the problem. 
For example, the school timetable (as shown below) is an abstraction of what happens in a typical week: it captures key information such as who is taught what subject where and by whom, but leaves to one side further layers of complexity, such as the learning objectives and activities planned in any individual lesson. When abstracting, we remove specific details and keep the general relevant patterns. So, abstraction allows us to form our idea of the problem. This idea is also known as a model. Once we have a model of our problem, we can then design an algorithm to solve it.
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Types of Abstraction 
1.  Representational Abstraction 
Abstraction appears in many forms within computing, both in terms of techniques used to approach problem-solving, and in the computational tools employed to develop solutions. 
The maps of many metropolitan public transport systems worldwide is a classic example of a representational abstraction. Many specific details about the lines are removed because they are not necessary for the purpose of the map, which is to help plan a journey. What remains when unnecessary detail has been removed is a representational abstraction, i.e. a simpler version directed at solving a particular problem. 
Many real-world objects and situations are represented in computer systems. In a flight simulator, different planes will be represented in some way within the system. If object-oriented programming is used, the plane will be an object with a set of properties that are relevant to the features of the simulator. Some details will be essential, such as the weight of the plane (as this will affect its handling). Other details, such as the material used to upholster the seats, will be irrelevant, and these aspects will not need to be represented within the system or model. 
Computer scientists have to choose what to include in the model and what to discard. They must ensure that they include the minimum amount of detail necessary to solve the given problem to the required degree of accuracy. 
2 Abstraction by Generalization 
When you group things in terms of a set of common characteristics, you are generalizing. This is a fundamental technique used in object-oriented programming (although it is not exclusive to OOP) when you identify that some objects are 'kinds of' more generic objects. 
3 Procedural Abstractions 
This type represents a computational method. One of the skills that you will develop as a computer scientist is the ability to design a well-abstracted procedure that is generalised as far as possible. 
For example, consider the problem of calculating the surface area of a chopping board. You write the following subroutine:
PROCEDURE calculate_chopping_board_area() 
side1_length = INPUT("Enter length of side 1: ") 
side2_length = INPUT("Enter length of side 2: ") 
side1_length = STR(side1_length) 
side2_length = STR(side2_length) 
area = side1_length * side2_length 
PRINT(area) 
ENDPROCEDURE
This is an example of a subroutine that is too specific. Firstly, it is bound to a specific (command line) user interface. If you abstract away this detail, the subroutine will be independent of the user interface, and will therefore be more general. Here is a more general version of the same subroutine:
FUNCTION calculate_chopping_board_area(side1_length, side2_length) 
area = side1_length * side2_length 
RETURN area 
ENDFUNCTION
A further abstraction is to replace the name (identifier) of the subroutine with something more general: 
FUNCTION calculate area (side1_length, side2_length) 
area = side1_length * side2_length 
RETURN area 
ENDFUNCTION 
4 Functional Abstraction 
In functional abstraction, the implementation detail of the computational method is hidden. You can think of a function as a black box. The function will receive an input (or set of inputs), process the input(s), and return the output. How the transformation is achieved is hidden from the user? 
Most languages will provide a set of built-in functions that can be used by the programmer. In the previous example of a subroutine that calculates the area of a regular polygon, a maths library is used to provide useful mathematical functions. In the example, functions were used to provide the value of pi, to calculate the square root of a number, and to calculate the tangent of a number. 
In Python, for example, the built-in function to display a value to the console or command line interface is print. If you code in Python, you will be familiar with typing a command such as print ("Hello World"). You will know that the name of the function is print, and it must be followed by a value (to print) enclosed in parentheses. 
Using the Python 'help' facility, you can see the details of the interface. It is more technical than you might expect and you will usually only need to delve into this level of documentation when you want to do something a bit different. The first line is the name of the function and its parameters. The remaining information is provided through a 'docstring' (a documentation strings that provides a convenient way of documenting a functions, classes, and methods). This provides sufficient information for the programmer to use the function, but hides all of the other information. 
5 Data Abstraction 
Some data types, such as unsigned integers, are conceptually simple; others are more complex. Data abstraction is a technique that allows you to separate the way that a compound data object is used, from the details of how it is constructed.
If you have studied data structures, you will be aware of the concept of a stack as an example of an abstract data type (ADT). A stack is a last in, first out (LIFO) data structure that supports three standard operations: push (add an item to the stack), pop (remove an item from a stack), and peek (look at the item at the top of the stack). The abstract concept of a stack, and its operations, can be understood without any consideration of how it is implemented. Sometimes, you will see a stack drawn as an upright container with a single opening at the top. This abstraction helps you to understand the LIFO nature of the structure. 
With more complex data structures, data abstraction becomes more and more important to prevent you getting caught up in the implementation detail. You will often use more than one layer of abstraction. For example, in classic computer science theory, you will learn that the data structure underpinning a graph is an adjacency matrix or an adjacency list. These are in themselves abstractions. For example, consider an adjacency list. You might choose to implement it using a dictionary or a linked list, however, a dictionary is also an abstract data type that is conceptually a set of key–value pairs, and a linked list is a traversable sequence. Neither abstraction tells you anything about the way that the structure will be implemented. Only at the lowest level will the implementation detail be revealed.
 Representative Algorithms for Simple Problems 
   Example 1: Area of a Rectangle Calculator 
Write an algorithm that can calculate the area of a rectangle. The width and the height of the rectangle should be taken from the user.
  Note: Area = Width ×Height
Area of a Rectangle Calculator Solution A
Solution A – Good:
 1. Ask the user to enter Width
2. Ask the user to enter Height
3. Set Area to (Width × Height)
4. Display Area for the user

As you can see in this solution, we have described the steps that are going to solve the problem. You can describe the steps in your own way, but your description of the steps should be obvious, logical, and sequential.13               Area of a Rectangle Calculator Solution B
Solution B -Bad: 
1. Ask the user to enter Width
2. Ask the user to enter Height
3. Calculate Area
4. Display Area for the user

The reason for considering Solution B as a bad solution:
•Step 3 is not clear because it does not explain how we can calculate Area. So, this algorithm is bad because its steps are not obvious.

Area of a Rectangle Calculator Solution C    
Solution C -Bad: 
1. Set Area to (Width × Height)
2. Ask the user to enter Width
3. Ask the user to enter Height
4. Display Area for the user

The reasons for considering Solution C as a bad solution: We don't know what Width and Height at the Step1 are. In other words, Width and Height have not been defined before Step1, so we cannot use them because they do not exist yet. What about Step2 and Step3? Width and Height are defined there! .After Step2, Width does exist, but Height does not. After Step3, Height does exist. Both Width and Height are available to be used at or after step 4. 
So, this algorithm is bad because its steps are not correctly sequential.
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Area of a Rectangle Calculator Solution D
Solution D -Bad: 
1. Set Area to (Width × Height)
2. Display Area for the user
The reasons for considering Solution D as a bad solution: Step1 tells us to multiply Width and Height, but we don't know what Width and Height are. Even, they have not been defined in any steps of the algorithm.
So, this algorithm is bad because of the illogical step, which is using unknown things (Width and Height).
Area of a Rectangle Calculator Solution E
Solution E -Bad: 
1. Ask the user to enter Width
2. Ask the user to enter Height
3. Set Area to (Width×Height×2)
4. Display Area for the user

The reasons for considering Solution E as a bad solution:
This algorithm will give us a wrong value of the Area. For example, suppose that the user entered4 for Width and 5 for Height. The correct value of the Area should be 20, but this algorithm will display 40 as the value of the Area.
The reason forgiving the wrong value is how Step3 calculates the Area. Step3 calculates the Area by the incorrect equation (Width×Height×2) instead of (Width×Height). So, this algorithm is bad because it has a logical problem, which is producing incorrect output (the value of the Area).
Examples of Algorithms: - Write an algorithm to find the area of the triangle. 
Solution
Let 𝑏, 𝑐 be the sides of the triangle ABC and 𝐴 the included angle between the given sides. 
Algorithm find Area of Triangle 
Step 1: Input the given elements of the triangle namely sides 𝑏, 𝑐 and angle between the sides 𝐴 
Step 2: Area = 12∗𝑏∗𝑐∗(𝐴) 
Step 3: Output the Area 
Step 4: Stop. 
3)  Write an algorithm to find the largest of three numbers. 
Algorithm find Largest of Three Numbers 
Step 1.  Read the numbers ,,. 
Step 2.  If (X > Y) 
                     big = X 
             Else big = Y 
Step 3.  If (big < Z) 
                 big = Z 
Step 4.  Print big 
Step 5.  Stop. 47 

4) Write an algorithm to calculate the perimeter and area of rectangle. Given its length and width
Algorithm calculate PerimeterAndAreaOfRectangle 
Step 1: Read length and width of the rectangle 
Step 3: Calculate area = length *width. 
Step 4: Print perimeter 
Step 5 Print area 
Step 6: Stop 
5) Write an algorithm to find sum of given data values until negative value is entered. 
Algorithm findSumUntilNegative 
Step 1: SUM = 0 
Step 2: I= 0 
Step 3: read NEW VALUE 4 
Step 4: While NEW VALUE > = 0 do 
             SUM = SUM + NEW VALUE 
                    I = I + 1 
 Read NEW VALUE 
Step 5: Write “sum of ”, I, “ data values is”, SUM 
Step 5: End
6) Write an algorithm to find the largest da value of a set off given values
Algorithm findLargestDataValue 
Step 1: LARGE = 0 
Step 2: read NUM 
Step 3: While NUM > = 0 do 
3.1 If NUM > LARGE then 
3.1.1 LARGE = NUM 
3.2. Read NUM 
Step 4: Write “largest data value is”, LARGE 
Step 5: Stop 
7) Write an algorithm which will test whether a given integer value is prime or not. 
Algorithm testForPrime 
Step 1: M = 2 
Step 2: read N 
Step 3: MAX = SQRT (N) 
Step 4: While M < = MAX do 
          4.1 If (M * (N/M) = N then 
goto step 7 
Step 4.1 M = M+1 
Step 5: Write “number is prime” 
Step 6: goto step 8 
Step 7: Write “number is not a prime” 
Step 8: End 
8) Write algorithm to find the factorial of a given number N 
Algorithm findFactorial 
Step 1: PROD = 1 
Step 2: I = 0 
Step 3 read N 
Step 4: While I < N do 
 I = I + 1 
Step 4.2. PROD = PROD* I 
Step 5: Write “Factorial of N is”, PROD 
Step 6: End 48 
MEASURING EFFICIENCY OF ALGORITHMS
It may be possible to solve to problem in more than one ways, resulting in more than one algorithm. The choice of various algorithms depends on the factors like reliability, accuracy and easy to modify. The most important factor in the choice of algorithm is the time requirement to execute it, after writing code in High-level language with the help of a computer. The algorithm which will need the least time when executed is considered the best. 
Consider an algorithm for drawing a house. Since the problems is a little vague, there are many potential solutions. Here is one of them: 
Algorithm2: DrawMoreComplexHouse 
1. draw a square frame 
2. draw a triangular roof 
3. draw a door 
4. draw windows 
5. draw chimney 
6. draw smoke 
7. draw land 
8. draw path to door

Which is a “better” solution? That’s not an easy question to answer. It depends on what “better” means. If time is of the essence (e.g., as in playing a game of Pictionary) then Algorithm1 would be better because it can be drawn faster. The more elaborate house of Algorithm2 would perhaps be “better” if visual appearance was the aim, as opposed to speed of drawing. This example brings up an important topic in computer science called algorithm efficiency. 
Definition: Algorithm efficiency is used to describe properties of an algorithm elating to how much of various types of resources it consumes. 
Normally in computer science we are interested in algorithms that are time and space efficient, although there are also other ways (i.e., metrics) for measuring efficiency. For example, Algorithm1 is more efficient in terms of time but it is also more efficient in terms of ink or pencil usage as well as the amount of space that it takes on the paper. Algorithm2 may be more efficient in terms of detailing in that, depending on the context, it may take longer for a person to guess what the drawing is (i.e., it could be confused with a barn, shed or dog house if this was drawn in a farm setting). In this case, the extra time taken to distinguish the house through the drawing of the windows and chimney may result in a quicker guess. 
Def: The runtime complexity (execution time) of an algorithm is the amount of time that it takes to complete once it has begun. 
Def: The space complexity of an algorithm is the amount of storage space that it requires while running from start to completion. 
Obviously, there is a limit as to how many glasses a person could carry. However, to describe an algorithm in a very general way, we use n to indicate that our algorithm will work for any number from 0 to n. Using n instead of a fixed number, also allows us to compare two algorithms in regards to their efficiency. That is, we can often compare the number of steps that one algorithm requires with another algorithm. For example, consider these two algorithms for setting the table for n people: 
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Algorithm A
1.walk to kitchen
2.repeat n times {
3.getGlass()
4.place glass on table
5.getPlate()
6.place plate on table
7.getUtensils()
8.place knife and fork on table} 
9.go back onto couch
Algorithm B
1.walk to kitchen
2.getGlasses(n)
3.place glasses on table
4.getPlates(n)
5.place plates on table
6.getUtensils(n)
7.place knives and forks on table
8.go back onto couch


What if we defined efficiency in this example to refer to the “number of times we walked back and forth between the cupboard and the table”? Which algorithm is more efficient? Well each time through the loop, Algorithm A makes 3 trips between the cupboard and table. Since there are 𝑛 place settings (i.e., 𝑛 times through the loop), then the whole algorithm takes 𝑛 𝑥 3, or 3𝑛, steps. What about Algorithm B? It takes only 3 trips between the cupboard and table altogether, regardless of how many place settings will be required. So what can we conclude? 
If we are setting a place for 1 person, either algorithm is good. If setting for 2 people, then Algorithm B is twice more efficient than Algorithm A since it requires half the travel between the cupboard and table. As 𝑛 gets larger, the difference becomes more significant. For example, if we are setting the table for 8 people, then Algorithm A uses 8 times (total of 24) more trips 53 than Algorithm B (which takes 3 trips) Regardless of the number of place settings, Algorithm B has a fixed cost of 3 (in regards to back and forth travels). Since this cost is fixed, we say that the algorithm has constant efficiency in terms of our particular cost metric. In contrast, Algorithm A is said to be linear in that the efficiency grows equally with respect to the value of 𝑛. Sometimes an algorithm has a constant value times 𝑛 (e.g., 3𝑛). Since the 3 is constant (i.e., fixed in our case, because we have exactly 3 kinds of items that we are placing), the algorithm is still considered to be linear. If we were to vary the 3 items to be 𝑛 items (e.g., place 8 items at each of the 8 people’s place settings, or 12 items at each of the 12 person’s place settings), then we would end up with an 𝑛 𝑥 𝑛 (or 𝑛2) algorithm which is called quadratic. 
Other common algorithm efficiency measures are logarithmic (i.e., log2𝑛), cubic (i.e., 𝑛3) and exponential (i.e., 𝑛𝑛) … just to name a few. 
Here are two graphs comparing various algorithm efficiencies as the value of 𝑛 grows (graphs  shown at two different scales): 
Notice that the logarithmic, constant and linear algorithms are insignificant when compared to the quadratic, cubic and (especially) exponential algorithms. You may notice as well that the linear algorithm eventually passes the constant algorithm for larger values of 𝑛. 
You may also notice that for very small values of 𝑛, the efficiency is generally not a big factor but that the efficiency can quickly become an issue for larger values. Exponential algorithms, for example, are usually unreasonable (i.e., useless) in practice except for very small values of 𝑛. 54 
Logarithmic solutions are often preferred since they are significantly more efficient than even linear algorithms For example, if 𝑛 is 1,000,000 then a linear algorithm can take 1,000,000 steps whereas a logarithmic algorithm may take only 20 steps. Sometimes it is hard to think in terms of an unknown number 𝑛 because we are used to working with actual concrete numbers
ADVANTAGES AND DISADVANTAGES OF ALGORITHM
ADVANTAGES 
Designing an algorithm has following advantages: 
1. Effective Communication: Since algorithm is written in English-like language, it is simple to understand step-by-step solution of the problems. 
2. Easy Debugging: Well-designed algorithm makes debugging easy so that we can identify logical error in the program. 
3. Easy and Efficient Coding: An algorithm acts as a blueprint of a program and helps during program development. 
4. Independent of Programming Language: An algorithm is independent of programming languages and can be easily coded using any high-level language. 
DISADVANTAGES 
An algorithm has following disadvantages: 
1. Developing algorithm for complex problems would be time consuming and difficult to understand. 
2. Understanding complex logic through algorithms can be very difficult. 
FLOW CHART
A flowchart is a type of diagram that represents an algorithm, workflow or process, showing the steps as boxes of various kinds, and their order by connecting them with arrows. This diagrammatic representation illustrates a solution model to a given problem. Flowcharts are used in analysing, designing, documenting or managing a process or program in various fields. Like other types of diagrams, they help visualize what is going on and thereby help understand a process, and perhaps also find flaws, bottlenecks, and other less-obvious features within it. There are many different types of flowcharts, and each type has its own repertoire of boxes and notational conventions. Common alternative names include: flowchart, process flowchart, functional flowchart, process map, process chart, functional process chart, business process model, process model, process flow diagram, work flow diagram, business flow diagram.
Definition of Flowcharts 
A flowchart is a visual representation of an algorithm. A flowchart is a diagram made up of boxes, diamonds and other shapes, connected by arrows. Each shape represents a step of the solution process and the arrow represents the order or link among the steps. It is a diagram that shows each step or progression through a process. 
A well-made flowchart can be used to break big ideas into small, bite-sized pieces that are expressed visually, so knowing how to make one is sort of like having a universal language. Being able to flowchart makes it possible to communicate with any stakeholder or audience, because visuals are typically easier to understand than words. For this reason, flowcharts are a valuable type of business diagram but can also be used for more technical fields like manufacturing or software engineering. 
Symbols Used in Creating a Flowchart 
Whether you're trying to read a flowchart or creating a flowchart, knowing the most common flowchart symbols and conventions is going to make it a lot easier. Here is a list of common flowchart symbols you need to know, plus a rundown on some more intermediate process symbols if you're looking for extra credit. 

Basic Flowchart Symbols       
	     
	



Flowchart  symbol                               Function                                               Description

                                                                Start/End                                   Also called “Terminator”symbol.It
                                                                                                                  Indicates where the flow starts and ends. 

                                                                 Process                                    Also called”Action symbol” it represents a 
                                                                                                                    Process, action, or a single step

                                                                 Decision                                   A decision or branching point,usually  a yes
                                                                                                                  /  no or true /false question is asked and  
                                                                                                                  based on the   answer , the path gets split  
                                                                                                                    into two branches.          
                                                                 Input/Output                            Also called data smol, this parallelogram                          
                                                                                                                  Shape is used to input or output data                                                                                                         



                                                 Arrow                                     Order of program flow
                                                                                    
Intermediate and Advanced Flowchart Symbols 
As pointed out earlier, flowcharts illustrate where data are being input and output, where information is being stored, what decisions need to be made, and which people need to be involved. In addition to the basic flowchart conventions, rules, and symbols, these intermediate flowchart symbols help describe a process with even more detail. 
Document Symbols
[image: ]
Single and multiple document icons show additional points of reference involved in a flowchart. They may be used to indicate items like “create an invoice” or “review testing paperwork.” 
Data Symbols
[image: ]
Data symbols clarify where the data that the flowchart references are being stored. (You probably won’t use the paper tape symbol, but it definitely came in handy back in the day.)
Common Flowchart Types 
While the variations and versions of flowcharts are endless, there are four flowchart types that are particularly popular and very versatile. These four common diagrams are great for describing business, manufacturing, or administrative processes, seeing how an organization functions, or how different departments work together. 
The Process Flowchart 
A process flowchart or process flow diagram is probably the most versatile of the four commonly used flowchart types because it can be applied to virtually anything. Process flow diagrams or process mapping can help quickly explain how something gets done in your organization. Sometimes, these types of flowcharts use a standard language or notation, like Business Process Modelling Notation (BPMN). Use a process flow diagram to: 
· Map out roles and responsibilities within an organization to gain clarity. 
·  Describe the manufacturing process or inputs that go into creating a finished product. 
·  Draw up a proposal for a new process or project to understand its scope and steps. 
·  Show the way you wake up in the morning, as shown below. 

[image: ]
The Workflow Chart or Workflow Diagram
A workflow chart shows the way a business or process functions. The below example illustrates the steps required for a potential customer to renew a policy through a company website. This type of workflow diagram can be used to: 
· train new employees 
·  discover potential problem areas 
·  create or organize your team around a new standard operating procedure 
·  clarify business operations by showing a high-level overview 
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The Swimlane Flowchart 
The swimlane flowchart comes in handy when one needs to show multiple flows of information side by side. Swimlane diagrams might sound really similar to a workflow diagram, but the key here is that it allows the creation of different categories where activity takes place. This diagram is great for documenting a whole process that interacts with different segments of an organization or requires collaboration among different teams. 
More complicated diagrams could include five, six, or even more swimlanes, like for each department within an organization or each role on a cross-functional team. Though the goal of swimlanes is to clarify and simplify a flowchart, avoid adding too many lanes and keep things simple! The diagram below illustrates the way an internal-facing department runs parallel with an external-facing one and at what times in the process they interact with each other
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The Data Flowchart 
A data flowchart or data flow diagram shows the way data is processed. It comes in handy when designing or analysing a system. Although most often used for software development and design, it can be used to analyse any type of information flow, like how information moves through a process. The diagram below shows a typical sales funnel. In this case the “data” is consumer behaviour. 
Areas for using Flowcharts 
Flowcharts are normally deployed to use in the following areas: 
Sales & Marketing 
In sales, flowcharts can be used to: 
· Show the sales process and chart an opportunity's movement through that process 
· Help identify opportunities based on data 
· Guide sales representatives' decisions on pricing packages or quotes to customers
· Document policies or communications plans 
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A Typical Data flow diagram 
Manufacturing 
Flow diagrams are extremely valuable in manufacturing, where standardization and uniformity are important. In manufacturing, they're used to: 
· Show the ingredients, chemicals, or other inputs that go into the creation of a product 
·  Clearly illustrate the manufacturing process to show dependencies and bottlenecks 
·  Create a consistent quality assurance or evaluation process 
Business Operations 
Visualizing your operations will help your team perform consistently. A flow diagram can: 
· Help on board employees by describing tasks or routines 
·  Document order and fulfilment processes 
·  Describe a project and identify milestones for its completion 
Software Engineering or Programming 
These charts can describe highly technical information in a clearer way. While coding or working in software, diagrams can: 
· Show how users navigate a page or use an application 
·  Describe how code is structured or organized 
·  Explain the flow of data through a system or a program 
·  Visualize an algorithm 
Considerations in Flowcharting 
Understanding the function of different flowcharts and when to use them is important, but so is how you design your flowcharts. That is why flowcharts need a balance between information and design. They need to be informative but in a way that gets the people intended to read and use them. 
Here are a few factors to consider when designing flowcharts. 
Style and Design 
· Direction is important. For the most part, charts should flow left-to-right or top-to-bottom. Eyes follow this path naturally, making it easier for people looking at the flowchart to understand them. 
· Keep them on one page when possible. Charts are easier to digest when they're simple and kept to one page. The more pages there are, the more complex the chart seems. To be fair there might be times when you need more than one page and this is when you're dealing with complex processes and have to be well documented. In that case, they can't be summarized because key information might be lost. 
·  Use consistent sizing and spacing because uniform design makes them easier to read and follow. 
·  Include a chart key. There are standard symbols that most flowcharts use. Because these symbols are standardized, they make it easier to understand the flowchart. Also include a key so that it is clear to people reading it the point you are passing across. 
· Use no more than three colours. It's tempting to want to use as many colours as possible to show a path or highlight certain information. But the truth is, the fewer colours used, the easier it is to follow the flow of the chart. 
Text and Content 
· Stick to one font to make flowcharts easy to follow. Also, make sure that the fonts are easy to read and large enough. 
·  Fewer words the better. Because documentation is important, don't get rid of it completely. Instead, use flowcharts to emphasize the important parts and use the documentation as backup with more details. Readability is important on charts so the less words you use there, the better. 
Access and Communication 
· Know your audience and how to speak to them. Some flowcharts have to be more technical than others but make sure the people reviewing them understand them. When possible, make your charts as straightforward as possible. 
Share flowcharts with the right teams. Any teams that are affected by the information in the flowchart need to know where to find it. Set up a documentation process that ensures that the right people see the charts. This can be specific teams or the entire company. Keep in mind, if the entire company has access, it makes sense to offer high-level details on what is included so that everyone viewing the charts understands them. 
Sample Flowcharts 
This section presents pictorial representation of some simple problems as flowcharts. 
1. Draw a flowchart to solve the problem of a non-functioning light bulb 
[image: ]

2. Draw a flowchart to find the square of a number 
[image: ]

3. Draw the Flowchart to find Roots of Quadratic equation 𝑎𝑥2+𝑏𝑥+𝑐=0 The coefficients 𝑎,, are the input data 
[image: ]







4. Draw a flowchart to find out the biggest of the three positive numbers. 
[image: ] 

5. Draw a flowchart for adding the integers from 1 to 100 and print their sum. 
[image: ]

6. ABC company plans to give a 6% year-end bonus to each of its employees earning N6,000 or more per month and a fixed N250/bonus to the remaining employees. Draw a flowchart for calculating the bonus for an employee 

[image: ]

Differences between Algorithm and Flowchart
[image: ]

Advantages of Flowcharts 
1. The flowchart shows the logic of a problem displayed in pictorial fashion which felicitates easier checking of an algorithm. 
2. The Flowchart is good means of communication to other users. It is also a compact means of recording an algorithm solution to a problem. 
3. The flowchart allows the problem solver to break the problem into parts. These parts can be connected to make master chart. 
4. The flowchart is a permanent record of the solution which can be consulted at a later time. 

PSEUDOCODE
Pseudocode is often used in all various fields of programming, whether it be app development, data science, or web development. Pseudocode is a technique used to describe the distinct steps of an algorithm in a manner that is easy to understand for anyone with basic programming knowledge.
Meaning and Definition of Pseudocode 
Pseudo code is a term which is often used in programming and algorithm based fields. It is a methodology that allows the programmer to represent the implementation of an algorithm. Simply, we can say that it’s the cooked up representation of an algorithm. Often at times, algorithms are represented with the help of pseudo codes as they can be interpreted by programmers no matter what their programming background or knowledge is. Pseudo code, as the name suggests, is a false code or a representation of code which can be understood by even a layman with some school level programming knowledge. It’s simply an implementation of an algorithm in the form of annotations and informative text written in plain English. It has no syntax like any of the programming language and thus can’t be compiled or interpreted by the computer.  Although pseudocode is a syntax-free description of an algorithm, it must provide a full description of the algorithm’s logic so that moving from it to implementation should be merely a task of translating each line into code using the syntax of any programming language. 
 Reasons for using Pseudocode 
1. Better readability. Often, programmers work alongside people from other domains, such as mathematicians, business partners, managers, and so on. Using pseudocode to explain the mechanics of the code will make the communication between the different backgrounds easier and more efficient. 
2. Ease up code construction. When the programmer goes through the process of developing and generating pseudocode, the process of converting that into real code written in any programming language will become much easier and faster as well. 
3. A good middle point between flowchart and code. Moving directly from the idea to the flowchart to the code is not always a smooth ride. That’s where pseudocode presents a way to make the transition between the different stages somewhat smoother. 
4. Act as a start point for documentation. Documentation is an essential aspect of building a good project. Often, starting documentation is the most difficult part. However, pseudocode can represent a good starting point for what the documentation should include. Sometimes, programmers include the pseudocode as a docstring at the beginning of the code file. 
5. Easier bug detection and fixing. Since pseudocode is written in a human-readable format, it is easier to edit and discover bugs before actually writing a single line of code. Editing pseudocode can be done more efficiently than testing, debugging, and fixing actual code. 
The main constructs of pseudocode
The core of pseudocode is the ability to represent 6 programming constructs (always written in uppercase): SEQUENCE, CASE, WHILE, REPEAT-UNTIL, FOR, and IF-THEN-ELSE. These constructs — also called keywords —are used to describe the control flow of the algorithm. 
1. SEQUENCE represents linear tasks sequentially performed one after the other. 
2. WHILE a loop with a condition at its beginning. 
3. REPEAT-UNTIL a loop with a condition at the bottom. 
4. FOR another way of looping. 
5. IF-THEN-ELSE a conditional statement changing the flow of the algorithm. 
6. CASE the generalization form of IF-THEN-ELSE. 
Although these 6 constructs are the most often used ones, you can theoretically use them to implement any algorithm. You might find yourself needing some more based on your specific application. Perhaps the two most needed commands are: 
1. Invoking classes or calling functions (using the CALL keyword). 
2. Handling exceptions (using EXCEPTION, WHEN keywords). 
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Of course, based on the field you’re working in, you might add more constructs (keywords) to your pseudocode glossary as long as you never use these keywords as variable names and that they are well known within your field or company. 
Rules for writing pseudocode 
When writing pseudocode, everyone often has their own style of presenting things out since it’s read by humans and not by a computer; its rules are less rigorous than that of a programming language. However, there are some simple rules that help make pseudocode more universally understood. 
1. Always capitalize the initial word (often one of the main 6 constructs). 
2. Have only one statement per line. 
3. Indent to show hierarchy, improve readability, and show nested constructs. 
4. Always end multiline sections using any of the END keywords (ENDIF, ENDWHILE, etc.). 
5. Keep your statements programming language independent. 
6. Use the naming domain of the problem, not that of the implementation. E.g., “Append the last name to the first name” instead of “name = first+ last.” 
7. Keep it simple, concise, and readable. 
Following these rules help you generate readable pseudocode and be able to recognize a not well-written one.
Advantages of Pseudocode
1. Improves the readability of any approach. It’s one of the best approaches to start implementation of an algorithm. 
2. Acts as a bridge between the program and the algorithm or flowchart. Also works as a rough documentation, so the program of one developer can be understood easily when a pseudo code is written out. In industries, the approach of documentation is essential. And that’s where a pseudo-code proves vital. 
3. The main goal of a pseudo code is to explain what exactly each line of a program should do, hence making the code construction phase easier for the programmer. 
 Examples 
1. Write pseudocode that reads two numbers and multiplies them together and print out their product. 

READ 𝑛𝑢𝑚1, 𝑛𝑢𝑚2 
SET product to 𝑛𝑢𝑚1* 𝑛𝑢𝑚2 
Write product

2. Write pseudocode that tells a user that the number they entered is not a 5 or a 6. 

READ is five 
IF (isfive = 5) 
WRITE "your number is 5" 
ELSE IF (isfive = 6) 
WRITE "your number is 6" 
ELSE 
WRITE "your number is not 5 or 6" 
END IF


3.Write pseudocode that will count all the even numbers up to a user defined stopping point 

GET count 
SET x to 0; 
WHILE (x < count) 
SET even to even + 2 
ADD 1 to x 
WRITE even 
END WHILE

4. Write pseudocode that performs the following: Ask a user to enter a number. If the number is between 0 and 10, write the word blue. If the number is between 10 and 20, write the word red. if the number is between 20 and 30, write the word green. If it is any other number, write that it is not a correct colour option 

WRITE "Please enter a number" 
READ color_num 
IF (color_num >0 and color_num <= 10) 
WRITE blue 
ELSE IF (color_num >0 and color_num <= 10) 
WRITE blue 
ELSE IF (color_num >0 and color_num <= 10) 
WRITE blue 
Else 
 " not a correct color option
option

5. Write pseudocode to print all multiples of 5 between 1 and 100 (including both 1 and 100). 
SET x to 1 
WHILE (x < 20) 
WRITE x 
WRITE x = x*5 
ADD 1 to x 
END WHILE

6. Write pseudocode that will perform the following. 
a) Read in 5 separate numbers. 
b) Calculate the average of the five numbers. 
c) Find the smallest (minimum) and largest (maximum) of the five entered numbers. 

d) Write out the results found from steps b and c with a message describing what they are 
WRITE "please enter 5 numbers" 
READ n1,n2,n3,n4,n5 
WRITE "The average is" 
SET avg to (n1+n2+n3+n4+n5)/5 
WRITE avg 
IF (n1 < n2) 
SET max to n2 
ELSE 
SET max to n1 
END IF 
IF (n3 > max) 
SET max to n3 
END IF 
IF(n4 > max) 
SET max to n4 
           END IF 
IF(n5 > max) 
SET max to n5 
WRITE "The max is" 
Write max 
END IF 
IF (n1 > n2) 
SET min to n2 
ELSE 
SET min to n1 
END IF 
IF (n3 < min) 
SET min to n3 
END IF 
IF (n4 < min) 
SET min to n4 
END IF 
IF (n5 < min) 
SET min to n5 
WRITE "The min is" 
WRITE min 
END IF
Programming Language
After one has been satisfied with the algorithm designed for solving a problem, the next step is to re-write the algorithm in a language which the computer is able to interpret. English is too imprecise; the meanings of its words depend too much on nuance (tone), context, and human experience. Algorithms must be expressed in a programming language having only a limited vocabulary and extremely precise, grammatical rules for building unambiguous instructions from the basic vocabulary. Thus, learning to use a computer also requires learning some “foreign” programming language. Examples of programming languages are BASIC, FORTRAN, COBOL, PASCAL, JAVA, etc. An appropriate choice of programming language has to be made. 
2. Program Coding 
When an algorithm is expressed in a programming language, it is usually called a program. Programs are usually written into an editor of a computer such as Notepad, WordPad, or specialized text editors such as EditPlus. Nowadays, most of the translators come with an Integrated Development Environment (IDE) where codes can be written, debugged and compiled.
3. Program Compilation: 
A source program is translated into an object program by a translator called the complier or interpreter. The print out of a source program by the computer on a printer form is called Source Listing. 
4. Program Linking/Loading 
An object program is transformed into an executable program by a program Linker/Loader. Executable program is the source program in the form it can be executed by the computer. At this linking/loading stage, program modules in the system library (if any) that are necessary in executing the program are added to the program. 
5. Program Execution 
The computer executes the executable program with the relevant input data. Once a program is prepared correctly, it can be executed over and over again, applying the same program to different data each time. Any time a program is executed on the computer, we say that we are running the program. A unit of program to be run in a computer is often called a Job. 
6. Program Testing and Debugging 
Program execution is not the final step. It is always necessary to test a program to ascertain whether or not it is able to produce correct results. If the results are not acceptable, then some part of the problem solving process must have contained some errors (bugs), which need to be corrected. The process of correcting errors is called program debugging and it is easily the most gruesome and frustrating of these steps. Unfortunately, far too many programmers spend the major portion of their time debugging their proposed solution. If more time and attention were devoted to initial program preparation – and to general problem solving in particular – there would be fewer errors to eliminate. 
The period when a complier is translating a source program into an object program is called compile time, while the period when the computer is executing the program is called execution time or run time. Similarly, errors in program encountered and reported by the complier at compile time are called compile time errors. Compile time errors are mostly errors dealing with the violation of the syntax rules of the programming language. Run time errors are mostly errors dealing with the incorrect program logic, violation of some semantic rule of the programming language, e.g. violation of some mathematical rule in evaluation of an expression, violation of the rule for data representation in the computer etc. 
7. Programming personnel: 
Those who write computer programs are called programmers. There are categories of programmers: (1) Application programmers, (2) Systems programmers and (3) Maintenance programmers. Application programmers write programs for specific application problems e.g. writing a program for solving simultaneous equations. Systems programmers develop systems programs e.g. operating systems, translator, etc. Maintenance programmers modify existing programs to make them more current or more efficient. In a small or medium-sized computer installation, the same person could serve both as systems analyst and programmer, or different persons may serve the different roles, depending on the scale of operation of the installation.
What is Programming? 
Before we define the term programming, let us firstly define the term program. A program is a set or sequence of instructions written and compiled in a specific programming language given to a computer to perform a specified task. Therefore programming is the art and science of creating (developing) computer programs. It is the process of writing, testing, debugging/troubleshooting, and maintaining the source of code of computer programs (Wikipedia, 2007). A software is made up of several independent programs working together to perform some tasks. For instance, an operating system is a system software having several functional modules (programs) working to achieve the goal of coordinating the entire hardware resources. 
Generally in programming, we perform the following fundamental tasks: Input – Process – Output. Therefore, in learning a programming language’s syntax and semantics, we look for the commands or statements that we will use to perform inputs, i.e., how to read in data into the computer via the keyboard, files, databases or any other source. We then learn the commands or statements to process the data, i.e., the process logic. Finally, we learn how to display our results as outputs to users of our programs. That is, how to display via the monitor, store results into a file or database and/ or send the results to other computing system(s). 
 Programming Environment 
The programming environment includes all the facilities and tools, which a programmer requires in the design, development, testing, implementation and maintenance of a system of programs. Thus, text editors, compilers, interpreters, diagnostic tools, optimizers, measurement tools and other aids comprise a complete programming environment. Apart from the tools mentioned as comprising the programming environment, the following are additional tools needed in programming: 
1. A previous knowledge of the pros and cons of programming languages syntax and semantics; 
2. Logical reasoning ability; and 
3. Algorithms and flow charts. 
For a programmer to be successful, he must have a good reasoning ability and previous knowledge of any suitable language that must be used in solving a problem; because any problem that cannot be used by human, computer too cannot solve it. The common maxim in programming is “garbage in garbage out”. 
Basic Programming Elements 
When you want to learn a programming language, what things do you expect to see embodied in the language? A typical programming language would embody the following elements: 
1. Data and Its Description: 
The purpose of a program is to accomplish some types of computation; where computation is not limited to numerical calculations. The elements on which the computation is to be performed are called data. Data might consist of numeric quantities (e.g. 50958, alphabetic quantities, strings of characters or anything else permitted by the language. The data might even be generated completely internally from the program. In most cases, there arises the need for the concept of data variables whose values are to be determined during the execution of the program. Because of the multiplicity of data types which can be used, there is a need for descriptions of them. The methods of describing data vary considerably, ranging from implicit assumptions to specific declarations. 
Data description enables the system to know the data on which it is working and takes the form often called declarations. Data declarations enable data elements to be given names called variables or identifiers, and their attributes, (e.g. types, storage requirements) to be specified in the program. Declarations do not cause action to be taken by the computer at execution time, rather they are directives to the compiler to make some information available to the computer about the data on which it is going to operate. A declaration could be made implicit or explicit. 
2. Operators 
The use of operators is one of the ways of combining or acting on data elements. Operators generally fall into computational, relational, or logical category. Operators generally appear in expressions and do not themselves necessarily cause permanent results (e.g. writing If A = B + C does not create result B + C). The common computational operators are addition, subtraction, division, multiplication, and exponentiation. These can be represented by any symbols chosen by the language designers, including specific words. Thus, one language might permit the user to write A + B, while another requires A PLUS B. The relational operators, e.g. GREATER THAN, EQUAL TO, LESS THAN, <, >, <=, >= =, and varying combinations of these, are commonly used to compare arithmetic quantities but the results is (at least implicit) a logical value. Common operators for logical data (data which can have only the values TRUE and FALSE) are AND, OR, NOT.
3. Command Statements 
The heart of a language is the set of executable actions that can be performed on the data elements. Each command performs a specific task as specified by the language designers. Command statements in a programming language would include: 
 Assignment statements (e.g. assign a new value to a variable) 
 Sequence control (e.g. transfer control to another command) 
 Input and Output statements (for data input and result output). 
4. Delimiters 
Delimiters are a part of the language which serves only the syntactic purpose of helping to define various other parts of the language. A delimiter can be any combination of tokens that the language designers feel desirable. For example, a delimiter can be a key word, a particular punctuation symbol, blank or varying combinations of these. The prime purpose of the delimiter is to define the beginning and /or end of elements in the language. 
5. Program Structure 
Assuming that a language contains the elements discussed above, there must be a meaningful way of combining these to produce some desired action. The way in which this is done is called the program structure. This concept involves the rules needed for combining sets of commands and the data on which they operate. It also provides rules for building larger program from smaller ones.
 Form of a programming Language 
The form of a language can be considered to consist of the character set, the basic elements (token) and definition and usage of other basic elements. 

1. Character Set: 
The fundamental constituent of a programming language in the character set which it uses. Character sets allowable are obviously constrained by the hardware available and, as a result, the most common classes are those which use the 47 (or 48) characters of the key punch machine and those that use the characters of the key punch machine and those that use the character on a typewriter. Most computers and hence, programming languages, support ASCII (American Standard Code for Information Interchange) character set, which include the following in addition to the letters and digits. 
! @ # $ % ^ & * ( ) - + _ = { } [ ] : ; “ “ ‘ ’ | / \ blank
2. Basic Elements (Tokens): 
The word Token is used to refer to the basic elements in a language. In this context, the elements are atomic, i.e., they have no possible further subdivisions. A token may be a single character, or a sequence of characters surrounded by spaces. A token may be user-defined or system defined. System-defined tokens are operators, key words, and punctuation symbols. User defined (or more precisely, created in his program) tokens include identifiers, constants, literals and comments. 
For any program, the concepts of data and variable exist in some form. Data, however, must be able to be referred to in some general way. This is done by given it a name, and the name is more rigorously called an identifier. 
Similarly the concept of variable – i.e., a quantity whose value changes during the program execution – exists, and it must be named or identified. There is a significant difference between an identifier and the item it is naming. The identifier may refer primarily to a storage location to a whole group of data elements or a formal variable which never receives any value. An identifier can be a data name or a program unit name. Identifiers are formed according to specific formation rules laid down by the language designer. For instance, such rules may include the statements that, key words in a language are often termed reserved words which cannot be used as identifiers. There may be a maximum limit to the number of characters to form an identifier; an identifier may always have a letter as its first character. 
Further, most programs require the use of some fixed quantities during the course of the computation. The quantities are most usually members, or logical or character string or constants. A constant is one of the user-defined basic elements in a programming language. 
A special type of constant is known as Literal. A number of cases arise in which one wishes to use the string ABC to mean an identifier. On the other hand there may be times when one wishes to use the string ABC to mean exactly itself. In this latter usage we call the string ABC, a literal. In other words, a literal is a string of characters which represents itself and not something else. 
Since one of the advantages of a high-level programming language is to provide better documentation of the task being performed, it is essential that there be a means of providing “comments” in the program. Comments are one of the possible types of user-defined tokens. Most programming languages provide a method by which the user intersperse comments into his program. 
 Structure of a Program 
Merely a long list of syntactically correct character sequence is not going to necessarily produce a meaningful program, and all languages have types of subunits which must combine properly to make a complete program. The following such subunits can be recognized in a language:
1. Non-executable 
All compiler directives including declarations and also comments are non-executable subunits of a program. 
2. Smallest Executable Unit: 
The smallest executable unit (SEU) is a general name for what is usually a single command and its operands. e.g. the assignment statements Y = 3 and the output statement PRINT Y, are executable units. 
3. Blocks or Compound Statement: 
A set of SEU’s can be grouped together to form a unit called a Block or Compound statement. A block normally has some kind of designator to indicate its beginning and end; the words BEGIN AND END or { and } are, in fact, often used. 
4. Loops: 
A common and essential part of a programming language is the capability of repeating a certain sequence of executable units for more than one value of a particular parameter (or set of parameters). This concept is called a loop. A loop has four constituents: Range, the value(s) of the parameter(s), the terminating condition for the loop and the place to which control is transferred when the execution of the loop is finished.
 
5. Functions, Subroutines and Procedures: 
A subroutine is simply a self-contained set of statements to perform a particular task e.g. a subroutine could be developed for such commonly needed computations as, finding Sine x or finding roots of polynomial, or inverting matrix. Most large programs are built up form a series of subroutines. The special case of a subroutine which has a single result is usually called a Function, otherwise it is called a Procedure. The definition of a subroutine is usually written as a self-contained unit called the body, outside the main control flow of the program and invoked from within the program. The process of invoking requires supplying parameters, unless the subroutine does not allow them.
Programming with Python Language
Python is an object oriented programming language. Python is easy to learn and also easy to develop programs with graphics, sound capabilities for games, animation for Arts and sciences and output programs for the web (CGI). It is named after a British comedy called Monty Python. This Session and others following will introduce you to Python Programming Language.
Why Python? 
Python is a modern programming language that was developed by Guido van Rossum (now at Google) in 1990 and first released in 1991. While there are a number of programming languages that might be used for a first course in programming, Python offers a number of features that make it particularly applicable: 
(i) It is interpreted, which for the introductory student means that they can type program commands into a console and immediately see the results. This feature makes learning details of the language much easier. 
(ii) The syntax of Python is generally simpler than other languages. Python’s philosophy is “one way to do it” so that the number of details the student has to learn and remember is reduced. This philosophy makes code more natural and more readable. The focus of learning code development should be on its readability, and Python supports it. 
(iii) Python provides high-level data structures and methods that make many programming tasks easier. This feature means that students are more productive: writing significant code, much more quickly. 
(iv) Python has many libraries that make tasks easier. In particular, there are many libraries specific to a field (biology, chemistry, physics, etc.) that make the language useful for
“getting work done.” Therefore, a student who knows Python has a host of software available to them for doing anything from graphics, to gene structure matching, to financial accounting, to music and anything in between. 
(v) Python is free! Students can download it from the web for their personal machines. 
(vi) Furthermore, Python does not depend on a particular operating system. Thus students are free to develop their code on Windows, Macintosh OS X or Linux and the code will (for the most part) run anywhere. 
Other important characteristics of Python are 
· Python is simple 
· Python is object-oriented 
· Python is interpreted 
· Python is robust 
· Python is architecture-neutral 
· Python is portable 
· Python is multithreaded 
· Can be applied in all fields (arts and sciences) 

 Downloading Python 
Python is available for any platform (Windows, Mac, Linux) for free download. The main Python site is http://www.python.org and from there you can download a full installation of Python. Installation instructions are available at the web site as well. You can download Python (version 3.X) from http://www.python.org/download/. Note X can be any number depending on the latest version you download from the site. 
 Features of Python Environment 
When you install Python for your computer, you get a number of features: 
(i) A Python shell, a window into which you can directly type Python commands and where interaction between you and the programs you write typically occurs. 
(ii) A simple editor called IDLE, in which you can type programs, update them, save them to disk and run them. IDLE’s interface is essentially the same on any machine you run it because it is a Python program! 
(iii) You get access to all the Python documentation on your local computer including: 
o A tutorial to get you started 
o A language reference for any details you might want to investigate 
o A library reference for modules you might wish to import 
o And use other nifty items 
Python Variables
A variable is a label (a location in memory that points/holds one piece of data (one value). Value in them may change at any time. It is a location in memory that holds one piece of data. It is useful to think of a variable for now as a bucket holding one piece of data (a number or a string). The bucket has a unique name, and can only hold certain kinds of data. Consider the expression: 
Price = 200
Price is a variable containing the value 200, and can contain only integers. 
The following are the different types of variables are 
(i) Numbers: (floating-point numbers and whole numbers). Examples are: 
• -200 (integers- whole numbers without any decimal values) 
• 20.90 (floating-point numbers) 
(ii) Text: (String). This consists of one or more characters. Examples are: 
• name = “Avatar” 
• message = “Hello there” 

 Identifier 
Identifiers are names or labels you can give to names of programs, variables or functions called identifier It is a series of characters consisting of letters, digits, and underscores ( _ ). An identifier 
• Must begin with a letter or underscore 
• Does not begin with a digit 
• Should not include spaces 
• Letters are case sensitive in Python identifiers (Name is not the same as name) 
• Examples: Welcome1, value, _value, button7 
– 2num is invalid 
– Butt on is invalid 
• Python is case sensitive (capitalization matters) 
– a1 and A1 are different 

 Reserved Words/Keywords 
Reserved words or keywords are words that have a specific meaning to the compiler and cannot be used in the program for any other purpose except for what they are meant for. The following are some of the reserved words in python: and del from not while as elif global or with assert else if pass yield break except import print class exec in raise continue finally is return def for lambda try 
Named Constants 
Named constants are similar to variables: a memory location that has been given a name. Unlike variables, their contents should not change. The naming conventions for choosing variable names generally apply to constants but the name of constants should be all UPPER CASE. (You can separate multiple words with an underscore). They are capitalized so the reader of the program can distinguish them from variables. For some programming languages the translator will enforce the unchanging nature of the constant. For languages such as Python it is up to the programmer to recognize a constant for what it is and not to change it. 

 Named Constants versus Literals 
A named constant is given an explicit name. For example, TAX_RATE is a named constant in these expressions: 
- TAX_RATE = 0.2 
- afterTax = income – (income * TAX_RATE) 
A literal is an unnamed constant/magic number. It is not given a name, the value that you see is literally the value that you have. For example, 100000 and 0.2 are literals in the expression given below. 
- afterTax = 100000 – (100000 * 0.2) 
Advantages of Named Constants 
1. They make your program easier to read and understand. Consider the expression: 
populationChange = (0.1758 – 0.1257) * currentPopulation; 
0.1758 and 0.1257 are magic numbers and numbers like this are meaningless. What do they represent? They should be avoided in programs whenever possible. Compare the expression with the codes below: 
BIRTH_RATE = 17.58 
MORTALITY_RATE = 0.1257 
currentPopulation = 1000000 
populationChange = (BIRTH_RATE - MORTALITY_RATE) * currentPopulation 
2. Named constants make program easier to maintain. If the constant is referred to several times throughout the program, changing the value of the constant once will change it throughout the program. Examine the Python program below and try to confirm the importance of using named constants in it. One change in the initialization of the constants (BIRTH_RATE or MORTALITY_RATE) changes every reference to that constant. 89 

BIRTH_RATE = 0.1758 
MORTALITY_RATE = 0.1257 
populationChange = 0 
currentPopulation = 1000000 
populationChange = (BIRTH_RATE - MORTALITY_RATE) * currentPopulation 
if (populationChange > 0): 
print "Increase" 
print "Birth rate:", BIRTH_RATE, " Mortality rate:", MORTALITY_RATE, " Population change:", populationChange 
elif (populationChange < 0): 
print "Decrease" 
print "Birth rate:", BIRTH_RATE, " Mortality rate:", MORTALITY_RATE, "Population change:", populationChange 
else: 
print "No change" 
print "Birth rate:", BIRTH_RATE, " Mortality rate:", MORTALITY_RATE, "Population change:", populationChange 
Some programming languages have a mechanism for ensuring that named constants do not change. For example: 
MY_CONSTANT = 100 
MY_CONSTANT = 12 
With programming languages that enforce the rule that constants can’t change, this would result in an error. However, Python does not enforce the unchanging nature of constants so it is up to the person writing/modifying the program to avoid changing the value stored in a constant. 
Displaying the Contents of Variables and Constants: Output 
Format: 
print (<variable name>) 
print (<constant name>) 
Example: 
aNum = 10 
A_CONSTANT = 10 
print (aNum) 
print (A_CONSTANT)
Displaying String Output 
String output: A message appears on screen that consists of a series of text characters. Whatever is contained with the quotes (single or double) is what appears onscreen. 
Format: 
print (“the message that you wish to appear”) 
OR 
print (‘the message that you wish to appear’) 
Example: 
print (“Hello world”) 
print (‘Welcome to the world of programming’) 
Mixed Output 
Mixed output: This is getting string output and the contents of variables (or constants) to appear together. 
Format: 
print (“string”, <variable or constant>, “string”, <variable or constant> etc.) 
Examples: 
myInteger = 10 
myReal = 10.5 
myString = "hello" 
print ("MyInteger:" , myInteger) 
print ("MyReal:" , myReal) 
print ("MyString:" , myString) 
The comma signals to the translator that the string and the contents of the variable should appear on the same line



OUTPUT
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EXAMPLE
Simple program to add two numbers 
# Program will initialize variables and add two numbers 
# Specify values for num1 and num2 (initialization variables) 
num1 = 2 
num2 = 3 
# Adding two numbers and storing result in a variable called "sum" 
sum = num2 + num1 
# Printing numbers and the sum of two numbers 
print("num1 has a value of ", num1) 
print("num2 has a value of ", num2) 
print("The sum of num1 + num2 is ", sum)
[image: ]
Numeric Data Types 
The information that is stored and manipulated by computers programs is referred to as data. There are two different kinds of numbers! 
1. (5, 4, 3, 6) are whole numbers – they don’t have a fractional part 
2. (.25, .10, .05, .01) are decimal fractions 

Inside the computer, whole numbers and decimal fractions are represented quite differently! We say that decimal fractions and whole numbers are two different data types. 
The data type of an object determines what values it can have and what operations can be performed on it. Whole numbers are represented using the integer (int for short) data type. These values can be positive or negative whole numbers. Numbers that can have fractional parts are represented as floating point (or float) values. 
How can we tell which is which? 
1. A numeric literal without a decimal point produces an int value 
2. A literal that has a decimal point is represented by a float (even if the fractional part is 0) 
Python has a special function to tell us the data type of any value. 
>>> type(3) 
<class 'int'> 
>>> type(3.1) 
<class 'float'> 
>>> type(3.0) 
<class 'float'> 
>>> myInt = 32 
>>> type(myInt) 
<class 'int'> 
>>> 
Operations on ints produce ints, operations on floats produce floats (except for /). 
>>> 3.0+4.0 
7.0 
>>> 3+4 
7 
>>> 3.0*4.0 
12.0 
>>> 3*4 
12 
>>> 10.0/3.0 
3.3333333333333335 
>>> 10/3 
3.3333333333333335 
>>> 10 // 3
3 
>>> 10.0 // 3.0 
3.0 
Integer division produces a whole number. That’s why 10//3 = 3! 10%3 = 1 is the remainder of the integer division of 10 by 3; a = (a/b)(b) + (a%b) 
Inputting Data into the Computer 
Here we mean the computer program getting string information from the user. Strings cannot be used for calculations (information getting numeric input will be provided shortly). 
Format: 
<variable name> = input() 
OR 
<variable name> = input(“<Prompting message>”) 
Example: 
print (“What is your name: ") 
name = input () 
OR 
name = input (“What is your name: ") 
On the computer all information is stored in binary (2 states) 
Example: RAM memory stores information in a series of on-off combinations called bits Information must be converted into binary to be stored on a computer. 
Storing Character Information 
Typically characters are encoded using ASCII. Each character is mapped to a numeric value 
- E.g., ‘A’ = 65, ‘B’ = 66, ‘a’ = 97, ‘2’ = 50 



These numeric values are stored in the computer using binary
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Why is it important to know that different types of information are stored differently? It is because certain operations only apply to certain types of information and can produce errors or unexpected results when applied to other types of information. 
Example: 
num = input(“Enter a number”) 
numHalved = num / 2 
 Converting Between Different Types of Information 
Example motivation: you may want numerical information to be stored as a string (for the formatting capabilities) but also you want that same information in numerical form (in order to perform calculations). Some of the conversion mechanisms available in Python: 
Format: 
int (<value to convert>) 
float (<value to convert>) 
str (<value to convert>) 
Examples: 
x = 10.9 
y = int (x) # Data Coercion or type casting 
print (x, y)
[image: ]
Examples: 
x = '100' 
y = '-10.5' 
print (x + y) 
print (int(x) + float (y)) # PARSING
[image: ]
Numeric to string: 
aNum = 123 
aString = str(aNum) 
aNum = aNum + aNum 
aString = aString + aString 
print (aNum)
print (aString)
[image: ]
 Converting Between Different Types of Information: Getting Numeric Input 
Because the ‘input’ function only returns string information it must be converted to the appropriate type as needed. 
Example 
# Problem! 
HUMAN_CAT_AGE_RATIO = 7 
age = input("What is your age in years: ") 
catAge = age * HUMAN_CAT_AGE_RATIO 
print ("Age in cat years: ", catAge) 
Note: 
• Age’ refers to a string not a number. 
• The ‘*’ is not mathematical multiplication 

# Problem solved! 
HUMAN_CAT_AGE_RATIO = 7 
age = int(input("What is your age in years: ")) 
catAge = age * HUMAN_CAT_AGE_RATIO 
print ("Age in cat years: ", catAge) 
Note: 
• ‘Age’ converted to an integer. 
• The ‘*’ now multiplies a numeric value 

A Comprehensive Example Program 
#This program computes sum, average, standard deviation and mediation of 2 numbers 
# Data Input 
num1 = float(input("Enter the first number ")) 
num2 = float(input("Enter the Second number ")) 
# Data Processing 
sum = num1 + num2 
average = sum/2
#Printing results 
print("Sum of the two numbers = " , sum) 
print("Average of the two numbers = %.3f" %average) 
#Computing the Standard Deviation 
print("\n Computing the Standard Deviation....\n") 
v = ((num1 - average)**2 + (num2 - average)**2)/2 
from math import sqrt 
sd = sqrt(v) 
print("The standard deviation = %.2f" %sd) 
# Computing the Mean Deviation 
print("\n Computing the Mean Deviation....\n") 
md = (abs(num1 - average) + abs(num2 - average))/2 
print("The mean deviation = %.2f” %d) 
stop = input("Press any key to continue....")
[image: ]
Determining the Type of Information Stored in a Variable 
This can be done by using the pre-created python function ‘type’ 
Example program: 
myInteger = 10 
myString = "foo!" 
print (type(myInteger)) 
print (type(10.5)) 
print (type(myString))
[image: ]
Formatting Your Outputs 
Output can be formatted in Python through the use of placeholders. 
Format: 
print (“%<type of info to display/code>” %<source of the info to display>) 
Example: 
num = 123 
st = “GIS 733" 
print ("num=%d" %num) 
print ("course: %s“ %st) 
num = 12.5 
print ("%f %d" %(num, num))
 Types of Information That Can Be Displayed
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12.8.1 Types of Information That Can Be Displayed

Type of Information to display
’ Integer (d = decimal / base 10)
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