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[bookmark: _Toc505364064]Introduction
This report consists of two main parts: Section 1: research and essay on several computational thinking concepts and Section 2: implementing a program that mimics the functionality of the national lottery. All sources of information and references would be listed at the end of this document.

[bookmark: _Toc505364065]Section 1: Three Computational Thinking Concepts
[bookmark: _Toc505364066]Compiled and Interpreted Programming Languages.
Computers are machines that can understand instructions in machine code only (binary) and therefore any instructions or data written in a different way requires translation. Majority of programs nowadays are written using high-level languages, which are much closer to English and easier for us humans to understand. For the processor to "understand" any instructions written in a high-level language, the message or the code (often called source code) needs to be translated and converted into machine code, understood by the specific processor as explained by Kochan (2015). This can happen in two possible ways: compilation and interpretations.
Translation in compiled languages uses a program called compiler. The process of writing a program goes through the following stages: first, the source code is written in a particular higher-level language; the compiler then translates the program into a target code, ready to be executed by the processor, as explained by Fincher (2006). The benefits of this type of translation is that once converted into an executable code, the program can be run again and again, without having to spend time translating it again (IMB, 2010). Juergen Haas (2017) points out the following benefits of using programs written in compiled languages: they generally run faster and the code has been debugged. This, however, links to some of the drawbacks of compiled languages as Haas (2017) observes, if any changes are to be made in the source code, the program needs to be compiled again (Foote, 2015); the executable code is only relevant to the operating system (OS) it has been compiled for and if to be used in other OS it needs to be compiled again.
Interpreted languages on the other hand, are translated real-time, line by line, producing an intermediate code (Haas, 2017). Sedgewick and Wayne (2006) claim that the main benefit of this approach is that the program is “platform independent”, meaning that the same code can be run on different operating systems and processors. Another advantage is that the original code can be easily changed before being interpreted again (Haas, 2017), thus making it “suitable for ad hoc requests or even for prototyping an application” (IBM, 2010). Sedgewick and Wayne (2009) discuss how interpreting a program can also add a level of security as “since you are running the Java interpreter (and not raw machine language code), you are protected by a layer of security which guards against malicious programs”. 
The suitability of different programming languages has be decided by the program-designer according to IMB (2010) and that it “makes sense to use a compiled language for intensive parts of an application (heavy resource usage) whereas interfaces (invoking the application) and less-intensive parts could be written in an interpreted language”.

[bookmark: _Toc505364067]The “Goto” statement 
The “goto” statement in some programming languages changes the flow of execution and allows a direct jump to another part of the program (Singh, 2018). It is therefore considered confusing, as it makes the program logic more difficult to understand and debug (Singh, 2018), often resulting in “spaghetti code” (WhatIs, 2008).
The debate against and for it is continuing since the 1960s when Edgar Dijkstra sent a letter to the Association for Computing Machinery (ACM) in 1968 entitled “Go To Statement Considered Harmful” in which he expresses his observation on the link between reduced quality of programming and increased use of goto-statement. His main point is that once written, the program is executed by the machine and the danger is that because “our intellectual powers are rather geared to master static relations and that our powers to visualise processes evolving in time are relatively poorly develop” (Dijkstra, 1968), the execution of the program can spin out of control. He concludes that the “to go statement as it stands is just too primitive; it is too much an invitation to make a mess of one’s program” (Dijkstra, 1968). 
On the opposing side, however, stands the idea that the “togo” statement has its place in structured programming. In 1974 Donald Knuth argued that when programmers follow “this new trend” and avoid the use of “togo” statement in their code, it only results in writing longer and more complicated code (Knuth, 1974). Among the alternative constructs he mentions are recursion: while and for loops, if statements, and a suggested new “leave-with” statement. Restricting programmers to the use of these only, however, is “inadequate” and results in programs which are “slightly less readable, in my opinion, as well as slightly less slower…” (Knuth, 1974). He then goes on to give several examples of good and necessary application of the “togo” statement, which helps produce code with greater run-time efficiency, better alternatives for error-exits, script-checking, hashing-techniques, sorting and searching (Knuth, 1974).
More recently, Kondoh and Futatsugi (2006) suggest that the “togo” statement is more suitable for certain problems and provide simpler solution than its alternative constructs, while those opposing its use were using arguments that were “intuitive, empirical and/or emotional”. 
In the world of computer science this is just another example of an on-going debate with
no-right-or-wrong solution that would perhaps continue to spark opinions and suggestions from the opposing sides. 
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Randomness exists in nature as most patterns or changes in patterns are unpredictable, non-repetitive and unique. Science and computer science in particular have many uses of random numbers and being able to produce large sets of these has led to attempts to develop systems or to write programs that will do that (Tashian, 2017). The problem, however, is that machines are “deterministic as they are predictable and processes repeat” (Cruise, no date), and by simply instructing them to follow the steps of a process or an algorithm in order to produce a sequence of numbers we create a pattern that will eventually repeat, i.e. a pseudo-random sequence, one that is not really random (Cruise, no date). A good definition is provided by Menzes et al (1996) as “a pseudorandom bit generator (PRBG) is a deterministic1 algorithm which, given a truly random binary sequence of length k, outputs a binary sequence of length l >>k which “appears” to be random. The input to the PRBG is called the seed, while the output of the PRBG is called a pseudorandom bit sequence”.
An example of such PRBG is Von-Neuman’s algorithm which mechanically simulates randomness by selecting a truly random number called the seed; this is then input into a single calculation, multiplied by itself and the middle part of the new number is truncated to produce a pseudorandom bit sequence; the result (the output) is used as the next input and the process is repeated again and again (Cruise, no date). There is always a point, however, when the algorithm will produce a seed that has been previously used and then the cycle will start to repeat. This is called the period. The randomness is dependent on the length of the initial seed: the shorter the initial seed, the limited the number of outputs will be before the repetition occurs, i.e. the shorter the period. For example, a 2-digit seed will produce at most 100-digit period, 3-digit seed will produce 1000-digit period, etc. (Cruise, no date).  If we use the same seed and the same algorithm, the same sequence is going to be produced as a result. This is crucial in applications such as data security and network protocols, as predictability of the pseudo-sequence pattern will mean predictability of the key for encryption and therefore breach of security. One solution is therefore to increase the length of the period by increasing the length of the seed, thus making it more difficult to spot the pattern. This is an area, where innovation and implementation of different solutions is on-going. 
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The requirements for the program were as follows:
· to draw six lottery balls out of 49 possible (1 to 49) plus one bonus ball (seven in total)
· each number must only be selected once and not repeat
· the randomly selected numbers should be displayed to the user
The programming language selected for the implementation was Python (V.3.5.1.). The code is enclosed below:
	Code
	Notes

	# Author: Silvia Settle   Date:01/02/2018
#Lotery Program 6 balls+1 Bonus out of 1 to 49

import random 

selection=0 #variable to store the 1st seven random numbers
new_selection=0 #variable to store any new numbers for the list if duplicates are found
numbers=[] #an empty list that will store the lottery numbers
repeated=set() #a set to collect the repeated numbers
non_repeated=[] #list to be populated if repeats are found


#selecting the initial 7 numbers
for i in range (0,7):
    selection=random.randint(1,49)
    numbers.append(selection)
    numbers.sort()#sorting the list
    
#print("sorted list")
#for i in range(0,7):
#    print(numbers[i])


#checking for repeats
for x in numbers:
    if x not in repeated:
        non_repeated.append(x) #storing non-repeats in a new list
        repeated.add(x) #removing the repeats

new_list_lenght=len(non_repeated) #checking if the new list is now holding less than 7 numbers

#print("list lenghts is: ", new_list_lenght)

print("\n\nStarting lottery selection\n")
#generating a new number if the list is now less than 7
if new_list_lenght!=7:
    new_selection=random.randint(1,49)
    non_repeated.append(new_selection)
    non_repeated.sort()
    #printing out 6 balls
    for i in range(0,6):
        print("Ball {0}: {1}".format(i+1,non_repeated[i]))
    print("Bonus Ball: {0}\n".format(non_repeated[6]))#printing the bonus ball
#will print the original list if it had no repeats
else:
    for i in range(0,6):
        print("Ball {0}: {1}".format(i+1,numbers[i]))
    print("Bonus Ball: {0}\n".format(numbers[6]))
    

print ("Lottery selection complete\n")

	
Library module was used to generate the random numbers

This section holds any variables, lists and sets used later in the program, Here they are initialised empty or given a starting value (f.e. 0)

Code is annotated with comments

Here the 7 numbers are generated through a for loop and appended to the list ‘numbers’, which is then sorted


This code was used during development to check that the program has the basic functionality of generating 7 numbers, storing them in a list and sorting them.

This section uses a for-loop and an if-statement to look for the duplicates. Code is based on a solution provided by Georg (2012) on Stack Overflow.
Checking if the new list is different from the original by looking at its length of elements

Output for the user

If-statement to determine which list to print, if the length of the new list is different to the old one, this part of the if-statement is going to execute




The second part of the if-statement (else), which will print the original list only if it did not have any duplicates






Limitations: 
1. If there is more than one repetition in the original list, this solution will only produce 1 new element; hence there is a risk that the output may not have 7 balls (6 normal and 1 bonus). However, the chances for that are very small.
2. There is still a slight possibility that the new number generated in the second list (“non_repeated”) may still duplicate with any of the already selected numbers. However, the chances for that are very small.

[bookmark: _Toc505364070]Conclusion
“Computer Science is no more about computers than astronomy is about telescopes”  E. Dijkstra
This essay explored three concepts of computer science: from solutions to translation of higher-level programming languages into machine code, through to the use of different control statements to control program execution and logic, to being able to generate long sets of almost truly random number. It attempted to present a brief but balanced snapshot of ideas and models that essentially illustrate the dynamic, innovative and exciting nature of computer science.
It also provided an example for the implementation of these concepts in the development of a lottery program written in a high-level language (Python).
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