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Introduction
This essay will consider the following concepts: the differences between compiled and interpreted programming language including the advantages and disadvantages of each. Why the “Goto” statement is potentially dangerous and difficult to work with, including how it has been supplanted by control flow statements. It will also explain how computers generate “random” numbers and what is meant by a pseudorandom number. This will be followed by code for a simple lottery game.
Languages
Computers use binary code to execute statements (this is called machine code) [1]. Programmers write code that needs to be translated either before or during runtime when it is processed (this is called source code)[2]. Source code or programmes are sets of instructions that give the computer the statements in pseudo-English terms that make it easier for humans to understand than binary [3]. Program code comes in many different languages such as SQL, Java, C# [4]. Each have their own semantic and syntactic rules [5]. Source code needs to be converted into machine code.

Compiled Languages
As shown in Figure 1, a compiler takes the source code and analyses it for lexical, syntax, semantics and generates the most efficient code for this program. It converts it into an executable file .exe.   It can take quite a while for the compiler to rearrange/optimise this code but is only necessary to be ‘compiled’ once [2][6]. 

[image: ]
Figure 1 – A simple overview of the Compiling Process [6]

Interpreted Languages
An interpreter converts source code to machine code during execution [2]. It executes each statement in sequences of one or more subroutines [7] without any code optimisation or syntax checking [6]. So, the code is run sequentially every time the program is run and results in a slower running time.
Compiled vs Interpreted Language

	
	Compiled Language
	Interpreted Language

	Input
	Takes an entire program as its input
	Takes a single line of code or instruction as its input

	Output
	Generates intermediate object code
	Does not generate any intermediate object code

	Speed
	Executes faster
	Executes slower

	
	
	

	Memory
	Requires more memory in order to create object code
	Requires less memory (doesn’t create object code)

	Workload
	Doesn’t need to compile every single time, just once
	Has to convert high-level languages to low-level programs at execution

	Errors
	Displays errors once the entire program is checked
	Displays errors when each instruction is run.


Figure 2 - Compiled vs Interpreted Languages [2]

Figure 2 displays the pros and cons for both compiled and interpreted languages. In conclusion, the choice of whether to use interpreted or compiled language depends on the requirements of the user. If the program needs to be tested for functionality or incremental changes are necessary then interpreted would be the better choice. If the program is already optimised and requires pure speed to run then the compiled language is the better option.

The “Goto” Statement
Goto Statements are potentially dangerous
“Goto” Statements are unconditional ‘jumps’ from the “Goto” Statement to a labelled Statement within the program as shown in Figure 3 [8]. This is achieved by altering the sequence of the program execution to jump to a separate part of the program: either to an earlier part of the program or to a later part of the program without executing any of the statements that have been ‘jumped’ over [9].
[image: ]
Figure 3 Flow Diagram of a "Goto" Statement [8]
‘Jumping’ around the program does not allow the flow to be easily understood and modified as each ‘jump’ has to be followed to and from its start/end statement and around the program again so it can be extremely complex and difficult to understand for anyone taking over the program, or even the author if they have had a substantial break from working on it [8][9]. 

If/Else ‘Conditional’ Statements
“If/Else” statements are used to execute code based on true and false values as shown in Figure 4. If a condition is true then x code should be executed. Else is used in conjunction with If so that if the condition is false then an alternative code should be executed instead [10].
[image: ]
Figure 4 – Flowchart of an If/Else Statement [11]

While Statements
It can be seen in Figure 5 that “while” statements are similar to if/else statements insofar as they are based on Boolean true/false statements. The ‘while’ conditional statement executes the code while the condition remains true in a loop. It is only once the condition is false that the rest of the program becomes executed [12][13]. The condition can be set to a specific amount of iterations.

[image: ]
Figure 5 – Flowchart of a While Loop [14]

For Statements
Figure 6 sets out an example of “for” statements and they are used in loops which are very similar to ‘while’ statements except that they are used for a set amount of iterations that is known beforehand[13].

[image: ]

Figure 6 Flowchart of a For Loop [15]

Break Statements 
Special exits from loops are called ‘break’ statements and allows for code to be bypassed and the loop terminated. The program would then continue from the next executable statement. This should not be used as a normal loop exit and only used when an issue in the loop would force the program to crash.

[image: ]
Figure 7 - Flowchart of a Break [14]

Conclusion of using the “Goto” Statement
As using conditional statements can be just as efficient as using goto statements; they flow, can be followed and are therefore easier to read, understand and modify, they should be the preferred option. There are arguments that use the goto statement as it is the most efficient option but these are the exception rather than the rule.
True Random and Pseudo-Random Number Generators

A random number is described as 

“… a number chosen as if by chance from some specified distribution such that selection of a large set of these numbers reproduces the underlying distribution. Almost always, such numbers are also required to be independent, so that there are no correlations between successive numbers.”[16]

Programming a computer to generate random numbers requires an algorithm. However, as they are generated using mathematical formulae or pre-calculated lists the numbers may appear to be random but they are predetermined. This means that if the algorithm and starting point is known the sequence can be reproduced. The numbers created by this method are not therefore totally random and are referred to as pseudo-random[17].

As seen above, true random numbers are difficult to generate. One way to find totally random” numbers is by extracting “randomness from physical phenomenon” “…the process of generating true random numbers involves identifying little, unpredictable changes in the data”[17] such as the time it takes for radioactive decay to take place or observing atmospheric noise, both of which are created unpredictably and can be detected and the results can be introduced into a computer and used as random numbers [17].

Lottery Program

Appendix I sets out the code in full. Figure 8 shows the code for a simple lottery program which will select six random lottery numbers plus one bonus ball. No numbers will be repeated in the output. The numbers will be displayed to the user. [18]


[image: ]
Figure 8 - Lottery Program in C

[bookmark: _GoBack]The program output is shown in figures 9 and 10.
[image: ]
Figure 9 - Results of Lottery Program (1)

[image: ]
Figure 10 - Results of Lottery Program (2)
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APPENDIX I


{   // declare integers
	int lotteryno;
	int low = 1;
	int high = 49;
	int i;
	int bonusball;

	srand(time(NULL)); // for a random selection using time

	printf("Starting Lottery selection\n\n");

for (i = 1; i<7; i++) //  for is used to loop for the lottery numbers as it is a known number of iterations (6 times)

	{
		lotteryno = rand();// making the random number be called lotteryno

		lotteryno = lotteryno % (high - low + 1) + low;

		printf("Ball %d = %d\n", i, lotteryno); // calling back the numbers and adding 1 to the for (i) loop
	}
	
	bonusball = rand();// making the random number be called bonusball
	bonusball = bonusball % (high - low + 1);

	printf("\nBonusball: %d\n \n", bonusball);//calling back the random number called bonusball
	printf("\nLottery selection complete\n");

}

[18]
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B#include <stdio.h> //library file

#include <time.h> //time library
#include <stdlib.h> //standard library

void main()
{ // declare integers
int lotteryno;
int low = 1;
int high = 49;
int 15
int bonusball;

Srand(time(WULL)); // for a random selection using time

printf("Starting Lottery selection\n\n”);

for (i = 1; i<7; i++) // for is used to loop for the lottery numbers as it is a known number of iterations (6 times)

{
lotteryno

rand()3// making the random number be called lotteryno
lotteryno = lotteryno % (high - low + 1) + low;

printf("Ball %d = %d\n", i, lotteryno); // calling back the numbers and adding 1 to the for (i) loop

¥
bonusball = rand();// making the random number be called bonusball
bonusball = bonusball % (high - low + 1);

printf("\nBonusball: %d\n \n", bonusball);//calling back the random number called bonusball
printf("\nLottery selection complete\n”);
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