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[bookmark: _5d8cdtcql6t9]1.1 Optimisation
[bookmark: _v0l2olwhkwen]1.1. Techniques
The techniques trialled in the optimisation of the provided code were focus primarily around reducing the quantity of computation that was performed in looped sections. To this end, a series of processes were performed upon the code including :


[bookmark: _8x1nki64k6g6]1.1.1. Multiplication operations moved
Multiplication operations by the loop iterator were simplified to be iterative summation operations within the loop declaration

(
...
for (size_t L = 0; L < arrSize; L++)
{
	for (size_t I = 0; I<arrSize; I++)
	{
		size_t b = L * arrSize + I;
...
⇒
…
size_t b = 0;
for (size_t L = 0; L < arrSize; L++)
{
	b = L*arrSize; 
	for (size_t I = 0; I<arrSize; I++, b++)
	{
...
)


[bookmark: _4g04xa7jpkcd]1.1.2. Use of inbuilt library functions
Loops that performed operations such as zeroing an array have been replaced with their more efficient [1][2] functional counterparts. 
(
...
for (size_t I = 0; I<arrSize; I++)
{
	size_t b = L * arrSize + I;
	nC[b] = 0.0;
	nD[b] = 0.0;
…
⇒
...
	memset(nC, 0, sizeof(nC));
	memset(nD, 0, sizeof(nC));
...
)
[bookmark: _cn7djron5kvk]

[bookmark: _9ukeuzvcov6f]1.1.3. Prior computation of multiplications
Where multiplications could not be replaced with incremental summations, they were instead precomputed in a separate loop. Whilst this method does not entail as great a speed increase as the above (see 1.1.1), it nevertheless can reduce repeated multiplication and thus can provide some benefit.
(
...
for (size_t I = 0; I<arrSize; I++)
{
	size_t b = L * arrSize + I;
...
⇒
...
for (int loop = 0; loop < arrSize; loop++)
{
	arrMult[loop] = loop * arrSize;
}
for (size_t I = 0; I < arrSize; I++)
{
	b = arrMult[L] + I;
...
)
[bookmark: _cv3691rz1hbv]

[bookmark: _uxxwkjv4mcgm]1.1.4. Removal of unnecessary loops
In some areas of the provided code, nested loops were used to obtain data that could have been obtained with less code repetition.
(	
for (size_t L = 0; L < arrSize; L++)
{
	for (size_t I = 0; I<arrSize; I++)
	{
		size_t b = L * arrSize + I;
		nC[b] = 0.0;
		nD[b] = 0.0;

		for (size_t J = 0; J<arrSize; J++)
		{
			size_t k1 = L * arrSize + J;
			size_t k2 = I + J * arrSize;

…
⇒
…
for (int L = 0; L < arrSize; L++)
{
	k10 = arrMult[L];

	for (size_t I = 0; I < arrSize; I++)
	{
		b = arrMult[L] + I;

		k2 = L + arrMult[I];
		k1 = k10 + (k2 - I) / arrSize;
…
)
[bookmark: _au3k3boxy70e]
[bookmark: _q5rqjz15g7t9]

[bookmark: _seccpi2i5y4g]1.2. Results
The combination of the above optimisation methods actually resulted in code that ran significantly slower than in the un-optimised instance. This could be due to the added complexity inherent in some of the time-saving measures employed - As this program is not that large, the saving in runtime obtained may be outweighed by the overhead caused by declaration of extra terms[3]. In recognition of this, the parallelism employed in the next section is applied to the original code bereft of much of the previously described optimisation measures.
[bookmark: _l7kvsvi5qk52]

[bookmark: _yu2dlewpngpj]Parallelism
[bookmark: _n9uhhdxcsnf2]Multithreading
Parallelism using multithreading was achieved by splitting the input list into equal segments and distributing amongst the threads used. Each thread then had its own ComputationEngine object with which to perform the necessary calculations. The resulting data is then written to file in sequence using a loop performed subsequent to the completion of the threaded processes. This measure entailed a speed increase of between 600% and 13333% depending on the number of threads utilised.

(
...
for (int outerloop = 0; outerloop < threadnums; outerloop++)
	{
		arrArrays[outerloop] = new double[size2];
		sizeMultOuter = size2 * outerloop;

		for (int loop = 0; loop < size2; loop++)
		{
			arrArrays[outerloop][loop] = arr[sizeMultOuter+loop];
		}
		ceArr[outerloop] = new ComputationEngine(&arrArrays[outerloop], size2);

		threadArr[outerloop] = thread(runCE, &ceArr[outerloop]);
	}
	
	for (int loop = 0; loop < threadnums; loop++)
	{
		threadArr[loop].join();
	}
...
)
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