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[bookmark: _Toc8845055]Introduction
This report will examine the steps taken to optimise and parallelise serial scientific code to improve the performance. This shall be done using Threading, MPI (Message Passing Interface) and CUDA. After this the timing results for each method will be produced, followed by a discussion about the limitations of each of the techniques used to optimise. After this, conclusions will be drawn on which technique was the best choice for the code that was given.

[bookmark: _Toc8845056]Parallelisation and Optimisation – Threading
To parallelise the version of the code using threading a few changes were made. The most significant of these was the change to the main.cpp. Threading works by executing multiple tasks at the same time on different threads, and for this reason the parts that were chosen to be optimised were those that were previously sequential, but didn’t rely on the completion of the other, in other words, parts of the code that could be executed concurrently without changing the result. 
The change made to the main.cpp was in reference to the part of the code that called the functions that did the ‘Sets’ in the Computation Engine. This is because the Set functions did not need to use the same data as each other, which meant that calling the functions in a sequential fashion slowed down the whole program because one Set could not be called until the other set was finished. For this reason, each set was given it’s own thread, which then re-joined the main code before the SetResults() function. This would mean that the time taken to complete would only be as slow as ‘the slowest man’, which is the function that took the longest to execute.
In addition to the changes in the main.cpp, there was also changes made to the MatrixInverse.cpp. These changes also followed the same line of logic that anything sequential that didn’t rely on other parts happening in a chronological order. 
The first two tasks to be parallelised were the two for loops that performed operations on the M1 and M2 array respectively; because of this both lops could be iterated through without effecting the result of the other, which meant, yet again, the time taken would only be as slow as the longest running for loop, rather than being the total run time of both for loops.
The next change was to code also in the MatrixInverse.cpp. A thread was created for the change of value to the pivot variable, and a thread was created for the for loop below it. This was done because both slices of code were independent from each other, and thus the parallelisation would only speed up the program.


[bookmark: _Toc8845057]Parallelisation and Optimisation – MPI
For the MPI version of the code a different approach was taken. This is because the optimisation of the code is best done in a way that essentially splits the code into independent programs running on different processors.
This version was optimised by changing the code in the main in a similar fashion to the method used with threading. The difference being that the set functions were placed inside of an if statement that identified what the rank was, executing a different set function based upon the result. This would achieve the same ends as the threading in that it would only take as long as the slowest process.
The other part that optimisation was attempted on is the MatrixInverse.cpp. For this optimisation almost all of the for loops, including those that were nested, that were in the main for loop were put into if statements that could be run on depending on rank. In addition to this MPI_Send() and MPI_Recv() were used so that any data essential to the execution of that segment of code was available.

[bookmark: _Toc8845058]Parallelisation and Optimisation – CUDA
The Optimisation for CUDA couldn’t be deduced, however, an attempt was made to illustrate how the setA() function could be optimised using information that was gathered about CUDA[1]. This optimisation seeked to transform the for loop used in setting A into an IF statement that could be performed on each of the GPU cores, thus speeding up the execution time of the function.
[bookmark: _Toc8845059]Timing results
Although the code for each of the versions could be written, the program was not able to be compiled because of compatibility issues with versions of visual studio. For this reason, the timing results for each of the three versions could not be gathered. With this said, the first two versions of the program, which used threading and MPI, could be estimated as having a reduced runtime by virtue of the SetX() functions being executed simultaneously.
	Input count
	Invert A (s)
	Invert B (s)
	Set C+D (s)
	Set E (s)
	Total (s)

	200
	0.008
	0.008
	0.029
	0.033
	0.092

	500
	0.011
	0.011
	0.033
	0.042
	0.114

	1000
	1
	1
	18
	4
	25

	2000
	12
	12
	161
	70
	256

	5000
	162
	161
	3485
	1564
	5375

	10000
	1282
	1321
	32852
	14252
	49712

	20000
	14017
	13840
	379279
	139389
	546537


Looking at the Timings table it’s clear to see that Set C+D had the longest runtime and therefore the total time would be equivalent to that.

[bookmark: _Toc8845060]Limitations
The use of threading to optimise code is limited in that it is not applicable to for loops, rather it’s primary use is parallelising functions that previously appeared sequentially by running them simultaneously on different threads, this cannot, however, be used to parallelise code where the code in one thread is reliant on variables being performed on by another thread. Trying to parallelise such code could lead to errors such as race conditions, where two or more threads are trying to access a memory location simultaneously, which causes one thread to use data which is being changed by a different thread. 
[bookmark: _GoBack]It is also worth mentioning that the extent to which the code could be optimised was limited by Amdahl’s Law in the fact that the effectiveness of increasing the number of threads/cores/nodes the program is running on is reduced the more threads/cores/nodes that are added because the speed of the program is limited by the speed of the non-parallel parts of the program.

[bookmark: _Toc8845061]Conclusion
In conclusion, it could be assumed that the most effective method for optimisation and parallelisation is using MPI, this is because MPI has a similar functionality to threading in that it can parallelise sections of code that are sequential and don’t rely on each other whilst also being able to parallelise sections of code that do rely on each other by using the MPI_Send() and MPI_Recv() functions. In addition to this, MPI can be used to parallelise some for loops in which the code in the for loop doesn’t use the variable used as an index in the for loop. CUDA, could also be used effectively in the right situation because of the massive benefits that occur when running code on many different GPU cores at once.
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