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	Module Learning Outcomes 
(from module syllabus)

	1. Critically review literature related to a proposed topic of study suitable for parallelisation using HPC techniques and produce a coherent academic paper relating the research undertaken to the proposed topic.






	
TASK DESCRIPTION





1. Produce a written academic paper of approximately 2000 words reviewing current literature related to your CUDA implementation. You should also include an evaluation of your implementation.

								Weighting: 30% of total mark for module.




	GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS



Your report will include an overview the project idea and why it is suitable for a parallel implementation and consist of
· a review of the subject and related literature; 
· an outline of the method and algorithm; 
· How it was parallelized (here you might include a discussion of any implementation issues and overview of the hardware architecture and how it affected your implementation). 
· Results
· The evaluation of your solution and results, including arguments for the choice of methods used (for example compare/contrast the parallel solution with a serial implementation against identified (justifying your choices) metrics.

You might consider structuring your proposed paper into the following sections:-

[bookmark: _Hlk11094272]ABSTRACT
I. INTRODUCTION AND REVIEW
II. YOUR ALGORITHM
III. PARALLELIZATION OF ALGORITHM
IV. IMPLEMENTATION
V. RESULTS AND EVALUATION
VI. CONCLUSIONS AND FUTURE WORK

 





NOTE: The guidance offered below is linked to the five generic assessment criteria overleaf.

1. Engagement with Literature Skills
Your work must be informed and supported by scholarly material that is relevant to and focused on the task(s) set; you should make use of scholarly reviews and primary sources, where appropriate (for example, refereed research articles and/or original materials appropriate to the discipline).    You should provide evidence that you have accessed a wide range of sources, which may be academic, governmental and industrial; these sources may include academic journal articles, textbooks, current news articles, organisational documents, and websites.  You should consider the credibility of your sources; academic journals are normally highly credible sources while websites require careful consideration/selection and should be used sparingly.   Any sources you use should be current and up-to-date, mostly published within the last five years or so, though seminal/important works in the field may be older.  You must provide evidence of your research/own reading throughout your work, using a suitable referencing system, including in-text citations in the main body of your work and a reference list at the end of your work. 




2. Knowledge and Understanding Skills
At level 6, you should be able to demonstrate coherent and detailed knowledge and a systematic understanding of the subject area, at least some of which is informed by the latest research and/or advanced scholarship within the discipline. You should be aware of the uncertainty, ambiguity and limits of knowledge. Your work must demonstrate the growing extent of your knowledge and systematic understanding of concepts and underlying principles associated with the subject area.  Knowledge relates to the facts, information and skills you have acquired through your learning.  You demonstrate your understanding by interpreting the meaning of the facts and information (knowledge). This means that you need to select and include in your work the concepts, techniques, models, theories, etc. appropriate to the task(s) set.  You should be able to explain the theories, concepts, etc. meaningfully to show your understanding.  Your mark/grade will also depend upon the extent to which you demonstrate your knowledge and understanding; ideally each should be complete and detailed, with comprehensive coverage. 



3. Cognitive and Intellectual Skills
You should be able to: critically evaluate evidence, arguments, assumptions, abstract concepts and data some of which are at the forefront of a discipline (and that may be incomplete) to devise and sustain arguments, to make judgements and/or solve problems; describe and comment upon particular aspects of current research, or equivalent advanced scholarship, in the discipline Your work must contain evidence of logical, analytical thinking, evaluation and synthesis. For example, to examine and break information down into parts, make inferences, compile, compare and contrast information.  This means not just describing what! But also justifying: Why? How? When? Who? Where? At what cost? At all times, you must provide justification for your arguments and judgements.  Evidence that you have reflected upon the ideas of others within the subject area is crucial to you providing a reasoned and informed debate within your work.  Furthermore, you should provide evidence that you are able to make sound judgements and convincing arguments using data and concepts.  Sound, valid conclusions are necessary and must be derived from the content of your work.   Where relevant, alternative solutions and recommendations may be proposed.



4. Practical Skills
At level 6, you should be able to apply the methods and techniques that you have learned to review, consolidate, extend and apply your knowledge and understanding, and to initiate and carry out projects. You will deploy accurately established techniques of analysis and enquiry relevant to the discipline, and apply them in complex and unpredictable contexts, to devise and sustain arguments and/or to solve problems. You should be able to frame appropriate questions to achieve a solution - or identify a range of solutions. You should be able to demonstrate how the subject-related concepts and ideas relate to real world situations and/or a particular context.  How do they work in practice?  You will deploy models, methods, techniques, and/or theories, in that context or circumstances, to assess current situations, perhaps to formulate plans or solutions to solve problems, or to create artefacts, some of which may be innovative and creative.  This is likely to involve, for instance, the use of real world artefacts, examples and cases, the application of a model within an organisation and/or benchmarking one theory or organisation against others based on stated criteria.  You should show awareness of the limitations of concepts and theories when applied in particular contexts.


5. Transferable Skills for Life and Professional Practice 
Your work must provide evidence of the qualities and transferable skills necessary for graduate-level employment requiring the exercise of initiative and personal responsibility and decision-making in complex and unpredictable circumstances.  This includes demonstrating: the learning ability for professional development to advance existing skills and acquire new competences of a professional nature that will enable you to assume significant responsibility within organisations; that you can initiate and complete tasks and procedures, whether individually and/or collaboratively; that you can use appropriate media to effectively communicate information, arguments and analysis in a variety of forms to specialist and non-specialist audiences; fluency of expression; clarity and effectiveness in presentation and organisation. Work should be coherent and well-structured in presentation and organisation.

 





	
                 MARKING CRITERIA AND STUDENT FEEDBACK



This section details the assessment criteria. The extent to which these are demonstrated by you determines your mark. The marks available for each criterion are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.
	Common Assessment Criteria Applied
	Marks available
	Marks 
awarded

	1. Research-informed Literature 
Extent of research and/or own reading, selection of credible sources, application of appropriate referencing conventions.
	
	

	





	
	

	
	7
	

	2. Knowledge and Understanding of Subject
Extent of knowledge and understanding of concepts and underlying principles associated with the discipline.
	
	

	





	
	

	
	12
	

	3. Analysis
Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection; organisation  of ideas and evidence
	
	

	





	
	

	
	7
	

	4. Practical Application and Deployment
Deployment of methods, materials, tools and techniques; application of concepts; formulation of innovative and creative solutions to solve problems.
	
	

	





	
	

	
	
	

	5. Skills for Professional Practice 
Attributes in professional practice: individual and collaborative working; deployment of appropriate media; presentation and organisation.
	
	

	




	
	

	
	4
	



	Assignment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	%

	
	Up to four weeks late
	
	

	
	First Attempt?
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	GENERIC ASSESSMENT CRITERIA



	Level 6

	In accordance with the Framework for Higher Education Qualifications, at the end of Level 6 students should have coherent and detailed knowledge and a systematic understanding of their subject area, at least some of which is informed by the latest research and/or advanced scholarship within the discipline. They will be able to accurately deploy established techniques of analysis and enquiry within a discipline, using their conceptual understanding to devise and sustain arguments and/or to solve problems. They should be aware of the uncertainty, ambiguity and limits of knowledge. They should be able to critically evaluate evidence, arguments, assumptions, abstract concepts and data (that may be incomplete), to make judgements, and to frame appropriate questions to achieve a solution - or identify a range of solutions. They will apply the methods and techniques that they have learned to review, consolidate, extend and apply their knowledge and understanding, and to initiate and carry out projects. They will have the ability to manage their own learning, and to make use of scholarly reviews and primary sources (for example, refereed research articles and/or original materials appropriate to the discipline). They will demonstrate the qualities and transferable skills necessary for employment requiring: the exercise of initiative and personal responsibility; decision-making in complex and unpredictable contexts; the learning ability needed to undertake appropriate further training of a professional or equivalent nature.



	Level 6
	FAIL
	MARGINAL FAIL
	SATISFACTORY
(3rd / Pass)
	GOOD
(2.2 / Pass)
	VERY GOOD
(2.1 / Merit)
	EXCELLENT
(1st / Distinction)
	EXCEPTIONAL
(1st / Distinction)

	Category
	0-29%
	30-39%
	40-49%
	50-59%
	60-69%
	70-84%
	85-100%

	Engagement with literature (including reading, referencing,
academic conventions and
academic honesty) 
	Little or no evidence of reading and/or reliance on inappropriate sources.
Views and findings mostly unsupported and non-authoritative.
Referencing conventions used incoherently or largely absent.
	Poor engagement with essential reading. No evidence of wider reading. Reliance on inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on information gained through class contact. Inconsistent and weak use of referencing.
	Engagement with a limited range of mostly relevant and credible sources. Some omissions and minor errors.
Referencing conventions evident though not always applied accurately or consistently.
	Engagement with an appropriate range of research-informed literature, including sources retrieved independently. Some over-reliance on texts. Referencing may show minor inaccuracies or inconsistencies.
	Engagement with a wide range of research-informed literature, including sources retrieved independently.
Selection of relevant and credible sources.  Very good use of referencing, with no/very few inaccuracies or inconsistencies.
	Engagement with an extensive range of relevant and credible literature, informed by the latest research. Consistently accurate application of referencing. 
	Exceptional engagement with an extensive range of relevant and credible literature, informed by the latest research. High-level referencing skills consistently and professionally applied.

	Knowledge and understanding (Coherent and detailed knowledge and systematic understanding of the subject area, at least some of which is informed by the latest research and/or advanced scholarship within the discipline.)

	Major gaps in knowledge and systematic understanding of the subject matter. Substantial inaccuracies. No awareness of knowledge of the latest research and/or advanced scholarship within the discipline.

	Gaps in knowledge, with only superficial systematic understanding. Some significant inaccuracies and/or irrelevant material.  No awareness of knowledge of the latest research and/or advanced scholarship within the discipline.
	Limited knowledge and systematic understanding of the relevant concepts and principles within the subject area which to some limited extent, is informed by current research and scholarship. 
	Knowledge is reasonably detailed, accurate with a good systematic understanding of the field of study and to some extent, current research and scholarship.
	Knowledge is reasonably extensive coherent and detailed.  Exhibits very good understanding of the breadth and depth of established views, and the work is, at least in part, well-informed by current research and scholarship. 
	Excellent coherent and detailed knowledge and systematic understanding of the principles and theories of current research and scholarship. Clear awareness of challenges to established views and the limitations of the knowledge base.
	Exceptionally coherent and detailed knowledge and systematic understanding of the principles and theories of the subject, well-informed by current research and scholarship. A critical, sophisticated and nuanced awareness of the ambiguities and limitations of knowledge.

	Cognitive and intellectual skills 
(Conceptual and critical thinking, analysis, synthesis and evaluation of research, assumptions, abstract concepts and data (that may be incomplete); logic, argument and judgement.) 
	Wholly or almost wholly descriptive work. Little or no analysis, synthesis or evaluation.
Failure to develop arguments, leading to illogical or invalid judgements. Unsubstantiated generalisations, made without use of any credible evidence.

	Largely descriptive work, with superficial use of critical evaluation. Weak development of arguments and judgements. Information accepted uncritically, uses generalised statements made with scant evidence and unsubstantiated opinions. Ideas sometimes illogical and contradictory.
	Limited attempt at critical thinking, analysis, synthesis and evaluation, tending towards description.
Some evidence to support emerging arguments and judgements but these may be underdeveloped or with a little inconsistency / mis-interpretation.
Asserts rather than argues a case.

	Some critical thinking, analysis, synthesis and evaluation. Can analyse new and/or abstract concepts and data without guidance.
An emerging awareness of different stances and ability to use evidence (that may be incomplete) to support the argument.
Mostly valid arguments and logical judgements. Some tendency to assert/state opinion rather than argue on the basis of reason and evidence.
	Sound critical thinking, analysis, synthesis and evaluation demonstrating critical thinking. Ability to devise and sustain persuasive arguments, and to review the reliability, validity and significance of evidence (that may be incomplete) to make mostly appropriate and valid judgements. 

	Excellent critical thinking, analysis, synthesis and evaluation. Ability to investigate contradictory or incomplete information and make strong, persuasive, arguments and sophisticated judgements. Some evidence of independent thought and ability to ‘see beyond the question’, suggesting a grasp of the broader field and wider concepts.

	Exceptional critical thinking, analysis, synthesis and evaluation based on judiciously selected evidence. 
Ability to investigate contradictory or incomplete information and make strong, persuasive, arguments and sophisticated, nuanced, judgements. Evidence of independent thought and ability to ‘see beyond the question’, suggesting an outstanding grasp of the broader field and wider concepts.

	Practical skills
(Apply/deploy accurately established tools and techniques; initiate and carry out projects; formulate solutions to solve problems in complex and unpredictable contexts.)
	Limited or no use of methods, materials, tools and/or techniques.
Little or no appreciation of the context of the application.
Limited understanding of the application of theory to practice or making appropriate links between the two.
Very weak problem-solving skills in complex and unpredictable contexts. 
	Rudimentary application of methods, materials, tools and/or techniques but without consideration and competence. Flawed appreciation of the context of the application.
Weak understanding of the application of theory to practice, with only occasional evidence of making appropriate links between the two. Weak problem-solving skills in complex and unpredictable contexts. 


	An adequate awareness and mostly appropriate application of well-established methods, materials, tools and/or techniques.
Basic appreciation of the context of the application. Theoretical knowledge and understanding applied in practice, but not always making logical links between the two.
Can identify problems and propose basic solutions in complex and unpredictable contexts without fully appreciating the complexity. 
	A good and appropriate application of standard methods, materials, tools and/or techniques.
Clear appreciation of the context of the application. Mainly consistent, accurate and logical application of theory to practice, making appropriate links between the two
Can identify problems and propose mostly appropriate solutions in complex and unpredictable contexts.
	A very good application of a range of methods, materials, tools and/or techniques.
Very good consideration of the context of the application, with perceptive insights. Can identify problems and propose appropriate solutions in complex and unpredictable contexts.
Evidence of some innovation and creativity. 
	An advanced application of a range of methods, materials, tools and/or techniques.
The context of the application is well considered, and insightful.
Application and deployment extend beyond established conventions.  Can identify complex problems and propose excellent solutions. Innovation and creativity evident.
	Exceptional levels of application and deployment skills in unpredictable, practical contexts, drawing skilfully on the latest research within the discipline. Can identify complex problems and propose sophisticated solutions. Assimilation and development of cutting edge processes and techniques.

	Transferable skills for life and professional practice
(Exercise of initiative and personal responsibility; professional development; initiate and complete tasks and procedures: individually and/or collaboratively; use appropriate media to communicate effectively; fluency of expression; clarity and effectiveness in presentation and organisation.)
	Communication medium is inappropriate or misapplied.
Work is poorly structured, disorganised and/or confusingly expressed. Very weak use of language and/or very inappropriate style. Little or no evidence of autonomy (or collaboration, where relevant) in the completion of tasks. Little or no evidence of the skills required in graduate employment.


	Communication medium is poorly designed and/or not suitable for the audience. 
Work is poorly presented in a disjointed manner. It is loosely, and at times incoherently, structured, with information and ideas often poorly expressed. Weak use of language and/or inappropriate style. Weak independent initiative (or collaboration, if relevant). Limited evidence of the skills required in graduate employment.
	Can communicate in a suitable medium but with some room for improvement. 
Mostly ordered presentation and structure in which relevant ideas / concepts are reasonably expressed. Work may lack coherence in places. Can work as part of a team, but with limited involvement in group activities. 
Demonstrates the basic skills required in graduate employment, with some areas of minor weakness.
	Can communicate effectively in a suitable format, but may have minor errors.
Mostly coherent, organised work, in a suitable structure and is for the most part clearly expressed. Can work effectively independently and/or as part of a team, with clear contribution to group activities. 
Demonstrates the skills required in graduate employment, with some areas of strength and some of minor weakness.
	Can communicate well, confidently and consistently in a suitable format.
Work is coherent, fluent, well-structured and organised. Can work very well autonomously and/or as part of a team, with very good contribution to group activities. 
Demonstrates very good graduate employment skills, with just occasional minor weakness.
	Can communicate professionally confidently and consistently in a suitable format.
Work is coherent, very fluent and is presented professionally. Can work autonomously with initiative. Where relevant can work professionally within a team, showing leadership skills as appropriate, managing conflict and meeting obligations. Demonstrates excellent graduate employment skills and an appetite for further development.
	Can communicate with an exceptionally high level of professionalism. 
Work is exceptionally coherent, very fluent and is presented professionally. Can work exceptionally well and professionally within a team, showing advanced leadership skills. Demonstrates exceptional graduate employment skills and an appetite for further development.
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[bookmark: _Toc11370800]Abstract


The overall aim and objective of this HPC (High Performance Computing) is to implement a sepia algorithm, that converts the RGB (Red Green Blue) colour values to add warm beautiful brownish old effect, that is achieved by manipulating the pixels. The images are then manipulated by creating temp RGB value, checking the numbers against the formula and applying the changes where it is needed.
This sepia algorithm has been applied on programs on the GPU (Graphical Processing Unit) and CPU (Central Processing Unit).  The algorithm is applied on the GPU by parallelization. Parallelization is done by the GPU splitting the task by passing from a kernel to a grid. Each grid contains multiple blocks and in each of the block, there are multiple threads. Each of the threads controlled 1 of the pixels throughout the image. 
The changes of the sepia image processing effect where applied on GPU and CPU and the times it took, for the algorithm to implement the changes to the image where timed and compared. Image processing is used to convert image into digital format and perform operation on it, to enhance the image or extract information from it. Image processing systems treat an image as a two-dimensional signal which is a list of x, y which relate to 1 pixel of the image throughout. The image type that is used by the author for this project is a bitmap image. 
The author found that the Central Processing Unit was able to apply the algorithm quicker and the Graphical Processing Unit takes longer due to the copying of the file over and separating between the threads.
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[bookmark: _Toc11370803]Overview of Image Processing

Image processing is a method that is used to perform different operation on an image, to enhance the image adding different effects, or extract useful information from the image. (16)  image processing is growing rapidly with different types of effects being made to edit images. (13)  There are two different types of methods used for image processing and they are analogue and digital processing. The analogue image processing is used for hard copy printouts and photographs. Digital image processing uses computes to add effects to an image.  (17)
[bookmark: _GoBack]
[bookmark: _Toc11370804]Image Processing Steps

Image processing systems treat the images as a two-dimensional signal while applying set signal processing methods to them. Image processing includes three different steps which are:
1. Importing images with a digital photography or optical scanner.
2. Analysing and manipulating the images to add various enhancements to the image.
3. Output is the last stage in which the results can be altered image or report that based on the image analysis.

[bookmark: _Toc11370805]Image Processing

Image processing is treated as a two-dimensional array that is one long list of co-ordinated of X and Y linking to the pixels throughout the image. The figure below shows how each pixel is stored in the two-dimensional array links to the pixels.  
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[bookmark: _Toc11370806]Purpose of Image Processing

Image processing has many different purposes and they are divided into 5 different groups and they are:
1. Visualization- observing the object that are not visible.
2. Image Sharpening and Restoration – to create a cleaner looking image.
3. Image Retrieval – Seek for the image of interest.
4. Measurement of Pattern- Measures various objects in an image.
5. Image recognition- Distinguish the object in an image.






[bookmark: _Toc11370807]Image Processing Techniques

Image processing is used to convert images into digital form and perform operation on it, to enhance the image or extract information from it. To enhance the image or extract information from it. There are many different things that can be done to an image to enhance it and they are:
· Cropping
· Motion Blur
· Adjusting image saturation
· Contrast enhancing highlights and shadows.
· Brightness
· Filters
· Arrangement enhancing your layout with grids
· Frames Layering
· Text
(13)(16)(17)

[bookmark: _Toc11370808]History of Different Effects

[bookmark: _Toc11370809]Cropping

Cropping is removing unwanted outer areas from the photograph. When cropping is used it removes unwanted are of the image which emphasis the area of the image that you are keeping. Cropping does not delete the area cropped and they can retrieve at any time. The figure below shows the cropping effect applied to an image and what it does emphasising that area. (13)

[image: Image result for example of before and after cropping]


[bookmark: _Toc11370810]Motion Blur

Motion blur is the appearance of steaking through an image, that adds an effect to emphasise that an object is moving in an image. motion blue can be used in digital photography to show objects moving like a bus driving past the scene of the photo fast. The figure below shows the effect. (15)

[image: https://upload.wikimedia.org/wikipedia/commons/thumb/2/26/London_bus_and_telephone_box_on_Haymarket.jpg/220px-London_bus_and_telephone_box_on_Haymarket.jpg]


[bookmark: _Toc11370811]Adjusting Image Saturation

Image saturation is the intensity of the colour in the image. when the image is saturated the colours are overly bright and when the image saturation is low the colours are darker. (9) (10)

[image: C:\Users\Dominic\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\E72F5E16.tmp]


[bookmark: _Toc11370812]Contrast Enhancing Highlights and Shadows

This effect gives the users separate control of the shadows and the highlight in the image, allowing you to bring out hidden detail in the lightest and the darkest area of an image, while reducing the overall contrast by pushing tonal range into the mid tones, resulting in a more defined photo. The figure below shows the effects of contrast enhancing highlights and shadows. (11) (12)

[image: Image result for Contrast Enhancing Highlights and Shadows]
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[bookmark: _Toc11370814]Image processing adjusting the brightness of the image alters the colour intensity of each of the desired red, green and blue colour components. The brightness can be turned down to make the image appear darker or lighter, to make the image bright.  (8)

[bookmark: _Toc11370815][image: https://i0.wp.com/www.dfstudios.co.uk/wp-content/uploads/2014/02/lena_dark-150x150.jpg?resize=150%2C150] [image: https://i0.wp.com/www.dfstudios.co.uk/wp-content/uploads/2014/02/lena_light-150x150.jpg?resize=150%2C150]
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Filtering is techniques used for image processing to modify or enhance an image. The filters can emphasize certain features or remove other features. There are a few things that are done with filtering and they are smoothing, sharpening and edge enhancement. Smoothing reduces the noise giving a more accurate intensity of the surface. Image sharpening enhances highlights edges and the fine detail in an image. Edge enhancement is a filter that enhances the edge contrast so that the image to improve the appearance. (3) (4) (5) (6)

[image: Image result for sharpening image processing effects][image: ]
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Arrangement Enhancing your layout with grids adds sections to which multiple images are added together over specific section of an area, which is shown below. (7)

[image: Image result for Arrangement enhancing your layout with grids]
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Frames Layering is an image processing method that support the coherent moving objects in the scene, surface, occlusion, opacity, ordinal depths, image mosaics and object tracking. This allows you to separate objects in an image so that they can be edited individually to not effect changes to another object that does not need a certain effect or change. The multiple objects are then clipped together to make the image and this useful for making films. (1) (2)

[image: C:\Users\Dominic\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\D061A258.tmp]

Figure – Graphics Design Layering  

[bookmark: _Toc11370819]Text

Text image processing allows you to write messages onto the image and they can be concealed to not be visible or visible for copyright purposes or to display a message on the image.

[bookmark: _Toc11370820]Review of Cuda on Graphics Cards

Cuda stands for Compute Unified Device Architecture and it is a parallel computing architecture that was developed by Nvidia. Cuda was designed and developed for co-processing on the CPU (Central Processing Unit) and the GPU (Graphical Processing Unit). Cuda Architecture includes a unified shader pipeline that allows an ALU (Arithmetic and Logic Unit) that is on the chip, to be used to program and perform general purpose computations. 
Cuda runs its application using parallel parts on the GPU using kernels. Many different threads are executed on the same kernel. SIMT stands for Single Instruction Multiple Threads is a single instruction that can run simultaneously on multiple threads. The Graphical Processing Unit and its threads are extremely lightweight, and they allow instant switching and very little creation of overhead. Different GPU have a different amount of threads that can be used and the GPU, that is being used is an Intel(R) Core™ i7-4820K CPU @ 3.70GHz as shown in the figure below. The number of CPU cores are 4 and the number of the threads are 8. Some of the images have t run 1 or maybe 2 times depending on the size of the image.

[image: C:\Users\Dominic\Downloads\image1.png]

There are some overhead for copying from the Central Processing Unit memory to the Graphical Processing Unit and only when its on the Graphical Processing Unit can it be run using the threads.

[bookmark: _Toc11370821]CUDA
Kernal

· Cuda runs on the CPU by using kernel that are executed by a grid. 
· The grid contains blocks
· Each of the blocks contain threads

Thread Block

The thread block is a batch of threads that can cooperate by:
· Sharing the data through shared memory
· Synchronize their executions
· The threads from different blocks can operate independently.


Thread Block

For the Central Processing Unit, the approach will be sequential.
For the Graphics Processing Unit, the approach will be parallelization.
· Each of the threads is going to control 1 of the pixels
· Neighbour of thread in the same block can share data
· If the threads exceed the block it will be saved as global memory so that it can be assessed.

 
[image: http://geco.mines.edu/tesla/cuda_tutorial_mio/pic/Picture1.png]
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[bookmark: _Toc11370823]How Sepia is Obtained

The algorithm works by converting the bitmap image colours, into sepia image colour tone. The tone adds an aging old effect to the photo and it is applied using image processing. Which separates the image into a two-dimensional array that consist of long list of x and y that links to every pixel throughout the image. The algorithm repeats 3 simple steps for each of the pixels using a for lop, of the bitmap image. this is shown in the implementation below.
Gets the RGB (Red Green Blue) colour pixel values from start of the two-dimensional array and creates temp Red, Green and Blue colour values. Each of them contains a formula as shown below. 
[image: Image result for sepia algorithm]





Takes the integer values and sets the RGB colour value of the pixels with the following conditions as shown below.
If tr > 255 then r = 255 else r = tr
If tg > 255 then g = 255 else g = tg
If tb > 255 then b = 255 else b = tb

Through all the pixels for the bitmap image in the two-dimensional array until the list is complete then the sepia effect is added to the image. The image below shows a before the sepia effect is added to the image and the image on the right shows to sepia tone effect added.
[image: http://mobiledevtrek.com/wp-content/uploads/2016/04/train-bridges-sepia-tone-effect-im-illustration-04082016.png]













[bookmark: _Toc11370824]Parallelization of Sepia Algorithm

The Sepia algorithm is parallelized on the Graphical Processing Unit by each pixel being copied over from the Central Processing Unit, then each of the pixels from the image being assigned to a thread. The neighbour of the threads in the same block can share data about the image pixels back and foe. If the image size is to exceed the block it is saved as global memory so that it can be accessed. The sepia algorithm described above is then applied, to each of the individual threads containing an individual pixel. Some of the images might call for it to be run multiple times on the thread because of the size of the image taking different pixels each time. During the parallelization only, the timing it takes for the file to load was calculated using the threads.


[bookmark: _Toc11370825]Implementation

[bookmark: _Toc11370826]Central Processing Unit

Carried out as shown below figures
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[bookmark: _Toc11370827]Graphical Processing Unit

Carried out as shown below figures
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[bookmark: _Toc11370828]Result and Evaluation

[bookmark: _Toc11370829]Testing loading on the Central Processing Unit
While the author tested the speed that the algorithm runs applying to the bitmap images on the Central Processing Unit, the found results that the file size of the image effects the time that it takes to apply. The bigger the bitmap image the longer it takes to apply the formula to the image.


Tiger 1								Tiger 2
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Testing on the GPUWhile the author tested the speed that the algorithm runs applying to the bitmap images on the Graphical Processing Unit, the found results that the file size of the image effects the time that it takes to apply. The bigger the bitmap image the longer it takes to apply the formula to the image. The Program takes longer to apply because of the copying the bitmap file to the Graphical Processing Unit from the Central Process Unit. Before the sepia algorithm can be applied then copied back. 
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Tiger 2
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Comparison

This shows that the copying to the GPU takes time and spreading out the image over the threads takes longer for the application to apply the effect and make the changes before copying back.

	Image
	Application
	Time Elapsed

	Tiger 1 Sepia
	CPU
	1.26 

	Tiger 2 Sepia
	CPU
	3.80 

	Wolf
	CPU
	35.14

	Tiger 1 Sepia
	GPU
	49.251

	Tiger 2 Sepia
	GPU
	118.918

	Wolf
	GPU
	1,003.571









[bookmark: _Toc11370830]Conclusion and Future Work

The author created a sepia algorithm that changes the colour images to brownish tin and run test, on how fast that the algorithm was applied to the CPU and GPU. The algorithm where compared by the author and it was found that the CPU run the algorithm quicker because the GPU took longer due to the copying and separating of the file over the threads.  For future work the author is going to use different image formats other than bitmap and try compressed images to see what effect, the sepia algorithm will have on them.
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Tip #1: Practice the 3-Tone Rule by choosing 3 tones from the same color with a varicty of
light, medium and dark.

Tip#2: HIGHLIGHTS: Apply white colored pencils on the lightest area of the grayscale
using medium pressure. This will help maintain the brightness and enhance the highlighs.

Tip#3: OUTLINING: Use very thin lines 1 create outlines. Follow the grayscale as the
outlin colors may vary from white, black, to deeper or lighter shades of the color of the
subject. Observe where the light touches the subject and where shadows fall.

Tip#4: SHADOWS: Basically these are the arcas oppositc of the highlights. Target the
medium and dark gray arcas. Increase the contrast by adding a layer of a darker color and
gradually boost by using black at the final stage with light pressurc.
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[/ C:\Users\Dominic\Desktop\HPC\hpc\imagestego\imagestego\Source.cpp - Notepad++ - O X

File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window ? X
cHHERGE s akiac iy 2% BES1EFEEAo® OEMNBE
1 L/ 7777777777777 77 77777777777 77777777777777777777777777777777777777777777777777777777777777777777777777777 "
2 //use a function called drawBox to render the floor
3 //demonstrates several calls to drawBox and several translations to move the boxes drawn by DrawBox
4 //show the rudiments of a camera function - moves the camera using world x,z co-ords and a rotate about
5 // the y-axis.
6 //uses lighting- not that we change colour of objects by changing material properties before rendering.
7 //uses textures - this requires reading bitmaps from a file. Any reader will do. Home grown C based one used
8 //Note use of windows.h bitmap struct to save re-inventing the wheel
© //needs bitmap files of course this uses share.bmp and checker.bmp - not dimensions of bitmaps are power of 2
0 //cube spin added
1 /////////////////////////////‘////////////////////////////////////////////////////////////////////////////////////
2
R N NN NNya
4 //Defines
R N N NIy
6  #define BITMAP ID 0x4D42 // the universal bitmap ID
7 #define SCL SECURE_NO WARNINGS
8 #define CRT SECURE NO WARNINGS
9 using namespace std;
20

A NNy Yyys
22 //Includes
23 /11T

24 include <math.h>

25 include <stdio.h>
26 include <stdlib.h>
27 include "glut.h"

28 include <windows.h>
29 include <iostream>
30 include <tchar.h>
31 include <windows.h>
32 include <fstream>
33 include <string>

34 include <cstdint>

35
36 /11111
37 //Texture Information

e R N NN

39 BITMAPINFOHEADER bitmapInfoHeader; // bitmap info header (needs windows.h to define type 8 On-Screen Keyboard - s
40 unsigned char* bitmapData; // the texture data -

< 5 2 £3 6 7 90 -- av
41 static GLuint texnum[1]; // array of 1 texture object names b 'q 'W T "( sy T R
42 Caps a s d f g h j k I Sy MvDn
43 Shift zZ x ¢ vbnm ; = De Dock

L1177 707777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777771777/ i ) Fade
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43 2

A4 1111117117107 77 77777777777 777777777777777777777777777777777777777777777777777777777777777777
45 //Global Variables

L N N NN
47 float globangle = 0;

L N N N N N NNV
50 //function prototypes

ST J/111711777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
52 unsigned char *LoadBitmapFile(char *filename, BITMAPINFOHEADER *bitmapInfoHeader) ;

3 int WriteBitmapFile(char *filename, int width, int height, unsigned char *imageData) ;

4 void init (void);

55 void display(void);

6 void reshape(int w, int h);

57 void sepia(int);

8

59 S/ 1111TIITLTT IS SILSISISE T
60 //Lighting variables

N N NNy
62 float ambientLight[] = { 1.0f, 1.0f, 1.0f, 1.0f }; // ambient light

63 float diffuselLight[] = { 1.0f, 1.0f, 1.0f, 1.0f }; // diffuse light

64 float lightPosition[] = { 10.0f, 100.0f, 10.0f, 0.0f }; // the light position

65

66 J//I1I11111TT 177777777 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
67 //Material variables

68 ///I1I111ITIITILII TSI IS SIS T
69 float matAmbient[] = { 0.3F, 0.5f, 0.8f, 1.0f };

70  float matDiff[] = { 0.25f, 0.25f, 0.25f, 1.0f };

71 float matAmbientl[] = { 0.83f, 0.5f, 0.8f, 1.0f };

72 float matDiffl[] = { 0.525f, 0.25f, 0.25f, 1.0f };

73 float matAmbient2[] = { 0.83f, 0.0f, 0.0f, 1.0f };

74 float matDiff2[] = { 0.525f, 0.2f, 0.2f, 1.0f };

75

TT S/ 7777777777777 7777777777777 7777777777777 77777777777777777777777777777777777777777777777777777
78 // Initialize

79 //*kk******kk**k******kk******kk**k******kk******kk**k******kk******k***k******kk***k**k***k******k****k******k**

80 // desc: initializes OpenGL -

R N NNy "3 On-Screen Keyboard _ -
82 void init() = : = -
83 { Tab !q ‘w Le J. At sy Du i o Mv Up
84 glClearColor(l1.0f, 1.0f, 1.0f, 0.0f); // clears colour buffer to to white Caps a s d f g h j kI I MvDn
85 glEnable (GL DEPTH TEST) ; // hidden surface removal St ~ z x ¢ v b n m 7 = De Dock

glEnable (GL_CULL_FACE) ; // do not calculate inside of poly's Fn @ gg At Fade

86
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Source.cpp E1
79 //k*k******************~k~k~k~kk**k******************~k~k~kk***k*****************~k~k~k~kk**k******************k*k*k**k***** ~
80 // desc: initializes OpenGL
R N NNy
82 void init()
83 =¢{
84 glClearColor(l1.0f, 1.0f, 1.0f, 0.0f); // clears colour buffer to to white
85 glEnable (GL_DEPTH_TEST) ; // hidden surface removal
86 glEnable (GL_CULL_FACE) ; // do not calculate inside of poly's
87 glFrontFace (GL_CCW) ; // counter clock-wise polygons are out
88
89 //****%* lighting
90 glEnable (GL_SMOOTH) ;
91 glEnable (GL LIGHTING) ; // enable lighting
92
93 // Setup the materials for LIGHTO
94 glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbient) ;
95 glMaterialfv (GL_FRONT, GL_DIFFUSE, matDiff);
96
97 // Now setup LIGHTO
98 glLightfv(GL_LIGHTO, GL_AMBIENT, ambientLight); // setup the ambient element
99 glLightfv (GL LIGHTO, GL DIFFUSE, diffuseLight); // the diffuse element
00 glLightfv(GL LIGHTO, GL POSITION, lightPosition); // place the light in the world
01
02 // Enable the light
03 glEnable (GL_LIGHTO) ;
04
05 glEnable (GL_TEXTURE_2D) ; // enable 2D texturing
06
07 // load our bitmap file
08 bitmapData = LoadBitmapFile("tiger.bmp", &bitmapInfoHeader) ;
09
0 glGenTextures (1, texnum); // generate 1 texture objects
1 glBindTexture (GL TEXTURE 2D, texnum[O]); // enable our first texture object
2
3 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL_NEAREST) ;
4 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL_NEAREST) ;
5
6 //// generate the texture image -
7 //glTexImage2D (GL_TEXTURE 2D, 0, GL RGB, bitmapInfoHeader.biWidth, & On-Screen Keyboard -~ -
8 // bitmapInfoHeader.biHeight, 0, GL RGB, GL UNSIGNED BYTE, bitmapData); om0
9 End PgDn
20 -} Caps ik 5 Insert  Pause
21 c ; . Scrlk
22 /11T SIS T ’ Help
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18 // bitmapInfoHeader.biHeight, 0, GL RGB, GL UNSIGNED BYTE, bitmapData);
19
20 Ly
21
22 /11T SIS T
23 main
24 ;;k**kk***k***k***kk**k***k****k~k~k~k~kk***k***k***kk**k***k****k~k~k~k~kk***k***k***kk**k***k****kk**k****k***k***k***k
25 //contain the main functionality of the program
26 /1111111777777 000777707777 77 777777777777 77777777777777777777777777777777777777777777777777777777777777777777777
27 int main(int argc, char** argv)
28 B{
29 111177771777 77777777777777777777777777777777777777777777777777777777777777777777
30 //loads bitmap image
31 //***k***kk**k***k****k~k~k~k~kk***k***k***kk**k***k****k~k~k~k~kk***k***k***k***k***k**
32 //calls function from another class
33 111177771777 77777777777777777777777777777777777777777777777777777777777777777777
34 glutInit (&argc, argv);
35 glutInitDisplayMode (GLUT_DOUBLE | GLUT_RGB | GLUT_DEPTH) ;
36 glutInitWindowSize (500, 500);
37 glutInitWindowPosition (100, 100);
38 glutCreateWindow (argv[0]) ;
39 init();
40 sepia(bitmapInfoHeader.biSizeImage) ;
41 // generate the texture image
42 //with sepia applied effects
43 glTexImage2D (GL_TEXTURE 2D, 0O, GL_RGB, bitmapInfoHeader.biWidth,
44 bitmapInfoHeader.biHeight, 0, GL RGB, GL UNSIGNED BYTE, bitmapData) ;
45 glutDisplayFunc(display) ;
46 glutReshapeFunc (reshape) ;
47 glutMainLoop () ;
48
49 return O;
50 Ly
51
52
S R NIy Nas
54 //drawBox
55 //k**kk***k***k***kk**k***k****k~k~k~k~kk***k***k***kk**k***k****k~k~k~k~kk***k***k***kk**k***k****kk**k****k***k***k***k
56 //This function first translates a further x,y,z units then draws a box of % On-Screen Keyboard - -
57 //width w, height h, length 1 )
L R NNy Nas Tabiq ‘W: 3, A{ sy u|
59 void drawBox(float w, float h, float 1) Caps a s d f g h j kI
60 { Shift zZ x ¢ vbnm
T glPushMatrix() ; //save modelview i 1)
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54 //drawBox A

5 //******************************~k~k~k**~k~k~k~k**~k~k~k**~k~k~k~k**~k~k~k**~k~k~k~k**~k~k~k**~k~k~k~k**~k~k~k**~k~k~k~k**~k~k************************
6 //This function first translates a further x,y,z units then draws a box of

57 //width w, height h, length 1
N N NN Nyys
9 void drawBox (float w, float h, float 1)

60 B¢

61 glPushMatrix() ; //save modelview

62 w=w/ 2.0, h=h/ 2.0; 1 =1/ 2.0; //adjust values so centre is in middle of box
63 glBegin (GL_POLYGON) ;

64 glNormal3f(0.0f, 0.0f, 1.0f); // front face

65 glTexCoord2f(0.0f, 1.0f); glVertex3f(w, 1, h);

66 glTexCoord2f(1.0£f, 1.0f); glVertex3f(-w, 1, h);

67 glTexCoord2f(1.0f, 0.0f); glVertex3f(-w, -1, h);

68 glTexCoord2f(0.0£, 0.0f); glVertex3f(w, -1, h);

69 glEnd() ;

70

71 glPopMatrix() ; //restore previous modelview matrix so leaving things as you found them
N - }

73

N NNy yys
75 // display

76 //*k*k*k*~k~k~k~k~kk*~k~k~k~k~k~k~kk*~k~k~k~k~k~k~kk*~k~k~k~k~k~k~kk*~k~k~k~k~kk*~k~k~k~k~k~k~kk*~k~k~k~k~k~k~kk*~k~k~k~k~k~k~kk*~k~k~k~k~kk*~k~k~k~k~kk*k*k**k*k*k**k*k*k*k**k

77 // desc: handles drawing of scene

N N NN ya

79 void display()

80 ={

81 glPushMatrix() ;

82 glClear (GL COLOR BUFFER BIT | GL DEPTH BUFFER BIT); // clear screen and depth buffer

83 // reset modelview matrix

84

85 glPushMatrix(); //save current position/orientation, etc.

86 glTranslatef (0, 1.505, =5); //move by x,y and z units

87 glMaterialfv(GL FRONT, GL AMBIENT, matAmbientl);//set backdrop material properties

88 glMaterialfv (GL_FRONT, GL DIFFUSE, matDiffl);

89 drawBox (5, 10.0, 3); //draw back drop

90 glPopMatrix () ; //restore previous "current" position/orientation etc.

91 .

92 = On-Screen Keyboard - X

93

94 glFlush(); //force drawing :i

95 : E oy s

96 glutswapBuffers() ; // bring backbuffer to foreground x ; . Scrlk
//any errors then display error codes < . 5 [hER

97
O ; N . N ; NG 22:52
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72 L} ~
73
N N NN Iya
75 // display
76 //k***~k*~k~kk~k~k~k~k*~k~kk~k*~k~k*~k~kk~k*~k~kk~k~k~k~k*~k~kk~k~k~k~k*~k~kk~k~k~k~k*~k~kk~k*~k~kk~k~k~k~k*~k~kk~k~k~k~k*~k~kk~k~k~k~k*~k~kk~k*~k~kk**k****k*****k*k*****k*
77 // desc: handles drawing of scene
N N NN ya
79 void display()
80 B{
81 glPushMatrix() ;
82 glClear (GL COLOR BUFFER BIT | GL DEPTH BUFFER BIT); // clear screen and depth buffer
83 // reset modelview matrix
84
85 glPushMatrix(); //save current position/orientation, etc.
86 glTranslatef (0, 1.505, =5); //move by x,y and z units
87 glMaterialfv(GL FRONT, GL AMBIENT, matAmbientl);//set backdrop material properties
88 glMaterialfv (GL_FRONT, GL DIFFUSE, matDiffl);
89 drawBox (5, 10.0, 3); //draw back drop
90 glPopMatrix () ; //restore previous "current" position/orientation etc.
91
92
93
94 glFlush(); //force drawing
95
96 glutswapBuffers() ; // bring backbuffer to foreground
97 //any errors then display error codes
98 GLenum errCode;
99 const GLubyte *errString;
200 if ((errCode = glGetError()) != GL NO ERROR)
201 H {
202 errString = gluErrorString(errCode) ;
203 fprintf (stderr, "OpenGL error : %s\n", errString);
204 | }
205
206 L}
207
A O N NNy
209 //reshape -
210 [ ] ke ek ok ke e ke ok ok ke ke ok ok ke e ke ok ok ok e ok ok ok ok e ok ok ok ok e ok ok ok ok e ok ok ok ok e ok ok ok ok ke ok ok ok ok e ok ok ok ok ke ok ok ok ok ek ok ok ok ek ok ok ok ke ke ok ok ok ek ok ok ok e ke ok ok ok ek ok ok ok ek ok ok ok ke ok ok ok ok ke ok ok ok ok ke ¥ On-Screen Keyboard - X
211 //0penGL reshape callback is called when the window is resized . —
202 //1/1117117117177077077777777717717771711777777770770770770770770777177177177177777777777777707707707707771771777 L —
213 void reshape(int w, int h) = El ElER R ER ER IR R T MvDn
214 { Shift zZ x ¢ vbnm ; = De Dock
215 T glViewport (0, 0, (GLsizei)w, (GLsizei)h); //respecify size of view port to match new w and h i 1) < ez

nl
112
Q
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209 //reshape

2 O //***k******~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~kk*****~kk******k******k******k******~k~k~k~k~k~k~k~k~k~k~k~k~k~kk******k******k******k*

211 //0penGL reshape callback is called when the window is resized

212 /1111177170770 77 7777777777 7777777777777777777777777777777777777777777777777777777777777777777777777

213 void reshape(int w, int h)

214 B¢

215 glViewport (0, 0, (GLsizei)w, (GLsizei)h); //respecify size of view port to match new w and h

216 glMatrixMode (GL PROJECTION); //go into projection mode

217 glLoadIdentity() ; //reset projection matrix

218 gluPerspective (60.0, (GLfloat)w / (GLfloat)h, 1.0, 200.0); //redefine projection matrix to match changes in w and h
219 glMatrixMode (GL MODELVIEW); //switch back to modelview mode

220 glLoadIdentity(); //reset modelview matrix

221 gluLookAt (0.0, 2.0, 5.0, 0.0, 2.0, =1.0, 0.0, 1.0, 0.0);// note these match the initial values

222 //of the keybard fn vx,vy,vz, angle

223

224 Ly

225

226

227

R N N NNy
229 // LoadBitmapFile

230 //*kk**~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~kk***k***k***k***k****k**
231 // desc: Returns a pointer to the bitmap image of the bitmap specified

232 // by filename. Also returns the bitmap header information.

233 // No support for 8-bit bitmaps.

Y N NNy
235 unsigned char *LoadBitmapFile(char *filename, BITMAPINFOHEADER *bitmapInfoHeader)

236 ={

237 FILE *filePtr; // the file pointer

238 BITMAPFILEHEADER bitmapFileHeader; // bitmap file header

239 unsigned char *pbitmapImage; // bitmap image data

240 int imageIdx = 0; // image index counter

241 unsigned char tempRGB; // swap variable

242 unsigned char tempTR;

243 unsigned char tempTG;

244 unsigned char tempTB;

245 .

246 // open filename in "read binary" mode 8 On-Screen Keyboard - s
247 filePtr = fopen(filename, "rb"); o
248 if (filePtr == NULL) —
249 return NULL; 5 = Sl P
250 x ; 3 Scrlk
251 // read the bitmap file header < . 5 [hER
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Source.cpp E1
226 2
227
R N N NNy
229 // LoadBitmapFile
230 //**kk***~k~k~k*~k~k~k*~k~k~k*~k~k~k*~k~k~k*~k~k~k*~k~k~k*~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~kk***k***k****k***k***k**
231 // desc: Returns a pointer to the bitmap image of the bitmap specified
232 // by filename. Also returns the bitmap header information.
233 // No support for 8-bit bitmaps.
Y N NNy
235 unsigned char *LoadBitmapFile(char *filename, BITMAPINFOHEADER *bitmapInfoHeader)
236 ={
237 FILE *filePtr; // the file pointer
238 BITMAPFILEHEADER bitmapFileHeader; // bitmap file header
239 unsigned char *pbitmapImage; // bitmap image data
240 int imageIdx = 0; // image index counter
241 unsigned char tempRGB; // swap variable
242 unsigned char tempTR;
243 unsigned char tempTG;
244 unsigned char tempTB;
245
246 // open filename in "read binary" mode
247 filePtr = fopen(filename, "rb");
248 if (filePtr == NULL)
249 return NULL;
250
251 // read the bitmap file header
252 fread (&bitmapFileHeader, sizeof (BITMAPFILEHEADER), 1, filePtr);
253
254 // verify that this is a bitmap by checking for the universal bitmap id
255 if (bitmapFileHeader.bfType != BITMAP ID)
256 {
257 fclose(filePtr) ;
258 return NULL;
259 | }
260
261 // read the bitmap information header
262 fread(bitmapInfoHeader, sizeof (BITMAPINFOHEADER), 1, filePtr);
263 .
264 // move file pointer to beginning of bitmap data 8 On-Screen Keyboard - s
265 fseek(filePtr, bitmapFileHeader.bfOffBits, SEEK SET); om0
266
267 // allocate enough memory for the bitmap image data Caps = , ::n :ﬁ
268 bitmapImage = (unsigned char*)malloc(bitmapInfoHeader->biSizeImage) ; c ; e Sertk
269 ’ I
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259 | } ~
260
261 // read the bitmap information header
262 fread(bitmapInfoHeader, sizeof (BITMAPINFOHEADER), 1, filePtr);
263
264 // move file pointer to beginning of bitmap data
265 fseek(filePtr, bitmapFileHeader.bfOffBits, SEEK SET);
266
267 // allocate enough memory for the bitmap image data
268 bitmapImage = (unsigned char*)malloc(bitmapInfoHeader->biSizeImage) ;
269
270 // verify memory allocation
271 if (!'bitmapImage)
272 © {
273 free (bitmapImage) ;
274 fclose(filePtr) ;
275 return NULL;
276 | }
277
278 // read in the bitmap image data
279 fread(bitmapImage, 1, bitmapInfoHeader->biSizeImage, filePtr);
280
281 // make sure bitmap image data was read
282 if (bitmapImage == NULL)
283 © {
284 fclose(filePtr) ;
285 return NULL;
286 | }
287
288 // swap the R and B values to get RGB since the bitmap color format is in BGR
289 for (imageldx = 0; imageldx < bitmapInfoHeader->biSizelImage; imageldx += 3)
290 © {
291 tempRGB = bitmapImage [imageIdx];
292 bitmapImage [imageIdx] = bitmapImage[imageldx + 2];
293 bitmapImage[imageIdx + 2] = tempRGB;
294
295 | }
296 .
297 // close the file and return the bitmap image data 8 On-Screen Keyboard -
298 fclose(filePtr) ; om0
299 return bitmapImage; end B
300 *“} Caps ik . Insert  Pause
301 c ; 3 Serlk
L N N N YNNI ’ Help

O ; N . N ; 7 NG 22:53
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295 } ~
296
297 // close the file and return the bitmap image data
298 fclose(filePtr) ;
299 return bitmapImage;
300 L}
301
302 /)11 ITTLTIL TIPS I T
303 // WriteBitmapFile ()
304 //kk**********k*~kk*********k*k~k~kk**********k*~kk*********k*k~k~kk**********k*~kk*********k*k~kk***********k*k*********
305 // desc: takes image data and saves it into a 24-bit RGB .BMP file
306 // with width X height dimensions
307 J/IIIITTLLIIIL LTSS SIS T
308 int WriteBitmapFile(char *filename, int width, int height, unsigned char *imageData)
309 B¢
310 FILE *filePtr; // file pointer
311 BITMAPFILEHEADER bitmapFileHeader; // bitmap file header
312 BITMAPINFOHEADER bitmapInfoHeader; // bitmap info header
313 int imageIdx; // used for swapping RGB->BGR
314 unsigned char tempRGB; // used for swapping
315
316 // open file for writing binary mode
317 filePtr = fopen(filename, "wb");
318 if (1filePtr)
319 return O;
320
321 // define the bitmap file header
322 bitmapFileHeader.bfSize = sizeof (BITMAPFILEHEADER) ;
323 bitmapFileHeader.bfType = 0x4D42;
324 bitmapFileHeader.bfReservedl = 0;
325 bitmapFileHeader.bfReserved2 = 0;
326 bitmapFileHeader.bfOffBits = sizeof (BITMAPFILEHEADER) + sizeof (BITMAPINFOHEADER) ;
327
328 // define the bitmap information header
329 bitmapInfoHeader.biSize = sizeof (BITMAPINFOHEADER) ;
330 bitmapInfoHeader.biPlanes = 1;
331 bitmapInfoHeader.biBitCount = 24; // 24-bit
332 bitmapInfoHeader.biCompression = BI_RGB; // no compression -
333 bitmapInfoHeader.biSizeImage = width * abs(height) * 3; // width * height * (RGB bytes) 8 On-Screen Keyboard -
334 bitmapInfoHeader.biXPelsPerMeter = 0; om0
335 bitmapInfoHeader.biYPelsPerMeter = 0; end B
336 bitmapInfoHeader.biClrUsed = 0; Caps Pk . Insert Pause
337 bitmapInfoHeader.biClrImportant = 0; c ; e Sertk
338 bitmapInfoHeader.biWidth = width; // bitmap width ’ (el
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337 bitmapInfoHeader.biClrImportant = 0; 2
338 bitmapInfoHeader.biWidth = width; // bitmap width
339 bitmapInfoHeader.biHeight = height; // bitmap height
340
341 // switch the image data from RGB to BGR
342 for (imageldx = 0; imageldx < bitmapInfoHeader.biSizeImage; imageldx += 3)
343 B {
344 tempRGB = imageData[imageIdx];
345 imageData[imageIdx] = imageData[imageIdx + 2];
346 imageData[imageIldx + 2] = tempRGB;
347 | }
348
349 // write the bitmap file header
350 fwrite (&bitmapFileHeader, 1, sizeof (BITMAPFILEHEADER), filePtr);
351
352 // write the bitmap info header
353 fwrite (&bitmapInfoHeader, 1, sizeof (BITMAPINFOHEADER), filePtr);
354
355 // write the image data
356 fwrite (imageData, 1, bitmapInfoHeader.biSizeImage, filePtr);
357
358 // close our file
359 fclose(filePtr) ;
360
361 return 1;
362 L}
363
L N N N NNy A
365 // sSepia
366 //*k*k**k*~k**k*~k**k*~k**k*~k**k*~k**k*~k**k*~k**k*~k**k*~k**k*~k**k*~k**k*~k**k*~k**k*~k**k*~k**k*~k**k*k**k*k**k*k**k*k**k*k**
367 // desc: changes the RGB colour pixels value to add warm tones to the images and an aging effect
Lo R N NN NaNya
369 void sepia(int imageSize)
370 B¢
371
372 int imageIdx = 0; // image index counter
373 float tempTR; //temerary colour storage
374 float tempTG; -
375 float tempTB; 8 On-Screen Keyboard -
G Home Pguj
3717 End PZD:
378 Caps ik . Insert  Pause
379 //swap the RGB colour to add sepia aging effect to the image c / . Scrlk
380 for (imageIldx = 0; imageldx < imageSize; imageldx += 3) ’ I
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365 // sSepia

366 //*k*k**~k~k~k~k**k*k***~k~k~k***k****~k~k~k***k*k**~k~k~k~k**k*k***~k~k~k***k****~k~k~k***k****~k~k~kk**k*k**~k~kk***k*k****k****k*****k*

367 // desc: changes the RGB colour pixels value to add warm tones to the images and an aging effect

Lo R N NN NaNya

369 void sepia(int imageSize)

370 B¢

371

372 int imageIdx = 0; // image index counter

373 float tempTR; //temerary colour storage

374 float tempTG;

375 float tempTB;

376

377

378

379 //swap the RGB colour to add sepia aging effect to the image

380 for (imageldx = 0; imageldx < imageSize; imageldx += 3)

381 H {

382 //calculates the changes to the colours using the sepia formular

383 //adds aging effect

384 int (tempTR) = 0.393 * bitmapDatal[imageIdx] + 0.769 * bitmapData[imageIdx + 1] + 0.189 * bitmapDatal[imageIdx + 2];

385 int (tempTG) = 0.349 * bitmapDatal[imageIdx] + 0.686 * bitmapData[imageIdx + 1] + 0.168 * bitmapDatal[imageIdx + 2];

386 int (tempTB) = 0.272 * bitmapDatal[imageIdx] + 0.534 * bitmapData[imageIdx + 1] + 0.131 * bitmapDatal[imageIdx + 2];

387

388 //checks conditions

389 if (tempTR > 255)

390 H {

391 bitmapDatal[imageIdx] = 255;

R - }

393 else

394 H {

395 bitmapData[imageIdx] = tempTR;

BECHN - }

397

398 if (tempTG > 255)

399 H {

400 bitmapDatal[imageIdx + 1] = 255;

DN - } -

402 else = On-Screen Keyboard -
403 H { o
404 bitmapDatal[imageIdx + 1] = tempTG; B
405 | } : E oy s
406 x p Serlk
407 if (tempTB > 255) < = 3 [WER
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374 float tempTG; 2
375 float tempTB;
376
377
378
379 //swap the RGB colour to add sepia aging effect to the image
380 for (imageldx = 0; imageldx < imageSize; imageldx += 3)
381 B {
382 //calculates the changes to the colours using the sepia formular
383 //adds aging effect
384 int (tempTR) = 0.393 * bitmapDatal[imageIdx] + 0.769 * bitmapData[imageIdx + 1] + 0.189 * bitmapDatal[imageIdx + 2];
385 int (tempTG) = 0.349 * bitmapDatal[imageIdx] + 0.686 * bitmapData[imageIdx + 1] + 0.168 * bitmapDatal[imageIdx + 2];
386 int (tempTB) = 0.272 * bitmapDatal[imageIdx] + 0.534 * bitmapData[imageIdx + 1] + 0.131 * bitmapDatal[imageIdx + 2];
387
388 //checks conditions
389 if (tempTR > 255)
390 B {
391 bitmapDatal[imageIdx] = 255;
392 | }
393 else
394 B {
395 bitmapData[imageIdx] = tempTR;
396 | }
397
398 if (tempTG > 255)
399 B {
400 bitmapDatal[imageIdx + 1] = 255;
401 | }
402 else
403 B {
404 bitmapDatal[imageIdx + 1] = tempTG;
405 | }
406
407 if (tempTB > 255)
408 B {
409 bitmapDatal[imageIdx + 2] = 255;

0 - }
411 else -
112 & { & On-Screen Keyboard -
413 bitmapData[imageIdx + 2] = tempTB;

Home PgUp
414 } End PgDn
415 - } Caps ik . Insert  Pause
416 ; Scrlk
417 } - Help
H O Type here to search il [~ = > NG 1322:54
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Source.cpp ~  Diagnostic Tools v X §
%] ImageStego ) ~ (GlobalScope) . ~ @ sepia(int imageSize) s e an g
368 LITITILTIITLL LI LI LI LTI I LI LTI 2T LTI T I IT LTI LTI LTI LTI L1111 111171 177117117111171111171171 + Diagnostics session: 8 seconds g
£ Flvoid sepia(int ) - I 10s I g
370 {
371 4 Events §
372 int imageIdx = ©; // image index counter ul i
373 float tempTR; //temerary colour storage 4 Process Memory (MB)’rivate Bytes ‘%
374 float 46 46 3
By75| float . .
376 OpenGL error : invalid enumerant
377 0 0
378 4 CPU (% of all processors)
379 //swap the RGB col 100 100
380 =] for (imageldx = @;
381 {
382 H //calculates th R 0
383 //adds aging ef
384 int(tempTR) = @ Events Memory Usage CPU Usage
585 i) = ¢ Search Events P~
386 int(tempTB) = ©
387 Event Time Duration Thre
388 //checks condit
389 B if (tempTR > 25
390
391 bitmapData
392
8O3 = else
394
395 bitmapData
396
397
398 H© if (tempTG > 25
399
400 bitmapData 2
401
402 =] else
403
404 bitmapData[imageIdx + 1] = tempTG;
405
406
ey El if (tempTB > 255) -
109% ~ :
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1 #include "cuda runtime.h" R
2 #include "device launch parameters.h"
3 #include <stdio.h>
4
5 cudaError t addWithCuda(int *c, int *rgb, unsigned int size);
6
7 __global  void addKernel (int *c, int *rgb)
8 H{
9 int 1 = threadIdx.x;
0 int p =1 * 3;
1 //c[i] = rgbl[pl;
2 //temp
3 int r;
4 int g7
[5) int b;
6
7 float tempTR; //temerary colour storage
8 float tempTG;
9 float tempTB;
20
21
22 r = rgb[pl;
23 g = rgblp + 11;
24 b = rgblp + 21;
25
26 //calculates the changes to the colours using the sepia formular
27 //adds aging effect
28 tempTR = 0.393 * r + 0.769 * g + 0.189 * b;
29 tempTG = 0.349 * r + 0.686 * g + 0.168 * b;
30 tempTB = 0.272 * r + 0.534 * g + 0.131 * b;
31
32 //checks conditions
33 if (tempTR > 255)
34 o {
35 r = 255;
BN - } -
37 else = On-Screen Keyboard -
38 © { o
39 r = tempTR; = Pgon
40 + } = Pk T =
41 ; - Scrlk
42 if (tempTG > 255) ‘ ’ Help
43 o {
44 g = 255;
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} ~
if (tempTG > 255)
{
g = 255;
45 | }
46 else
47 o {
48 g = tempTG;
49 | }
50
51 if (tempTB > 255)
52 B {
53 b = 255;
54 | }
55 else
56 B {
57 b = tempTB;
58 | }
59
60 //results
61 clpl = r;
62 clp + 11 = g;
63 clp + 2] = b;
64
65 //sepia program
66 |}
67 //tiger image 1
68 const int arraySize = 230402;
69 //tiger image 2
70 //const int arraySize = 6220800;
71 //wolf
72 //const int arraySize = 669768;
73 int rgblarraySizel;// = { 1, 2, 3, 4, 5 };
74 int cl[arraySize] = { 0 };
75 _
76 = On-Screen Keyboard -
77 int main ()
7o o . 2
79 int x; Caps ik o [T Pause
80 for (int i = 0; i < arraySize; i++) / = Sertk
81 { & - Help
82 rgb[i] = i+3;
83
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int rgblarraySizel;// = { 1, 2, 3, 4, 5 }; ~
int cl[arraySize] = { 0 };

75

76

77 int main ()

78 B¢

79 int x;

80 for (int i = 0; i < arraySize; i++)

81 H {

82 rgb[i] = i+3;

83

GEN. - }

85 // Add vectors in parallel.

86 cudaError t cudaStatus = addWithCuda(c, rgb, arraySize);

87 H if (cudaStatus !'= cudaSuccess) {

88 fprintf(stderr, "addWithCuda failed!™);

89

90

91 return 1;

B - }

93

94 printf("}\n",

95 c[O0l, cl1l, cl21, cI31, cl4D);

96

97 // cudaDeviceReset must be called before exiting in order for profiling and

98 // tracing tools such as Nsight and Visual Profiler to show complete traces.

EE) cudaStatus = cudaDeviceReset () ;

00 H if (cudaStatus !'= cudaSuccess) {

01 fprintf(stderr, "cudaDeviceReset failed!");

02 return 1;

S - }

04

05 return O;

06 -}

07

08 // Helper function for using CUDA to add vectors in parallel. -

09 cudaError t addWithCuda(int *c, int *rgb, unsigned int size) 8 On-Screen Keyboard -
0 { PgUp
11 int *dev_rgb = 0; pgdn
12 int *dev c = 0; Caps ik o [T Pause
13 cudaError_t cudaStatus; / - Serlk
14 e “ Help
15 // Choose which GPU to run on, change this on a multi-GPU system.

16 cudaStatus = cudaSetDevice (0) ;
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08 // Helper function for using CUDA to add vectors in parallel.

09 cudaError t addWithCuda(int *c, int *rgb, unsigned int size)

0 ={

1 int *dev_rgb = 0;

2 int *dev c = 0;

3 cudaError_t cudaStatus;

4

5 // Choose which GPU to run on, change this on a multi-GPU system.

6 cudaStatus = cudaSetDevice (0) ;

7 =2 if (cudaStatus !'= cudaSuccess) {

8 fprintf(stderr, "cudaSetDevice failed! Do you have a CUDA-capable GPU installed?");

9 goto Error;

N - }

21

22 // Allocate GPU buffers for three vectors (two input, one output) .

23 cudaStatus = cudaMalloc((void**)&dev c, size * sizeof(int));

24 2 if (cudaStatus !'= cudaSuccess) {

25 fprintf(stderr, "cudaMalloc failed!");

26 goto Error;

N - }

28

29 cudaStatus = cudaMalloc((void**)&dev rgb, size * sizeof(int));

30 H if (cudaStatus !'= cudaSuccess) {

31 fprintf(stderr, "cudaMalloc failed!");

32 goto Error;

B - }

34

35 // Copy input vectors from host memory to GPU buffers.

36 cudaStatus = cudaMemcpy(dev_rgb, rgb, size * sizeof(int), cudaMemcpyHostToDevice) ;

37 H if (cudaStatus !'= cudaSuccess) {

38 fprintf(stderr, "cudaMemcpy failed!");

39 goto Error;

O - }

41 -

42 // Launch a kernel on the GPU with one thread for each element. "3 On-Screen Keyboard — -
43 //kernal for Tiger 1 w0
44 addKernel<<<256, size/256>>>(devﬁc, dev_rgb) ; Pgon
45 //kernal for tiger 2 Caps ik 50 Pause
46 //addKernel <<<6075, size / 6075 >>>(dev c, dev rgb); ; - Scrik
a7 //kernal for wolf 3 ’ i
48 //addKernel <<<655, size / 655 >>>(dev c, dev rgb);

49
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if (cudaStatus != cudaSuccess) { ~
fprintf(stderr, "cudaMemcpy failed!");
goto Error;

// Launch a kernel on the GPU with one thread for each element.
//kernal for Tiger 1
addKernel<<<256, size/256>>>(devﬁc, dev_rgb) ;

45 //kernal for tiger 2

46 //addKernel <<<6075, size / 6075 >>>(dev c, dev rgb);

a7 //kernal for wolf

48 //addKernel <<<655, size / 655 >>>(dev c, dev rgb);

49

50

51

52 // Check for any errors launching the kernel

53 cudaStatus = cudaGetLastError();

54 B2 if (cudaStatus !'= cudaSuccess) {

55 fprintf (stderr, "addKernel launch failed: %s\n", cudaGetErrorString(cudaStatus));

56 goto Error;

B - }

58

59 // cudaDeviceSynchronize waits for the kernel to finish, and returns

60 // any errors encountered during the launch.

61 cudaStatus = cudaDeviceSynchronize() ;

62 H if (cudaStatus !'= cudaSuccess) {

63 fprintf (stderr, "cudaDeviceSynchronize returned error code %d after launching addKernel!\n", cudaStatus);

64 goto Error;

GEaN - }

66

67 // Copy output vector from GPU buffer to host memory.

68 cudaStatus = cudaMemcpy(c, dev_c, size * sizeof(int), cudaMemcpyDeviceToHost) ;

69 H if (cudaStatus !'= cudaSuccess) {

70 fprintf(stderr, "cudaMemcpy failed!");

71 goto Error;

N - } -

73 = On-Screen Keyboard - X
74 Error: o
75 cudaFree (dev_c) ; Pgon
76 cudaFree (dev_rgb) ; Caps ik 5 05, Pause
77 ; - Scrlk
78 ‘ ’ Help
79 return cudaStatus;

80 }
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