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Abstract — Intelligent applications, specifically the use of artificial intelligence techniques within them, is starting to become one of the most talked about applications of technology today and in the coming years. Many devices such as smart phones, Internet of Things (IoT) devices, televisions and wearables are all starting to become a viable candidate for integrating such technologies. With this being said, organisations are beginning to find a justification for implementing them within their applications and systems. Some, already having established fully functioning methods of using artificial intelligence technologies. Techniques involving machine and deep learning have also been used to improve fundamental internal business processes. Taking this current trend into account, many organisations are beginning to provide multiple methods for developers to integrate these techniques within their applications. Today, it is possible to embed high level artificial intelligence within applications with relative ease. This in turn has started a wave of new and exciting intelligent applications which are now starting to be seen on a vast range of interconnected devices.  


[bookmark: PointTmp]Index Terms — Intelligent Applications, Artificial Intelligence, Mobile Applications, Machine Learning, Deep Learning, Embedded AI, User Experience, Internet of Things, Consumer & Business Insight, Insight Driven Applications.




Introduction 
M
ANY of the world’s most prominent mobile applications now use technologies within the field of artificial intelligence. Techniques such as machine learning, deep learning and  computer vision/image processing are beginning to become the core of their functionality and usability [1]–[3]. This is a trend which seems to be on the rise with major organisations increasing investment in such technologies [4], [5]. This paper will aim to investigate the rising adoption and reliance on intelligence based technologies within mobile applications and will look to identify current methods for applying such techniques. 

The paper will begin by identifying a number of prolific mobile applications, which heavily adopt techniques such as machine learning and computer vision. The economic, commercial and end user benefits of such techniques will then be carefully analysed. 

It will then move to look at the trends relating to research and investment by major organisations within the industry. The literature will conclude by investigating the current means of applying the identified techniques within mobile applications, as well as documenting the most prominent challenges and issues that may arise.
Mobile Applications Using Data Related Intelligence Techniques
Machine Learning, a branch within the field of artificial intelligence, is a discipline concerned with interpreting previously gathered data, and using it to interpret new data of a similar type. Essentially, it is using what has happened in the past, to solve what will happen in the future [6].    

Some of the most downloaded mobile applications within the last five years seem to be heavily invested within machine learning. Many of them use online machine learning techniques at the core of the applications architecture. 	Comment by Kemi Ademoye: 
Use apostrophe (') to indicate possession.

Reference(s):http://www.thepunctuationguide.com/index.html, http://www.eng-lang.co.uk/apostrophe_rules.htm, http://www.apostrophe.org.uk/page2.html
Netflix
Netflix is one of the most popular streaming services in the world with the mobile application having an estimated 340 million installs on devices [7]. Netflix uses machine learning and data mining techniques to ultimately be able to recommend entertainment shows and movies to their users [1].
Tinder
Tinder is a dating application which has gained popularity within the last five years. It has now topped over 100 million installations on mobile devices [7]. Similar to Netflix, Tinder also uses data gathering and learning techniques to be able to match users to other similar users with minimum input [2]. 
Pandora
Pandora is a music streaming and radio service which is currently only available in the USA. Despite this, it is currently closing in on 300 million installations on devices [7]. The organisation behind Pandora has spent a substantial amount of time cataloging songs from over 100,000 artists. They have then employed musicologists to analyse the music based on a range of distinct characteristics. The project was called ‘The Music Genome’ and the data gathered has been forming the basis to their user recommendation system ever since [3].  
Embedded Intelligence Within Mobile Applications And Mobile Devices
As discussed by Schatsky [4], the preceding applications take advantage of artificial intelligence techniques, though,with the expensive computation and analysis is offloaded to high powered, high consumption servers accessed online. There are also many cases of these techniques starting to be embedded within mobile applications, allowing for such techniques to work offline.
Speech Recognition 
Speech recognition features found on many mobile applications have started to be embedded within the application itself. For example, translation and speech recognition applications presented by Google engineers, both have the capability of working effectively offline [8].
Computer Vision
Computer vision, another field within the artificial intelligence tree is a technology which is also being pushed onto mobile devices. Computer vision and machine learning can become heavily intertwined. For example, camera applications found on both the Android and Apple platform can both use advanced feature matching and deep learning to perform tasks such as secure face recognition, expression detection and significant object detection [9]. 
Device Monitoring
There has been recent study in using mMachine learning techniques is also being used within device monitoring applications such as anti anti-malware and cleanup tools [10]. Such applications have also seen success and are constantly progressing and getting more efficient.



[bookmark: _GoBack]The primary reason for embedding such techniques is because mobile devices are now at a level where they have become feasible for use. Many techniques within the field of artificial intelligence are not only computationally expensive, but can also consume a considerable amount of power. The complexity of passing data through data centers, as with the online machine learning applications discussed above, can also become cumbersome for the application and organisation alike [4].

Embedded artificial intelligence is not only being seen within mobile applications. It is also being adopted within a range of interconnected devices which have entered the market within the last five years [11]. For example, wearable technologies from smart watches to survival jackets are all starting to see the use of intelligence based techniques to expand their functionality and usability. Smart televisions and IoT devices are more examples of gadgets also using such techniques to provide their users with a better,  and more engaging experience.

Artificial intelligence has the potential to advance many existing technologies and could potentially aid organisational processes, applications and application user experiences alike [12].
Benefits to End Users 
The end users who are actually using intelligence based applications can benefit from their functionalities in a variety of ways. Using these techniques, mobile applications have the ability to become more user-centric and personalised to individuals. This in turn allows developers to engineer efficient user experiences which can potentially adapt to individual cases and context.

In certain cases, such as the healthcare profession, intelligent mobile applications are also helping users with key day to day tasks. For example, research applications have been able to use data mining and machine learning techniques to aid patients who are suffering from diabetes and depression [13]. 	Comment by Kemi Ademoye: A bit more detail would be nice. How have these patients found it beneficial. In what way is the added AI and ML techniques improving the user experience?
Commercial Benefits
The commercial benefits gained when implementing intelligence based techniques can range substantially. Organisations running intelligent applications could potentially use such technologies to gain valuable insights into information on their users, environments, markets and trends.

The use of such technologies has also been used to help improve existing systems and processes within the organisation itself; such as quality control, automation, human resources, financial tracking and decision making [14], [15]. Machine learning techniques can also benefit organisations who are heavily involved in marketing processes. Such techniques can aid organisations in areas such as branding, customer analysis, personalised customer care and interaction [15]. 

It is important to note that careful consideration and planning needs to be undertaken to successfully implement these techniques within industry. Stated by Andrews [16], organisations should actively begin to think about specific business processes which could potentially be improved through the use of an artificial intelligence approach. To do this, both the full capabilities and limits to such techniques will need to be identified properly. Therefore, organisations are starting to invest in more than just software engineering and programming skills, but rather skills relating to data science and cognitive study also.   











Difficulties and Challenges
When trying to integrate artificial intelligence technologies, there may be a range of difficulties, challenges and issues that will have to be considered to ensure success. 

As previously stated, the capabilities and limitations of such techniques, as well as their suitability to work with existing applications and processes, needs to be analysed thoroughly first [16]. This however is a fairly obvious challenge which many organisations are already currently undertaking. 

There has been some debate over the legal and ethical issues relating to the use of artificial intelligence technologies. For example, many feel that some technologies could potentially pose a threat to privacy and security [17]. The organisations running large machine learning applications rely on the data of their users for their systems to function correctly. This means that they have the legal obligation to pay close consideration into how this data is used, stored and secured.   	Comment by Kemi Ademoye: I am sure there are a few more challenges 
Research, Investment and Usage Growth Within Artificial Intelligence Fields
UK organisations within the business sector accounted for over twenty billion pounds expenditure towards research and development; with computer science and informatics services taking approximately ten percent of that figure [18]. It has been stated that the UK could potentially become a world leader in artificial intelligence and other related technologies, which in turn can net an estimated six hundred billion pounds extra for the UK economy [19]. Technology based companies within the UK form the backbone to these statistics. Many companies, such as DeepMind [20] are actively researching the field and finding new and exciting ways it can be used within a range of existing technologies.

According to Gartner [21], most if not all applications within the next five years will incorporate some form of artificial intelligence. The challenge is to be able to incorporate it in a way that is unobtrusive and coefficient with human users. 

Within a wider context, revenues produced by organisations involved within technologies such as deep and machine learning, as well as other artificial intelligence sub fields such as computer vision and robotics are expected to increase globally over the coming years [5].

[image: ]

Fig. 1 Forecast Revenue Produced By Insights-Driven Companies [5].

As can be seen in the preceding figure, organisations driven by consumer and business insight are in the middle of an expected growth in revenue globally, with the most growth still yet to come. This seems to correspond with the amount of investment being pushed into insight driven technologies here in the UK and worldwide [5], [18]–[21].  

Mobile application usage and the use of Internet of Things (IoT) devices are also said to be on the increase. As can be seen in the following figure, the number of internet connected devices worldwide is set to steadily increase up to and beyond 2025 [22]. Figure 3 also shows how mobile app revenues are predicted to increase by 2020 [23]. These sorts of statistics show that the platform for artificial intelligence (and sub fields) is indeed becoming more substantial, interconnected and user focused. It reinstates the fact that these technologies prove to be a realistic opportunity for organisations to achieve the growth shown above. 


[image: ]

Fig. 2 IoT Connected Devices Worldwide [22]
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Fig. 3 Mobile Application Revenue Worldwide [23].

Means Of Implementing Such Technologies 
  With the current trend towards intelligent applications, it is no surprise that there is currently a range of options when it comes to integrating artificial intelligence techniques within your applications backend, or embedding it within the application itself. Organisations have been able to provide solutions for almost every project ranging from standalone libraries, to fully outsourced solutions as a service.  	Comment by Kemi Ademoye: Apostrophe usage
TensorFlow
TensorFlow, created within Google is an open source deep learning library that primarily allowed developers to create and train models for neural netw	orks. It is since capable of easily integrating a multitude of functions from speech recognition to computer vision. TensorFlow libraries can be utilised on a range of devices and applications such as mobile systems, IoT devices and web applications [24]. 
CoreML
CoreML is Apple’s framework for building intelligent applications [25]. It provides much the same functionality as TensorFlow with developers being able to integrate speech recognition, computer vision and natural language processing directly within any Apple application. CoreML also allows developers to integrate a range of pre-trained machine learning models, as well as being able to create and train their own. The CoreML framework can be used on all Apple devices with SDK’s produced for MacOS, iOS, tvOS and watchOS. 
Azure ML
Azure, a platform created by Microsoft, also provides a range of machine learning solutions such as Azure ML [26]. Azure’s emphasize is on big data and it aims to provide developers with and easy to use alternative for analysing and training data models. Unlike the some of the other stated solutions, this platform is not open source.  
OpenCV
OpenCV, originally developed by Intel, is an open source computer vision dedicated library which has been around for some time. It has been extensively developed and tested over the years, making the library incredibly robust to use. Though natively developed in C++, OpenCV provides a range of wrappers, allowing for it to be used with other programming languages such as Python and Java [27]. 



These are just but a select few of the many options for integrating artificial intelligence technologies within a range of applications. The main similarity between most frameworks and libraries is the fact that they are increasingly trying to make it simpler and more user friendly for developers. The reason for this is because it allows developers to actually design and create better applications, rather than having to undertake tedious and repetitive tasks. 






Most options are also increasingly extending their functionality to low powered devices such as smart phones, IoT devices and wearable devices. This reinforces the fact that there is a desire to push such technologies to these devices. It also suggests their integration may not be as difficult as it once was.  
Conclusion
  There is no question that intelligent applications are increasingly becoming successful and are going to continue to develop and become more common place in the future. There are already a range of large user focused applications using a multitude of techniques, such as machine learning, vision and language processing.

It has been identified that there are benefits for using such techniques for both organisations and end users alike. The primary benefit for users is the fact that applications have the ability to become more user focused, which in turn provides them with a better holistic experience of the application. It has also been identified that there are a range of commercial benefits for using intelligence based techniques within applications. Organisations can potentially use such technologies internally such as to improve business processes and make better decisions. They can also use it in other areas such as to better understand there their users or as part of a core architectural feature. 

The use of artificial intelligence technologies within organisations, is becoming more main stream within the UK and globally. Research, development and investment in such technologies are shown to be steadily on the increase. Devices which are suitable for the integration of artificial intelligence techniques are also shown to be on the increase. This has shown that the potential platform for such techniques is again steadily on the increase. 

With this being said, the availability of packages and frameworks for developers to implement such technologies is increasing and becoming more diverse. They are also becoming more adaptable by accommodating a range of devices.

The findings from this report show that the use of intelligence based technologies, whether in part or as a core functionality of an application, is increasing and is going to continue to increase for the foreseeable future. The report has identified key applications of such technologies, the details relating to them and has established a firm ground for investigating the use of artificial intelligence technologies further.
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                 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.

	[bookmark: assessmentComponent]Common Assessment Criteria Applied  (Assignment 1)
	Marks available
	Marks 
awarded

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

	[bookmark: feedbackRIL]A very good summary review of the use of intelligent systems in mobile apps. While the discussion provides a very good overview of some of the applications of intelligent systems, the discussion in one or two places is sometimes a bit too brief and it would have been nice to see some more level of detail and a slightly more focused research discussion. An extensive range of appropriate reference sources have been consulted. Overall, it is an informative write-up. Well done. (Grade mark: 75.00%)
	[bookmark: totalRIL]60
	[bookmark: markRIL]45

	
	
	

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

	[bookmark: feedbackKUS]Key findings of the chosen research topic have been well summarised, but I would have liked see a more in-depth analysis in some areas. (Grade mark: 75.00%)
	[bookmark: totalKUS]20
	[bookmark: markKUS]15

	
	
	

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

	[bookmark: feedbackANA]A good analysis and evaluation of the chosen research topic has been given. As already mentioned, some sections could do with a more critical analysis and evaluation. (Grade mark: 60.00%)
	[bookmark: totalANA]10
	[bookmark: markANA]6

	
	
	

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

	[bookmark: feedbackPAD]
	[bookmark: totalPAD]
	[bookmark: markPAD]

	
	
	

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

	[bookmark: feedbackSPP]The review is well-written and presented. The main area for improvement is making sure that cohesion in your write-up is maintained throughout. (Grade mark: 70.00%)
	[bookmark: totalSPP]10
	[bookmark: markSPP]7

	
	
	



	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)
	[bookmark: totalMark]73%

	
	Up to one week late
	[bookmark: fourWeeksLate]
	

	
	1st/2nd/3rd attempt?
	[bookmark: firstAttempt]
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