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The employment of mobile applications can create new business possibilities and has a
significant potential to improve the business process regarding connection, time, flexibility
and cost. The paramount goal of this project was to create a viable platform where startups
and investors could be connected straightforwardly under one application. Furthermore,
the type of the application was hybrid, which is a combination of native and web application, due to its benefits and development costs.

The technology stack, which was used on the project, consisted of two parts: client and
server-side. The client-side was developed by using a hybrid mobile application development platform called Monaca, which employs Onsen UI, HTML5, CSS, JavaScript as development tools. The latter was developed by using Node.js, which was designed to build scalable network applications, and MongoDB, which is a document database.

Conclusively, the Touko application was successfully developed and passed to the test
phase. Moreover, a trial version of the application was published on Apple Store and Google
Play, and a marketing campaign was launched to increase the number the users.
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1

Introduction

Startups are drivers of European innovation, and are crucial to European economy, job
market, digital future. Besides, startups create new opportunities of employment and
provide around 50% of all new jobs. However, most startups founders use their own
savings as major source capital to start a new business adventure [1].

Mobile applications can be an essential asset to small businesses who wish to thrive in
today's competitive market. Mobile applications are used in smartphones for many different purposes, from entertainment to learning tools. Applications are increasingly being
adapted into the daily routine of smartphone owners through, for instance, online banking, fitness tracking and entertainment as well as shopping [2]. Moreover, small businesses such as startups can take advantage of the growing market of mobile applications
by developing new applications, extending their services, and advertising their products
and ideas more effectively.

The primary goal of this thesis is to present a viable platform where startups and investors could be connected straightforwardly under one application. The idea of creating a
mobile application to connect investors and startups came at Slush, which is an event
for startups and investors. There is a gap between startups and most of private investors,
and hence the application intends to approach startups to investors. Touko is the name
chosen for the hybrid application. The Touko application focuses to create a private connection between investors and startups. Furthermore, the Touko application intends to
work as a platform for startups to connect to investors and vice versa. Thus, startups can
present their ideas and investors can express their interest to invest in innovative businesses and new technologies.

This thesis briefly depicts different types of mobile applications such as native, web and
hybrid. It also describes the technology stack such as Monaca, Node.js and MongoDB
as well as the mobile architectures: Android and iOS. Next, the Touko application is presented on a succinct guide. Finally, the conclusion discloses the improvements yet to be
achieved and a recapitulation of the project.
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2

Mobile Applications

Mobile application is a software designed to run on mobile devices, such as smartphone
and tablet. It can be downloaded from online application stores (e.g., Apple Store,
Google Play Store) as an auto-installing software package and simply installed on a mobile device. In addition, mobile applications are mainly divided into three categories: web
application, native application and hybrid application [2]. Figure 1 shows the main differences between mobile applications.

Figure 1. Differences between mobile applications. Copied from Techpluggers, Native application
development vs Hybrid application Development (2018 September 28) [3].

As seen from Figure 1, mobile applications are mainly divided into three categories: web,
native and hybrid application. Basically, a native application is a built-in software which
is coded in a specific programming language, for instance, Objective C for iOS or Java
for Android operating systems. Moreover, the web application is a website for
smartphones, which is written in HTML, CSS, and JavaScript, and behaves sometimes
as a native application. Conclusively, the hybrid application is a combination of native
application and web application.
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2.1

Native Application

Native application is a software program developed for a specific platform or device,
which uses the device native programming language to build the application [4]. The
native programming language for the iPhone is Objective C and Swift whereas for Android is Java.

Native applications are available for download on the major application stores: Apple
Store or Google Play. Once the native application has been downloaded and installed, it
connects to the mobile operating system, without intermediaries or containers. Moreover,
the native application has unrestricted access to the device APIs, which have singular
functions and features depending on the mobile OS [5]. Table 1 illustrates the relevant
advantages and disadvantages of a native application.
Table 1 Advantages and disadvantages of a native application.

Native application
Advantages

Disadvantages

High performance

Specific language

User experience

Costly development

Access to built-in features: camera, mi- Lack of portability
crophone, location services, etc.

Onerous maintenance and update

Advanced graphics
Tools and Debugging

According to Table 1, the notable qualities of a native application are high performance
and user experience due to the device UI, whereas the perceptible limitations are the
specific language and the high cost to develop since the application must coincide with
the platform or device.
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2.2

Web Application

Mobile Web applications are browser-based applications. They are designed for mobile
devices which use web technologies such as JavaScript, modular JavaScript, CSS,
CSS3, and Ajax as well as HTML (and HTML5 capabilities at increase pace) [6]. Furthermore, Rich Internet Application (RIA) technologies, such as JavaFX and Flash as
well as Silverlight, may be used to augment the user experience.

In contrast to native applications, there is no need to install the application on the mobile
device. The web application is stored on a remote server and can be accessed through
a web browser, such as Google Chrome, Internet Explorer and Safari. The application
behaves as though the user is utilizing a conventional web browser. In addition, the web
application is not installed on the mobile device and hence relies on internet connection
alone to operate properly. The dependence on internet connection has a detrimental
effect on performance and user’s experience. Table 2 displays the main advantages and
disadvantages of a web application.
Table 2 Advantages and disadvantages of a web application.

Web application
Advantages

Disadvantages

Compatibility

Dependence on internet connection

No storage limitations

Limited access to device features

Maintenance and update

Feeble user experience

Run on any operating system

Reduced speed

Client secure login

Browser support

As listed in Table 2, the compatibility is a distinguished advantage which allows users to
run the web application through numerous web browsers of different devices. Moreover,
the application is stored on a server and therefore can be concomitantly accessed by
several users.
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A single version of the web application is stored on the server to be maintained and
updated. Consequently, there are no storage limitations and all the users can access the
same application version regardless of their mobile device, platform or operating system.
The dependence on internet connection is a critical disadvantage since the web application requires an internet connection to function properly. Furthermore, defective internet
connection impairs user experience.

2.3

Hybrid Application

Hybrid application is a combination of native development with web technologies such
as HTML, CSS, and JavaScript. Hence, a hybrid application is a web application encased
in a native application, which inherits the advantages and limitations of both applications.

Native applications are developed to run on a device through a specific platform,
whereas web applications run on a browser from different devices using web technologies. Moreover, the browser interfaces the device APIs through an embedded HTML
rendering engine [5], which is created by the native application part of the application
using the operating system APIs.

The web part of the application consists of a set of HTML, JavaScript, CSS and media
files. It is encapsulated into the application code and stored on the device as Figure 1
depicts. Therefore, users can benefit from a hybrid approach, which merges the portability of web applications with a native container that enables access to native APIs [7].

As the HTML code resides in the server, developers can circumvent the required process
of submission and approval from the application stores in order to do peripheral updates
on the hybrid application. The hybrid approach does not operate offline considering that
internet connection is indispensable to access the content. In addition, hybrid applications have lower performance comparing to native applications. However, encapsulating
the web code into the application can enhance performance and accessibility.
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3

Technology Stack

The technology stack was divided into client and server-side. The client-side used Monaca as a development platform and the latter used Node.js and MongoDB. The following
pages will present the above-mentioned technologies in greater detail.

3.1

Monaca

Monaca is a hybrid application development platform where developers can develop applications for smartphones. Monaca uses Cordova to develop HTML5 hybrid mobile application and can be easily integrated into an existing workflow and development environment [8].

Monaca has three main benefits: cloud-empowered development, framework agnostic,
mix-and-match as you like [8]. The cloud environment can be either used as a complete
development environment without setup or as a cloud-synced local development where
the developer is capable to build an application utilising all the features remotely. Although Monaca provides users with Onsen Framework, diverse JavaScript frameworks
can be implemented concomitantly with Monaca while developing an application.

Monaca Development Environment

Monaca has all the necessary features to create a mobile application successfully, from
Cloud IDE, CLI to debugger and remote online build. The development environment in
Figure 2 shows a complete structure demanded to develop a smartphone application.

Figure 2. Monaca development environment. Copied from Monaca Docs (27 December 2018) [8].

As illustrated in Figure 2, the Monaca development environment consists of seven features. The following describes briefly about Monaca development environment features
and tools.
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Flexible Development Environment

Monaca Cloud IDE runs in the browser and provides two local development tools: desktop GUI tool (Localkit) and command-line tool (CLI). Moreover, projects can be synchronized regardless of the environment in use, and an extension for Visual Studio is provided.

Localkit tool is perceived as an option to users who intend to develop their applications
on their local PC. With the Monaca Localkit applications can be developed locally using
development environments such as Visual Studio, Eclipse, Dreamweaver, and Sublime
Text. Monaca CLI provides the debugger connection, inspector integration, project creation, and remote building. The user has also the possibility to import projects from a
cloud to a local environment.

Beautiful and High Performance

Monaca works perfectly with Onsen UI which is an open source software designed to
develop hybrid applications using Cordova and mobile applications. Onsen UI uses native web languages such as HTML, CSS, and JavaScript. What is more, Onsen UI has
a collection of native UI components that are compatible with iOS and Android. It also
employs just one set of source code for both platforms [9].

Choose Your Framework

Monaca has great adaptability and works in conjunction with different JavaScript frameworks such as Vue.js, React, AngularJS 1.x, Angular 2+, and Meteor.

Remote Build and Continuous Integration

The development environment stack comprises of Monaca CI (Continuous Integration &
Deployment) which a service tool to automate deployment and building process [8]. Remote online build enables developers to access build environments in the cloud via
browser. In addition, Cordova versions and third-party plugins using hook scripts are
supported, and hence there is no benefit in keeping locally XCode, Android SDK or any
other build tools.
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Powerful Debugging and Testing

Monaca Debugger offers the possibility of streamline HTML5 Hybrid App Debugging,
which means to run the application in real-time on an actual device while the source code
is still in progress. During the development process applications can be debugged and
tested. Yet, Monaca Debugger must be downloaded in order to sync development projects and run them without the build process. Monaca also provides backend service
APIs for Cordova Applications and Resource Encryption Plugin.

Cordova Power Plugins

The experience using Cordova applications can be enhanced by Cordova Power
Plugins. It increases application protection and updates the application without redeployment to the App Store. Moreover, it makes available a range of different plugins such as
In-App-Purchase, Secure Storage and Secure SQL Plugin.

Backend Services for Cordova

Backend Services for Cordova is a backend service APIs entitled to work with Cordova
Applications. The backend services enable developers to perform a variety of tasks, for
instance, user management, remote database, push notifications, email delivery. Also,
users can access Backend Management APIs from their backend server.

3.2

Node.js

Node.js is an open source server, cross-platform, JavaScript runtime environment. The
platform is built on Chrome's V8 JavaScript engine [10] and therefore executes JavaScript code. Node applications are scalable, data-intensive, real-time due to the asynchronous event-driven, non-blocking I/O model. Moreover, Node is perfect for developing
server-side, highly scalable, fast, real-time web applications. Server-side applications
can be developed using Node; thus, applications built on JavaScript can run within the
Node on OS X, Microsoft Windows, and Linux [11]. What is more, the experience of
developing web applications can be enriched by applying Node.js modules library.
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Modules

Node.js organises variables and functions into modules which are represented by files.
Therefore, each file in Node.js is seen as a module. Moreover, modularity brings functionality to Node as core modules or JavaScript files can be used in different Node.js
applications. Core modules are built-in modules which do not require any installation and
are located in the lib/ folder [10]. Although core modules are loaded automatically when
Node.js starts, they need to be imported using the function require (). Therefore, to
load an HTTP module, for instance, the command is: require('http').

As Node.js uses modules and packages to function, a package manager was created to
installs, updates or uninstalls Node.js packages. Node Package Manager (npm) is a
command line tool which is part of the Node.js installation. As a software registry npm
includes various packages which are also Node modules or contain Node modules.
These packages are created by the node community that publishes them to be downloaded and shared around the globe [12].

Back-end Development

Back-end Development concerns the server-side scripting and database interaction, and
it is not visible to the end user. The server-side application interacts with the database
via API [11]. Node is also ideal for designing scalable back-end services. Client applications such as mobile application and web application interface the server’s API to push
notification, send emails, and store data. Similarly, the front-end application makes a
request for the required data to be populated in the front-end mobile application. Listing
1 shows an example of code to create a HTTP server using Node.
const http = require('http');//Load an HTTP Module
// Create an HTTP server object
http.createServer(function (req, res) {
res.writeHead(200, {'Content-Type': 'text/html'});//HTTP header
res.write('Create an HTTP Server');//Response to the client
res.end(); //End the response
}).listen(3000);//Set server to listen on port 3000
console.log('Server running at http://127.0.0.1:3000/');
Listing 1. Create a server via Node.js.
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As seen in Listing 1, to create an HTTP server via Node entails three main steps: import
HTTP module, create a server object, read request and return response. The variable
called http is an object with the native HTTP functionality of Node.js. The HTTP server
object is constructed by method createServer() [11], which requires a function with
two parameters to pass a callback at a new request. Besides, the two parameters (req
and res) correspond to object request (IncomingMessage) and object response (ServerResponse) [9] respectively. Finally, the server.listen() method generates a listener
on the port 3000, which writes "Create an HTTP Server " as a response to a request
from the browser. Figure 3 shows the result from the code in Listing 1.

Figure 3. HTTP Server.

As illustrated in Figure 3, on the left side, the Node.js CLI is running the server at the
access address, 127.0.0.1:3000. On the right side of Figure 3, the web browser sends a
request to a server which responds with the expected message, “Create an HTTP
Server”. Moreover, a command line tool (cURL) can be used to test the HTTP server
connection as Figure 4 shows.
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Figure 4. Curl HTTP server test.

As seen in Figure 4, the general-header fields such as Date, Connection, TransferEncoding apply only to the message being transmitted [13, p. 23]. The server supports

HTTP/1.1 version and the status code 200 OK states that the request has succeeded.

Furthermore, according to Fielding R, et al. [13, pp. 29-30] the HTTP /1.1 version uses
persistent connections, which allow the client to make concurrent requests without waiting for each response. Likewise, the header field, Connection: keep-alive, reaffirms
the uninterrupted connection between the server and client.
The header field, Date, specifies the date and time at which the message was sent. The
header field, Transfer-Encoding: chunked, indicates the message-body has been
divided into a series of segments, chunks, to be transferred safely between the server
and the client, and the chunked transfer-coding signalises that the message-body (Create an HTTP Server) has been fully transferred to the client [13, pp. 17-18].

Firefox browser offers an alternative to verify the connection between the server and the
client as Figure 5 depicts. The HTTP headers data can be viewed by pressing the keyboard shortcut (Ctrl + Shift + E) to access the Network tab on the Firefox development
tools.
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Figure 5. Test server connection via web browser.

The results seen in Figure 5 are similar to the ones obtained in Figure 4. Nevertheless,
the Firefox browser displays more information, for instance, Request URL, Request
method, Remote address and Request headers.

Node architecture

Node architecture is an asynchronous event driven JavaScript runtime [10], which is designed to build scalable, fast, real time network applications. It uses a single thread to
handle concurrent connections. Hence, the server does not wait for a response from the
first connection request to handle a subsequent one. In addition, for each connection
request, a callback is fired at the completion of a task, and Node will turn to sleep mode
if the process is idle [14]. Figure 3 illustrates how Node architecture works.
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Figure 6. Node.js architecture. Copied from StrongLoop by IBM (08 February 2019) [14].

According to Figure 6, the Node non-blocking or asynchronous model can handle multiple requests from Node APIs using a single thread. Besides, single thread allows only
one event loop per runtime process [16, p. 81]. JavaScript runtime queues the requests
and manages them during the event loop by employing a FIFO method. According to
Daggett, Mark E. [16, p. 82] the non-blocking mechanism allows incoming requests to
be queued while waiting for results from the previous requests. Moreover, Node.js performs non-blocking I/O operations due to the event loop, which offloads callback functions from the system kernel.

The process can be summarised as follow:
•

The HTTP client such as web browser sends an HTTP request.

•

Node accepts the connection and passes to the HTTP server the incoming data.

•

The HTTP server parses to the end of the HTTP headers.

•

The code executes a query and then passes to the request callback.

•

The request callback responds in HTTP format with the text “Create an HTTP
server.” via HTTP server.

•

Meanwhile, multiple requests can be handled concurrently.

14 (36)

Concurrency refers to the event loop’s ability to process multiple requests simultaneously
and execute JavaScript callback functions after the completion of a task [10]. The concurrency of the HTTP server created in Listing 1 can be analysed using a tool called ab
(ApacheBench). Although ab was designed to benchmark the performance of the
Apache web server, it is also ideal to assess the performance of any other HTTP server
as Figure 7 shows.

Figure 7. Assessing the HTTP performance using ApachBench.

The command syntax to run the performance test in Figure 7 is ab -n 1000 -c 1000
http://127.0.0.1:3000 where -n and -c are parameters that represent the number of requests and the number of multiple requests (Concurrency level) respectively [17]. Therefore, the number of concurrent requests were 1000, the number of requests was also
1000. The results show that the test was performed successfully with zero failed requests
and time taken as 1.237 seconds. Conclusively, as JavaScript execution is single
threaded in Node.js no threads were required to handle concurrent requests, and therefore the event loop mentioned in the Node architecture work efficiently as well as the
callback function fired at each connection request.
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3.3

MongoDB

MongoDB is an open-source NoSQL document-oriented database [19] which is written
in C++. The term NoSQL refers to a non-relational database which employs key values
to store and access data and does not require a rigid schema as RDBMS model. MongoDB also provides high performance, high availability, and easy scalability.

According to Chodorow Kristina [17, p. 3] MongoDB has outstanding scalability due to
its non-relational model. The amount of data increases nowadays at an incredible pace,
and scalability becomes crucial to handle the increment of data. MongoDB was designed
to scale out, dividing the data into several servers. Moreover, MongoDB uses a sharding
method to balance and distribute data across multiple machines; hence, documents are
automatically redistributed, and user requests are sent to the correct machines.

In MongoDB, database is a physical container which allocates collections of documents
equivalent to JSON objects [19]. Documents are perceived as data records and have a
dynamic schema, which allows different types of data and set of fields to reside in the
same collection. Listing 2 shows an example of a collection which holds different documents.
{
name: "Pekka"

 field : value

age: 30,

 field : value

nationality: "Finnish"

 field : value

hobbies: ["sports", "travelling"]

 field : value

}
Listing 2. Example of a collection.

MongoDB documents consist of field-and-value pairs as displayed in Listing 2. The value
of a field is a document which holds a BSON (Binary JSON) [20] data type. Value can
also include other documents, array and array of other documents.
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As document database MongoDB performs fundamental operations of a database which
is frequently referred to the acronym CRUD: create, read, update, and delete. Besides
its CRUD operations, MongoDB has unique features [19]:
•

rich query language: data aggregation, text search and geospatial queries.

•

high availability: automatic failover and data redundancy.

•

horizontal scalability: sharding distributes data across a cluster of machines.

•

support for multiple storage engines.

MongoDB has concepts and terminologies which are analogous to SQL concepts and
terminologies. Table 3 shows these analogies:
Table 3. Analogies between MongoDB and SQL. Adapted from MongoDB Manual 4.0 (1 March 2019)
[19].

MongoDB

SQL

Collection

Table

Document or BSON document

Tuple/Row

Field

Column

Index

Index

$lookup, Embedded Documents

Table Join

Primary Key _id is provided automatically by MongoDB.

Primary Key

From the analogies seen in Table 3, it is important to highlight how the primary key is
defined in MongoDB and SQL. In MongoDB, the Primary Key is provided automatically
by the system whereas in SQL the primary is defined by the user.
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In order to create a database and perform CRUD operations, MongoDB program must
be downloaded and properly installed. Once MongoDB is installed, a command terminal,
Mongo shell, can be used to run and manipulate the database as Figure 8 depicts.

Figure 8. Creating a database on MongoDB.

As shown in Figure 8, the command show dbs lists the existed databases. In MongoDB
to create a new database the syntax command is use Database_Name, therefore use
myfirstdb. Moreover, the newly created database will not appear on the list of data-

bases unless a document or collection is inserted. Once the database is created fundamental operations such as read, update, and delete can be performed as Figure 8
demonstrates.

Thus far, a database was created via MongoDB alone. The following pages will show
how to create a database with Node.js and MongoDB. Firstly, install MongoDB driver by
using the command npm install mongodb and then write a code on JSON file to create
the database. The code must contain a MongoClient object, a specific URL connection
and the name of the database as Listing 3 shows.
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// Load mongodb module
var MongoClient = require('mongodb').MongoClient;
// Connection URL
var url = "mongodb://127.0.0.1:27017/friends";
// MongoDB client object
MongoClient.connect(url, {useNewUrlParser: true }, function(err, db) {
// Database name
var dbo = db.db("friends");
if (err) throw err;
console.log("Connected successfully to server!");
//Creating a collection
dbo.createCollection("contacts", function(err, res) {
if (err) throw err;
console.log("Collection contacts is created!");
db.close();
});
});
Listing 3. JavaScript code to create a database.

As shown in Listing 3, the JSON file contains all the necessary elements to create a
database. What is more, a collection, contacts, was created to make the database
visible when the databases are listed on the Mongo shell. To run the code, in Listing 3,
type the command node filename.js on the command line interface as Figure 9 displays.

Figure 9. Database created using JSON file.

Figure 9 depicts the successful creation of a database connected to a MongoDB server.
Besides, a collection named contacts was inserted because without content the database will not be created. The database friends created above can be seen on the Mongo
shell by using the command show dbs. Figure 10 displays the database friends on the
Mongo shell.
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Figure 10. Displaying database on Mongo shell.

As seen in Figure 10, the database friends was accessed by using the command use
friends. In order to verify the current database, the command db was employed. The

command show collections is used to show the collections from the current database.
Consequently, as the current database is the database friends it shows the collection
contacts. In addition, the database can be operated by using new JSON files or asso-

ciating more code to an existing file. Therefore, operations such as insert, remove, index,
update, and find can be performed on the database.

4

4.1

Mobile Architecture

Android

Android is an operating system based on Linux kernel designed essentially for
smartphones and tablets. Android OS was developed in 2003 by Android Inc. The primary idea of the company was to improve the operating system of digital cameras [21].
As the market of digital cameras downturned the company shifted its resources and efforts to develop OS for a more promising market, the mobile phone market. In 2005,
Google acquired Android Inc and two years later Google launched the Android Open
Source Project (AOSP) under the Apache license which grants freedom to use the software for any purpose, as well as the ability to distribute, modify, or distribute modified
versions [22]. The released of Android OS was supported by the Open Handset Alliance
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who is nowadays a group of 84 technology and mobile companies [23] led by Google
with a vision to innovate in mobile development and improve user’s mobile experience.
Moreover, the AOSP is responsible for the development and maintenance of the Android
software stack. Figure 11 displays the increase of Android OS on the mobile market
share since 2009.

Figure 11. Mobile Operating System Market. Copied from StatCounter (23 March 2019) [24].

What can be clearly seen in Figure 11 is the dominance of Android OS on the mobile OS
market since 2013. Android has steadily increased its share of the global smartphone
OS market since 2010, and its share of the global market reached over 70 per cent in
2018. Furthermore, Android OS is the most widely used operating system for tablet and
smartphone worldwide. One of the reasons for Android’s success is due to the fact that
Android OS has constantly been updated since its first version Android 1.0. Every version
was released with new features, better quality on audio and video as well as faster internet connection. Table 4 shows chronologically the different versions of the Android OS.
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Table 4. Android OS versions. Adapted from Microsoft, Understanding Android API levels (25 March
2019) [25].

Code name

Version number

API level

Released

(No code name)

1.0

1

September 2008

(No code name)

1.1

2

February 2009

Cupcake

1.5

3

April 2009

Donut

1.6

4

September 2009

Eclair

2.0 – 2.1

5–7

October 2009

Froyo

2.2 – 2.2.3

8

May 2010

Gingerbread

2.3 – 2.3.7

9 – 10

December 2010

Honeycomb

3.0 – 3.2.6

11 – 13

February 2011

Ice Cream Sandwich

4.0 – 4.0.4

14 – 15

October 2011

Jelly Bean

4.1 – 4.3.1

16 – 18

July 2012

KitKat

4.4 – 4.4.4

19 – 20

October 2013

Lollipop

5.0 – 5.1.1

21 – 22

November 2014

Marshmallow

6.0 – 6.0.1

23

October 2015

Nougat

7.0 – 7.1.2

24 – 25

August 2016

Oreo

8.0 – 8.1

26 – 27

August 2017

Pie

9.0

28

August 2018

What is interesting in Table 4 is the code name of Android OS versions released by
Google. They are in alphabetical order and named after a dessert. Also, Android versions
carry a specific integer identifier, called the API Level; as a result, each version corresponds to a unique API level. Nevertheless, an Android code name may be related to
several versions and API levels [25]. Google released the first version, Android 1.0, commercially in September 2008, followed by the release of Android 1.1 in February 2009.
In April of the same year, Cupcake 1.5 was launched as the first version of a themed
collection, bringing new features such as copy and paste on web browsers, and upload
videos to YouTube. Consequently, the following Android versions would display even
more features and be traditionally named after a dessert.
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Android Architecture

Android technology stack contains components that allow developers and device manufacturers to work independently. The major components that compose the Android platform are seen in Figure 12.

Figure 12. Android software stack. Copied from AOSP (25 March 2019) [26].

As depicted in Figure 12, the Android platform stack consists of Applications, Android
Framework, Native Libraries, Android Runtime, Hal and Linux kernel. Applications are
on the top layer of Android software stack in which there resides the diverse applications
that come with Android, for instance, camera, SMS messaging, calendars, email, internet
browsing, and contacts. The second layer, from top to bottom is occupied by Android
Framework which is built in JavaScript. This layer allows developers to access the entire
Android framework through APIs written in Java language. Moreover, the Android
Framework APIs are necessary to develop Android applications and comprise of important building blocks such as View System, Resource Manager, Notification Manager,
Activity Manager and Content Providers [27].
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The Native libraries and Android Runtime are in the following layer. Native libraries are
written in C and C++, can be accessed using Android NDK, and are incumbent to build
Android system components and services such as Android Runtime (ART) and hardware
abstraction layer (HAL). The Android Runtime contains a set of core libraries and runs
multiple virtual machines. Applications in devices with Android version 5.0 (API level 21)
or higher run their own process separated with their own instance of the ART, and Dalvik
Virtual Machine was Android Runtime in the previous versions of Android [27].

Next, the hardware abstraction layer (HAL) consists of multiple library modules and provides standard interfaces for a specific type of hardware component, for instance, camera, Bluetooth or external storage. Finally, the Linux kernel is the bottom layer upon
which Android software stack is built, and therefore components from the Android platform rely on Linux kernel to function properly.

4.2

iOS

iOS is an operating system based on Mac OS X which runs on iPhone, iPod touch, and
iPad devices. iOS handles the device hardware and provides the necessary technology
to manage native applications. iOS SDK consists of significant tools and interfaces which
are crucial to develop, install, run, and test iOS native applications.

Native applications are developed using Objective-C language and the iOS system
frameworks. In addition, native applications are built-in application and therefore are directly installed on the device and can run without internet connection.

By contrast, web applications require network connection to run on the Safari web
browser and are developed using HTML, CSS, and JavaScript [28]. To sum up, the iOS
assists applications to communicate with the device’s hardware. Figure 13 depicts the
OS X layers which is divided into Cocoa Application, Media Core Services, Core OS and
Kernel & Device Drivers [28].
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Figure 13 iOS architecture. Copied from Apple Inc. (1 April 2019) [28].

As shown in Figure 13, the OS X is divided into five layers. The following is a brief description of the OS X layers from up to bottom.
The first layer, the Cocoa (Application) layer consists of technologies for developing a
user interface of an application, for responding to user events, and for managing application behaviour. The Media layer is the second layer and deals with technologies to
play, record, edit audiovisual media, render and animate 2D and 3D graphics.
Next, the Core Services layer handles fundamental services for low-level network communication such as string manipulation and data formatting as well as Automatic Reference Counting. The subsequent layer is the Core OS layer which concerns to hardware
and networking. It also includes interfaces for running high-performance tasks on CPU
and GPU.
In conclusion, the Kernel and Device Drivers layer is based on open source technologies
and includes the kernel, drivers, and BSD library functions (libSystem) as well as other
low-level components. This layer also maintains programming languages, file systems,
networking, security, interprocess communication, device drivers, and extensions to the
kernel.
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5

Touko Application

The Touko application is a hybrid application developed to assist startups and investors
to connect with each other. The paramount idea is to have Touko as a platform where
startups with different backgrounds could present their ideas. Investors, on the other
hand, could show their interest in investing in new businesses as well as promoting new
technologies.

According to the European Startup Monitor (ESM) [1], startups are younger than 10
years, present innovative technologies and/or business models, and have or strive for
highly qualified employees as well as sales growth. Moreover, startups act as economic
drivers that create wealth by creating new products, services and new job opportunities.
However, most startups are mostly financed by their own founders. Figure 14 displays
how most European startups are funded.

Startup Funding
Savings of founders (private capital of founders)

84.5%

Friends and family

29.6%

Goverment subsidies
Business angel

26.5%
23.8%

Internal financing (operating cashflow)

18.6%

Venture capital

18.1%

Incubator/company builder and/or accelerator

16.2%

Bank loans

14.4%

Crowdingfunding/crowdinvesting

3.6%

Venture Debt

1.9%

Other Capita Resources

1.8%

Figure 14. Startup funding. Adapted from ESM 2016 (2 April 2019) [1].
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What attracts attention in Figure 14 is the 84.5 % of founders who used their own savings
as capital source, followed by 29.6 % who accrued their financial resource from friends
and family. In the third place, 26.5 % of founders were subsidized by the government.
Additionally, 23.8 % of founders accrued investments from business angels and the lack
of private investments are irrefutable. Thus, the Touko application aims to empower
startups by facilitating their access to financiers such as Business angels and Venture
capital.

The Touko application relies on the network of users to function properly, and therefore
a marketing strategy was implemented to increase the number of users which combines
startups and investors. Consequently, the probability of successful matches would increase proportionally with the number of users. A probability analysis was employed to
corroborate the marketing strategy. Thus, the number of distinct combinations of users
taken a single match at a time [29, p. 1033] is represented by:
𝑢!

𝑢
𝑢
𝐶𝑚
≡ (𝑚
) = (𝑢−𝑚)!𝑚! ,

(1)

where u represents the total number of users including startups and investors and m
represents the number of users necessary to make a single match.

Hence, with m equals to two, Formula 1 becomes:
𝑢!

𝑢
𝐶𝑚
≡ (𝑢2) = (𝑢−2)!𝑚! ,

(2)

expanding the factorials and simplifying. Formula 2 becomes:

=

1×2×3...×(𝑢−2)×(𝑢−1)×(𝑢)
(1×2×3...×(𝑢−2))×2×1

=

𝑢(𝑢−1)
2

𝑤𝑖𝑡ℎ 𝑢 > 1

(3)

The total number of users u must be greater than 1 since it is necessary two or more
distinct users to make a match. A code was written in Python to demonstrate Formula 3.
Listing 4 shows the code applying Formula 3.
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# Touko application, Probability of matches
import math
def maxMatches(u):
return int((u * (u - 1)) / 2)

#Formula 3

print ("Probability of matches when users are logged into Touko application.\n")
u = int(input("Input the number of users: "))
while True:
if u > 2:
print('There are' , maxMatches(u), 'non repetitive possible
matches when',u,'users are logged into Touko app.')
u = int(input("\nInput the number of users or type 0 to quit:
"))
elif u == 2:
print('There is' , maxMatches(u), 'possible match when',u,'users are logged into Touko app.')
u = int(input("\nInput the number of users or type 0 to quit:
"))
elif u <= 1 and u != 0:
u = int(input("\nFor a possible match input a number greater
than 1: "))
maxMatches(u)
elif u == 0:
print ('Thank you!')
break
Listing 4. Code for demonstrating the probability of matches on Touko application.

As seen in Listing 4, the code has three options for the numbers of users that can be
inputted:
•

u>2

•

u == 2

•

u <= 1 and u != 0

When u > 2 or u == 2 a function def maxMatches(u) is called to apply the Formula 3
and return the results. The code asks a new input when u <= 1 and u != 0 because a
user alone cannot make a match. Additionally, to quit the program, the option is u == 0.
Figure 15 displays the results when the code in Listing 4 runs on Python Shell.
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Figure 15. The results of the probability of matches using Python.

As seen in Figure 15, the probability of matches by applying Formula 3. As stated by
Formula 3, the number of users must be greater than 1, u > 1, to make a match. Therefore, the program asks for a new number when 1 is inputted. For u equals to ten the
program outputs 45 as the possible matches among ten users. Moreover, the increment
of u will increase the probability of successful matches. Conclusively, startups and investors will have a greater chance to match up and become business partners with the
expansion of the network users logged into the Touko application.

5.1

Brief Guide to Touko Application

Touko works as a Tinder-like application, users swipe right for connecting and left to
continue seeing the profiles. Subscribers can log in to Touko using a LinkedIn account
as Figure 16 displays.

Figure 16. Touko application’s logging and setting screen.
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As seen in Figure 16, there is just one way to log in to Touko. The application uses
LinkedIn for secure and easier authentication. Touko pulls the data available from
LinkedIn, such as profile picture and name, to set up the new user profile. The setting
screen has three options: Profile, Settings and Logout. Profile picture and name can be
edited in the profile screen. Moreover, in the Profile environment users can specify their
role as startup or investor and select their field of interest as Figure 17 displays.

Figure 17. Profile and Setting screen.

As seen in Figure 17, the Touko application presents a selection of different fields such
as health, IT services, business products, logistics, consumer products, human resources, energy, and financial services. Consequently, it will only appear profiles from
the selected group specified by the user. In addition, Figure 17 shows the setting screen
with the main four fields: Notifications, Visibility, Support and Legal. On the setting
screen, users can allow notifications, choose not to be seen and contact the Touko support centre as well as read the legal regulations such as term of use, privacy policy and
licences.
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Tuoko finds investors or startups according to the searching criteria set by the user as
Figure 17 depicts. Figure 18 exhibits the Touko home screen which has a menu at the
bottom with four icons: Home, Connect, Messages and Profile.

Figure 18. Touko home screen.

As displayed in Figure 18, the icon Home brings back to the home screen whenever it is
Tapped. The profile option is used to edit the search profile criteria. Figure 19 shows the
Connect screen.

Figure 19. Touko Connect screen.
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Figure 19 is shown an example of a profile on the Connect screen. When Connect icon
is tapped a profile will appear and the user can swipe right connect or swipe left to other
profiles. Figure 20 displays the results when a user has a match.

Figure 20. Successful match.

As seen in Figure 20, a successful connection with an investor was achieved. Figure 21
depicts the Messages screen.

Figure 21. Touko Messages screen.

As depicted in Figure 21, the icon Messages displays all connections and conversations.
Hence users can manage their connections and send messages to new business partners as well as establish a successful business relationship.
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6

Conclusion

The goal of project was successfully achieved, a hybrid application was developed, and
the trail version of the Touko application is already on Apple Store and Google Play
Store. Additionally, to publish the application on Apple Store proved to be onerous as
the application has just one option to sign up. The Touko application is due for official
release in May 2019 with the initial expectation of a hundred users. Although the Touko
application can be a cornerstone for startups and small businesses to thrive, a strong
marketing strategy was implemented to attract new users. As a result, an international
marketing plan is being conducted by two business angels.

Technically, the project was basically a distributed system. The server-side of the application handled all the data processing using technologies such as Node.js and MongoDB. On the other end, the mobile application employed Monaca technology to act as
an interface for the server information.

The Touko application is a hybrid application which is a merger between the two approaches (native and web) and therefore carries the benefits and limitations of both applications, for instance, hybrid applications take advantage of the features available on
the device, but also rely on internet connection to work properly. In contrast, the native
approach has a leading performance, subtle user experience and full access to device
APIs, yet development and updates can be costly. The web approach has a low development cost and the updates can be done effortlessly. However, the web application
does not operate offline and functional limitations may blunt the user experience due to
the fact that web applications are unable to use native APIs.

Overall, the official application will serve its ideal purpose to connect startups and small
businesses to investors and new customers respectively. Currently, subscribers sing up
to the Touko application by using LinkedIn, and therefore more sign up options should
be available in the future. Continued efforts are needed to make the Touko application
more accessible to startups and investors.
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