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Prognomics website is developed for the Institute of Molecular Medicine of Finland. This web-

site has a collection of tools that are going be used in cancer prognosis and research in the 

future. Prognomics Web Tools can calculate survival estimations from different data sources 

worldwide. These include Finnish, British, American and other European cancer databases. 

Project tasks include collecting data, planning, analysing, designing and developing mobile 

friendly website with specific graphs and charts to visualize survival estimations accurately. 

The website has been developed using Vue JS, Asp.Net Core and SQL Server. SQL queries are 

optimized for fast execution times and responsive data visualization. First working prototype 

was published under app.prognomics.net domain for user feed-back. This version already de-

livered most of the project goals with greater user experience than the earlier prototype. 
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1 Introduction 

This thesis covers the development process of Prognomics Web Tools and focuses mostly on 

the technological aspects of handling the data and serving it in the required manner to make 

the user experience responsive and reliable. The academic justification is not looked into in 

the scope of this thesis but it will be available online for further reading. 

1.1 Introduction to the Institute for Molecular Medicine Finland 

FIMM is a research centre that focuses on human genomics and personalized medicine and is 

partnered with European Molecular Biology Laboratory (EMBL) as well as the Norwegian, Swe-

dish and Danish centres for molecular medicine. (FIMM 2017) 

The university of Helsinki’s medical campus in Meilahti is also the home of FIMM. This is a fit-

ting location as it is the leading place for academic medical research in Finland. In 2016 FIMM 

employed about 230 people of 29 different nationalities. (FIMM in a nutshell 2017)  

FIMM was established in 2006 after the Ministry of Education set forth a motion to launch a 

research institute that would be a collaboration between the University of Helsinki and other 

biocentre universities and institutions.  

At the beginning FIMM was a joint venture of the University of Helsinki, Helsinki and Uusimaa 

Hospital District (HUS) and the National Institute for Health and Welfare (THL). (Launch of 

FIMM 2014)  

In 2027 FIMM joined the Helsinki Institute of Life Science (HiLIFE) as an independent opera-

tional unit. (FIMM in a nutshell 2017)  

Financial support for the institute comes from various foundation, the ministry of education, 

the city of Helsinki and private companies and enterprises. A large portion of the funding 

comes from external sources; more than half of the institute’s budget comes from external 

competitive grants and more than 10% from industrial collaboration. (What makes us special 

2017)  

The basic funding that comes from the University of Helsinki was 2.8 Million euros in 2016. 

Additional funding from the same source was 1.7 Million euros, together this accounts for 

about one fifth of the research centre’s total funding. Other sources include Business Finland, 

the European Union, foundations and industrial collaborations. (FIMM in a nutshell 2017) 
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1.2 Background of Prognomics Web Tools 

Comparing cancer characteristics for outcome prediction is highly important when personaliz-

ing treatment for each cancer patient. These survival models are usually based on generated 

data for survival outcome calculations but using actual survival data to calculate proper sur-

vival estimation is what adds great value to Prognomics project itself. (Linder, interview Au-

gust 8th 2019) 

The academic background for Prognomics web tools was laid out by Nina Linder MD, PhD in 

2000. It was not until 2010 that actual development of the tools started due to the advances 

in technology that allowed this process to begin. (Linder, interview August 8th 2019)  

It has been Dr Linder’s goal in her research to promote the new decision support tools for pre-

cision medicine via Big Data and systems medicine and currently she’s working on multiple 

projects to bring image-based diagnostics with special interest in artificial intelligence base 

methods for the analysis of digitized patient samples. (Linder 2017)  

The earliest groundwork of what later evolved into Prognomics was the Finprog Study on a na-

tionwide breast cancer database. This was put together in 1997 by a group of researchers 

from five universities in Finland because the developments in systemic adjuvant therapy in 

breast cancer. Creating an accurate prognostics model aimed to help assess the risk of recur-

rence and provide tools to decision making in treatment. (Finprog)  

2 Project Planning and Analysis 

Prognomics was developed to create a tool to differentiate aggressive cancer from indolent 

disease based on continuously updated database. This tool will be able to provide a prognos-

tic estimate for even rare subgroups of patients. It will bring the estimations much closer to 

the individual level than any previously used methods. 

2.1 Project Objectives  

Project objective was to develop mobile friendly web site to visualize cancer survival estima-

tions with specific graphs, charts and tables for research, education purpose and give an idea 

to health professionals and researchers about survival rate of specific cancer type with actual 

data from patients rather than generated survival estimation. Main goal of the project is to 

deliver accurate survival estimation models with great user experience. 
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2.2 Project Planning 

Prognomics study was planned by Professor Dr Johan Lundin and Dr Nina Linder and a proto-

type also designed and developed for this purpose. During the first group meeting team dis-

cussed the current state of the project, available resources, project goals, what can be done 

and the timeline. Group was working on multiple projects same time so this made accurate 

timeline planning difficult.  

Prognomics Web Tools’ planning started with collecting all the available resources and setting 

up the development environment for older prototype so technical aspect of the current state 

can be understood easily. These resources were included in the older database, older code-

base, new hosting provider information, design assets and so on. 

  

2.3 Introduction to Current Problems 

Original Finprog project developed using older web technologies such as Asp.net Web Forms 

and multipage application technics. Currently Microsoft recommends using newer technolo-

gies such as Asp.Net Razer Pages for Asp.net Web Forms replacement. (ASP.NET Web Forms) 

Older dataset was limited to 2930 patients’ information with fever variables. This made que-

rying database and calculating survival estimation easier and faster. Current project dataset 

contains information about over 100 cancer sites with over 10 million patients’ information. 

Considerable increase in data size created performance bottle-neck to query database and 

calculate survival estimation. Even though this dataset didn’t contain any information related 

to personal identification data security was another thing to consider. 

Newer prototype is also designed for larger displays such as computer monitors with older 

Html 4.0.1 standards which is lacks a lot of newer features such as web sockets, application 

cache, web storage and other graphics related APIs. It also used server-side rendered graphs 

and charts which resulted with higher network activity. 

2.3.1 Web Applications Client/Server Architecture 

In classic web application model web browser requests are responded by the server as static 

web resources or server side rendered html pages. This method works very fast with static 

content but dynamic content can be a really big issue with complex web apps. Multipage ap-

plication’s requests are all handled on the server side and this increases the amount of data 

transferred between server and client. (Figure 1) This approach also consumes more server 

resources and bandwidth when compared to single page applications. (Client-Server Overview 

2020) 



  9 

 

 

 

Figure 1: Traditional Page Lifecycle 

2.3.2 Multipage Web Applications 

Traditional web development technic which has been around since beginning of the web, Hy-

pertext in Hypertext Transfer Protocol (HTTP) refers to linking related information by elec-

tronic connections which this technic is based on. Multipage applications have a lot of ad-

vantages such as search engine visibility and scalability which can be a really big problem 

with popular websites.(Hypertext) Multipage applications can be extremely fast with static 

content but when it comes to dynamic content rendering whole page can be slower to per-

form when you compare to partial rendering in single page applications. Development time 

and maintenance and updates can be slower related to the coupled nature of front and 

backend development architecture. (Sinha, R. 29 July 2019) 

2.4 Possible Solutions 

Using newer web technologies and technics such as Single Page Application or Progressive 

Web Apps were some of the possible solutions for frontend development. Rendering charts 

and graphs on the client-side using newer HTML5 standards would reduce amount of data 

transferred after each request to server. (HTML5) 

In this stage replacing the current SQL Server Database with another database alternative 

wasn’t considered but improving SQL queries for faster query time and reducing amount of 

data to transferred back to client were possible solutions for current problems.  

Improving design with Mobile First Design approach would bring these tools to smaller display 

sizes such as mobile phones and tables. All the charts could be rendered on the client-side to 

give more responsive interactive user experience. (Mobile first 2012) 

2.4.1 Single Page Applications 

Single page application is web development technic where content of each page is generated 

dynamically on the client by JavaScript. This reduces both server load and data transfer 
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between client and server. (Figure 2) This is important if application is targeting mobile de-

vices with limited bandwidth and resources. (Sinha, R. 29 July 2019) It gives much better user 

experience overall with faster user interaction and UI updates. This approach decouples 

backend and front-end development processes. AngularJS, React and Vue JS are currently the 

most popular JavaScript frameworks and libraries. (Lawson, K. 19 July 2018) 

 

Figure 2: Spa Lifecycle 

2.4.2 Mobile First Responsive Design 

Smart phone market has kept growing since 2007 when first iPhone was released. Over 3 bil-

lion users in the world currently have a smartphone (Statista). Early smartphones were less 

powerful but also the cost of the mobile network was much higher than today’s standards. 

Web applications needed to adapt themselves to this new trend to be able to reach more us-

ers and to be more efficient on mobile devices with limited resources and network capabili-

ties and providing a better user experience on these small devices was another key point. By 

2011 Google introduced their mobile first strategy. Mobile first required a new way of think-

ing in UX design, content delivery and planning on these small devices with limited screen 

space. Texts needed to be easy to read, other contents needed to be easily accessible and 

user interaction had to be simple and fluent. (Figure 3) In 2018 52,2% of web traffic world-

wide was generated through mobile phones (Statista). 



  11 

 

 

 

Figure 3: Prognomics Mobile First Responsive Design 
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2.5 Choosing Right Tools 

Older prototype was deployed into new server after initial setup, also another local copy is 

created. This way user interaction, data transfer between server and client and query perfor-

mances can be measured. Older prototype was designed with desktop first approach in mind 

and most of the UI elements were not fitting on small handheld devices. It was developed us-

ing older technologies such as Asp.Net Web Forms and one of the biggest design-flaw in 

Asp.Net Web Forms was embedding server-side view state information inside the current web 

page. (Asp.Net Web Forms) This view state data could reach couple of megabytes in complex 

web applications. View state data must be sent to server upon each request. This architec-

tural behaviour of Asp.Net Web Forms was generating heavy traffic between server and client 

after each client-side update. (Figure 04) 

 

Figure 4: Asp.Net Web Forms View State 

2.5.1 Frontend Development / Vue JS and Vue CLI 

Newer SPA approach has been chosen to reduce amount of network activity and to increase 

user interactivity. One of the popular SPA JavaScript frameworks called Vue JS was selected 

for faster front-end development. Vue JS has several advantages against other popular frame-

work such as small file size, easy to understand simple integration and great tooling etc. 

These advantages were the main reason to choose Vue JS over other popular frameworks. 

Adobe, Gitlab Netflix Xiaomi and Behance are some of the popular websites that are currently 

using Vue JS. (Vue JS 2019)  



  13 

 

 

Vue Command Line Interface (Vue CLI) is standard tooling for Vue JS Application develop-

ment. It’s feature-rich, configurable and offers both command line and user interface to cre-

ate and manage Vue JS project.  Using Vue CLI simplifies configuring the project to develop, 

test and publish. (Figure 5) 

 

Figure 5: VUI CLI User Interface 

2.5.2 Node JS and Node Package Manager 

NodeJS is open-source JavaScript runtime environment built on top of Chrome's V8 JavaScript 

engine to execute JavaScript code outside of the web browsers. Modern JavaScript applica-

tions takes advantage of NodeJS for both front-end and back-end development, testing and 

deployment. (Node JS 2019) Node Package Manager is default package manager for NodeJS. 

NPM helps developer to reuse, share code and manage project dependencies. NPM currently is 

the biggest package registry available to developer community. NPM uses package.json file to 

manage project dependencies, building, testing definitions. (NPM 2019) 

2.5.3 Backend Development and Asp.Net Core Web API 

Application Programming Interface (API) is group of instructions, routines, procedures and 

tools for building and integrating different applications together. Asp.Net Core Web API open-

source framework developed by Microsoft to build web services to consume from different cli-

ents such as mobile, desktop and browser applications. (Asp.Net Web Apps 2019)  
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Choosing Asp.Net Core Framework over alternatives was for better SQL Server integration and 

tooling. Newer Dotnet Core Framework also supports cross platform development. Prognomics 

is taking advantage of Asp.net Core cross platform compatibility to run on Red Hat OpenShift 

Container Platform. 

2.5.4 Red Hat OpenShift Container Platform 

Red Hat OpenShift security focused enterprise grade hybrid cloud and multi cloud orchestra-

tion platform build around Docker and Kubernetes. (Figure 6)  

Red Hat OpenShift also focuses on developer productivity and comes with developer-friendly 

workflows including built-in continuous integration continuous delivery (CI/CD) tools that ena-

ble developers to build modern distributed applications. (OpenShift) 

Prognomics hosting is provided by IT Centre for Science (CSC). CSC is non-profit state-owned 

company which provides services for culture and public administration, universities and na-

tional research system. CSC offers Red Hat OpenShift Container Platform as a service under 

Rahti Container Cloud. (CSC Blog 2019) 

 

Figure 6: OpenShift Highly Available Cluster 
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2.5.5 Kubernetes 

Kubernetes container orchestration platform was originally designed by Google to automate 

application deployments, scaling and managing containerized application and services. Mod-

ern cloud applications are heavily dependent on Docker Containers and managing and scaling 

thousands of containerized applications and services can be a big challenge. (Kubernetes In-

frastructure) Kubernetes’ main goal is to solve these problems modern applications are fac-

ing. All modern cloud infrastructures are built on top of the Docker and Kubernetes. (Figure 

7) 

 

Figure 7: Kubernetes Cluster Architecture 

2.5.6 Docker 

Docker is an open-source project developed to solve problems that modern applications were 

facing. Docker containers include the application and all the dependencies and create iso-

lated environment for each application. Docker requires fewer resources so it’s faster and 

lighter than virtual machines and enables same hosting infrastructure to have higher density 

and lowers the cost per application. (What is a Container) Containerized applications are 

portable so re-deployment is much faster and easier than traditional application deployment 

methods. (Figure 8) 
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Figure 8: Docker Containerized Applications 

 

2.5.7 Gitlab 

GitLab is an open core company which develops software for the software development 

lifecycle and also offers free continuous integration and continuous deployment tools. (About 

Gitlab). Based on project requirements Gitlab has been chosen for source control and CI/CD 

platform for easy integration and deployment. (Figure 9). Gitlab was configured to build 

Docker Images after each push to master repository. When Docker build was successful new 

version of the application became available for deploying and testing on hosting environment. 

 

Figure 9: Gitlab Source Control 
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2.5.8 Visual Studio Code and Visual Studio 2019 Community Edition 

Prognomics is using a lot of Microsoft products and technologies such as SQL Server for data-

base, Asp.Net Core Web API for backend development and Azure Active Directory for user au-

thentication and authorization. For these reasons Visual Studio 2019 Community Edition was 

selected as Integrated Development Environment (IDE) for Microsoft Technologies. This edi-

tion of Visual Studio is free for students and individual developers and small teams. Visual 

Studio Code was also used during development as alternative code editor. Visual Studio Code 

is a popular open-source cross platform editor. 

2.5.9 SQL Server Management Studio 

SQL Server Management Studio (SSMS) is a free tool developed by Microsoft for managing da-

tabase servers, designing databases and queries. SSMS has a lot of additional features for 

analysis and reporting which makes easy to running queries and measuring query perfor-

mances. (Figure 10) 

 

Figure 10: Sql Server Management Studio Profiler 

3 Design and User Experience  

Initial Prognomics website design followed traditional desktop focused guidelines and didn’t 

offer great user experience on mobile devices. (Figure 11) Even though this prototype was us-

ing popular CSS framework called Bootstrap it didn’t take advantage of responsive design ap-

proach offered by Bootstrap itself. Multipage application architecture was another reason for 
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slow user interface (UI) updates and poor user experience (UX). These issues were addressed 

and improved with updated new design applying mobile first approach and single page appli-

cation architecture to overall user interaction.  

 

Figure 11: Prognomics Original Prototype 

Updated new design followed the main design principals to create better user experience. 

Simplicity, functionality, faster UI updates and giving user feedback during interactions were 

the main goals. This design introduced side menu on the smaller devices to group filtering 

components under menu to use most of the display area for charts and tables. (Figure 3) 

Open-source Apex Charts have been used as client-side chart library. This library offered 

great flexibility and dynamic and faster UI updates. Logo and colour schemes are also updated 

to give a more modern look and feel. (Figure 12) Transition animations were added to give 

user feedback and bring attention to important UI updates and grab attention to changes. 

 

Figure 12: Prognomics Current Design 
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4 Implementation 

Prognomics Web Tools implementation was started with front-end application development 

with mock data and followed by back-end project development. During this process database 

queries were optimized for faster response times to improve user experience. 

4.1.1 Data Collection 

Prognomics cancer statistics database includes data from various countries. Each participating 

country has their data collection regulations about how collected data can be used in re-

search. 

Helsinki University holds its own ethics committee to assess non-medical research. Faculty of 

Medicine ethics committee conducts reviews, offers guides and assists in research related 

problem solving. These ethic committees follow Responsible Conduct of Research (RCR), The 

European Code of Conduct for Research Integrity, European Textbook on Ethics in Research 

guidelines. (Research Ethics 2019) 

The FinProg database used as a basis for Prognomics has been collected from 2936 cases of 

breast cancer that have been diagnosed in the five University hospital regions in Finland be-

tween 1991 and 1992. They form about a half of all breast cancer diagnoses in Finland in this 

time. Clinicopathological data was collected directly from the records of the participating 

hospitals. (Lehtimäki 2013) 

“Health care organizations have a statutory obligation to provide information on every case or 

strong suspicion of cancer detected in Finland to the Cancer Registry of the National Institute 

for Health and Welfare, which is maintained by the Finnish Cancer Society.” (Cancer Registry) 

US National Cancer Institute organized The Surveillance, Epidemiology, and End Results 

(SEER) Program. SEER Research Data contains data between 1975-2016 for over 10 million 

cancer patients. (Table 2)  

Table 1: SEER 18 Database 

 All Cases ** Malignant 
Cases 

Malignant + 
In Situ Cases 

1975-2016 Data (Nov 2018 Submission) 10,450,709 9,428,053 10,146,162 
1975-2015 Data (Nov 2017 Submission) 9,934,630 8,985,826 9,659,955 
Increase from 2017 to 2018 Submission 516,079 442,227 486,207 
Number of 2016 cases for SEER 18 497,931 430,095 473,44 
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SEER requires a signed Research Data Agreement form to access SEER Data which limits data 

usage to only statistical and analysis purposes to protect cancer patient identity. (Accessing 

the 1975-2016 SEER Data) (Figure 19) 

 

Figure 13: Sample SEER Research Data Use Agreement 
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4.1.2 Front-end Development 

Initial front-end project has been created using Vue CLI. Vue CLI gives options to configure 

the project for development, testing and publishing (Figure 5) Prognomics project takes ad-

vantage of popular developer tools such as Babel JS, ESLint, Jest Test Framework, Node Sass 

and Webpack. Front-end project also uses Vue Router, Vue Store, Bootstrap Vue and Apex 

Charts.  

Reusable single file Vue components have vue file extension and these components use tem-

plate, script and style tags for component visualization, application logic and styling. Vue 

component files are later processed with Babel and Node SASS to build proper HTML, CSS and 

JavaScript files that browsers can understand. (Figure 13) 

 

Figure 14: Vue Component Example 

 

4.1.3 Prognomics Frontend Project Structure 

Prognomics project structure followed Vue guidelines to navigate and find relative files easily 

during development process. (Figure 14) 
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Figure 15: Prognomics Frontend Project Structure 

Assets: All the static assets related to project are placed under this folder. 

Components: All the reusable vue components are placed under this folder. 

Services: All the application services like authentication and API services are placed under 

this folder. 

Store: Vue Store is one of the most important features of Vue JS. Vue Store provides single 

source truth for all application and single state tree. Single state helps to track application 

state during each change and debug application when needed. Vue Store folder also contains 

getters to access state data, mutation to update state, actions which trigger asynchronous 

commit state changes. 

Views/Pages: All main pages are placed under this folder 

Tests: Project tests are placed under this folder 
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4.1.4 Prognomics Frontend Project Components 

Prognomics web tools uses multiple components. Each component has single responsibility 

and vue guidelines followed during development process. (Figure 15) 

 

Figure 16: Prognomics Risk Chart Component 

Vue components are used to visualize survival charts, risk charts, cancer sites, profiles filters 

and required tables like frequency and survival tables. Survival table shows statistics of given 

profile based on Kaplan-Meier estimator. (Table 1) 

Table 2: Survival Table 

Profiles 12 36 60 96 120 
Cumulative Survival (Profile 1) 97.16% 91.69% 87.67% 83.49% 81.4% 
Cumulative Survival (Profile 2) 98.67% 96.17% 94.19% 91.5% 89.76% 
Number at Risk (Profile 1) 405,371 364,819 329,199 245,993 156,257 
Number at Risk (Profile 2) 395,384 361,58 329,496 243,637 147,776 

Survival curves are used to compare probability of survival over time between two popula-

tions. Survival curves are not just comparing mortality ratio but also used to compare occur-

rence of an event. (Goel 2010) Kaplan-Meier Estimator is a method used to calculate probabil-

ity of each occurred event at the time. (Figure 16) It also takes censor information into ac-

count. (Park 2017) Prognomics implementation of Kaplan-Meier Estimator also calculates cu-

mulative survival rate and risk reduction rate in same method. This method implemented 

with JavaScript on client-side to reduce amount of unnecessary traffic to server. (Figure 17) 
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These analysis results are also shown on the survival chart (Kaplan-Meier Survival Curves) 

component visually. (Figure 18) 

 

Figure 17: Formula for Kaplan-Meier estimator 

 

Figure 18: Kaplan-Meier Estimator and Cumulative Survival Rate Implementation 
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Figure 19: Survival Chart 

 

4.1.5 Backend Development 

Monolithic Asp.net Core Web API application has been created using dotnet cli. Monolithic ap-

plications are entirely self-contained applications. Biggest disadvantages are scalability and 

development time when application gets larger. Microservice architecture has been consid-

ered but this step required database changes and validating all the queries and results which 

would be time consuming. To reduce complexity in backend the application followed clean 

architecture guidelines. (Figure 19) 
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Figure 20: Clean Architecture Layers 

Application code base is organized into smaller groups based on the responsibilities or con-

cerns. This layered architecture has many advantages in organising and finding related code 

to improve the development process. Even though all the codebase was under single project 

relative layers were grouped within its own folders. (Figure 20) 
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Figure 21: Prognomics Backend Project Structure 

During development process entity models, data transfer objects, database context, data re-

positories and services have been created. Simple Object Mapper called Dapper has been se-

lected for data access layer for faster SQL performance.  
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Plain Old CLR Objects (POCO) classes have been created to map existing SQL Server Database 

tables to code. This approach is known as Database First Approach. (Figure 21) 

 

Figure 22: Sample POCO Class 

These POCO classes are used to query database and map data between business logic and to 

create, read, update and delete (CRUD) operations. 

 

Figure 23: Sample Data Service 
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These services were injected to dependent API end points to be consumed by client applica-

tion later on (Figure 22)

 

Figure 24: Sample Web API End Point 

5 Testing 

Both frontend and backend applications have their own tests. Vue application is using open-

source Jest JavaScript Testing Framework developed by Facebook. Jest is a well-documented 

zero config fast and safe testing framework with easy to understand API. (JestJS 2019) Vue 

project was configured to run Jest tests using Webpack and NPM. Current front-end tests use 

Jest’s assertion API (Figure 25). These tests run locally before code is pushed in source con-

trol. Snapshot testing, end-to-end testing, having better test coverage and integrating with 

CI/CD pipeline are planned in the future. 
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Figure 25: Sample Frontend Test 

Asp.Net Core Web API project uses NUnit Test Framework. NUnit Testing Framework is popu-

lar, mature, open-source testing framework for .Net platforms. (NUnit 2019) Currently 

backend test project covers most important methods and better test coverage planned in the 

future. (Figure 26) 

 

Figure 26: Sample NUnit Test 
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6 Deployment 

Prognomics project takes advantage of Gitlab CI and OpenShift CICD pipelines. (Figure 27) 

Gitlab CI is configured to build new Docker Images after each source code commit. These im-

ages push to Gitlab Docker Registry after successful builds and become available for deploying 

to OpenShift Cloud Environment. (Figure 28) Automated script pulls newly build image and 

deploys to staging environment to review application further. 

 

Figure 27: Prognomics CICD Pipeline Overview 

 

Figure 28: Gitlab CICD Pipeline 
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7 Methodology 

Aim of Prognomics Web Tools is to deliver latest research findings and databases to global cli-

entele of researchers using Applied Research Methodology. Applied research is designed to 

develop practical solutions for real world problems. It focuses on analysis and finding solu-

tions for existing problems. (Kothari 2008) 

Prognomics will provide a platform for researchers or its clientele to publish implementations 

of their findings based on the dataset of their choice. This dataset can be an existing one on 

Prognomics or they can bring their own and share with other researchers.  

Based on the dynamic nature of the Prognomics Web Tools project Agile Methodology was the 

best fitting Software Development Life Cycle (SDLC) Model. Main reasons behind this decision 

was to increase communication and interaction between team members with different fields 

of expertise. To be able to get continuous feedback and readjusting the requirements based 

on the client reviews were also another important factor.  

 

7.1 Agile Software Development Lifecycle 

Software development was facing a big crisis in the early 90’s known as “The Application De-

velopment Crisis”. The estimated time for application development was about 3 years. This 

timeline was considerably well over 3 years in some of the important sectors. Traditional soft-

ware development approaches were timeline based and final product was unveiled to the cus-

tomer only when it was complete. During development time business needs and requirements 

were changing rapidly and software couldn’t catch up with these changes. In 2001 group of 

professionals met in Snowbird, Utah and published the Agile Manifesto. (Figure 29). (To Agility 

and Beyond) 
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Figure 29: Agile Manifesto - The 4 Values 
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Agile Software Development Model was born to solve the issues of ineffective software devel-

opment processes. Agile Model is an incremental development model where requirements and 

solutions evolve through joint effort and customer needs. (Figure 30) 

 

Figure 30: Agile Sprint 

Development of Prognomics was started by FIMM Digital Diagnostics Group which is small re-

search group with 8 members. Project was split into smaller achievable goals to deliver a 

working product and getting feedback to improve the development process. Project tasks 

were divided into small sub projects as mentioned before on the implementation section. 

Each iteration or sprint is started by reviewing earlier work and planning the next steps. After 

the design is approved development and testing phases are started and end result deployed 

for further user feedback. Slack channel has been created to collect user feedbacks fast and 

in an organized manner. (Figure 31) 

 

Figure 31: Prognomics Slack Channel 

7.2 Analysis 

Initially project requirements were analysed to find current problems in the existing proto-

type. Based on these results new development methodology and tool decisions were made as 

mentioned on project planning and analysis section. 
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During implementation of the project visual components are tested on different device sizes 

to improve overall look and feel of the application and to give best user experience. Network 

activities and response times are measured and slow components optimized to increase the 

responsiveness. 

 

7.3 Results 

The results are collected in 3 main categories based on the main goals of the project.  

One of the intentions of Prognomics Web Tools was bringing all the world-wide available can-

cer survival data to researchers and healthcare professionals with mobile friendly, easily ac-

cessible website. Choosing right tools, design decisions and implementation played an im-

portant role. To achieve these goals, project was benefiting from open-source mobile friendly 

libraries such as Bootstrap and Apex charts. Additional custom controls were also designed 

and implemented with the same goal in mind. To provide this much information in a clean 

and accessible manner on the small devices was a big challenge. Results were promising and 

overall user feedbacks were positive. (Figure 32) 

 

Figure 32: Prognomics Web Tools on IPhone 7/8 
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Responsiveness is important when it comes to UI design and implementation. Render times 

are also measured using built-in browser developer tools. Results were 5 frame per second 

minimum and 45 frame per second average. (Figure 33) 

 

Figure 33: Prognomics Render Time 
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Network activities were measured and caching used on both server-side and client-side to im-

prove performance. Multipage application was rendering UI components on the server side. 

This resulted in additional requests from the server and increased the network activity. (Fig-

ure 34) 

 

Figure 34: Prognomics Multipage Application 
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Using SPA architecture and rendering UI components on the client side, all network overhead 

issues are addressed and unnecessary round-trips to server removed. This also had a positive 

impact on the amount data transferred from server to client and it improved the overall per-

formance. (Figure 35) 

 

Figure 35: Prognomics Single Page Application 
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Improving SQL queries were another performance tweak needed to be taken into considera-

tion. These measurements are collected using SQL Server Management Studio and included 

tools. Overall improvements were between 10-30 % in basic queries. Some of the more com-

plex queries were performing poorly as shown in the Figure 36. Total execution time of the 

query was well over a second to be completed.  

 

Figure 36: Prognomics Sql Query Generated by Prototype 

These performance improvements have resulted in up to 5 times faster execution times as 

shown in Figure 37. With server-side caching, the server response times have been improved 

further. Additional improvements are done by using client-side session storage and caching. 

 

Figure 37: Prognomics Improved Sql Query Sample 
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8 Conclusion  

With the usage of the mobile device growth world-wide in last decade, mobile friendly web-

sites became more important to deliver the content to wider audience.  

Accessibility being the main objective of this project all the required charts and tables were 

successfully implemented for both desktop and mobile devices. With faster and responsive UI 

updates overall user experience has improved. Most of the important components and meth-

ods are tested and validated to deliver correct results to users. 

SQL queries are optimized for faster execution times. They are also validated to produce cor-

rect results based on the pre-defined models.  

Prognomics Web Tools has successfully achieved its goals and delivered desired update re-

quired by client. 

 

8.1 Met Objectives  

The User Experience of Prognomics Web Tools was improved by updating the graphics and 

presentation of graphs and models. New layout also helped to create a new modern look.  

Design was optimized for small devices to provide maximal usability to every end user regard-

less of their browser or device.  

All the generated sql queries are tested for correct result outputs and optimized for better 

performances. 

With Agile Model, user feedbacks are gathered during development process to apply required 

changes. 

8.2 Further Improvements  

Some of the improvements are already mentioned on introduction to current problems and 

solutions sections.  

To improve UX even further, current client application can be updated to a progressive web 

application. Vue offers official support for the required changes.  

Further improvements can be done by implementing in memory cache storage. Current data-

base can be replaced with opensource alternative that has better scaling feature.  
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The backend application is using Monolithic approach and this can be updated to microservice 

architecture to improve performance and development processes. 
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