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Resumo

Durante muitos anos, a maioria das empresas dispunha de poucas op¢des para o desenvolvimento
de aplicacdes: podiam comprar solu¢cdes de fornecedores externos ou desenvolver aplicacdes
personalizadas de raiz.

O aparecimento e continuo crescimento de diversas plataformas Low-Code/No-Code (LCNC)
permitiram que empresas e utilizadores tomassem controlo do processo de desenvolvimento de
software. Assim sendo, nos ultimos anos, diversas plataformas estabeleceram-se firmemente como
ferramentas essenciais em vdrias organizacgGes.

Métricas como usabilidade, reducdo de custos, rapida integracdo e processamento de dados bem
como desenvolvimentos mais céleres tornaram-se indispensaveis para a maioria das empresas que no
cendrio atual onde reina a complexidade, estdo sob pressdo constante para entregar aplica¢des de
forma mais rapida enquanto simultaneamente elevam os padrées de qualidade e flexibilidade.

Foi esta mudanca, que tornou estas plataformas mais atrativas, pois, através das mesmas, as
empresas podem desenvolver aplicagdes com menos utilizacdo de recursos técnicos, dando resposta
as constantes variagdes nos mercados, facilitando a competitividade das empresas nos seus
ecossistemas.

Por conseguinte, esta dissertacao visa explorar diferentes plataformas low-code, realizando um
estudo detalhado das mais proeminentes, sendo elas Mendix e OutSystems.

O estudo atual baseia-se na andlise das funcionalidades das mesmas, focando-se também numa
comparagdo mais aprofundada entre elas, incluindo a sua usabilidade, potenciais custos das
plataformas e a forma como se estdo a inserir no ainda recente mundo da Inteligéncia Artifical.

Pretende-se por fim avaliar como é que plataformas como a Mendix e a OutSystems podem ser

adotadas de forma eficaz pelas empresas para melhorar as suas operacgdes.

Palavras-Chave: Low-Code, OutSystems, Mendix, Agile, Aplicagdes Empresariais, Inteligéncia

Artificial
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Abstract

For many years, most businesses and companies did not have many routes to take regarding
application developments, they could either purchase new solutions from third-party vendors or build
custom applications from the ground up with a team of skilled developers.

However, the emergence and increasing maturity of low-code/no-code (LCNC) platforms have
empowered users throughout organizations to take control of the application development process
themselves and so, over the past few years, low-code platforms have established themselves as
essential tools in numerous organizations and businesses.

Terms like easy-use, lower costs, smooth data integration and faster development have become
a must for most enterprises, and in today's increasingly complex business environment, organizations
are under constant pressure to deliver applications faster while raising the quality and flexibility stakes.

This increasingly sought-after shift has made low-code platforms more attractive, since, through
these platforms, businesses can rapidly develop applications with less technical resource utilization.
Secondly, these platforms will allow quick responses to changing market conditions, thus further
enabling companies to stay competitive in the ecosystems.

Therefore, the goal of this dissertation is to explore low-code platforms, going through a detailed
study of the most prominent ones, Mendix and OutSystems.

The current study is based on the feature analysis of these platforms, also focusing on a deeper
comparison between them, including their usability, study and also examine the possible costs and
newly developed Al tools they offer. It aims to assess how effectively Mendix and OutSystems can be

adopted by companies to improve their operations.

Keywords: Low-Code, OutSystems, Mendix, Agile, Enterprise Software, Artificial Intelligence



[This page has been intentionally left blank for formatting purposes]



Table of Contents

ACKNOWLEDGIMENTS ....uuiiiiiieteenenieeereeeernesssseesseesssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnssssssessssnnanes |
RESUIMO.... .. ciiiieiiiieiirenettenetenereeseresetensenesssensessssssssesassssssessssssnsssasssssssssssessssssnsssassssnsssassesnsssansesnsssassesnsesansennnsns ]|
ABSTRAGCT ..oeeeeiiiieirttteeeneieeettreerassssseeseessssssssssessessssasssssssssesssssssssssssssssnsssssssssessssnssssssssssssnnssssssssssasnnnssssssssessnnnnes Vv
TABLE OF CONTENTS ....ccucttuittenerenrerencreescreserenscressssnsesessssnsessssssnssssssesssssssssssssssnssssssssssesassssnsesassesnsesansesnsessnsenns Vil
LIST OF FIGURES ....ccuuuuiiiiiieteneiietieeeeenssssseeeeeesssssssssessesssssssssssssssssssssssssssssssssnssssssssssssssssssssssssssnnnssssssssesnsnnnsssnnns IX
LIST OF TABLES. ......ccuctteuiiteieeenereenereecreesereserensesssssensersssssnsessssssnsssassessssssssessssssnsssassssnsesassesnsssassesnsssassesnsesansennnsns Xl
ACRONYIMS .....ceiiiiiiieeeeieeetetteeenesieeseeessassssssessessssssssssssssssssssssssssssssssssssssssssssssnssssssssssssnssssssssssssnnsssssssssssnnnnnns X
CHAPTER 1 - INTRODUCGTION.......ccceeuuuieeeetreeennnneeeeereeeennnsssseeseessnnnssssssssssssnnsssssssssssssnnssssssssssssnnsssssssssssnnnsssssssssanns 1
1.1. IMIOTIVATION AND CONTEXT cetuuvrerreeseeeiiisrereeeeeeeieisssseeeseessesssssesseessemsssssseseessemssssssssesssemssssssseessemnssssseessennnns 1
1.2. RESEARCH QUUESTIONS. ..vvteteeeiuttterteeeeeesisteseeeeeeesasssasseesesssasssasseesssssasssssssesessssssssesesesssesssssssssesssessssssseesssennns 2
1.3. RESEARCH IMIETHODOLOGY.......uuurvriieeeeeiitrereeeeeeeieistsseeeseessessssssesseessesssssssesesssemissesssesssemsssssssesssemnssssssessennnns 3
1.4. DISSERTATION STRUCTURE ...uuvvvvrtieeeieiitteeteeeeeesesssasseesesesassasseesssssssssssssesssssessssesesessssssssssssesssesssssssssesssennns 3
1.5. DISSERTATION GOALS...vvvieeiieiuureereeseeeiiittarreeeeeeiaibasreeseeesasbasseeseeesaassassseseessesistassseesseasatsssseeseemnssrssseeesennnes 4
1.6. RESEARCH CONTRIBUTIONS ....uuvvvvrtieseeeseusterteeeeessasssaseeesessssssssseesssssasssssssessssssssssssesesssssssssesssesssesnsssssssesssssnns 4
CHAPTER 2 - STATE OF THE ART ..ceuuiiiiiiiiitteeeeiieetteeenneessseeseeessnssssssssseessnnsssssssssssssnnsssssssssssssnssssssssessnnnsssssssssanns 5
2.1. TECHNOLOGY BACKGROUND OVERVIEW .....uuvvvieeeeeeieiiarereeeeeeeseintareeeseeesassssseeseessesssssssssesssesssssssessssessnsssssesees 5
2.2. SOFTWARE DEVELOPMENT IMIETHODOLOGIES ..vvvvvuuneeeererrrssnneeeeersessssnneeesessssssssnesesessssssssaseesessssssnnesessssssssnnnenees 6
2.2.1. ThE WALIfOQI MOGEI ..........ooeeeeeeeeeee ettt e ettt e et a e ettt e e st e e e ssteassasteaesanseaesanseneas 6
2.2.2. E TN o[ T LY Lo e L] PP 8
2.2.3. Rapid Application DEVelOPMENTt (RAD) .......ccueecueeeeeeeiieeiieesieeesieesitesteesssesaeestaaessesssaeseesnes 11
2.2.4. Dynamic System Development MEtROd.................ueeeveeeeeceiiieeiiee et eeecccteeaa e e eessiaraaaaae e 13
2.2.5. Rational UNified ProCESS (RUP) .......uueeeeeeieeeeieeeteestteeteesttee st e setee sttt e saaasitaassssassaasssessssassseennns 18
2.2.6. Yo 11 (=3 (=311 Te e [o] (o T | VAR 20
2.3. THE GROWTH OF LOW-CODE TECHNOLOGIES ...uuueeeretuuuuieeeeerenuunneneseeeesnnnnnesesesssssssnnesesessnssnnnassessssnssnnneesesenees 25
2.4, LOW-CODE PLATFORMS USE-CASES....uuuieeeeetrrrtuueieeeeererstieaeseesesssunaeeesessssssnsnesessssssssnneeessssssssninesesssssssnmnneeees 28
CHAPTER 3 - LOW-CODE APPLICATION PLATFORMS ANALYSIS.....cuttiiiitetecteceectectentenceecsassascescsassascssesnssancane 31
CHAPTER INTRODUCTION ...evvtuuuueeeeeeeeeruuueseeeesssssseeseeessssssnnneseessessssnnesesssssssssnsesessssssssnnsesessssssssnneesessssssnnnsessesssssnnnns 31
3.1. LEADING LOW-CODE PLATFORMS ......cuvtrereeeeeeeiisreeereeeeeiaistssseeeesesesssssseesesesensssssesessssemsssssssesesenssssssseesssennes 31
3.2. OUTSYSTEMS
3.2.1. OutSystems Cloud and OutSystems 11 Platform ArchiteCture..............cccueeeveveeecceveesiiieeeiienanns 35
3.2.2. ODC ClOUA-NGEIVE AFCRIEECTUIE ..o eeeetetttee e eeeettseeee e e e esssiaseaeeeeeesssssessseeeensans 38
3.3. IVEENDIX 1rueeeeeetttuieeeeeeeeerttteseeeeessssaaeeeesssssaanaasesssssssannaeessssssnnnssesessssssnnseeesssssssnnneeeessssssnnnneesssssssnnnnenens 40
CHAPTER 4 - TECHNICAL, COST, AND Al COMPARISON......cccceeeeumreeerreeeeennsseesreeesnnssssessseessnnssssssssssssnnssssssssseans 45
CHAPTER INTRODUCTION ...uutvvvvieeeeiieiuereeeseeesesussesesesesesisssesssesssessssesssessesssssssssessessasssssssseesssssssssssseessessssssssesssennns 45
4.1. ARCHITECTURE & INTERFACE ..vvvvveeeeeeeieureeeeeeeeeieittsreeeseeesaastsseeeseeesassssssseeessemssssssssessemssssssseesssemssssssseeeesennns 46
4.2. DATABASE & ENTITY RELATIONSHIP. ... uteieeeieeeieieseseseieseseseseeesesesesesesesssssssesesesesesssesesesesesesesssesesesesesesesesesens 48
4.3 COMMUNITY SUPPORT ...tttteeteeeeeesiusreeeeeeeeesasrseseeeeeesasssssseesessssssssssseseessesssssssssesssessssssssseessemssssesseessenssnsnes 52
4.4, ERROR HANDLING ...uiieieiiiiiieeeeeeeetttneaeseeetesstsaaeseessesssanneseesssssssnseeessssssnnnnseeessssssnnneeessssssssnnnesesssssssnnnneeees 52
4.5, INTEGRATIONS eeeeeeiutrereeeeeeeieitareeeeeeesessareeeeeeesasasssasseesesesassasseeseeesaassssaseseessasasstasseaeeeesnstreseeeeeesnassrrneneens 56
4.6. PRICING PLANS ..ttttuuteeeeeterttieseeererersnaeseesseasssnaasessssssssnnsesessssssssnnsesessssssnnnnseeesssssssnnseessssssssnnnesesssssssnnnnneees 63
4.6.1. OULSYSEEMS PrICING MOUEI .....c....eveeeeeeeeee ettt e et e e e ea e et a e e st e essnseaaesnaeaaeas 63

Vi



4.6.2. 1Y L= Lo [ q e Ta (ol T I g Lo T =] A SR 67

4.7. Al-ASSISTED DEVELOPMENT (AIAD) ..c.uteietieeieiieeteesteeeteesteesteessteesseesnteasaseesseaesesesessnsessnsessnsessnsesenseeanes 70
4.7.1. OULSYSEEIMS Al TOOIS.....ooeeeeeeeeeeee ettt e ettt e ettt e e et e e e et e e et ea e e sseseesssseaesanseasessrananns 70
4.7.2 IMENAIX Al TOOIS. ...t ettt e e e e e ettt a e e e e et s a e e e eessttsabeaaaeessasasssesaaaeens 72

CHAPTER 5 - CONCLUSIONS AND FUTURE RESEARCH ........uuvtiiiiiiiiiinnnieniiiissssnnseenssissssssssseessssssssssssssssssssssssnns 75
5.1 CONCLUSIONS ...ttt eee ettt e e e e s ettt e e e e seauasbe et e e e e s e aasbabeeeeeae s s babteeeeeesaanssbteeeeeesansnnaaaeeeesasnssbeaeaeesenannees 75
5.2. FUTURE RESEARCH. 1.ttt euttt ettt sttt ette sttt esttesteessttessbeesbeesabaesasaesabeesstesabeesnseesabaesabeesnbeeenseesnbeeenseessaesnsnesnn 76

REFERENCES .....cceuuiiiiteiiiiteniiiieenieiinssieissssisissssssisssssssssssestsnsssstsnssssssnssssssnssssssnssssssnsssssanssssssnsssssansssssansssssansssnss 77

APPENDIX...cuueiiiiiiiiiiinnrettiiiiissssssseesssssssssssssssssssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssss 87

APPENDIX A . .teeeuteeeteeeteeeeteeeteeestaeeteeesseeeaaes e saeesseeesaeanseeaasaeansee e saeensee e see e seeesee e sae e saeeseeeanaeenteeanaeenrreennaeentes 87

APPENDIX B ivteeiteeiite ettt etee ettt e sitesiee e stt e sbe e e sbte e be e e sbteebe e e sbee e be e e ate e b et e bt e e b et e b ee e bae e hbe e be e e ahae e beeenaaeenaeeenateenaes 88

AAPPENDIX Clvvteeutesateeeteeeeteeetesestaeesesesseessesasaeesseeaasseanseeassaeensse e sseanseeasseeenseeasseanseeesseeenseeesseesteessseensseessseennees 89

APPENDIX D 1. uvteeiteeiitestes ettt et s e site st e bt e et e e sbaesbe e s bt e e bt e e sbte e be e e at e e b ee e b ee e be e e bt e e b et e bt e e beeeahbeebeeenateenteeenateenaes 90

AAPPENDIX Evvuvieeitisetteeteeeette et s esteeete e e tee et e e taeesee e eseeeaeeassaeensee e saeensae e sae e seeaseeesae e aaeenaeeasaeenbeeaaaeenrteeanaeenres 91

APPENDIX Fueiutteeiteeiiteetes et e sttt sitesete e e ste e st e e baeebeessbteeabe e e saeeeabee e ateeabee e bt e eabeeebeeeabae e bt e e be e e abae e bbeenateenteeenateenes 93

AAPPENDIX G 1vuvuveveuesesesensstrsesessssssssesessssasessssseseses sasesesessesese sensesaseses esesessssesssesessesase sessesasesestesssesensesasn sensesanssessesasesensesasessnsns 95

AAPPENDIX H 1.uteuuteueettestesses st testeutesueatess et sueese esses sueastes st sss eutesssenses saeaueeessen s she ssbesses saeaus aenses e sae sesten st b ansenssennte sreensen 97



List of figures

Figure 1 - Representation of Royce's first Waterfall model from 1970 .......ccccevivviiiiiiiiiee e, 7
Figure 2 - The Spiral Model of SOftWare ProCess ........ccccuuiieiciiieeeciiee et erre e e e s rare e e e e aaaeeeas 9
Figure 3 - The 4 phases OFf RAD .......ueiiiiiiiicciee ettt sttt e st e e s et ee e e et ae e e eatae e e ennnaee e e nneeas 12
Figure 4 - DSDM's fundamental prinCiples........ouuvuieiiiiiieiiciiiee e 14
Figure 5 - DSDM [ifECYClE PRASES ......eeeieiiieeeeee ettt e e e bae e e e bae e e e naaae e e e areeas 16
Figure 6 - Rational Unified Process Whale Chart ..ot 18
Figure 7 - Agile Software Development LIfeCyCle.......couiiiiiiiiiiec e 23
Figure 8 - Main reasons for using LCDP according to IT USEIS .....ccceeeeeiiieeeciiiieeeciiieeeceveee e eeveee e 26
Figure 9 - Main reasons for not using or considering low-code development platforms .................... 27
Figure 10 - Gartner's Magic Quadrant for Enterprise Low-Code Application Platforms ...................... 32
Figure 11 - Gartner's Magic Quadrant structure explained ..........ccceveeeiiieeeciiiee e e 32
Figure 12 - OutSystems application lifecycle management components.........cccoccveeeeveiieeiccciieeeeenneen. 35
Figure 13 - OutSystems Service StUdio COMMON USE CASE...ccuuvieeiivrieeiiiiieeeriiteeeesiee e ssieee e e sreee e eeaveeas 36
Figure 14 - OutSystems Integration Studio .NET extension USE CASE .......ceeecuveeeeeiieeeeeireeeeeeiree e e 36
Figure 15 - OutSystems running on a private CloUd..........coiviiiiiiiiiiiee e 37
Figure 16 - OUutSyStemMS FUNNING ON-PreMISES ...ccuuiiiiiteiieiiriiirteeee e e e eriireeeeeesssssirrreeeeesssssssserneeeesssanas 38
Figure 17 - Mendix Software Development Life Cycle representatio........cccccoceeeeeiieeeeeciieeeecciiee e, 40
Figure 18 - Key Components of the Mendix Platform Architecture .........cccocvveeiviieeiiciiee e, 42
Figure 19 - OutSystems vs MendiX: COre MESSAZES. ...cccuriiiiiiurieeeiirieeeiirteeesrtaeeessbeeeessbeeeessaseeesssnsenas 45
Figure 20 - Mendix StUdIO Pro IDE ........uuiiiiiiiiecccieeee ettt e e e e e vtere e e e e s s e s sabaae e e e e e s s e ennseaneeaeeeeean 46
Figure 21 - Different database options available at the application configuration settings ................ 49
Figure 22 - Design of a scalable data model for E-commerce Orders and Reviews using Mendix....... 51
Figure 23 - Design of a scalable data model for E-commerce Orders and Reviews using OutSystems 52
Figure 24 - Error handling options for Microflows and Nanoflows in Studio Pro...........ccecceeevieeniennns 53
Figure 25 - TrueChange technology live working in OutSystems IDE .........ccccceeiviiieeeiciiee e, 54
Figure 26 - User-EXCeption USE-CASE SCENATIO......ccuuiieeeeeeeeciiiiieeeeeeeeecrtereeeeeessssasrerneeeeesssssssenneeeeessanns 55

Figure 27-Request body of the Post Completion method defined in the exposed REST API using
(O 1T AV (=] o | 59
Figure 28 - Request body of the Post Completion method in the exposed REST API using Mendix .... 59

Figure 29 - User roles defined in OutSystems and Mendix respectively ........ccccceeecieeeiccieeeccciee e, 60
Figure 30 - DS_CallRest_P0ost MiCrofloOW [OZIC......cccuuiiiiiiiiieceeee ettt e 62
Figure 31 - ACT_PostCompletions Microflow lOZIC .......ccueviiiuiiiiiiiiiee et e 62
Figure 32 - Different pricing structure for a "one app" liCENSE .....cvvveeeiiiiiiiiiee e, 67
Figure 33 - Different pricing structure for multiple apps liCENSE .......ccccvieeieciiieecciee e, 67
Figure 34 - Al Mentor SYStEM ENZINE ......ueiiiiiiiiciiiiieiee e et e e e e e e e et e e e e e e e e s sabeeeeeeeeesessansraaeeeaeeeenns 70
Figure 35 - Maia chat interface used in STUdIO Pro ......ccueviiiiiiii i 72
Figure 36 - Best Practices RecommENder PAne ........coeiii it eerreee e e e e e ne e e e e 73
Figure 37 - Logic Recommender dialog BOX .....cooviiiiiiiiiiiiciee et 73
Figure 38 - Workflow Recommender dialog boX .......ccocuiiiiiiiiii e 74



[This page has been intentionally left blank for formatting purposes]



List of tables

Table 1 - Analysis of the Strengths and Weaknesses of the Waterfall Model .........cooociiiiiiniiinnninns 8
Table 2 - Analysis of the Strengths and Weaknesses of the Spiral Model .........ccceeeiiieeiiciieecccnnen, 11
Table 3 - Strengths and weaknesses of RAD Methods.......cccuuviiiiiiiiiiiiie e 13
Table 4 - Analysis of the Strengths and Weaknesses of the DSDM Model.........ccccceeeeeiiiiiieeeeeeeeeccnnns 17
Table 5 - Analysis of the Strengths and Weaknesses of the RUP Model .........ccccovveiiiiiiiiiiciieecciinenn, 20
Table 6 - Integration Use-Case findings COMPAriSON ......ccoicuiiiiiiiiiieniiiie et ssree e e e ssne e e s sereee e 63

Xi



[This page has been intentionally left blank for formatting purposes]



Acronyms

Al - Artificial Intelligence

AIAD - Al-Assisted Development.

AOs — Application Objects

aPaas - Application Platform as a Service

B2C — Business-To-Consumer

B2E - Business-To-Employee

CDN - Content Delivery Network

CI/CD - Continuous Integration and Continuous Delivery
CRM - Customer Relationship Management
DSDM - Dynamic Systems Development Method
ERD - Entity-Relationship Model

GenAl - Generative Artificial Intelligence

GUI - Graphical User Interface

HSQLDB - HyperSQL DataBase

HTTP - Hypertext Transfer Protocol

laas - Infrastructure as a Service

ICT — Information and Communication Technology
IT — Information Technology

IDC - International Data Corporation

JSON - JavaScript Object Notation

JVM - Java Virtual Machine

KKR - Kohlberg Kravis Roberts

LCDP — Low-Code Development Platforms

LCNC — Low Code/No Code

MAIA — Mendix Artificial Intelligence Assistance
NATS — Networking Asynchronous Transfer System
OCI - Oracle Cloud Infrastructure

ODC - OutSystems Developer Cloud

Paas - Platform as a Service

RAD - Rapid Application Development

RDS - Relational Database Service

RAD - Rapid Application Development

REST - Representational State Transfer

xiii



RUP - Rational Unified Process

Saa$ — Software as a Service

SDLC - Software Development Lifecycle
TCO - Total cost of ownership

Ul — User Interface

URL - Uniform Resource Locator

WAF — Web Application Firewall

XML - eXtensible Markup Language



CHAPTER 1

Introduction

1.1. Motivation and Context

In the fast-changing world of software development, innovation has always been the key factor
behind progress and amid the many technological advancements that have changed the way we build
software low-code platforms stand out as a game-changing approach [1].

The high demand for technology and new applications combined with the lack of digital talent
created the perfect scenario for the emerging appearance of Low-Code. This approach minimizes the
need of manual coding and in some cases, it even eliminates it completely (no-code platforms), along
with other features like a user-friendly drag-and-drop interface and the allowance to reuse modules
and components in other formats like, web and mobile, consequently accelerating the development
time, improving efficiency and reducing maintenance. As a result of these time and cost improvements,
companies faced a reduction of nearly 74% in the cost of applications [2].

Also pumped by global events like the Covid-19 pandemic and Brexit, the information and
communication technology sector (ICT) had a high demand for new applications and as evidence the
IDC estimated that by the end of 2023 the number of new applications that will need to be created
globally would reach the 500 million, and that would surpass the number of new applications created
in the last 40 years [3]. Consequently, Low-Code platforms dimension rise as they are used as a way to
address the shortage of skilled digital professionals, to maximize the productivity of businesses
resources and to fulfil the market demands on delivering more faster, more agile and more secure
applications [2].

It is relevant to notice but not unexpected that the LC/NC industry is also expanding since a long
time ago, and is aiming for notable forecasts and figures, that can firmly demonstrate its relevance in
the ICT sector. Gartner projected the LCNC market to reach $26.9 billion by 2023, while Forrester offers
an even higher estimate, predicting it will hit $45.5 billion by 2025. Additionally, by 2024, it's
anticipated that 65% of app development will utilize low-code approaches, reflecting the swift

adoption of these platforms [4].



When it comes to low-code development, it is not possible to discuss the evolution of low-code
platforms without mentioning two of the industry's leading giants: Mendix and OutSystems.
OutSystems, initially founded in Portugal and now based in the United States, and Mendix,
headquartered in the Netherlands but acquired by German industrial powerhouse Siemens in 2018,
have achieved what many software companies aspire to: becoming globally recognized leaders in the
enterprise low-code software market. They have consistently outperformed their competitors and
continue to raise the bar for what enterprise low-code solutions can deliver [5].

More recently, with the emergence of Al, GenAl tools are becoming a staple in software
development [6] and synergies between two major forces (LC/NC platforms and generative Al) were
bound to happen. This indeed means that the possible partnership of LCNC platforms and generative
Al is a quite promising future in software development. The integration of gen Al into low-code
platforms might result in streamlined development, empowered non-technical users, efficiency, and
innovation taken to the next level. The results that might come from this, hold immense promise across

industries for quicker time-to-market, high-quality software, and business agility.

1.2. Research Questions

The research questions that drove me into writing this master thesis were:

e What are the benefits of adopting low-code strategies to enhance businesses?

e What is the impact of adopting a low-code tool in terms of cost, time, and quality
compared to using a traditional development tools and methodologies?

e How can platforms like Mendix or OutSystems accelerate digital transformation in
businesses?

e How can organizations select the most suitable low-code platform based on their needs
and application types?

e How do low-code platforms integrate with generative Al to enhance software
development processes?

e What role do low-code platforms play in helping businesses quickly adapt to the growing

demands for Al-driven solutions?



1.3. Research Methodology

The research approach used in this dissertation is a combination between a Comparative Analysis
that will be employed in this dissertation as a means to study the transformative role of Low-Code
platforms and a Market Research where the trends, the market demand and adoption rates regarding
Low-Code have been interpreted with the help of industry reports and market data analysis.

Both these methods have been supplemented by a SWOT Analysis along the paper with the aim
to show the Strengths, Weaknesses, Opportunities, and Threats for each identified platform.

Finally the Comparative Analysis performed for the necessary technical characteristics, pricing
models, and pitched Al integrations supports two use cases: one related to data modelling capabilities
regarding e-commerce order management and one other related to integration via REST APIs for an Al

chatbot.

1.4. Dissertation Structure

The structure of this dissertation is organized into 5 distinct chapters:

- Chapter 1: This chapter describes the recent proliferation of Low-Code platforms, which has
been driven by rising demand for digital solutions and a shortage of developer talent. It also
also presents the enunciations of research questions, objectives, and contributions of this

study.

- Chapter 2: This chapter describes the state of the art based on an immersive technology
background overview on both traditional and modern methodologies for software
development, including Waterfall, Agile, and Low-Code platforms outlining the evolution of

such methods.

- Chapter 3: The third chapter provides a more in-depth look at the two leading LC/NC
platforms, OutSystems, and Mendix, focusing on their architecture, development tools, and

components of each, in detail.

- Chapter 4: This chapter talks about technical and cost comparisons between OutSystems and
Mendix. This section describes pricing models, inclusions of Al-powered development tools in
both, presented here are use-cases, which offer insight into comparing capabilities in data

modelling and integration scenarios.

- Chapter 5: Chapter 5 presents the conclusion and future works, summarizing the key findings
obtained along the paper and pointing to further research efforts, such as advanced Al tools

and a comparison of other leaders in the LC/NC market.



1.5. Dissertation Goals

The primary goal of my dissertation is to explore the transformative potential of LC/NC
development platforms technologies. By investigating how these innovations challenge the traditional
software development process, which relies on complex coding and specialized programmers.

| aim to demonstrate how LC/NC market leaders like Mendix and OutSystems can revolutionize
the field. My research will focus on how these tools can make software development faster, more
accessible, and inclusive. | will analyse their impact from both technical and business perspectives,
assessing how they enhance agility, foster innovation, and democratize technology.

Additionally, I will examine both the architectures and development life cycle to understand how
we can also use these tools to improve automation and creativity.

Through this research, | seek to highlight how these advancements drive digital transformation,
increase development efficiency, and enable broader participation in the software creation process.
Ultimately, my goal is to contribute to a future where software development is both simpler and more

innovative.

1.6. Research Contributions

The continuous contributions of this dissertation, includes its contribution to the preliminary basis
for further academic publication. Throughout this research process, it became clear that the number
of insights and comparisons present in the paper could represent potentially valid contributions to the
field of software engineering as well as to the Low-Code development platforms themselves.

This reacted initially on the early stages of a draft for a publishable article. Although still a
developing article, it attempts to encapsulate the key findings from this thesis into a solid analysis of
leading Low-Code platforms.

The key findings that will be discussed: different technical and cost advantages of Low-Code
platforms, their increasing role in digital transformation driven by Al, among other features.

Finally, | would like to contribute to the academic discussion of Low-Code platforms since it
underlines my thesis work and its eventual contribution to inform the industry of the practices that
could assist business and IT professionals in applying correct and informed decisions on the adoption

of Low-Code technologies.



CHAPTER 2

State of the art

2.1. Technology Background Overview

To understand how low-code gained its place in the software industry, it is necessary to look back
several years, not just when the first low-code technologies emerged but to the roots of software
development.

During the early 1960s to the early 1970s, the Waterfall model emerged as one of the earliest
structured methodologies for software development [7]. Firstly, introduced by Winston.W.Royce the
Waterfall model consisted in 7 stages (system requirements, software requirements, analysis, system
design, coding implementation, testing, operations). Although he believed in this model, he also stated
that this implementation is risky and invites failure [7].

The popularity of the usage of Waterfall methodology was also pumped in the 1980s due to the
increase of projects that required high reliability and quality, such as defence, aerospace, and
government systems. Nevertheless, the waterfall model started to face some challenges and criticism
during the 1990s and early 2000s due to the appearance of new technologies, changing markets, and
growing customer demands since it was rigid, slow, and incapable of accommodating the dynamic and
unpredictable nature of software development during that era [8].

As a reaction to the Waterfall Model, the Rapid Application Development (RAD) notion presented
by James Martin in his book took off in the 1990s when the notion of visually "assembling" desktop
applications using tools like Visual Basic, Delphi and Oracle Forms became famous driven by the rapidly
evolving landscape of digital products [9] setting the first steps to what would be called Agile
methodologies.

Recognizing the limitations and pitfalls of Waterfall models, companies were looking for a more
dynamic and adaptive approach to fulfil their project management requirements, so in 2001 Ken
Schwaber and Jeff Sutherland both members of a 17-engineers group, founded the Agile manifesto
that outlined their common principles on how a contemporary software development process should
function, aiming for flexibility and adaptability reckoning the basis that a developer does not need to
define all the answers up front, as it is done in the waterfall models. Instead, he breaks the problem
into digestible components [10].

Other methodologies also complemented Agile’s principles over time like for example:



¢ DevOps : DevOps arose in the late 2000s in reaction to challenges that teams experienced using
Agile across the full lifecycle of software, more specifically between development teams and
operations. It touches every phase of the development and operations lifecycle at the best Agile
practices: planning, building, monitoring, iterating. It brings together skills, processes, and tools from

every facet of an engineering and IT organization [11].

¢ CI/CD : Continuous integration and continuous delivery automated the processes of building,
testing, and deployment which was an essential aspect of CI/CD practices, enabling regular and reliable
software releases [12].

Together, these complementary methodologies provided the foundation to integrate the most
productive software development tools based on its main principles.

Such integration greatly amplified the market effect caused by the so-called new technologies,

including LCNC development and Al-assisted development that use machine learning (ML) models.

2.2. Software Development Methodologies

Software development has significantly evolved over the past few decades, having its roots in
Traditional Software Development Methodologies and later moving to Modern Software Development
Methodologies. Such a transition showed the general trend in the industry for more adaptive, iterative,

and collaborative approaches.

2.2.1. The Waterfall Model

The Waterfall model firstly introduced by Winston.W.Royce follows a linear path of development,
characterized by fixed, orderly phases and when one ends, the other begins [13].

The model, which predated the formalization of software design, was presented as a means of
controlling an increasingly complicated size of large-scale projects.

Basically, following a rigidly preordered sequence of phases with, in its original form there is no
return to prior phases, waterfall, as the name would suggest, originally introduced by Dr. Winston W.
Royce, has its process in a line with no iteration, meaning their process cannot revisit and revise any
earlier stage and also extensive upfront planning is necessary, which cause delays in the early stages
that will have an impact on all further phases [14].

Figure 1 represents the original model designed by Winston Royce introducing this 7 phases rule:
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Figure 1 - Representation of Royce's first Waterfall model from 1970 (Source: [14])

The phases that collectively represent the Waterfall model [15]:

System requirements: Identify all the system-level requirements—document them—defining

what the system should be able to provide to the user.

Software requirements: Detailed analysis and documentation of the software requirements
derived from the system requirements, but this time focusing on what the software is going

to do.

Analysis: Involves breaking down and studying software requirements in-depth to sharpen
the focus on project objectives, studying the problem areas, projecting outcomes, and

creating a more detailed project plan.

Program Design: The process of creating a clear software architecture that would be utilized

in development as a sort of detailed blueprint. This involves algorithms and workflows.

Coding: Transforms the design into actual source code. Developers follow predefined

standards and specifications to write the code accordingly.

Testing: This process systematically runs the software in different environments to verify that

it meets the intended specifications and to identify any defects that need correction.



- Operations: The release of the software into a live environment, including installation and
maintenance tasks. Post-deployment activities include monitoring to ensure stable and

effective operation.
According to Barry.W Boehm “The Waterfall model has become the basis for most software
acquisition standards” [16] with several advantages but at the same it involves notable risks and

feasibility challenges. An analysis of both its strengths and weaknesses is presented in Table 1.

Table 1 - Analysis of the Strengths and Weaknesses of the Waterfall Model (Source: [17])

Strengths

Weaknesses

- Due to its linearity, it's simple and easy to
understand. It provides a direct path in

development.

- The emphasis given to planning and
upfront documentation in the model;
hence, is effective in projects that have

considerable scope and are large.

- Stages that can be set along with deadlines
to enable orderly progress, thus helping in

efficiently tracking a project [17].

- Due to the strict sequential order in which
it carries out processes. The iteration

development or adjustment gets forbidden.

- Changing does indeed mean it is a pain to
go back and revise earlier stages, which in

turn can delay the projects themselves.

- This model will work only on the premise
of a landscape that is static and does not
change, which in software development is

not normal nor ideal [17].

2.2.2. The Spiral Model

Moving from the Waterfall model, another traditional software development methodology is the
Spiral model, presented by Barry Boehm in 1986 [16], it extends the rigid sequential approach into
iterative cycles of planning, risk analysis, engineering, and evaluation. This methodology will not only
retain systematic structure but also provide room for adaptability through continuous project
refinements, fitting well with the evolving project requirements.

In figure 2 it represented the original spiral model defined by Boehm with its four phases divided

into different quadrants:
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Figure 2 - The Spiral Model of Software process (Source: [16])

According to Boehm, every spiral model cycle should consider the following 4 phases:

- Planning phase (defining objectives): It is within this planning phase that the definition of
project goals, requirements, and scope must be made, while risks are assessed. The attention
should be on the alignment of user needs with stakeholder expectations, thereby laying a
foundation for the whole project. Also, the stakeholder involvement will be very instrumental

in elaborating the success criteria of the project, hence ensuring its alignment [18].

- Risk analysis phase: After defining project objectives, the team conducts a detailed risk
analysis to uncover potential issues like technical hurdles, resource constraints, or changing
requirements. Strategies are then developed to mitigate these risks, making the project more
resilient. Both quantitative and qualitative methods are used to assess and prioritize risks

effectively [18].



- Product Development phase (Engineering): After the risk analysis and strategic planning, the
development phase starts, where the respective sequence of development involves coding,
followed by integration and testing. This phase should be focused on the previously set
objectives, evaluating ongoing results to determine if everything is on the right track and
addressing any immediate problems. Customer feedback and initial prototypes guide the

iterative refinement of the software [18].

- Evaluation Phase (Plan Next Iteration): During the evaluation phase, the software undergoes
assessment to verify if it meets customer needs. This phase ensures the software aligns with
user expectations. It also checks if the final product maintains high quality, before starting a

new cyclic iteration [19].

The spiral model became famous since it was helpful in specific cases, for example when costs and
risk evaluation become important for medium to high-risk projects also when long-term project
commitment is unwise due to possible changes in economic priorities and users are not sure about
their requirements and the requirements are complex, or when significant changes are expected,
particularly involving research and exploration [20].

In recent years, there has been significant shift from traditional development, toward agile
methodologies mostly due to the growing need for flexibility and faster delivery [21].

This shift to modern approaches has become essential since modern methodologies offer greater
adaptability, collaborative processes, and iterative development to meet evolving user needs and
market demands.

However, much like the other models, it comes with its own set of pros and cons that are

addressed and analysed in table 2.
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Table 2 - Analysis of the Strengths and Weaknesses of the Spiral Model

Strengths

Weaknesses

- Spiral Model is ideal for projects with many
unknown risks, thanks to its risk analysis and

management at each phase.

- It is flexible in requirements since it
accommodates changes in requirements

even at later phases.

- Spiral Model focuses on risk management to

reduce uncertainty and potential impacts.

- Spiral Model can be expensive to implement
due to its iterative nature and the extensive

risk management processes involved.

- Risk analysis requires highly specialized
skills. Without them it will be very hard to

implement this model.

- Estimating time is challenging because the

number of phases cannot be determined at

the beginning of the project.
- The improved quality of the model, since
Multiple iterations in Spiral Model

help | - The Spiral Model is generally not well-suited

enhance software quality and reliability [19]. | for smaller projects, as its detailed processes
and phases can be overkill for simple or low-

risk endeavours [20].

2.2.3. Rapid Application Development (RAD)

One of the first approaches of an Agile software development methodology is the rapid
application development (RAD), developed by James Martin in the 1980s and officially presented in
1991 as a response to the failures of traditional methods like Waterfall [22].

Rapid application development is an Agile approach to software development, whereby less
emphasis is laid on adhering to a strict plan, and instead focuses on ongoing software projects through
user feedback. It, therefore, emphasizes low-cost rapid prototyping rather than high-cost planning.

Though often mistakenly considered a specific model, the idea behind Rapid Application
Development (RAD) is that we derive value by treating our software projects more like clay than steel—
meaning they can be tested and refined, rather than strictly following detailed planning and design
phases typical of traditional development models [23].

The RAD which focuses on quick and iterative development, traditionally includes 4 main phases
that are depicted in figure 3, and each one is designed to expedite the development process and

engage user feedback continuously:

11
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Figure 3 - The 4 phases of RAD (Source: [24])

- Requirements Planning: Instead of taking many months to create detailed specifications along
with the users, RAD starts immediately with the definition of a flexible set of requirements.
Flexibility is an inherent property of RAD, it supports the possibility of changing requirements
at any time during the development cycle.

It essentially captures the essence from the developers while the client describes their vision
for the product, leading to a mutual agreement with the developers on the requirements that

correspond to this vision [23].

- User Design: The team works closely with users to create a prototype or mock-up of the
software. This prototype is then used to gather feedback from users, allowing improvements

to be made to the design before moving on to the next phase [24].

- Rapid Constructions: During this stage, the team builds the software product using tools and
techniques specific to rapid application development. The prototype is used as a reference,

and the product is created in incremental steps [24].

- Cutover/Release: The transition from development to the production environment involves
final testing, deployment, and user training. During this phase, any remaining issues are
thoroughly identified and resolved. Once testing is successful, the system is deployed, and

users receive training to ensure they can use the software effectively [24].

It should also be emphasized that these phases are cyclical and may be revisited repeatedly until
the final product satisfies the requirements and is prepared for deployment.

Rapid Application Development can also be seen as a predecessor to the more formal Agile
methodologies we use today. Although RAD and Agile share common principles—like iterative
development, user feedback, and flexibility [24], it remains unique in its own approach and

characteristics with its own features and drawbacks, that are considered in table 3.
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Table 3 - Strengths and weaknesses of RAD methods

Strengths

Weaknesses

- Decreased development time and enhanced
efficiency with fewer team members result in

reduced expenses.

- The use of a time-box approach where each
phase of development is allocated a fixed
helps control

duration, budget and timing

uncertainties.

- Continuous engagement of the customer
throughout the project ensures alignment with

client expectations and business objectives.

- Employs various techniques to document and

understand business operations, data flows, and

- The speed of development of RAD can lead to
design shortcuts, potentially affecting the
product's overall quality and functionality.

- The RAD model requires experienced
developers capable of handling rapid changes

and decision-making to ensure project success.

- May lead to a poorly designed system if
emphasis is placed on rapid delivery rather

than solid architectural planning.

- While RAD shortens the time to market, it

needs rigorous project management to ensure

processes which help in clarifying system | deliverables meet quality standards [25].

requirements and design [26].

2.2.4. Dynamic System Development Method

Transitioning from the RAD model, defined by James Martin in 1991, into a Dynamic Systems
Development Method within the software industry had a focus on a more structured approach, which
did indeed incorporate speed and agility, albeit with an even stronger emphasis on project
management and involvement of stakeholders. The Dynamic Systems Development Method (DSDM)
is a framework that tries to bring speed to product delivery and guides through remaining in control
throughout the whole process [27].

To fully understand how DSDM relates to the Agile School of methodologies, one must consider
how the principles of DSDM support those core values held by the Agile development methodology.

Meant to be followed for a thorough execution of DSDM, disregarding the principles will weaken
the whole and make the framework far less effective, raising project risks higher [28].

These principles that are depicted in figure 4 complete the model picture of DSDM:
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Figure 4 - DSDM's fundamental principles (Source: [29])

Active user Involvement: Active user participation is the first and most important principle.
Users (who will be the user of the product) must be in sync with throughout the development.
Continuous involvement of stakeholders makes the process less error-prone, which
consequently reduces the cost for rectification. DSDM is based on the close working
relationship of a small group of carefully chosen individuals using a language they all
understand such that everyone involved in the development project is constantly

communicating with each other [29].

Teams need to have the authority to make decisions: Empowerment is a key tenet of the
Dynamic Systems Development Method. This enables teams to take decisions fast during
development, which speeds up the whole process. But that is no free-for-all, in the end, teams
need to follow their guidelines within predetermined financial constraints, and more
importantly they need to stick to the project scope. For instance, they may reinterpret a
requirement of requirements in the context, adjust the priority of some tasks or solutions

intended for the system [27].

Focus on frequent delivery of products: High frequency for delivery of values to the customer
ensures that the errors/bugs get identified, worked upon, and resolved/reversed/fixed at an
early stage. Identification of the source of the error and the root cause is found and fixed. It

applies to all-requirement documents, working models, as well as on program codes [28].
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Fitness for business purpose is the essential criterion for acceptance of deliverables In
DSDM, there should be the delivery of software that covers the business need or requirement
but which can be open for changes or enhancements in future iterations. DSDM has a greater
emphasis on fulfilling the business requirement in the first place and will not invent or build
unplanned or opportunistic software. It keeps the process uncomplicated and lean critically

[29].

Iterative and incremental development necessary to converge on an accurate business
solution: The key essence of this approach is that it reduces a very large project into several
feature-based projects of smaller scales. At each delivery, a new feature is introduced to the
client. Such deliveries are done on an incremental basis till all features required by business

are fully delivered [29].

All changes during development are reversible: Adapting to change means that, at each
increment development, the system configurations need to evolve, shifting priorities of
requirements. In modern software tools, flexible configuration of projects according to this
principle is allowed. Some are afraid that going back to a previous step can make them lose
valuable work, but in DSDM, this is iterative in small increments, hence the loss if any is small

[28].

Base-line the requirements: Some high-level requirements must be set early in the process
to limit the amount by which the requirements can be changed. These basic requirements,
often thought of as a "freeze" on changes, occur during the business study phase of the

process [28].

Testing throughout the lifecycle: Most of the development techniques in existence demand
testing at the design or implementation phase, as late as that. According to DSDM, testing is
done right at the beginning of the development process. Even testing interview documents by

cross checking, them with a control group or similar techniques [28].

Stakeholder collaborative approach: It becomes vital to have an atmosphere of trust and
honesty in order to capture precise requirements and honest feedback on a resultant product.
In DSDM, collaboration between Business staff and developers is of utmost importance in
delivering value. Precise business needs along with honest feedback helps in quick

development which thereby results in timely delivery of the project [29].
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The DSDM approach typically has 6 phases, consisting of an incremental and iterative design that
prioritizes critical business requirements early in the process. This approach represented in figure 5
allows business stakeholders to see and feel the emerging solution and give their feedback and

requests to change along the path of development [30]:
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Figure 5 - DSDM lifecycle phases (Source: [29])

- Pre-Project Phase: Consistent with the DSDM philosophy, which states “that best business
value emerges when projects are aligned to clear business goals”, [30] the Pre-Project is set
up in such a way that projects are prepared on an objective-set basis, so we need to make

sure resources exist to start the project's feasibility stage.

- Feasibility Phase: Check the project's specifications to identify whether the goals can be
accomplished with the available budget, timeline, and technology. If the plan looks unrealistic,

edit it so that your plan is aligned with your team's capability sets [31].
- Business Study Phase: Once technical feasibility is cleared, a review of the project from a

business perspective is needed to check that it aligns with the strategic goals of the

organization and stands competitively in the industry to meet user needs [31].
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Functional Model Iteration: In this phase, from earlier specifications, we will develop and
continuously test a prototype with a guarantee it works and has all the critical features
included. Refine the prototype until it accurately reflects what the final product of the desired

outcome is [31].

Design and Build iteration Phase: Now the focus is to iterate on the prototype until it is as
efficient as possible and implement more pieces to reinforce the project and fix any problems.
Properly test the product to make sure it is responsive, fully functioning and easy to

understand [31].

Implementation/Deployment Phase: The Deployment phase is the aim to put a baseline of

the Evolving Solution into operational usage. The release deployed by the Deployment Phase

may be the final solution or a subset of the final solution [31].

Understanding the DSDM requires a balanced view of its strengths, against its limitations and this

analysis is reflected in table 4.

Table 4 - Analysis of the Strengths and Weaknesses of the DSDM Model

Strengths

Weaknesses

- Improves collaboration and supports rapid

deliverables by promoting communication

between cross-function teams.

- Increases project organization, since teams
apply specific tools and strategies to streamline

development and keep on schedule

- Sets clear guidelines: Continuous engagement
of the customer throughout the project ensures
alignment with client expectations and business

objectives [31].

- The High initial cost involved due to the need
to train team members, acquire proper tools and

dedicate resources.

- The model requires constant oversight and
active participation from project managers and
stakeholders, which can be intensive and limit

creativity.

- Due to its comprehensive structure, DSDM can
be overly complex and unnecessarily detailed for

smaller or less complicated projects [31].
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2.2.5. Rational Unified Process (RUP)

The Rational unified process (RUP) is an object-oriented system development methodology
originally offered by Rational Software, which is now part of IBM.

The RUP was developed by Grady Booch, James Rumbaugh, and Ivar Jacobson, the three pioneers
behind the success of the Unified Modelling Language (UML) [32] and it uses not only UML’s modelling
techniques but also guidelines, templates and tools to ensure effective and successful development of
software systems [33]. The tools offered by RUP allow a large part of the development process to be
automated, including modelling, programming, testing, managing the project and managing change.
RUP spread rapidly, with 10,000 companies using it as of 2003, the year Rational was acquired by IBM,
it was one of the earliest iterative methods to be widely publicized and was defined a half decade or
more before the agile manifesto methods began to appear [34].

A phase in the RUP can be thought of as a goal or major emphasis for a particular portion of the
project. The four phases of the RUP life cycle depicted in figure 6 are Inception, Elaboration,

Construction and Transition:

Figure 6 - Rational Unified Process Whale Chart (Source: [34])

- Inception: The major objectives of the inception phase are to identify the business scope of
the new system and the project itself, develop initial cost and schedule estimates by mutual
agreement of the stakeholders, acknowledge the business rationale for the project, rationalize
the requirements in light of the business case for the project, and define a vision for the

proposed solution [35].
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- Elaboration: This phase involves the collection of detailed information on what will establish
both functional and non-functional requirements of the new system. Functional requirements
describe the tasks the system should perform, and non-functional requirements discuss
technical specifications and usability, security, and other related elements. The requirements
are prioritized and reviewed in various structured walkthroughs with users to ensure accuracy

and appropriateness. Typically, at this point, user interface designs are created as well [35].

- Construction: In this stage, more emphasis is given to coding and testing. All the parts of the
system, including user interfaces, business logic, and data access functions, are developed
according to earlier design specifications. This phase aims to deliver a working system ready
for the next phase of deployment. In fact, the construction phase may involve several
iterations, especially in big projects, to control the workload and fine-tune the system

components [35].

- Transition: During the transition phase the system is deployed to production and made
available to the end users. The processes of this phase may include iterations of training
sessions with user manuals, beta testing for user expectation matches, and any necessary
adjustments and optimization and upon completion of these requirements, the development
cycle is considered complete [35]. After the system is in operation, it will need to be supported

and maintained [34].

In order to fully understand the Rational Unified Process, it's important to assess both its pros and
cons. Table 5 details the primary strengths and weaknesses of the RUP model, hence assisting in
analysing it for any software development project. This comparative overview will give a clear view on

where the RUP excels and where it is lacking.
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Table 5 - Analysis of the Strengths and Weaknesses of the RUP Model

Strengths

Weaknesses

- RUP ensures detailed recording of each phase,
which is invaluable for projects that involve multiple

collaborators.

- RUP equips software teams to address and
mitigate potential issues early, enhancing their
ability to manage risks and resolve problems

effectively.

- A fundamental component of the RUP
methodology is the consistent provision of updates
to all project stakeholders, ranging from team
members to executive leadership and external

vendors.

- RUP can help reduce the duration required for
development and integration phases, streamlining

the overall project timeline [36].

- RUP is a fairly involved process, requiring a great deal
of experience on the part of team members working
with software. If your team includes beginners, you
may want to consider a less complex development

process.

- RUP requires a lot of documentation, a very expensive
process in both monetary and time capacity. Teams
with scarce resources will want to consider more

affordable means of development.

- On larger projects with many components supported
by multiple software development teams, the RUP

could add more complexity during its integration.

- The focus on continuous integration may demand
slowing down or considering other methodologies
better suited to multitasking across multiple

development streams [36].

2.2.6. Agile Methodology

Following the discussion from both traditional and modern software development methodologies,

the focus now turns to Agile. Every technology organization these days seems to practice some version

of agile methodology, but as demonstrated before that was not always the trend [37].

According to Highsmith: “Projects may have a relatively clear mission, but the specific

requirements can be volatile and evolving as customers and development teams alike explore the

unknown” [38]. This highlighted issue, along with others revealed many of the weaknesses of

traditional and recently called modern software methodologies.
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In 2001, seventeen professionals came up with the manifesto for agile software development [39].

They wanted to outline values and basic principles for better software development. Besides being

brought into focus, the manifesto has seen extensive use by developers throughout software-

developing organizations and beyond the world of IT. Principles of Agile and their implementation in

practice have opened the way for new and innovative approaches to software and product

development [40]. While not always all the founders were always in agreement, they did find

consensus around four core values and twelve principles on their vision on how an agile world should

be defined:

Agile Manifesto Core Values [39]:

Individuals and interactions over processes and tools;
Working software over comprehensive documentation;
Customer collaboration over contract negotiation;

Responding to change over following a plan;

Agile Manifesto Principles [39]:

Our highest priority is to satisfy the customer through early and continuous delivery of

valuable software;

Welcome changing requirements, even late in development. Agile processes harness change

for the customer’s competitive advantage;

Deliver working software frequently, from a couple of weeks to a couple of months, with a

preference to the shorter timescale;

Businesspeople and developers must work together daily throughout the project;

Build projects around motivated individuals. Give them the environment and support they

need, and trust them to get the job done;

The most efficient and effective method of conveying information to and within a

development team is face-to-face conversation;

Working software is the primary measure of progress;
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- Agile processes promote sustainable development. The sponsors, developers, and users

should be able to maintain a constant pace indefinitely;

- Continuous attention to technical excellence and good design enhances agility;

- Simplicity—the art of maximizing the amount of work not done—is essential;

- The best architectures, requirements, and designs emerge from self— organizing teams;

- At regular intervals, the team reflects on how to become more effective, then tunes and

adjusts its behaviour accordingly;

Clearly, not every agile process model may uniformly apply the 12 principles in equal measure,
and some models may downplay or even completely ignore certain principles altogether. The
variability is, however, there to permit its application according to the project needs and contexts [41].

Even though the processes and practices vary for each of the different Agile frameworks, all
projects follow the same Agile lifecycle. The Agile software development lifecycle defines the
sequential phases a project follows from its beginning to its eventual delivery.

This lifecycle is divided into six steps: concept, inception, iteration, release, maintenance, and
retirement. While methodologies can differ, this consistent framework ensures that the progression
through these phases offers a structured approach to manage changes and deliver value efficiently
throughout the project. This structure available in figure 7 not only enhances adaptability but also

ensures that projects stay aligned with evolving business objectives and stakeholder needs [42].
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Figure 7 - Agile Software Development Lifecycle (Source: [42])

Concept: This is the first step of the lifecycle. In this stage, the product owner defines the
scope and prioritizes critical or urgent projects. After this, the product owner consults with
stakeholders regarding suitable key prerequisites and begins laying out the project by focusing
first on necessary features and desired results. It is advisable to keep project requirements
minimal at this stage, allowing for later adjustments in the lifecycle. Estimates of costs and
timelines are also taken care of in this phase, and any resource or time constraints are
assessed to decide whether to proceed. For projects introducing new solutions, a Proof of

Concept will be developed to assess technical viability [42].

Inception: Immediately after the concept phase is the inception phase, where the software
development team is formed according to the project's needs. In addition to selecting
individuals with the right skill sets, the product owner ensures that the team has the necessary
resources to succeed. This is when the designers also work with the developers in designing

the user interface and setting the architectural basis [42].
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Iteration: Iteration or Construction is one of the important aspects of Agile and tends to be
the most time-consuming since much building and testing happens at this stage. Most
iteration phases are divided into sprints, which are short work cycles, typically two to four
weeks in duration, with each sprint intended to deliver functional software. It starts with focus
on core features, and while a project develops further, user feedback is integrated into the

code along with improvements [42].

Release: The Release/Deployment phase of Agile's lifecycle itself needs to be the actual
execution of planned incremental releases in accordance with the prioritized backlog. The
phase has to deal with introducing new functionalities while keeping the whole system intact
by using feature toggles. This will involve writing automated deployment scripts, which deploy
consistency, coupled with an automated post-deployment smoke test that confirms stability

of the system [43].

Maintenance: In the maintenance stage of Agile software development, continuous
monitoring of the software should be done to make sure that at each instance it is effective
to the users and relevant also. This stage mainly involves the continuous monitoring of the
software in order for defects and issues arising during use to be identified and fixed. The
feedback will be retrieved form several sources and is then used to identify and prioritize
problems that need attention. Other than immediate fixes post-release, maintenance in Agile

is meant to extend the life of the product with relevance to users [44].

Retirement: Product retirement by Agile transitions the users to a new software product so
that they do not experience user drop-off. The process begins with informing users of the
discontinuation of the current product and the implications that comes with that effect,
assuring them of a smooth transition into a newer system and the transfer of their data there.
Normally, retiring consists of developers retiring the old product by slowing down its support

and updates before discontinuing it altogether [44].
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With the emergence of internet applications, software development began to evolve. Much of the
early development was done in startup environments: with smaller, differently allocated teams, often
without strict computer science backgrounds. Above all, there was great financial and competitive
pressure to rapidly deploy websites, apps, and new features. In response, development tools and
platforms quickly started to change [37]. This methodology was a “game-changer” introducing a more
flexible and iterative approach to software development, emphasizing rapid response to change and

close collaboration with stakeholders.

2.3. The Growth of Low-Code Technologies

Low-code development platforms emerged in the early 2000s as a response to the increasing
demand for faster software delivery, but it was only in 2014 that the term “Low-Code” was introduced
by Clay Richardson and John Rymer in a Forrester research article [45], where they stated that “Some
firms are now turning to new, "Low-Code" application platforms that accelerate app delivery by
dramatically reducing the amount of hand-coding required and the usage of low-code platforms is now
gaining momentum for customer-facing applications”.

The authors noticed that the number of firms leveraging low-code platforms to rapidly develop
new programs was increasing. First, firms that are using these internally and generally were impressed
by the speed at which such platforms could create new applications. Soon, they began to perceive how
effective those tools would be for customer-facing products, too, by making use of the infrastructure
and reusable components of the platforms [46]. This led to a vast growth in the customer base and
valuation of such notable platforms provided by established companies like Appian, OutSystems, and
Mendix. Over the past few-years these Low-Code companies also experienced a significant growth in
their market value, for example current valuation of OutSystems stands at 9.5 billion US dollars [47],
while Mendix was acquired by Siemens for 700 million dollars back in 2018 and also, US-based
researches and the consulting firm Gartner forecasted that the global Low-Code market revenue will
reach $31.9 billion by end-2024 [47].

Some key factors have fuelled the growth of low-code technologies, and filled gaps previously left
empty by other traditional methods, such as their ability to reduce or eliminate the need for manual
coding in software application development and deployment, the downsize in the associated time and
cost investments to their lowest possible levels and simplification of training required for teams tasked

with creating, maintaining, or evolving these applications [2].
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With the aim to perceive how the IT community was reacting to this growth of LCNC technologies
OutSystems carried out a study in 2019 labelled as “The State of Application Development: Is IT Ready
for Disruption?” [48], that presented the results of a survey answered by more than 3300 IT
professionals across different continents with different roles (Application Developers, IT
Leader/CIO/CTO, Business Analysts, Data Specialists and others) in different companies with varied
dimensions so that these same companies could encompass all types of industries (Software,
Government and Education, Insurance, utilities, retail and consumer and others).

The primary motivations for adopting low-code development platforms, were interpreted and

depicted in the radial charts that are available in figure 8 and figure 9 [49]:

Accelerate digital
transformation

70%

Increase responsiveness
> to the business

Enable citizen
developers to improve
intemal processes

Reduce dependency on
hard-to-hire technical
skills

technolo gy churn

Figure 8 - Main reasons for using LCDP according to IT Users (Source: [49])

The highlights of the main benefits of Low-Code development platforms:
- Velocity: Since the major part of the code is already developed, all users have to do is visually
configure the apps, instead of hand-coding, or make necessary adjustments to develop the

apps that they need [48].

- Cost Reduction: Once the development cycle is reduced due to a time viewpoint, the cost is

also reduced, whether the app is developed by the company or by external developers [45].
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- Ease of Complexity: Since the apps are not from scratch, the apps development is simplified,
and this fact enables the ability to pay more attention to tuning the software to fulfil users'

needs [45].

- Low maintenance: Justified because maintenance is one of the most fundamental stages in
software development, which helps deploy changes fast in existing features, in order to fit a
business demand that usually changes very fast. Low-code development platforms, by their
very nature set up for minimum coding, require less code to be maintained, hence

streamlining the update process [49].

- Involvement of business profiles: These platforms provide very usable and smooth interfaces
for app deployment. In this regard, technological knowledge is not required, whereas end-
users with extensive business knowledge play and act as app developers. This is evident in the
fact that 44% of the users on low-code development platforms are business professionals who

work alongside IT teams [49].

Along the research, the main key factors for avoiding or not considering low-code development

platforms as well as its downsides appointed by users were also interpreted and charted in figure 9.
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Figure 9 - Main reasons for not using or considering low-code development platforms (Source: [49])
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It is also important to notice that most of these concerns were raised a few years ago, based on
the current knowledge of IT users and as of recently, many low-code platforms have addressed these
issues through several enhancements. However, according to the study analysis conducted by
OutSystems, these are the key points of the principal limitations and concerns associated with

adopting low-code development platforms:

- Scalability Concerns: According to the authors, Low-Code development is designed for simpler
applications, and thus they can't handle huge data flow processing at once. Despite being an
issue that was already addressed by most of the important Low-Code “big players”, the
authors believe that applications built by a citizen developer should be for small digital needs

and not suitable for complex tasks [50].

- Fragmentation: One recognizable problem within Low-Code development is fragmentation/,
drawing upon different paradigms according to the particular vendor and his own peculiarities
in the programming model. Thus, multiplicity across various platforms may become a
challenge because that would mean every different vendor could introduce his own set of
rules, and even his own set of tools, which actually impairs developers from being able to

switch between the different low-code systems or integrate these as such [49].

- Software-Only Systems: Even though enterprise developers may not be deeply experienced
as programmers, they usually are experts in other branches of engineering. These
practitioners expect to apply their domain-specific knowledge in programs, which must be
written at an appropriate abstraction level using common formalisms within that domain.
However, with too narrow focus on software at the expense of accommodating other
engineering disciplines, this can lead to reduced utilization of expert knowledge spanning
areas and undermining broader applicability and usefulness of solutions they can develop

[50].

2.4. Low-Code Platforms Use-Cases

If we imagine a scenario where in a business-critical moment a company needs rapid development
and that is the core of a meeting focused on high-priority organizational needs, we must realize that
traditional development cycles face severe bottlenecks, hence taking much longer and delaying
strategic initiatives and in today's fast-moving business world, waiting several months for deployment

is unsupportable [51].
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This is where the low-code platforms come into play. It allows for rapid application development

without compromising on the quality of it. To understand its reach and adaptability, it's necessary to

delve deep into its most common use cases and understand where this technology comes into play

with its true potential.

The use cases for Low-Code development platforms span from very simple to the most complex

or mission-critical applications and touch almost every area of enterprise application development:

B2C Mobile Apps: Building and maintaining a B2C mobile application no longer necessitates a
large team of software developers. Thanks to low-code platforms, businesses can now create
cross-platform mobile apps that deliver robust functionality to users. This streamlined
approach not only reduces development time but also allows companies to respond more

quickly to evolving customer needs and market trends [52].

Customer portal Apps: Nowadays customers want fast, self-service access to their accounts
and services with no need to contact support. Customer portals offer them this frictionless
experience where customers can interact with businesses whenever and wherever. Low-Code
platforms make it faster and easier for organizations to build fully tailored, user-friendly
portals meeting the needs of both business and customer alike in but a fraction of the time

[51].

Employee Apps: Employees want to use tools that multiply their efficiency, instead of tools
that would slow them down with outdated systems. In its place, Low-Code development
enables the organization for rapid creation of intuitive, personalized apps that remove work
complexity and multiply productivity. Whether it is automating mundane tasks, making data
entry simpler, or presenting real-time insights, Low-Code makes application creation really

simple-easy, in fact-that employees will actually use and enjoy [51].

Customer Relationship Management (CRM) and Automated Sales Processes: Low-code

platforms enable businesses to enhance customer engagement and boost sales efficiency by

optimizing sales processes and building or improving CRM systems [51].
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Supply Chain Management: Customers want to order goods through their mobiles, but many
business supply chains are dependent on spreadsheet-based and, worse still, entirely manual
obsolete systems. Mobile-based supply chain portals smoothen the field operations. Institute
real-time inventory tracking, use automation for low stock or shipment delay alerts, and

efficiently create purchase orders and invoices by using a low-code platform [52].

loT Integration: Low-code applications can seamlessly integrate with loT platforms, enterprise
systems, and third-party services, allowing organizations to turn data into actionable insights
for users. These development platforms can help businesses create engaging customer
experiences from compatible/connected devices, such as medication temperature monitors,

equipment trackers, service issue warnings, among other loT use cases [53].

Next Generation Technologies Apps: Many Low-Code platforms provide a very
comprehensive library of components developed by top technology companies. They also
facilitate seamless integrations with third-party services hosted on the cloud, such as Al,
machine learning, and blockchain. This allows businesses to enhance their apps with advanced
capabilities, driving greater efficiency and allowing innovation without the complexity of hard

coding [53].
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CHAPTER 3

Low-Code Application Platforms Analysis

Chapter Introduction

This chapter will introduce the most influential low-code platforms to date, those that reshape
the software development landscape with respect to its architectures and core components.

As businesses increasingly adopt low-code platforms to drive faster delivery of applications, the
likes of OutSystems and Mendix create leadership momentum by providing full-fledged tools and
infrastructures that support enterprise-grade development.

In this chapter will focus on a review of OutSystems, a fully cloud-native platform that comes with
an architecture and a set of tooling for application lifecycle management, having transformed app
development. Next, the focus turns to Mendix, covering its solid architecture, the main components
in depth, and how it can integrate with various enterprise systems. This chapter is based on an
informative and practical analysis of such platforms, given that the low-code technologies have

accelerated businesses by making digital transformation easier through innovation and agility.

3.1. Leading Low-Code Platforms

The rise and adoption of low-code platforms has become a trend between companies and is
rapidly reshaping the software development landscape, offering businesses a faster, more efficient
way to build applications. According to Gartner, by 2023, more than 50% of medium to large
enterprises have adopted a Low-Code Application Platform (LCAP) as a strategic component of their
application development strategy [54].

Gartner defines low-code application platforms (LCAPs) as tools designed to enhance the
development and deployment of custom applications by reducing the need for extensive programming
and enterprise LCAPs as their subset targeted at a wider range of possible developers, especially in
large organizations, including critical features to support the creation, delivery, and maintenance of
applications in middle-sized and large enterprises [55].

In 2023 Gartner launched its most recent and well-known Magic Quadrant analysis, depicted in

figure 10 that evaluates the most distinguished Enterprise Low-Code Application Platforms:
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Figure 10 - Gartner's Magic Quadrant for Enterprise Low-Code Application Platforms (Source: [55])

This type of evaluation aims to position technology players within a specific market (Low-Code in
this particular case), by applying a graphical treatment and a set of uniform evaluation criteria as it is
illustrated in figure 11, a Magic Quadrant enables you to quickly determine how well technology
providers are executing their stated visions and how well they are performing against Gartner's market

view [56].
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Figure 11 - Gartner's Magic Quadrant structure explained (Source: [56])
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As displayed in figure 11 it is possible to verify that the foundation of the report is to evaluate low-
code platforms taking two major dimensions into account: 'Completeness of Vision' and 'Ability to
Execute." With these dimensions being themselves constituted of several factors, each weighing

differently in the process:

- Completeness of Vision: Gartner gives broad importance to innovation, market
understanding, and product strategy. Besides, the business model, degree of innovation, and

marketing and sales strategy will also be taken into consideration [57].

- Ability to Execute: In this context, the focus is mainly with the product capability of the
platform and the efficiency in sales and pricing strategies. The other key concerns are overall
viability, customer satisfaction, and the responsiveness of the platform to changes in the

market [57].

In the last edition of Gartner’s Magic Quadrant for LCAP it is possible to identify six leaders:
Mendix, OutSystems, Microsoft PowerApps, Salesforce, ServiceNow, and Appian. However, it is
important to consider the strong market position that both Mendix and OutSystems have maintained
over the years. As shown in Appendix A, they remain as indisputable leaders in this sector.

In 18 of September of 2023 Gartner launched one of its most recent researches on LCAPs [58],
where several use-cases were considered in order to evaluate and compare different LCAPs products
to verify whether they would solve specific use-cases, where one of which strongly aligns with the goal
of this research “Composing applications for Business-2-Employee (B2E) departmental and enterprise
applications”.

The products were evaluated according to a set of critical capabilities, but most importantly these
LCAPs need to follow also some mandatory business criteria that alone already represent a strong

indicator of why these LCAPs are top contenders for market leadership:

- LCAP should have a license or subscription revenue of at least $60 million over the previous
year, and a minimum of 100 paying enterprise customer organizations (of at least 1000

employees) for its LCAP offering, excluding other related product offerings [58];
- LCAP should have a license or subscription revenue of at least $25 million over the previous

year, and a minimum of 5000 paying enterprise customer organizations for its LCAP offering,

excluding other related product offerings [58];
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- LCAP developer community of more than 100k developers using the LCAP across all

customers [58];

- A significant market relevance index (Customer Interest indicator [Cll]) of a minimum score

of 50% [58];

- International presence within 3 or more of the following geographies (Europe, North America,

South America, Middle East and Africa, China, Japan/Asia/Pacific) [58];

As displayed in Appendix B, both Mendix and OutSystems received one of its highest scores, for
this use-case (4.73 and 4.86 specifically), in a scale where 1 is equivalent to “Poor or absent: most
capabilities not achieved” and a 5 is equivalent to “Outstanding: significantly exceeds requirements”.

So given these evaluations, it is now relevant to delve into a more detailed examination of these

two leading platforms and explore their capabilities further.

3.2. OutSystems

Founded in 2001, with a vision to transform enterprise software delivery. OutSystems has grown
to become one of the largest Portuguese tech unicorns, when in 2018 secured a $360 million
investment from KKR Investment firm and Goldman Sachs [59]. The Low-Code platform helps
organizations in the fast development, deployment, and management of custom applications with
minimal coding. It offers a visual development environment wherein users can build applications by
assembling pre-designed components via a drag-and-drop interface. In this way, there is little reliance
on extensive manual coding; hence, this platform is open to both seasoned developers and
nontechnical users, who are sometimes referred to as 'citizen developers' with limited programming
skills. Whether the business operations are on-premises, in a private cloud, or in a public cloud like
(AWS, Azure, Google Cloud, etc.) OutSystems supports seamless integrations [60], enabling the

selection of a deployment option that best aligns with an enterprise's infrastructure:

- Self-managed laaS: OutSystems 11;

- Cloud-ready PaaS: OutSystems 11 Cloud;

- Cloud-native: OutSystems Developer Cloud (ODC);
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3.2.1. OutSystems Cloud and OutSystems 11 Platform Architecture

The architecture is the same both for the OutSystems PaaS cloud-ready solution (OutSystems
Cloud), and for the self-managed laaS option (OutSystems 11). It includes all the components, tools,
environments, and code generation needed for developing extensible applications that run on
standard .NET servers. With OutSystems, there are no tie-ups to proprietary technologies, giving
enterprises the flexibility to move freely across environments. Furthermore, this architecture makes
enterprise-grade app development highly scalable [60].

To effectively monitor and oversee an application's development from its initial concept through
design, development, testing, deployment, and continuous maintenance, OutSystems has
environments, tools and components that cover the full application lifecycle management process as

depicted in the figure 12:

Figure 12 - OutSystems application lifecycle management components (Source: [60])

Tools and Components:

- Platform Server: The Platform Server is the core element that orchestrates all runtime,
deployment, and management tasks across applications. It must be installed in each
environment to ensure the proper functioning of the system. This system ensures application

performance and consistency across the various stages of the development lifecycle [61].
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Service Studio: Service Studio illustrated in figure 13 is the environment within which all the
various aspects of an application stack are built in OutSystems from the data model,
application logic to user interface, business process workflows, integrations, and security
policies. Service Studio is the core development environment for the platform, providing a

visual interface to create, test, and deploy applications in a low-code manner [60].
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Figure 13 - OutSystems Service Studio common use case (Source: [62])

- Integration Studio: This is the environment used to develop components that extend the
functionalities of the OutSystems platform. Represented in figure 14 it allows the inclusion of
code written in external systems and third-party integrations. Integration Studio is a dedicated
tool in OutSystems that enables developers to integrate external databases, web services, and
custom code into the platform, ensuring seamless connectivity and extended functionalities

[61].
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Figure 14 - OutSystems Integration Studio .NET extension use case (Source: [62])
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- Builders: Builders are SaaS (Software as a Services) products intended to automate and
expedite manual, repetitive tasks such as the development of workflow apps, enhancement
of UX/UI to provide quality mobile experiences, and the integration of the system with other
external systems. Builders speed things up by providing ready-made components and
templates that save developers time, allowing them to focus on innovation rather than
repetitive tasks. In this respect, they are valuable tools for reducing time and effort while

delivering scalable, enterprise-grade applications [60].

Management Consoles:

- Service Center: The service center handles the various operational settings of an environment,
from connection settings to web service endpoints, and application properties. It provides a
unified console for administrators to monitor the system, manage deployment, and perform
maintenance tasks, ensuring stability and performance across applications within the

environment [60].

- Lifetime: LifeTime management console is the centralized console for managing your
OutSystems environments, applications, IT users, and security, covering the full application

life cycle from development to deployment [61].

On the following image 15 and 16 it is possible to identify the environments of a typical
OutSystems infrastructure that can be used both for OutSystems Cloud or OutSystems 11
(Development, Quality and Production), which follow the same order whether the platform is running

on a private-cloud or on-premises:

HTTPS/ HTTP HTTPS/ HTTP
-y a 100
a (o (o) (o) a
Developers End-users
Development Quality Assurance Production
E Dedicated Server in Your Data Center or Cloud

Figure 15 - OutSystems running on a private cloud (Source: [61])
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Figure 16 - OutSystems running on-premises (Source: [61])

3.2.2. 0DC Cloud-Native Architecture

According to the research “Cloud-Native Development Report: The High Cost of Ownership” [63]
the total cost of ownership (TCO) of a traditionally developed cloud-native approach is, on average,
$5.6 million and can take up to 18 months. This is where OutSystems’ newest solution, ODC
(OutSystems Developer Cloud), plays a crucial role, offering a cloud-native platform that significantly
reduces both development time and costs by providing a modular, scalable environment built on best
practices in cloud-native infrastructure and operations [63].

ODC is a cloud-native application development platform designed to meet the most critical and
strategic needs of businesses. It offers a modular, scalable and flexible environment for developing,
deploying and managing applications. Built with modern cloud-native architecture principles, it
incorporates best practices in infrastructure management, operations, and security. This ensures
innumerous integration with cloud environments, enabling organizations to leverage cloud scalability
and flexibility while maintaining high performance and operational efficiency [60].

Additionally, ODC simplifies development by providing out-of-the-box modules, automation tools,
and continuous integration/continuous deployment (CI/CD) capabilities, allowing businesses to
accelerate innovation while maintaining strong governance and control.

By deeply analysing the ODC architecture diagram displayed in Appendix C, it is possible to

breakdown the components displayed into the following 7 groups [63]:

Security and Access Management
- Web Application Firewall (WAF)
- Content Delivery Networks (CDN)

- ldentity Service
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Development Environment
- ODC Portal
- ODC Studio

Traffic Management

- Load Balancer

App runtime Management
- Kubernetes Cluster

- Runtime Environments

Data Management
- Application Data
- Key Management

- Secret Management

Messaging and Communication

- NATS

Monitoring and Analysis

- OutSystems Analytics Pipeline

In the ODC architecture composed by these enumerated elements and displayed in Appendix C,
the users get access to applications through a CDN (that distributes the app content globally), secured
with a WAF, which filters and protects against malicious traffic. The users get to interact with the
system via the ODC Studio which is the environment where developers create and manage
applications and use the ODC Portal to manage deployments and configurations.

Once users are authenticated by the Identity Service, requests are routed by the Load Balancer
to the Kubernetes Cluster, where applications like App 1 and App 2 run in isolated containers. These
applications scale dynamically within the cluster, managed by Kubernetes.

NATS (which is a messaging system that facilitates communication between distributed services
or microservices within the platform) handles asynchronous messaging between services, ensuring
efficient communication. Application data is stored securely, with Key Management encrypting

sensitive data and Secret Management safeguarding credentials like API keys.

39



Finally, the OutSystems Analytics Pipeline collects and processes performance metrics, offering
real-time insights into application health and efficiency. This setup ensures that interactions are

secure, scalable, and optimized for both development and production environments.

3.3. Mendix

Mendix is an industry-leading low-code application development platform, founded in
Netherlands in 2005 by three founders who understood applications in general weren’t failing for
technical reasons, the problem was the communication. Developers didn’t understand the business,
and business users didn’t understand development. In 2014 Battery Ventures (an American global
investment firm) invested in Mendix, supporting their expansion into the US market [64].

Few years after this investment, the fast-growing tech company doubled its sale resources and
started to have a much stronger position between larger clients and enterprises, and in 2018 it was
acquired for $730 million by the giant Siemens, since then, it never stopped growing.

Mendix offers an entire set of portfolio management, Agile planning, Al-driven intuitive
development, and built-in version control tools, all integrated from idea to development, deployment,
and maintenance [65].

Mendix leads in the development of enterprise applications [55] because it offers an
encompassing progress through seamless integration of data from other systems, automation of
processes, and a simplified manner of deploying and managing cloud applications. But how does
Mendix accelerate speed and quality by enabling collaborative low-code development? The answer to

this question can be seen in figure 17.
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Figure 17 - Mendix Software Development Life Cycle representation (Source: [65])
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In figure 17 it is represented the Mendix development lifecycle, which provides a structured
approach to manage the end-to-end process of application development.

By dividing the lifecycle into two distinct but connected cycles (platform management and
Application lifecycle) Mendix assures a continuous innovation and operational efficiency and if used
well, this model will ensure companies are able to prioritize their app portfolios effectively and govern
them while being able to develop, deploy, and maintain applications with a high degree of productivity

[65].

Portfolio Cycle: (This cycle represents the higher-level planning and prioritization activities for
multiple projects and applications. Consisting in 4 important stages, according to the Portfolio Cycle,
organizations consistently match application development with strategic objectives) :

- ldeate
- Evaluate
- Prioritize

- Operate (Shared stage)

Application Cycle: (This cycle focuses on the development of individual applications. Consisting of
4 different stages) :
- Plan
- Develop
- Deploy

- Operate (Shared stage)

Across both cycles, Governance makes sure that the entire process complies with security,
compliance, and other organizational standards in both cycles.
When using the Mendix platform, by following this lifecycle businesses can effectively develop

and maintain individual apps while managing their application portfolio [65].

Mendix Platform Architecture

The Mendix Platform is an integrated aPaaS (application Platform as a Service) solution which aims
to design, build, deploy, and manage enterprise applications. It provides developers and
administrators with tools and services through the Mendix Portal, from requirements management up

to deployment.
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The platform includes various distinct components, displayed in figure 18, offering a set of building
blocks that users could leverage to speed up the development process. This allows online collaboration

across users and teams to be supported [66]:
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Figure 18 - Key Components of the Mendix Platform Architecture (Source: [66])

By analysing the diagram shown in figure 18, it is possible to split the components into three main

groups (Cloud, Developer Portal and Development [66]):

Cloud (Backend infrastructures and services that support app deployments)
- Cloud Foundry
- Package Repository
- Cloud

Developer Portal (Tools that ease team collaboration, app management, and monitoring)
- Developer Portal
- Team Server

- Marketplace

Development (Focuses on tools that developers use to create applications)

- Studio Pro

- Data Hub
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The Mendix development cycle starts in Mendix Studio Pro, where developers create the
application models, including if necessary pre-built Apps & Modules taken from the Marketplace.

These modules are then stored in the Team Server, enabling collaboration and version control.
The Developer Portal supports the development process in tracking the progress, managing User
Stories, and solicitations for Feedback.

The Data Hub is employed for the purpose of connecting the application with external data
sources and integrating it for seamless access to data. Once the app is set and ready for deployment,
a Model Package is created from Mendix Studio Pro and then sent to the Build Server. Here, the build
server constitutes compilation for the app into a Build Package and then displays it in the Package
Repository.

Afterwards, it is deployed on the Cloud using Cloud Foundry, where it will run in the Mendix
Runtime environment.

Finally, after implementation, the app is going to be monitored, and feedback will be gathered

through the Developer Portal to aid in the informing cycle of development and updates [67].
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CHAPTER 4

Technical, Cost, and Al Comparison

Chapter Introduction

OutSystems and Mendix both share a key-similarity: they serve as multi-purpose low-code
platforms for enterprise application development. However, they go radically different ways in their
approach. While OutSystems is actually built to make developers more productive, Mendix bridges the
gap between business and IT. Whereas OutSystems underlines developer independence, Mendix tries
to support domain experts and software developers collaborating jointly on the same application.
OutSystems focuses on software developers, while Mendix targets its offerings to citizen developers
[68].

The companies' main goals, since they were founded, are displayed in figure 19, where it is

possible to identify the different values, they stand for:

QUTSYSTEMS ¥S MENDEX:
CORE MESSAGES

tional

0 the day-to-day life of
‘re the on D er with purpose-built

tools for kind of developer. - "y to the business through

Figure 19 - OutSystems vs Mendix: Core Messages (Source: [68])

As such, the answer to the question of which one is better, can be hard to determine since both
strategies have their positive and negative aspects, with OutSystems ahead in market comparison.

This chapter will mostly focus on a technical, pricing and artificial intelligent tools comparison
between these two platforms, with an attempt to demonstrate the low-code tools each one offers and

how it differs from the other.
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4.1. Architecture & Interface

Mendix

Mendix is built in scala/java and runs in the JVM, which makes it ideal for companies with an
existing java infrastructure [69]. Mendix focuses on enterprise landscapes, integrating collaboration
tools that connect development teams with business users. It streamlines the development lifecycle
from design to deployment and provides a tightly integrated cloud-based environment [70]. Overall

Architecture:

- Cloud Services handle hosting, scaling, and performance across different environments;

- Developer Portal does consolidate project management, which supports collaboration and

lifecycle tracking of projects.

- Development Environment: It wraps visual modelling with the freedom of custom code for
building scalable enterprise applications. Combined, they introduce a smooth manner of

creating, deploying, and managing applications.

Mendix Studio Pro, depicted in figure 20, is a visual IDE that accelerates application development,
automates routine work, and helps the user to handle complex tasks with ease, with customizable

themes, drag-and-drop functionality, reusable components, and full-stack capabilities [72].

Selected language

Breakpoints Debugg
Export  Showall +

Document

0 English, United States (default) &

Figure 20 - Mendix Studio Pro IDE
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Some important qualities of Mendix Studio Pro are:
- Intuitive Ul;
- Smart workflow automation;
- Scalable application logic;
- Al-assisted development;
- Seamless data integration;
- Version control and multi-user development;

- Built-in Mendix Marketplace;

OutSystems

On the other hand, OutSystems’ extensions to the platform at the server side can be written in C#
and extensions to the front end can be written in JavaScript and the platform is built to provide a highly
flexible cloud-native architecture for enterprises seeking both rapid development and robust
scalability [71].

The OutSystems platform has a layered ecosystem, from the top comprising all the required tools,
components, builders, and repositories for the proper management of SDLC to an Al-powered services
layer at the bottom that contains all the tools to eradicate repetitive tasks by automating complex
change management, code generation, integrations with third-party enterprise systems, etc.

OutSystems is built on a layered ecosystem in which all the tools and components required to

manage seamlessly the Software Development Life Cycle are provided. At the top layer, it offers:

- Rich set of development tools, repositories, and builders that support each stage of

application development, from designing through deployment [70].

All the way at the bottom, OutSystems has placed:

- Al-powered services layer that automates many of the repetitive and complex tasks

associated with development. It enables automated change management, code

generation, and integrations with third-party enterprise systems [70].

This layered ecosystem makes OutSystems' vision a reinforcement of rapid development and

deployment, enhancing efficiency while sustaining scalability and flexibility for enterprise-grade

applications.
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Service Studio is the OutSystems Low-Code and visual development environment, it is a unified
IDE that integrates visual development with the ability to extend using C# and JavaScript. It provides a
single tool for both beginner and professional developers (available in Figure 13) , that allows them to

[71]:

- Create applications and Modules on the server;

- Create the user interfaces for Traditional Web, Reactive Web, and Mobile Applications;
- Define the data model;

- Define business processes and timers (batch processes);

- Debugs apps;

4.2. Database & Entity relationship

Mendix

Every Mendix application requires a functioning database to be operational. During the
development process, Mendix will automatically establish its Built-In database for the application,
which is a flat file database called HSQLDB (HyperSQL DataBase) [73].

According to Mendix, this database is a leading SQL relational database software written in Java.
It provides a compact, rapid, concurrent, and transactional database engine that includes both in-
memory and disk-based tables and is compatible with both embedded and server modes. This consists
of a robust SQL tool for the command line and easy-to-use query tools in a graphical user interface.

Despite having a Buil-in database, Mendix allows the dev-user to choose the desired database, so

it supports the following options:

- MYSQL database
- Microsoft SQL Server
- Oracle database

- SAP HANA

And for applications deployed to Mendix Cloud, Mendix uses a PostgreSQL database for storing
the data defined in the app domain model (or models). In figure 21 it is possible to identify the different

database options available at the application configuration settings:
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Edit Configuration

Configuration

Name Default

2 Server Constants Custom

Type Built-in database
URL Built-in database
Microsoft 5QL Server

Database name ariaDB

Oracle Database
Use integrated security C le Database

PostgreSQL

SAP HANA

} oK Cancel

Figure 21 - Different database options available at the application configuration settings

In Mendix the database is modelled using the Domain Model. Similar to an ERD (Entity
Relationship Diagram). It not only generates a practical database based on the Diagram during app
compilation, but also provides a command line SQL tool and user-friendly GUI query tools.

A domain model is a diagram representing a set of entities and relationships and if we compare it
to conventional SQL, a table is similar to an entity. Entities have attributes, which are comparable to
the fields, and use fundamental data types, for instance, string, integer, and date-time. An entity may
have associations to other entities as one-to-one (1:1), one-to-many (1:*), or many-to-many (*:*)

relationships [74].

OutSystems

OutSystems uses an SQL database (Microsoft SQL Server or Oracle) as a native database,
but it can also integrate with external databases depending on how the applications are
deployed, but it is also useful for businesses since it can integrate with already existing

databases. For on-premises applications in OutSystems, the supported databases are [75]:

- Microsoft SQL Server (Default database);
- Azure SQL database;
- Oracle database;

- IBM DB2 (less commonly used);
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For cloud deployments in OutSystems, the platform supports several cloud-based databases,
depending on the external chosen cloud provider. The main databases used in cloud environments
are:

- Microsoft SQL Server: (Default database) for applications hosted on OutSystems Cloud;

- Azure SQL Database;

- Amazon RDS (Relational Database Service) that support database engines like (SQL
Server, PostgreSQL, MySQL);

- Oracle Cloud Infrastructure (OCl);

- Google Cloud;

In OutSystems Service Studio an entity represents the logical structure of a business
object, including its relationships to other entities and in order for two entities to be related,
a reference attribute is created. It should correspond, conceptually, to what would be called
a "foreign key" in database terminology. Like in Mendix Domain model entities can be related
to each other in one-to-one (1:1), one-to-many (1:*), or many-to-many (*:*) relationships.

In the case of Many-to-Many, the dev-user have to create a third entity that contains at
least two reference attributes, for representing the relationship from Entity A to Entity B.
Actually, a Many-to-Many relationship is existing between two One-to-Many relationships
through that third entity, where both entities can link through it. This way, the user will have
an organized way of handling data object relationships in OutSystems [76] (This example will

be approached in the following Use-Case).

Data Model Use-Case

In figure 22, it is depicted a Use-Case, which was designed to represent a sample design of a
scalable data model for E-commerce Orders and Reviews, it will also be used to compare a Mendix
built data Model with one built in OutSystems Service Studio.

The example given aims to highlight the two types of Entities used in Mendix which can be:

- Persistable: Is an entity whose data is stored permanently in the database. This type of entity
is used to model data that needs to be saved and retrieved across sessions, such as user
accounts, orders, or product information. In my Use-Case example, the blue entities are the

Persistable ones which share different connections among them.
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- Non-Persistable: Are ideal for storing temporary or transitory data, like user inputs or
calculations that don’t need to be stored in the database. In my Use-Case example the non-
Persistable entity is the OrderSummary which is represented in yellow and since it stores

temporary data, is not connected to other entities.

OrderSummary

User
WebStore

Name (String)
Jser e (S ) Oedd
Name (String) saamame Cwing) Order
URL (String) Lo gPrem | Password (String)
User_WebStore o 2
PhoneNumber (Integer) Email (String) i =
Address (String) MobilePhone (String)

External_|

Integer)
Is_Active (Boolean)

IsActive (Boolean)

Orderitem

Review Name (String)

Number (Integer)
y (String)
e ecimal)

"\l Description (String)

UpdatedOn (Date and time)

Figure 22 - Design of a scalable data model for E-commerce Orders and Reviews using Mendix

In Mendix, the association modelling is more granular, since every time a connection is established
between two entities, the system creates separate associations for each one (e.g: Order_User,
Review_User) enhancing a greater visibility and control over each individual association, allowing for

more complex, custom relationship structures if needed.

Figure 23 represents the Entity Diagram created using OutSystems Service Studio, with the same
goal as the data model built above.

In contrast with Mendix, in OutSystems associations are relatively straightforward, the system
generates an association table behind the scenes, but this is abstracted from the developer, who does
not see a separate association per relationship unless it is explicitly created.

Finally, regarding to the handle of a many-to-many relationship between two entities (e.g: User
and WebStore), OutSystems automatically creates a single association entity (like Entity Review in this
case) to manage this relationship. This approach allows association entities to be more flexible when
building the model. If the user knows that the relationship between two entities may evolve, creating
the association entity and adding a new field by extending them is pretty simple instead of changing

the core of the entities (User and WebStore) themselves.

51



Description
WebStore Rating

CreatedOn

UptadedOn

d

Name

URL
honeNumber

OrderItem

£
Entity11d
Number

Description
: CreatedOn =22 Price

datedOn ££2 Amount

Figure 23 - Design of a scalable data model for E-commerce Orders and Reviews using OutSystems

4.3 Community Support

Mendix and OutSystems are evenly matched in terms of community support, since both have lots
of community members who support each other, making it more of a similarity than actually a
difference. The deployment of low-code platforms is supported by numerous community members

who, constantly, provide solutions for various issues [78].

- OutSystems provides a forge repository (Appendix D) containing reusable components, Ul
elements, open code modules, connectors, frameworks, and other resources for developers. The user
interface, integrations, device capabilities, functionalities, and utilities classify these assets and

currently there are 7138 available assets [77] .

. Mendix provides a Marketplace with templates, modules, connectors, pre-built components,
and widgets (Appendix D) to assist in expanding application capabilities and speeding up the
development process. Developers have then the option to browse the marketplace based on

industries, content type, compatibility, tags, and rating [78].

4.4. Error Handling

All applications will face errors eventually, which can greatly affect operations and customer
satisfaction and so by incorporating error prevention and proactive monitoring, businesses can

guarantee smoother operations and improved customer experience.
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Both Mendix and OutSystems offer strong error handling capabilities, but they vary in their
approach to handling errors during development and runtime, as well as in how they support

developers in troubleshooting and fixing problems.

Mendix — (Error Handling during development and runtime)

Mendix offers compile-time error detection during development, pointing to problems like
unresolved attributes or broken microflows, offering a built-in debugger for setting breakpoints and
stepping through microflows or nanoflows, from here the user is able to query variable values to track
down where any issues originate from [79].

In the case of errors at runtime, Mendix automatically executes rollbacks for microflows and
nanoflows. If an error happens during a microflow or a nanoflow—some operation on a database, for
instance—Mendix will roll back changes done within that transaction, so no partial data or inconsistent
data state is committed. For the rollback, there are 4 error handling options that are displayed in figure

24[79]:

ype Custom without rollback

iith rollback

| Custom without rollback

b 4

empty

String

Figure 24 - Error handling options for Microflows and Nanoflows in Studio Pro

- Rollback (default) — If the microflow is not executed successfully, it will automatically rollback
the transaction. It commits no changes when an error occurs and keeps data consistent.

- Custom with rollback — The user can deal with an error manually, performing custom logic,
the framework still manages the rollback of the transaction. Useful when some custom error

handling is needed without losing the rollback safety.
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- Custom without rollback - When an error occurs, it doesn't roll back automatically. This
property comes in handy when a developer needs to decide to commit or rollback a

transaction based on particular conditions.

- Continue - This option continues the execution of the microflow even if an error occurs,
without rolling back the transaction. It's typically used when errors are not critical and can be

ignored, or when compensating actions are defined later in the microflow.

OutSystems — (Error Handling during development and runtime)

During development in OutSystems, several mechanisms proactively prevent errors. Indeed, the
most prominent one should be the TrueChange Technology exemplified in figure 25, since it gives
feedback on the changes of apps in real time. TrueChange includes AlFusion, an OutSystems Al service
that automates complex manual tasks, validates architectural issues and dependencies, offers

architecture management, and oversees real-time performance [80].
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[ Stepsize
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To Excel Record List .
Employees_SearchOnChange
a @
J50M JSON
Seriglize  Deserialize

Exception Raize
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0 1 Error, 3 Warnings | Debugger v
o Irvalid Data Action  FetchSources must set a value to the Source output par (7]
Unused Element Local Variable ‘StepSize’ is never used in Screen 'Direct onsider deleting it. 00
Unused Elerment Output Parameter "Source’ is never used in Data Action Sources’. Consider deleting it (917
Unused Action ‘FetchSources' action is never used in Directony. Consider deleting it 00

o Error found The module has 1 error and 3 warnings. Double-click the above messages to highlight the...

Sugnestions that fix thiz warning

14 PM by admin admin Iocalhost

Figure 25 - TrueChange technology live working in OutSystems IDE (Source: [80])

In figure 25 it is depicted a demo of how TrueChange works, and as it is possible to visualize, it
aims to minimize technical debt by simplifying and streamlining app modifications, which enables the
team to release new versions or updates more quickly. And since it is integrated into the OutSystems

development platform, there is no requirement to set up complicated tools for configuration.
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When creating an application, the users strive to follow business logic, requirements, and best
practices for performance. However, unforeseen interactions by users, browsers, networks, or servers
can cause exceptions but in OutSystems runtime error handling is robust, with a strong focus on

exception management [81]:

- Built-in Exceptions: OutSystems comes with a broad set of built-in exceptions to allow
handling common error situations, whether at the database or communication level. These
exceptions enable the developer to create specific error handling for situations that require

special handling.

- Custom Exceptions: Developers define and use custom exceptions depending on the more
specific business logic. These can be thrown and managed at key places in the application flow
to further tune control over error responses. (e.g: Figure 26 illustrates a User-Exception use-
case where, instead of halting user interaction, it offers an alternative route by showing

messages on the screen to provide feedback to the user [81]).

Raise Exception

& Select Exception
B ArticleExceptions
4[5 Exceptions ‘ @ . EEE
4 1 Allbeceptions Processes Interface  Logic  Data
1 User Exception
4 1 Security Exception 4 [ Bxceptions
1 Invalid Login 4 1 Al Exceptions
1 Mot Registered 4 1 UserException

Processes Interface  Logic Data

4 [ Exceptions
4 1 AllExceptions

4 1 User Exception
1 InvalidCreditCard

Database Exception

n

Security Exception
! Invalid Login
1 Not Registered

Communication Exception

s Abort Activity Change Exception
I et ©
User Exception

MName InvalidCreditCapd

Figure 26 - User-Exception use-case scenario (Source: [81])

Additionally, OutSystems enhances error management also with other various tools and features:

Error Logs;

Retry Mechanisms;

Error Screens;

Retry Mechanisms;
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These features guarantee that OutSystems applications are both strong and dependable while
also upholding a high level of user happiness by implementing efficient error prevention methods while

running.

4.5. Integrations

One of the critical differentiators for Ul-centric low-code platforms is integration. This is the case
because, for many products, there are no tools to link up a new web front-end or new mobile with
core IT applications and databases. Therefore, choices differ among enterprises, developers with non-
technical backgrounds, and so on.

Where in Mendix, citizen developers prefer a comfortable visual experience, on the other hand,
OutSystems offers enterprises an advisable way of controlling IT application integration and a proper
way of collaboration with citizens in the case when the two development groups collaborate.

Both Mendix and OutSystems can exult an unlimited number of integrations besides robust
community-built components and apps [82] and while Mendix provides a wide variety of third-party
integration options, OutSystems excels in this aspect since OutSystems provides integration with over

400 out-of-the-box systems as a built-in feature [83].

Examples of platforms that OutSystems can integrate with:
- Salesforce
- QuickBooks
- UPS
- PayPal
- Okta
- Facebook
- Twitter
- Linkedin
Examples of platforms that Mendix can integrate with:
- Salesforce App Cloud
- SAP CRM On-demand
- Tableau Software
- GitHub
- Skype

- Microsoft Excel
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Integration-Oriented application Use-Case (Al Gateway)

The following use case scenario was designed to demonstrate how integrations work both in
OutSystems and Mendix. In this scenario, the focus was on integrating two applications with a
Representational State Transfer (REST) service provided by OpenAl, with the main goal of
implementing an Al chatbot similar to ChatGPT. This integration highlights each platform's capabilities

in connecting with external services and delivering Al-driven solutions within enterprise applications.

REST Service

REST is a software design that sets rules for how an APl operates. REST was first developed as a
set of rules for handling communication on a complicated network such as the internet, its architecture
can be used to improve efficient and dependable communication on a large scale. The user can
effortlessly put into action and make changes to it, enhancing visibility and ensuring compatibility
across different platforms for any APl system [84].

A REST service enables applications to interact with each other via the HTTP protocol on the
internet, and strengths like being straightforward and expandable is what makes them commonly used
for merging various systems due to their adherence to a specific set of principles.

Resources in a REST service are accessed through Uniform Resource Locators (URLs), and their

interaction is carried out using HTTP methods like [84]:

- GET: Used to retrieve data from the server;
- POST: Used to send data to the server;
- PUT: Used to update existing resources on the server.;

- DELETE: Used to request to remove resources from the server;

The other key elements used in RESTful APIs and HTTP communication in general as they allow

clients and servers to exchange additional information during a request and response are [84]:
- HTTP Headers: Headers in a request represent the data shared between the client and server
during communication. As an example, the request header specifies the format of the request

and response, including details about the request status.
- HTTP Parameters: HTTP parameters offer information that the server can utilize for handling

requests. These are frequently used in APl requests and can be transmitted through different

ways like (Query-Parameters, Path-Parameters, Body-Parameters).
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Finally, regarding responses, in a REST service they are commonly given in formats such as JSON
or XML, simplifying integration throughout different platforms and coding languages. These services
are frequently used to link front-end applications (such as websites or mobile apps) with back-end

systems or to incorporate third-party services, (e.g.: Al tools) just like in this Use-Case.

OpenAl developer platform — Chat Completions

The two applications named “Al Gateway” developed using Mendix Studio Pro and OutSystems
Service Studio focus on an integration with the OpenAl REST APIl, more specifically the Chat
Completions endpoint.

The Chat Completions endpoint is designed to handle conversation-like interactions, where it
generates contextually appropriate responses based on the user’s input as it processes the incoming
text (Request) and delivers a relevant, coherent reply (Response), leveraging Al models like GPT-4,
GPT-4-Mini and GPT-3.5 Turbo [85].

When making a request to the Chat Completions endpoint of the OpenAl API, there are 2
important HTTP headers that need to be used to ensure the request is properly formatted and

authenticated, and should follow a specific format :

- Authentication Header: Authorization: Bearer <API-KEY>
(The Bearer token is used as a security measure that ensures only authorized users with a valid
API| key can access the API, and the API-KEY is a confidential key, used either at a user's or
service account's level, which grants entry to either one project or all organizations and

projects the user is part of)

- Content Type Header: application/json

(This specific header is required for the server to correctly understand the incoming request,

as the request body must be in a JSON format.)
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In the following image 27 and image 28 it is represented the Post method URL used
‘https://api.openai.com/vl/chat/completions’ as well as the Request structure used for this use-case

both in OutSystems and Mendix, whose parameters will be precisely explained below:

Integrations
41 Integration with external systems
<) SOAP

v %) REST

D S S — v & OpenAl

={query}

+ @ PostCompletions
-] Authorization
-] ContentType
-8 Request
+] Response

Figure 27-Request body of the Post Completion method defined in the exposed REST API using OutSystems

) Pages JSON Structure "AlGateway SON_RequestOpenAl
o [4 Homepage Documentation
[% OpenAl_Overview JSON snippet
© [ RestService

o B3 Export_mapping

© 8§ Import_Mapping

© f JSON_RequestOpenAl

content"”
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o [ Images
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Figure 28 - Request body of the Post Completion method in the exposed REST APl using Mendix

Request body [85]:

- Model: gpt-3.5-turbo-0125 (Specifies the Al model to be generate the response);

- Messages:
Role: user (Defines the speaker in the conversation, can be a user or an assistant );

Content: “message” (The message or prompt sent by the user);

- Temperature: 0.7 (Sampling temperature range, from 0 to 2, values closer to 0.8 will result in
a more random output, whereas values closer to 0.2 will create a more deterministic

outcome);
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- Max-tokens: 200 (Sets the maximum length of the Al's response in tokens which can be as

short as one character or as long as one word);

- Top-p: 1.0 (Ranging from 0 to 1, a value of 1 turns off nucleus sampling, enabling the model
to consider every potential token. This implies that there are no limitations on the distribution

of token probabilities, which could result in a wider range of responses);

- Frequency-penalty: 0.0 (Ranging from -2.0 to 2.0, lowers the chance of the Al repeating the
exact same lines. A 0.0 value indicates that no penalty is enforced, allowing the model to

repeat phrases if necessary);

- Presence-penalty: 0.0 ((Ranging from -2.0 to 2.0, lowers the chance of the Al repeating the
exact same lines. A 0.0 value indicates that no penalty is enforced, allowing the model to

introduce new topics if necessary);

Roles

In OutSystems besides the default Anonymous and Registered role, it was also created a new role
called Administrator, with full access to all the app functionalities. In Mendix, the Administrator role
was also created as an app user role in the application security menu, granting this user access to

modules as a whole, as it is possible to verify in figure 29:

RﬂlES Module status er role Administrator Demo users Anonymous users Password policy
& T T, ) New & @
P @ ANONYMmous 0 -
- _ . Name 4  Module roles
) al g
bk e 20
H Administrator Administrat tor, System.Administrator, v way_Tool.TestAdmin, AlGateway_Tool

» @ Administrator

Figure 29 - User roles defined in OutSystems and Mendix respectively

Development using OutSystems:

For the Al Gateway application in OutSystems, it was necessary to create 2 different modules,
since one responsible for managing the integration with external systems (GPT_Connect_IS) and other
module (Al_Gateway) responsible for the user interface (Ul) and user interaction with the chatbot
functionality containing the screens, forms, and user experience logic to interact with the OpenAl-
powered chatbot.

In the images below there are two important actions depicted:
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- CommunicateOpenAl: Represented in Appendix E (3™) as a Server Action, it run on the server
and typically handles more complex tasks like database access, heavy processing, or like in this
scenario, external integrations. It sets variables, makes a POST request to the REST API
("PostCompletions") and then stores and processes the output before sending it back to the

client.

- ButtonOnClick: Displayed in Appendix E (2"9), this action is a Client Action meaning that it runs
on the user’s device (in the browser or on a mobile app) and interacts with the Ul in real-time.
It runs logic such as disabling local Ul elements, sending a request (calling the server action),

and then re-enables Ul elements after receiving a response from OpenAl.

Finally, in the appendix E, is also possible to verify how the application behaves live, with the admin
(OSAdmin), the one logged trying to communicate with the ChatGPT, and in the last image it is possible

to verify that the integration ran well.

Development using Mendix

The Al Gateway application developed using Mendix, it was necessary to create a JSON structure
file to save the request body and another to save the response body.

Along with these 2 JSON files, to accomplish a correct integration as shown in Appendix F, it was
necessary to create one Import Mapping (available in Appendix F), which is used to specify how
incoming data from external systems or APIs, (in this case used to process the response body structure)
is transformed into my Mendix app's domain model or entities.

And one Export Mapping (available in Appendix F), which involves defining the structure and
format in which data from my Mendix app's domain model is sent to external systems (in this case
used to process the request body structure).

In the images below, are represented the two most important microflows used to implement the

application’s logic:

- ACT_PostCompletions: The ACT_PostCompletions microflow, available in figure 31 prepares
the data of the API call. It takes as input the request and response parameters, builds the root
object, and then calls the DS_CallRest_Post microflow to perform the API call. Finally, it

handles the server response.
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- DS_CallRest_Post: This microflow sends the APl request to OpenAl. It uses a pre-
prepared root object, sends a POST request, and subsequently handles the response. It
retrieves the 'Message' from the API's response and shows the result to the user, as it is

possible to see in figure 30.
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Figure 30 - DS_CallRest_Post microflow logic
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Figure 31 - ACT_PostCompletions microflow logic

Ultimately, regarding the integration process with an external Open Al API it is possible to get

some conclusions approached in table 6.
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Table 6 - Integration Use-Case findings comparison

Mendix

- Mendix offers a highly visual and guided
integration approach with the use of import

and export mappings.

- In the platform, the user can map external
services and data structures directly into its
domain model, allowing the integration to be
more intuitive for complex structures such as

JSON or XML.

- The data transformation and validation
capabilities of Mendix ensure that incoming
and outgoing data is also perfectly aligned with

the application's schema.

OutSystems
- With OutSystems, any APl is easily
integrated, basically, any external web

service can easily be consumed with the built-

in REST and SOAP connectors.

- The focus of the tool is generally more on
rapid integration with minimal configuration,
especially when consuming standard web

services.

- While OutSystems can be fast integrating
APls, it also requires more manual work in
cases of complex data transformations, as it

has its focus set on speed rather than

exhaustive customization.

4.6. Pricing plans

4.6.1. OutSystems pricing model

The wider the development is with OutSystems, the more reusable capabilities users will create,
leading to quicker development of future projects. Whether expanding upon a first resolution or
building something entirely independent.

To achieve this, OutSystems adjusts the license based on three different key metrics [86]:

- Number of Internal Users: Employees are licensed in batches of 100, with the initial license
covering the first 100 users. They are named by the email domain of the organization and as
the numbers grow, additional packs of 100 internal users can be purchased. User management
is flexible and can be integrated with domain servers, or manually managed through the tools

provided by OutSystems, so in this way, internal users within the system are easily controlled.
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- Number of External Users: External users, such as customers or partners, are sold in packs of
1,000 and are differentiated by email domains different from the internal users. Only those
logging in are counted toward the license, not anonymous users who access public-facing
pages without logging in. To save money, companies usually program the deactivation of
accounts that remain idle beyond a certain period to keep the number of licensed users

approximately correct.

- Number of Application Objects (AOs): Application objects represent the technical complexity
of an application, including screens, database tables, APls and other resources. A small
application uses around 50-100 AOs, while larger, more complex apps fall in a range from 500
to 700 AOs. OutSystems supports maximum reusability of components across multiple
applications, reducing the AO count and allowing businesses to build scalable solutions

without additional licensing costs.

Licensing Plans
OutSystems offers three main pricing models, that may vary in pricing according to the metrics

that were specified before and also according to the infrastructure used (cloud and on-premises):

Free Personal Environment (OutSystems 11): This option is an ideal opportunity for students and
developers who want to gain hands-on experience with low-code development and also learn and

experiment the platform without any cost [87]:
Key-Features:
* The OutSystems Cloud hosts the free personal environment, so students do not have to be

concerned with setting up or managing their own infrastructure.

= This environment is specifically intended for development and testing, meaning that apps

cannot be used for production purposes.

= Developers will have access to the OutSystems IDE (Integrated Development Environment),

including Service Studio for building apps as well as Pre-built Components and Templates [87].

64



Limitations:
= Includes a restricted amount of internal users (max 100 internal users) and does not offer
assistance for external users, making it appropriate for personal use or very small team

collaborations.

* An app developed in the free environment is restricted in its complexity because of the
existing Application Objects (AOs). A small application usually requires 50-100 Application

Objects (AOs), but larger projects will require an upgrade to a paid plan.

* The community support is the only feature available in the free plan, so users must depend
on forums and documentation for assistance, without any access to direct professional

support from OutSystems [87].

Paid Enterprise Plans (OutSystems 11): The enterprise plans for OutSystems 11 are either on-
premises or self-hosted, and pricing starts at about $1,513 monthly, this pricing scales with
internal users, external users, and Application Objects (AOs) that measure the complexity of the
app. It is ideal for businesses that require on-premise deployment but need more manual work to

manage their infrastructure [88].

Key-Features:
* Enterprise plans, unlike the free plan, support both internal and external users, which are
available for purchase in Packages (e.g., 100 internal users and 1000 external users) to

accommodate varying levels of user access.

= Enterprise applications may be significantly bigger and complex, accommodating hundreds

or even thousands of Aos.
* Enterprise plans offer assistance for standard compliance such as ISO 27001 and other

standards, ensuring that applications meet the required security and regulatory obligations

[87].
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Limitations:
= As you increase the number of users or application objects (AOs), the expense of the business

plans can rise dramatically.

* For On-premises deployments customers must handle their own infrastructure, such as
servers, storage, backups, and updates, for on-premises deployments, which can lead to

increased complexity and expenses [88] .

OutSystems Developer Cloud (ODC): The cloud-native offering starting at $36,300 per year, offers
advanced scalability, automated updates, and comprehensive cloud infrastructure management.
It is targeted at enterprises that do not want to manage an infrastructure of their own and need
features such as microservices, auto-scaling and better performance for large-scale applications

[88].

Key-Features:
* Designed specifically for cloud environments, utilizing a modern, container-based
architecture that enhances scalability and availability. Managed by OutSystems, it operates

over several availability zones, which grants resilience and performance.

= Includes integrated CI/CD pipelines to simplify the application development process from
building to deploying. Automating testing, building, and deployment across environments
which accelerates development.

= Unlike the on-premises version, ODC takes care of automatic updates and maintenance. This
allows developers to focus just on app development without worrying about platform

maintenance [89].
Limitations:
= ODC starts at $36,300 annually, which is more expensive than on-premises options,

especially for small businesses or those with limited budgets.

= ODC is only available on the cloud, making it unsuitable for companies needing an on-

premises solution due to security or compliance concerns.
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= Roles in ODC are application-specific, so they cannot be used for more than one application.
Deploying multiple interconnected applications requires more meticulous role management

planning [89].

4.6.2. Mendix pricing model

Mendix provides multiple pricing options, customized to various users and organizations,
including small teams and large enterprises, these prices vary according to the plan chosen and also
according to the number of applications aimed to be deployed. Figure 32 and figure 33 portray a

summary of Mendix main pricing structures:

sh icing for: i i
ow pricing for Free Basic Standard Premium

Jump in and give the Create simple workgroup Build department-wide Build mission-critical core
platform a try applications business applications systems

Unlimited Apps

Starting at Starting at Starting at Getitall
€0/month €52,50/m0nth €900/mnnth Get a Quote
Get Started Purchase now Contact Us Contact Us

Figure 32 - Different pricing structure for a "one app" license (Source: [91])

Show pricing for: .
Free Standard Premium
One App Jump in and give the platform a try Build department-wide business Build mission-critical core systems
applications
Uniimited Ap 3 Getitall
nlimi ps Starting at
d . Get a Quote
€0/month Starting at
€2,100/month Contact Us

Get Started
Contact Us

Figure 33 - Different pricing structure for multiple apps license (Source: [91])

Free Plan: Mendix's Free Plan is an entry-level offering designed for hands-on experimentation by
a lindividual or small team without incurring any cost. It's ideal for prototyping purposes, creating

demos, or small apps with limited functionality [91].

Key-Features:

= The Free Plan allows users to utilize no-code and low-code development tools to swiftly build

web or mobile apps with visual interfaces.

= The plan consists of two settings for each app: one for development and one for production

[91].
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Limitations:
= Although users have the option to use apps, the free plan is not appropriate for large-scale

production settings.

* The free plan only offers community-based support, meaning users rely on forums and self-

help resources. There's no access to professional or 24/7 customer support [91].

Basic Plan: The Mendix Basic Plan is ideal for small teams or organizations that want to build
simple applications, which don't bear too much complexity. The pricing for the basic plan starts

from €52.50/month for up to 5 users, adding €10 a month for every user added beyond that [92].

Key-Features:
= The Basic Plan provides collaboration tools that allow teams to work together on application

development using a visual IDE and it also supports agile project management.

= This plan comes with a 99.5% uptime guarantee, ensuring your applications remain available

and reliable for day-to-day operations [91].

Limitations:
* The Basic Plan only offers 2 environments per app, one for development and one for

production, which restricts the flexibility for testing and staging environments.

» Assistance is only provided from 9 AM to 5 PM during working hours, which may not be

enough for teams that require 24/7 support [92].

Standard Plan: Targeting medium to large organizations that have a need to build and scale via
department-wide or business-critical applications, the standard plan offers more features than
the Basic but still has limitations. The pricing of a Standard Plan starts with €900/month in case of
one app, and €2,100/month for unlimited apps, but it increases greatly once more users or apps

are added: for every additional user, it costs an additional €25 per user, per month.
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Key-Features:
= The Standard Plan includes up to four environments per app, allowing for separate

development, testing, staging, and production environments.

» Organizations benefit from dedicated database tenancy, which provides better performance,

security, and data isolation compared to shared databases [92].

Limitations:
= Limited vertical scalability (adding resources to a single server) is more limited compared to

the Premium Plan.

= Assistance is only provided from 9 AM to 5 PM during working hours, which may not be

enough for teams that require 24/7 support [92].

Premium Plan: the Mendix Premium Plan is targeted for very large-scale enterprise needs, which
needs more advanced build and runtime capabilities in order to drive mission-critical applications.
The plan grants the uppermost level of support, scalability, and performance, hence, highly

suitable for organizations with complex needs [91].

Key-Features:
* The Premium Plan allows horizontal scalability, enabling the addition of more resources to
manage higher traffic or workloads. It also has fallback options, guaranteeing that applications

stay functional during server outages or peak traffic times.

= Enterprises get access to 24/7 professional support to handle any critical issues at any time.

And additionally have a 99.95% uptime guarantee provided [93].
Limitations:
= The Premium Plan comes with custom pricing, which can be significantly higher than the

Standard Plan [93].

= While the Premium Plan offers a wide range of customization choices and scalability, it also

results in increased difficulty in handling the infrastructure [93].
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4.7. Al-Assisted Development (AIAD)

The integration of Al with low-code development is one of the most thrilling and promising
features of software development.

Automation of tasks, along with Al, amplifies efficiency and boosts innovation as the most
important processes in workflow optimization are done automatically by Al, thanks to intelligent
features that empower developers' productivity and applications in general [94].

Al-assisted development involves using artificial intelligence and machine learning algorithms to
change the way software is developed, so the low-code development platforms using Al tools assist
the developers in code generation, error detection and feature recommendations, as a result, these
tools accelerated development for innovating faster and building applications that are smarter with

less effort [95].

4.7.1. OutSystems Al Tools

OutSystems is dedicated to assisting users in utilizing the latest technology advancements in the
industry. Not only through components in the OutSystems Forge that provide the ability to integrate
advanced Al and machine learning features into low-code apps, but also through Al-powered tools

designed to assist developers throughout the development process.

Al Mentor System:

The OutSystems Al Mentor System is an improvement of the former Architecture Dashboard of
the OutSystems Platform. It provides enhanced capabilities and incorporates innovative Al technology
which helps IT teams improve architecture performance, detect and resolve security coding issues,
reduce technical debt and wasted development time. This solution consists of 5 Mentors depicted in

figure 34, providing enhanced capabilities for incorporating innovative Al technology [96].

Code Architecture Maintainability Performance Security
Mentor Mentor Mentor Mentor Mentor

Developer Studio Al Mentor Studio

Figure 34 - Al Mentor system engine (Source: [97])
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= Code Mentor: Al-driven tool which can predict next steps, propose the optimal code, and

generate SQL queries, saving developers a lot of time.

* Architecture Mentor: Al ensures application code meets critical architectural standards for

scalability and maintainability.

» Security Mentor: An Al-based tool that scans code for vulnerabilities, thus helping developers

find and fix security risks early.

= Performance Mentor: Al does code analytics for performance bottlenecks to make sure

applications are always smooth-running;

* Maintainability Mentor: Al browses through the entire portfolio for technical debt reduction

to identify redundant code and refactoring opportunities.

As an architect, a team-leader or even as a developer, Al-Mentor studio provides a detailed
overview of the team's applications' technical debt and thorough examination of the organization's
technical debt, allowing users to take the necessary measures to reduce (security, maintainability,
performance, architecture and code-quality) risks.

In Appendix G is displayed how Al Mentor Studio works, where as a team leader using the tool |
can visualize each square representing an app. It shows the app name and the app type. The color of
each app shows the user how high or low the technical debt is in that app and technical debt also tells
how difficult or easy it is to change and maintain an app or module.

The systems generates a report that can be filtered based on the team, a specific app, module or
category, when it was analyzed, the findings status, as well as specific users. To check how to fix the
error, the user must click “How to fix” and can also use this information to understand the effort

involved in fixing the code pattern error [98].
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4.7.2 Mendix Al Tools

Parallel to OutSystems, Mendix also uses Al and machine learning tools to help development
teams build applications faster, more consistently, and with better quality. This Mendix's Al-Assisted
Development approach is called Mendix Al Assistance (Maia). Maia acts like a virtual co-developer,
offering guidance, assistance, and automation throughout different stages of the application lifecycle.
Its key features include Maia Chat for real-time guidance in Studio Pro, Logic and Workflow
Recommenders, a best practice recommender for in-editor help, and Generative Al tools like the
Translation Generator [99].

In Mendix Studio Pro, Maia includes the following capabilities that assist developers throughout

different stages of the development process [100]:

* Maia chat: The Maia Chat tool is a chat interface integrated into Studio Pro that operates on
Generative Al. Developers can inquire about app development in Mendix, including the process of
implementing concepts, best practices, and development patterns. Constructed using extensive
language models (LLMs), the platform draws information from a variety of sources such as Mendix
Documentation, Community posts, and Academy learning paths. An example of the application of

Maia chat is described in figure 35:

Properties  Toolbox Imtegrat\onl Maia |

Maia

Hi I'm Maia, your Al-powered
assistant in Studio Pro.

Get started

Feel free to ask any questions about Studio Pro, I'm here to
help! Try one of our starter questions if you're not sure where
to begin

How to use the domain model to configure my data
structure?

How to build legic in Mendix?

How to set up authentication based on SAML?

Please note

* Maia is powered by Generative Al. Surprises and mistakes
are possible. Please share feedback so we can improve!
» Don't share any personal or sensitive data

Documentation (7 Privacy policy (k4]

What can | help you with?

Figure 35 - Maia chat interface used in Studio Pro (Source: [100])
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= Best Practice Recommender: The Best Practice Recommender is a smart virtual assistant that
assists applications by analysing the app model according to Mendix development best practices
in Mendix Studio Pro. It identifies anti-patterns throughout the design and development process,
directs the user to these anti-patterns, provides suggestions on how to address them and may in
certain instances automatically correct these problems [100]. Image 36 is a display of how this

recommender’s pane presents the anti-pattern warnings in Studio Pro.

[> Inspect now [3 Limit to currenttab @ Limit to uncommitted i3 Export {83 Configuration

Category Code Message Element Document Module
v Performance MXPO02 (1) Unused Calculated Attribute
@ Performance MXP002 ® Unused calculated attribute Attribute Domain model MyFirstModule
MyFirstModule. Entity.Name' "MyFirstModule.Entity.Name*
v Performance MXPO12 (1) Microflow with a repeatedly committed variable
@ Performance MXP0O12 ® The microflow 'MyFirstModule.Microflow' has a Commit object(s) activity Microflow MyFirstModule

repeatedly committed variable ‘Entity’ ‘Commit ‘Entity’ * Microflow'

Figure 36 - Best Practices Recommender Pane (Source: [100])

* Logic Recommender: The Maia Logic Recommender uses machine learning from over 12 million
anonymized microflows to identify best practice patterns in application logic. It suggests to the
user the top 10 next best actions within the editor by providing contextual recommendations
based on the logic’s position, offering search-based suggestions for quick access to actions and
auto-configuring parameters for quicker development. These features help both new and
advanced developers to improve their speed and accuracy during app development [99].

Inimage 37 it is possible to identify the logic recommender dialog box presenting the user with 10

contextual suggestions:

———0 >

[ *+ licarr,hm

E‘L Retrieve a list of Session from currentUser/Session_User
E, Retrieve over association

Decision: Check based on $currentDeviceType

Decision

Loop while currentUser/Active

Loop

Retrieve a list of Order from database

Retrieve from database

Microflow call

CEORDREFEIRERVIRY

Action activity

Figure 37 - Logic Recommender dialog box (Source: [100])
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* Workflow Recommender: The Workflow Recommender in Studio Pro acts as a virtual co-
developer that offers recommendations for the next best activity in workflows. It features smart
search to quickly find elements, auto-configuration to pre-populate parameters, and contextual
suggestions by analysing the workflow's structure and the page from which it is called [100].

In figure 38 is depicted the workflow recommender dialog box with recommendations of workflow

activities to insert.

‘ Bearch...

2 User task

22 Multi-user task
Call microflow
Decision

Parallel split

Wait for timer

®
o)
A
T4 Wait for notification
®©
a5

Call workflow

Figure 38 - Workflow Recommender dialog box (Source: [100])
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CHAPTER 5

Conclusions and Future Research

5.1 Conclusions

The main goal of this dissertation was to explore the disruptive role of Low-Code development
platforms technologies, focusing on how they are reshaping software development.

Therefore, this dissertation examines the importance of Low-Code market leaders (OutSystems
and Mendix) in software development, digital transformation, and business innovations. It provides
information on how these platforms help organizations create scalable, secure, and strong applications
faster and with fewer resources by analysing architecture, development features, integration
capabilities, community support, pricing models in detail and the most recent embracing of new Al
tools.

Some of the key conclusions drawn from this study:

* Reduced Time & Cost: Based on industry reports and real-life examples, Low-Code platforms

have actually decreased the time and money required for application development.

* Enhanced Collaboration: OutSystems and Mendix enable improved teamwork between

technical and non-technical users through their user-friendly visual interfaces.

= Skill Gap Reduction: By reducing the need for manual coding and offering pre-built modules,

these platforms close the skill gap and accelerate time-to-market.

= Al-Assisted Development: Both Al-Assisted Development Tools OutSystems Al Mentor System
and Mendix's Maia offer enhancements to the feature development process by providing

automated suggestions.

Additionally, despite similar in their goals they too slightly differ in their approaches, as stated in
the thesis, there were also differences in the pricing structures: OutSystems is based on Aos and Users,
whereas Mendix provides more flexible plans, so it is important that before choosing their path,
businesses precisely consider their requirements, customer base, and deployment structure.

In conclusion Low-Code will continue to revolutionize software development with agility and
quicker delivery, and as Al keeps improving, it is expected that these platforms will keep getting
stronger and provide automated insight, widen the applications in various industries, hence

consolidating even more their importance in the evolution of digital technologies.
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5.2. Future Research

Moreover, a future research would definitely encompass new Artificial Intelligence tools and
algorithms that can be integrated into Low-Code platforms, since nowadays new Al tools are delivered
in a much faster pace and it would also be interesting to study in more depth the way sophisticated Al
algorithms in the future will be able to automate even greater aspects of software development.

This dissertation also creates a foundation upon which a further comparison involving Mendix and
OutSystems, on one hand, and on the other hand, other leading Low-Code platforms such as Microsoft
Power Platforms, Appian, and ServiceNow is possible to be achieved. It would also extend the scope
of this research and bring more comprehensive insight into the Low-Code ecosystem and its role in

empowering businesses with flexible, scalable development solutions.
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Appendix B

(1% Gartner’s product or service scores for composing B2E Departmental and Enterprise Apps)
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Appendix C

(1% Cloud-native architecture diagram of OutSystems Developer Cloud — ODC)
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Appendix D

(1%t Updated view of OutSystems Forge where the users can download components)

(2" Mendix Marketplace where users can explore it and find components to help build software

faster)
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Appendix E

(1 Test-user Log-in screen)

(2" Al_Gateway action and main front-end module)

(3 CommunicateOpenAl method and GPT_Connect_IS module)

(4™ Al Gateway Home screen with a self-made UX design)

Al_Gateway

Usemame *

0SAdmin

P:

Remember me

Forgot password?

= ]

DisableLocals

CommunicateOpen

SetOutputText

EnableLocals

[7 Al Gatewaj.-'

Al_Gateway
UI Flows
Common
Layouts
MainFlow
HomeScreen
» [l Input_Output
B EnableButton
[l EnableInputText
+ () ButtonOnClick
-4 Text_Input
(") OnlInitialize

an
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CommunicateOpenAl

SetVars

GPT_Connect_IS
Client Actions
PostCompletions Server Actions
CommunicateOpenAl
-8 Request MessageContent
3] Response_MessageContent
B AuthorizationKey
B ContentType
SetOutput + [l Request

Al_Gateway

Hello, ask a Qu

Al_Gateway . Test User

Hello, ask a Qu

Hello, tell me about Low-code, what do you think of it?

Low-code development is a software development approach that allows users to create applications with minimal hand-coding. Instead of writing extensive lines of code, users can
use visual interfaces and drag-and-drop tools to rapidly build and deploy applications. There are several benefits to using low-code development, including faster development times,
reduced costs, and the ability to involve non-technical users in the development process. Additionally, low-code platforms often include features like built-in security, scalability, and
integration capabilities. Overall, low-code development can be a powerful tool for organizations looking to streamline their application development processes and quickly bring new
ideas to market. However, it is important to consider the limitations of low-code platforms, such as their potential lack of flexibility and customization options compared to traditional
coding methods.
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Appendix F

(1st refers to the Export Mapping)
(2nd refers to the Import Mapping)
(3rd refers to the domain model used in the a

(4% refers to the application live demo)

pplication)
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Root

Login
Model (String)

_id (String) U;emamellitrungl Temperature (Decimal)
_object (String) Password (String) Max_tokens (Integer)
Top_p (Decimal)

Opendi

ValidationMessage (

Created (Integer)
léci}odfl {String) Frequency_penalty (Decimal)
I Presence_penalty (Decmal)

lC'o es_Opend
T Messages_Root
Q) Ia
4
Choices Messages
- Choice
T\I—' hoice_Cho re\} 4

Index (integer)

ReguesthMessage_Messages

&
I

RequestMessage

Message

[E] Input_Output

Content (String)
Role (String)

ResponseMessage (String) Content (String)

3rd

English, United States

Hello! What can you tell me about Mendix as a plaftorm?

Mendix is a low-code application development platform that enables users to quickly build, test, and deploy web and mobile applications without the need for traditional coding. The platform offers a visual development

environment, drag-and-drop interface, and pre-built templates and components to streamiine the development process.

users to collaborate on projects, track progress, and manage applications through a centralized platform. It also provides tools for integrating with other systems and services, such as databases, APIs, and

Mendix allow
third-party applications.
Overall, Mendix is designed to empower organizations to rapidly develop and deploy custom applications, improve business processes, and drive digital transformation. It is suitable for both small businesses and large

enterprises looking to iInnovate and stay competitive in today's fast-paced digital landscape.

4th
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Appendix G

(1st refers to Al Mentor Studio and colour code that represent the technical debt)

(2nd refers to the report screen displayed after the user generated it)

@AlMentorStudlo Apps Report Overview Maintenance

<
Q search for app Apps
Last sync was 7 hours ago. @
Teams
Monitor demo apps v[} End user

DevOps Training v 0 | | @ TKAD

Field Services Order Management Smart Power
Open apps report Multi

Reactive Web Reactive Web
Field Services Order Approval
Resources

Traditional Web Mobile

Field Services Telco ReactiveOrderMa...

Traditional Web Reactive Web
Core
Field Services Smart Power Core
Mobile
Mobile Service

Field Services Alexa Order
Ci

Web Wweb

Traditional Web

Smart Power Portal

Reactive
Reactive Web

Smart Power

Mobile

Smart Power

Resources
Traditional Web

1St

GAI Mentor Studio  Apps  Report  Overview — Maintenance

< Back to Apps

Report

Last sync was 8 hours ago. [ ]

Teams Apps Modules
Allteams = Field Ser... ~ Allmod...

Code patterns Findings
Client and server side Entities... 27

Public Entities aren't read-only 18
Unlimited records in Aggrega... 34

CSS in the screen's style sheet 9

Site Property update 13

Core module consumed by F... 1
Foundation or Core module ... 1

Long undocumented flow 4
Monolithic mobile UI module 1

Category

- All catego...~

Technical debt

44.7%

33.3%

3.3%

2.6%

2.5%

1.7%

1.2%

1.2%

1.2%

Lowest tech debt

Highest tech debt

DevOps Training + 0 . @TKAD

Export to Excel

Analyzed Findings status User

Any time  ~ All status Allusers - Clear all

Client and server side Entities and logic

aren'tisolated
Both client and server side Entities and logic are implemented in
the same module.

Impact ~

How to fix ~

[

Client-side logic should be catered to the use cases of each mobile
application. The typical pattern is to have a generic server-side module
around a concept, e.g., Accounts, and specialization for each mobile app
that handles Accounts. For instance, if you have a Mabile Banking (MB)
application for end-users and a Mobile Agent (MA) application for
agents, on top of the server-side core service Account_CS module, you
should create the MB_Account_CS and the MA_Account_CS modules
each with specialized client-side databases and logic.

After fixing the finding, set the status to "Already fixed". On the next
sync, the finding disappears if you solved it correctly. If not, the finding's

status reverts to "Open”

Learn more about fixing findings (4

an
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Appendix H

Article: Al-Driven Features in Low-Code Platforms: A comparative study
of Mendix and OutSystems.
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Article

Al-Driven Features in Low-Code Platforms:
A comparative analysis of Mendix, OutSystems and
Microsoft Power Platforms.

Diogo Pina®”, Pedro Sebastigo'?

Department of Information Science and Technology, ISCTE-University Institute of Lisbon, 1649-026
Lisbon, Portugal; dfopp@iscte-iul.pt (D.P.); pedro.sebastiao@iscte-iul.pt (P.S.)
Instituto de Telecomunicages, 1049-001 Lisbon, Portugal

*  Correspondence: dfbpp@iscte-iul.pt

Abstract: The adoption of Low-Code platforms has boosted enterprise application development, enabling a
faster and more efficient delivery of valuable solutions. In the most recent years, Artificial Intelligence (Al)
has become a key differentiator, by not only automating workflows, but also by improving error detection and
so consequently enhancing overall productivity throughout the whole Information Technology sector. This
paper aims to present a comparative study of Al-driven tools integrated into three leading low-code platforms:
OutSystems, Mendix, and Microsoft Power Platform. OutSystems by featuring the Al Mentor System, which
identifies security weaknesses, performance misbehavior, and overall coding errors, provides action points
and useful guidance to developers. Mendix introduced Maia, an Al assistant offering intelligent
recommendations and automation, such as an Al-assisted chat, a Best Practices recommender and also a
Logic/Workflow Recommender, with the main goal of optimizing the development processes. Microsoft
Power Platform also integrates its own tool, the Al Builder, a tool designed to empower users to create Al
models for tasks such as form processing, object detection, and prediction with minimal technical knowledge.

This study intends to evaluate the tools based on their features, practical use cases, and impact on the
software development lifecycle. By analyzing their contributions to key-metrics such as error-reduction ratio,
intelligent automation, and developer productivity, finally this paper highlights how Al-driven tools empower
organizations to deliver high-quality applications quickly and efficiently while optimizing its resources and

work methods.

Keywords: Artificial Intelligence; Low-Code; OutSystems; Mendix; Al Mentor System; MAIA; Al Builder
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