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                    The chosen aspects of software architecture, as the main subject of final comparison, are 
 based  on  previously  written  studies.  These  studies  focus  on  either  technical  or  project 
 perspective  of  our  subject.  Chosen  aspects  to  compare  are  those  found  most  enthralling 
 based on the findings in these studies. 


This subchapter is divided into two parts. First part is dedicated to works that relate to more 
 technical subjects (chapters 2.1.1, 2.1.2, and 2.1.3). The second part then discusses works 
 that correlate with the project management point of view (chapters 2.1.4 and 2.1.5). Each 
 work has been discussed in distinct subchapter, for terms of clearer referencing later in this 
 work.  


Firstly, let us discuss works that will serve as cornerstones for the technical perspective. 


2.1.1 From monolithic systems to Microservices: An assessment 
 framework 


Work of Auer et al. has the objective to create a decision support framework for companies 
 that  would  like  to  migrate  from  monolithic  system  to  microservices  (Auer,  et  al.,  2021). 


Their framework was grounded based on answers from interviews with professionals and 
 included perspectives as seen in the following table. 


Tab. 2.1.1 Assessment framework for migration from  monolithic system to microservices  (source: 


(Auer, et al., 2021)) 


In the framework, we can see technical perspectives such as performance, reliability, and 
 maintainability. But we can likewise recognize perspectives that are closely related to the 
 project management: cost and development process. Several of mentioned measures and 
 metrics  are  linked  to  the  design  (code  complexity,  patterns,  coupling,  and  component 
 responsibilities)  and  others  to  dependence  on  infrastructure  (deployment,  necessary 
 resource allocation). Handful of these metrics will be, therefore, studied as well in following 
 chapters of this thesis. 


2.1.2 Identifying  architectural  technical  debt,  principal,  and  interest  in 
 microservices: A multiple case study 


De Toledo et al. examine in their paper the problem of Architectural Technical Debt (ATD) 
 (de  Toledo,  et  al.,  2021).  This  term  stands  for  sub-optimal  decisions  made  by  software 
 architects that are beneficial in the short term, but increase the overall costs in the long run. 


Identification of these debts is an important task, as among the consequences might be for 
 example  slowing  down  new  functionalities,  thus  increasing  their  costs.  The  research 
 methodology in the work is an exploratory multiple-case study that aims to identify the most 
 common  and  critical  ATD  issues,  interests,  and  principals  in  systems  designed  as 
 microservices.  The  examined  systems  were  either  in  the  initial  stage  of  design  as 
 microservices,  or  were  migrated  from  old  solutions  such  as  monoliths,  or  were  already 
 consolidated using microservice approach and were at the moment being maintained and 
 evolved. Next step was then performing interviews with experienced employees in different 
 roles, asking them about problems they see with their systems. Example of the results of 
 their analysis can be seen in the following figure. 


Figure  2.1.1  Transforming  quotations  from  practitioners  into  codes  through  open  coding,  and 
 classifying them into categories, source (de Toledo, et al., 2021). 


The researchers then found relationships between the codes and the categories in the figure 
above. 


Figure 2.1.2 Identifying the relationship among debt, interest and principal (de Toledo, et al., 2021). 


The relationship from the figure above shows us that the codes of interest and principal are 
 the consequences of a poor solution design (ATD). This identified debt was called in the 
 study Unplanned data sharing and synchronization among services, consisting of two 
 sub-debts:  Sharing  persistence  and  database  schema  and  Unplanned  database 
 synchronization. It is only one of 12 architectural debts that the researchers found common 
 among the examined microservice systems. However, database design is one of the aspects 
 that this thesis will compare between microservice systems and monoliths. The mentioned 
 database sub-debts will be also discussed later on. 


2.1.3 Design,  Monitoring,  and  Testing  of  Microservices  Systems:  The 
 Practitioners’ Perspective 


Research of Waseem et al. studies design, monitoring, and testing of microservice systems 
 in the industry (Waseem, et al., 2021). Microservice architecture is the main subject of their 
 work, but comparison with monolithic approach is also included in several occasions. They 
 interviewed six microservice practitioners from five different countries. These were asked 
 about  the  way  how  they  design  their  systems,  as  well  as  about  how  they  carry  out 
 monitoring, testing, and deployment of microservice. Outcome of their research regarding 
 design  was  that  many  organizations  use  a  combination  of  Domain-Driver-Design  and 
 business capability strategies (term Domain-Driver-Design will be explained in following 
 chapters).  


The  authors  identified  two  main  design  challenges:  how  to  define  boundaries  of 
 microservices and how to manage their complexity. Monitoring discussion then included 
 the metrics, practices, tools, as well as related particular challenges. However, we will not 
 discuss  monitoring  in  this  thesis.  Discussion  about  testing  then  revealed  that  most 
 commonly  used  testing  strategies  are  unit  tests,  end-to-end  tests,  and  integration  tests. 


According to their findings, there is no specific testing technique designed or used only for 
 microservice  systems.  Instead,  both  microservices  and  monoliths  use  the  same  testing 
 strategies, the difference is in the realization as well as in problems of each strategy for the 
 particular architecture. 


The following works relate to the project management comparison perspective. 


2.1.4 Examining  decision  characteristics  &  challenges  for  agile  software 
 development 


Article  of  Drury-Grogan  et  al.  studies  challenges  of  decision  making  on  agile  software 
 development projects (Drury-Grogan, et al., 2017). They performed an in-depth exploratory 
 case study using a team that applied agile methodology in a very complex environment. This 
 team had used Scrum for 2 years and during the study period, they provided access to the 
 researchers to all their ongoing documentation and allowed them to observe and interview 
 team  members  regarding  their  decision  making.  Their  findings  from  the  study  included 
 following decision-making problems: 


•  Decisions tend to repeat past problems. The same tasks are often given to the same 
 people  as  they  have  ‘already  done  it  and  can,  therefore,  do  it  again  quickly’.  The 
 implications are then that, firstly, the same problems are repeated over again. And 
 secondly,  know-how  is  not  sufficiently  spread  across  the  team  as  other members 
 may have never done a specific task, although they are equally responsible for it. 


•  Experienced  employees  have  far  too  much  more  decision  priority  over  less 
 experienced colleagues than they should have 


•  Decision  mistakes  due  to  lacking  communication  between  developers  and  the 
 customer  when  the  customer  interacts  with  the  development  team  only  through 
 their business analyst 


•  Ad hoc decisions made during mid-iteration (such as hotfixes for example) interfere 
 too much with the iteration plan and more importantly, are not sufficiently tracked 
 or documented 


•  Poor communication and lacking documentation hinder good decision making. Poor 
 communication  in  this  case  means  that  decision  reasons  are  far  too  often 
 communicated via emails between specific people. As a result, the rest of the team 
 does not have any track of it. 


From these issues we can derive following areas: insufficiently handled communication and 
 documentation.    Other  areas  could  be  possibly  derived  as  well,  but  communication  and 
 documentation problems could be more closely related to the project team structure; hence, 
 these  areas  could  be  examined  more  closely  in  this  thesis  for  their  possible  ties  with 
 architecture decisions. 


2.1.5 Evaluation of Motivating and Requiring Factors for Milestones in IT 
 Projects 


The  work  of  Sunmola  studies  what  factors  influence  the  most  the  creation  of  project 
milestones (Sunmola, 2020). Milestone are useful tools for project management, allowing 
the project team as well as stakeholders to monitor and access if the progress done goes as 
planned.  The  importance  of  mentioned  work  for  this  thesis  does  not  lie  in  factors  that 
influence the creation of milestones, but rather in the definition what milestones are and 
what kind of milestones we could use for our comparison. The following table depicts what 
types of milestones there can be usually find in projects. 


Tab. 2.1.2 Summary of milestone types (Sunmola, 2020) 


Type of milestone  Description 


Anchor point milestone 


This typifies points for concurrent activities in a 
 project  for  synchronizing,  stabilizing,  and 
 assessing risk. 


Completion and approval milestone 


This  typifies  the  completion  of  a  requirement 
 and the approval of the completed requirement. 


And  example  is  integration  of  completed 
 milestone. 


Decision milestone 


This  is  oriented  towards  decision  points  or 
 gateways and associated guidance, such as a) Go 
 No-go  2)  Process  or  not,  and  c)  Directional 
 guidance. 


Incremental vs iterative milestone 


This  type  of  milestone  represents  relations 
 between milestones and their underlying tasks 


Represents  the  impact,  significance,  and  how 
 critical the milestone is. 


Release milestone 


Focuses on release management, especially on 
 product  delivery.  Does  not  represent  feature 
 workflow. 


Communication,  updates,  and  report-oriented 
 milestone 


Software  development  lifecycle  stage 
 transitions 


Focuses on the phases of Software Development 
Lifecycle,  such  as  planning,  requirements, 
design, development, testing, deployment, and 
maintenance.  Emphasis  is  put  on  setting  the 
event points at the phases e.g., start and end of 
coding,  start  and  end  of  iteration  etc.  These 
milestones  typically  mark  transitions  between 
development lifecycle stages. 


Stabilization milestone 


This milestone is associated with the process of 
 making  something  physically  more  secure  or 
 stable,  marking events at  which aspects of the 
 IT project is unlikely to change, fail, or decline. 


Technology milestone 


This  milestone  is  often  directed  at  technology 
 intensive  projects,  marking  technology  
 break-through  in  IT  projects.  Such  milestones  also 
 feature in hardware system life0cycle events. 


This table provides a wide range of means, how one can classify their milestones, based on 
their  specific  needs.  For  purposes  of  this  work,  as  the  agile  software  development 
methodology is selected, following milestones types will be considered. Both soft and hard 
milestones  will  be  used  and  their  significance  specified.  Similarly,  both  incremental  and 
iterative milestones will be discussed as agile projects typically use combination of both, as 
described in a respective subchapter dedicated to Agile projects. 
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