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ABSTRACT 

A self-adaptive system aims at anticipating changes which occur in a complex environment and 

automatically deal with them at run time. Although a lot of work has been done on self-adaptive 

systems over the past decade but researchers have lack of knowledge on how the research results 

have contributed in improving of complex software systems. In addition, no systematic study has 

been performed so far on the claims along with the evidences associated with self-adaption. The 

concrete objectives of this thesis are to: (1)  assess the quality of current research in self-adaptive 

systems (2)  identify the focus of the research (3) what the expected claims are of self-adaption and 

to what extent these claimed benefits exist and (4) identify potential areas for future work in the 

field. For this purpose, various categories of 73 papers pertaining to SEAMS (2008-2010) were 

studied to obtain data related to 20 different items and after the concerted efforts, some research 

questions were framed for the collection of data.  The study description criterion were modified on 

the basis of results obtained out of the collected data from time to time which helped to modify the 

performance cycle through a continuous monitoring, resulting in to produce the accurate results at 

the end. This approach also enables the researcher how critically the papers can be studied/analyzed 

and how systematically the required data has been extracted from the papers through research 

questions and data items. The extracted data was then subsequently used to achieve all above 

mentioned objectives.   

    Numerous limitations during the study like observation of changed results due to human 

intervention or in case of conflict of opinions were faced. Secondly, this existing approach only 

dealt with SEAMS community and the results obtained from the extracted data may be different in 

case of dealing with other software engineering communities like ICAC (International Conference 

on Autonomic Computing) and SASO (Self-Adaptive and Self-Organizing), which would be taken 

as a challenge for future work.   
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1 INTRODUCTION 
Some hard challenges faced in a wide range of disciplines from biology to robotics are being 

tackled through self-adaptivity since long. But recently the software engineering community has 

realized its key role for the development of future software systems. Those software systems are 

able to self-adapt satisfactorily during the occurrence of a particular error or change, its requirement 

or the environment in which it is deployed. Self-adaptive software changes its own behavior when it 

is found that accomplishment does not meet the required performance or what the software intends 

to do. 

     This literature study focus on 73 papers (17 papers in 2008, 17 papers in 2009, 13 papers in 2010 

and 26 papers in 2011) presented at SEAMS (International Symposium on Software Engineering for 

Adaptive and Self-Managing Systems). The papers presented at SEAMS for the years 2006 & 2007 

and other software engineering communities like ICAC (International Conference on Autonomic 

Computing) & SASO (Self-Adaptive and Self-Organizing) could not be studied due to limited time 

available for the research work or we can say that it was very hard to consider complete set of 

papers presented at all software engineering communities within the stipulated time. 

 

1.1 Self-Adaptive Systems 

A self-adaptive system comprises of a closed loop system which can modify itself during runtime 

due to continuous changes of the system, its requirements and existing tendencies in developing and 

deploying complex system, thereby reducing human efforts in the computer interaction. The 

conception of self-adaptive system depends on user's requirements, system properties and 

environmental characteristics.  Self-adaptive software requires high dependability, robustness, 

adaptivity and availability. 

      Software intensive systems offer to self-manage the faults, continuous change in user needs, and 

resource variability by adapting them at runtime which becomes progressively more important 

requirement. Such systems hide their complexity from the user while protecting and recovering 

themselves. Both self-adaptive and self-managing systems have been discussed in a very wide area 

of applications nowadays such as, robotics, control systems, fault-tolerance computing and 

autonomic computing. 

      In this study, two parts of software used in self-adaptive system are considered i.e. . a managed 

system and a managing system. The managed system, called application logic resides in an 

environment providing some functionality to users. The managing system, called adaption logic 

comprises the software used to monitor the managed system along with its environment and 

performs adaption of managed system when required. It is worth mentioning that the software of 

managed system and managing system may or may not be clearly positioned in separate modules 

and layers. 

1.2 Problem Description and Objectives 
Software engineers have been working on self-adaptive systems for the past decade but they have 

lack of knowledge on how the research results have contributed a lot in improving of complex 

software engineering system. The main aim of this thesis is to highlight what the expected claims 

are of self-adaption and to what extent these claimed benefits exist. The expected claims related to 

quality made by researcher in their papers will be discussed in the later part of the paper. The claims 

will be classified into two main categories: 

• quality concerns 

• other concerns 

      The other concerns are the concerns affected by self-adaptation that include functional goals, 

cost, profit and structure of development organization etc whereas the quality concerns are further 

divided into three disciplines: 

• preserving quality of software i.e. . self-adaption does not add quality to the system but 

maintains some quality attributes 
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• improving quality of the software i.e. . self-adaption adds  some quality to the system 

• assuring quality of the software i.e. . self-adaption guarantees some quality attributes by 

means of strong evidence.  

      In order to examine the existence of claimed benefits, the quality attributes such as 

dependability, resilience, security, availability, re-usability, usability, efficiency/performance, 

flexibility, accuracy, maintainability and reliability are calculated in terms of three basic disciplines. 

Several articles written during last year e.g. [1, 2, 3] summarized achievements of the field and 

identified open problems as challenges for future work. Nevertheless, so far no systematic study has 

been conducted on the claims along with the evidences on claims pertaining to self-adaption. It has 

been observed that there is no clear picture on how self-adaption actually contributes in tackling the 

challenges of engineering and managing complex distributed software engineering system. To 

resolve this issue, we aim to: 

           1) assess the quality of current research in self-adaptive systems 

           2) identify the focus of current research 

           3) understand the claims made for self-adaptation and the available evidence for these claims     

           4) identify potential areas for future work in the field.  

      To study the claims made for self-adaptation and the supporting evidence, a systematic literature 

review [4] is required. A systematic literature review is a well-defined method to identify, evaluate 

and interpret all relevant studies regarding a particular research question, topic area. It requires to 

study of all relevant publications of the major events in which contributions to the state of the art on 

self-adaptation have been presented. However, as a preparatory step, we performed a pilot study 

with a limited scope as focused on the research results presented at SEAMS since 2008. Obviously, 

the results of the pilot will not yield conclusive results for whole field. By considering a 

representative sample of the literature, the pilot study aims to provide a solid basis for a complete 

systematic literature review.   

1.3 Report Structure 

The remainder of the thesis is organized as follows:  

      Section 2 describes the research method, while Section 3 presents the data analysis to answer 

the research questions. Section 4 states the personal experiences/learnings. Finally the conclusions 

and future work are presented in Section 5.  
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2 RESEARCH METHOD 
This pilot study provides the basis for defining a protocol for the complete systematic literature 

review. Therefore, the pilot will include a subset of the steps of a systematic literature review. 

Following set of steps has been used in my study: 

                 1)  Identify research questions. 

                 2)  Extract required data. 

                 3)  Analyze data and draw results 

                 4)  Write review report      

 

 

                                             Figure 2.1 Overview of review process                      

      The deviation from a systematic literature review is that we studied the papers published at 

SEAMS between 2008 and 2011. We restricted ourselves to understand the claims and supporting 

evidence of self-adaptation. As shown in Figure 2.1, we studied 73 papers out of a total of 124 

papers. In this review process, a total of four researchers who are active in the field of self-adaptive 

systems and 45 advanced master students were involved. Two researchers defined initial research 

questions together with the data items. Two additional researchers including myself crosschecked 

the questions and data items. The feedback from additional researchers and students was used to 

make small adaptations of questions and data items which were then refined repeatedly till the time 

these were found completely refined to the entire satisfaction of all the reviewers. 

      Four to five reviewers including researchers read each paper in detail and extracted the data in a 

form individually. This data was then used during discussions of 20 minutes each to resolve 

conflicts and reach consensus about each data item. After discussing upon the conflicts we come up 

with the final data collection which we have used. The extracted data was then analyzed to answer 

the research questions. Finally, the report is written to conclude all the study. 
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2.1 Research Questions 

In this thesis, the goal is formulated through Goal-Question-Metric (GQM) perspectives (purpose, 

issue, object, and viewpoint) [5]. The purpose of the study is to understand and characterize the 

issue i.e. . claims and supporting evidences of self-adaptive software systems from a researcher’s 

and engineer’s point of view. To achieve this goal, researchers come up with general research 

questions which satisfy the Goal-Question-Metric (GQM) perspectives (purpose, issue, object, and 

viewpoint). In detail, this study covers the following research questions. 

            RQ1: What is the focus of research in self-adaptive software systems? 

           RQ2: To what extent are the managed system and the managing system separated? 

            RQ3: Which are the claims made for self-adaptive software systems?                     

            RQ4: How much evidence is available and what methods have been used for the claims? 

            RQ5: What are the findings and limitations of the current approaches? 

            RQ6: What are interesting venues for future research in the field? 

      RQ1 is motivated by the need to get insight in the research trends in self-adaptive systems. With 

RQ2, we aim to understand to what extent the concerns of the managed system and the managing 

system are separated. The goal of RQ3 is to get a clear understanding of the claims and tradeoffs of 

applying self-adaptation. We formulate RQ4 to find which assessment methods have been used and 

what the validity is of the claims associated with self-adaptation. RQ5 provides us an insight on 

limitations of the state-of-the-art, which offer possible directions for further research mentioned in 

RQ6. 

2.2 Quality Criteria 
 A quality check of all studies is important for data synthesis and interpretation of results at a later 

stage. To assess the quality of studies, a set of data items has been collected as shown in Table 2.1. 

These data items are based on the assess method for research studies proposed in [6]. After the 

discussion sessions, we reached to a conclusion that rationale, research design, limitations, 

contributions and findings have more importance in accessing the quality of the paper that is why 

more scoring has been allotted to them. Whereas context and environment has less prominence, 

therefore awarding scores accordingly. From the answers, a quality assessment score, max of 12 is 

calculated by summing up the scores for all the questions of a study (scores for the various options 

are given within brackets).  

 

Data item 

1. Rationale for why the study was undertaken. Options are: 

• (2) The authors provide an explicit problem description for the research in the study. 

• (1) The authors provide a general problem description. 

• (0) There is no problem description. 

2. Context of the study. Options are: 

• (1) If there is an explicit problem description for the research on the study, this problem 

description is supported by references to other work. 

• (0.5) If there is a general problem description, this problem description is supported by 

references to other work. 

• (0) There is no description of the context of the study. 

For both options, reference may be just citations to other work, or there may be a description of 

the work related to the problem description. 

3. Environment in which the study was carried out. Options are: 

• (1) The authors provide an explicit description of the environment in which this research 

was performed. Examples are lab setting, as part of a project, in collaboration with 

industry, in collaboration with students, etc. 
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• (0.5) The authors provide some general words about the environment in which this 

research was performed. 

• (0) There is no description of the environment. 

4. Research design of the study refers to the way the study was organized. Options are: 

• (2) The authors explicitly describe the research plan (different steps, timing, etc.) they 

have used to do the research, or the way the research was organized. 

• (1) The authors provide some general words about the research plan or the way the 

research was organized. 

• (0) There is no description of the research was organized. 

5. Contributions of the study refers to the study results. Options are: 

• (2) The authors explicitly list the contributions/results of the study. 

• (1) The authors provide some general words about the results of the study. 

• (0) There is no description of the research results. 

6. Insights derived from the study. Options are: 

• (2) The authors explicitly list the insights/lessons learned/findings from the study.  

• (1) The authors provide some general words about the insights/lessons learned/findings 

from the study. 

• (0) There is no description of the insights derived from the study. 

7. Limitations of the study. Options are: 

• (2) The authors explicitly list the limitations of/problems with the study. 

• (1) The authors provide some general words about limitations of/problems with the 

study. 

• (0) There is no description of the limitations of the study. 

 

                                            Table 2.1. Data items to assess study quality 

2.3 Data Collection 

Following table 2.2 shows different fields for the collection of data. According to the research 

questions, the two researchers who have defined initial research questions have also defined these 

data collection items. To extract the data from the research papers, 4 to 5 reviewers including 

researchers read each paper in detail and extracted the data in a form individually. This data was 

then used during discussions to resolve conflicts and reach consensus about each data item. After 

discussing upon the conflicts we come up with the final data collection which we have used.  

 

# Field Concern/ research question 

F1 Author(s) Documentation 

F2 Year Documentation 

F3 Title Documentation 

F4 Keywords Documentation 

F5 Citation count (Google Scholar) RQ4 

F6 Quality score RQ4 

F7 Category of the paper RQ1 

F8 Subject of the paper RQ1 

F9 Concrete focus of the paper RQ1 

F10 Application domain (if applicable) RQ1 

F11 Disciplined split RQ2 

F12 Concerns RQ3 

F13 Claimed benefits RQ3 

F14 Tradeoffs RQ3 

F15 Assessment/validation approach RQ4 
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F16 Evidence level RQ4 

F17 Repeatability RQ4 

F18 Findings RQ5 

F19 Limitations RQ5 

F20 Challenges RQ6 

                                             Table 2.2. Data collection form 

Data Items Description 

The research questions defined in section 2.1 are fully answered by these data items. 

The data items author, year, title, and keywords (F1-F4) were used for documentation purposes. 

Author(s) F1 is the name(s) of the researcher(s). 

Year F2 is the year in which the papers were published. 

Title F3 is formulated so that the reader would get the idea of what he/she will be going to read 

about.    

Keywords F4 are the words that are used to expose the internal structure of an author's analysis. 

Citation count F5 is the number of times a paper is cited by other researchers. Author name, title, 

year or keywords can be used to cite a particular research paper. We have used Google Scholar to 

check the number of citations for each research paper. Research has shown that Google Scholar has 

a high weight age especially on citation count than other search engines like CiteSeerX and 

getCITED. Google search result directly link to the article as well as small quantity of important 

information is enough to access the entire article or journal. 

Quality score (F6) is the score for each quality criteria described in section 2.2 and the sum of the 

scores. 

Category of the study (F7) includes the following options: 

• theory (the study provides a new theory about self-adaptation or any aspect of self-

adaptation) 

• engineering (the study is about any aspect of developing self-adaptive software systems) 

• application (the study is about a particular application in which self-adaptation is applied) 

• empirical study (an empirical inquiry that includes the explicit description of hypothesis 

about an object compared to a baseline, the collection of data about the studied object and 

the baseline, a statistical analysis of the data, a synthesis of the analysis with conclusions 

about the hypothesis) 

• survey (a study of a collection of data about any aspect of self-adaptation, typically, but not 

only by reviewing a well defined part of literature in the field of self-adaptation) 

• other. 

Subject of the study (F8) refers to the general theme of the study. Options are: 

• concepts (the subject of the study is new aspects or ways to describe aspects of self-

adaptation) 

• models (the subject of the study is a new model or models that describe self-adaptation or 

any aspects of self-adaptation) 

• behavior (the subject of the study is about the behavior or any aspect of the behavior of self-

adaptive systems) 

• requirements 

• architecture 

• framework (the subject of the study is about a software framework, i.e. . software providing 

generic functionality that can be selectively changed or extended, providing application 

specific software) 

• implementation, testing, verification, engineering process (the subject of the study is about 

the engineering process to develop self-adaptive software systems, i.e. . any aspect to assist 

an engineer in creating a self-adaptive system) 

• other. 

Concrete focus (F9) refers to the specific subject of the research (what is the concrete subject of the 
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study). Options are: 

• one or more of the activities of self-adaptation (i.e. . monitoring of the managed system or 

the environment to collect the data for adaptation, analysis of the monitored data to decide 

about adaptation, planning to determine the steps to perform adaptation, execution of the 

steps of the plan to realize adaptation) 

• runtime models to support adaptation (the concrete focus is on models that are used at 

runtime to support self-adaption) 

• single MAPE/control loop 

• multiple MAPE/control loops (including decentralization, coordination etc.) 

• reflection (a computer program can observe/introspect and modify its own structure and 

behavior at runtime) 

• other. 

Applications or application domains (F10) for which self-adaption is used in the studied (in case 

the study is about a particular application) or applied for evaluation (in case the applications are 

used for illustration, evaluation, etc.) . Possible application domains are: 

• parallel computing (grid, parallel processors, cloud computing etc.) 

• service-based systems (web services, business applications, e-commerce, etc.) 

• client-server systems 

• embedded systems 

• robotics 

• traffic and transportation 

• other. 

Disciplined split (F11) is one of: 

• Separated adaptation software adapts an underlying software (software can be either application 

software or software infrastructure such as network management, middleware, etc.) 

• Separated adaptation software adapts underlying resources/hardware (resources can be CPU 

cycles, memory, bandwidth, etc.; hardware can be a thermostat, a cooling installation, an engine, 

etc.) 

• Software for adaptation and system that is adapted are mixed (the software that adapts and the 

system that is adapted is partially or completely interwoven) 

• Not applicable 

Concerns of self-adaption (F12) refers to what is of interest or importance for self-adaption 

(positively or negatively). Options are: 

• quality concerns related to self-adaptation. Select one or more quality attributes that are 

(positively or negatively) affected by self-adaptation in the study. The options (based on 

IEEE 9126 and ISO/IEC 25012) are: 

o Reliability (fault tolerance, recoverability): capability of software to maintain its 

level of performance under stated conditions for a stated period of time 

o Availability: the degree to which the software is in a functioning condition, i.e. . 

capable to perform its intended functions 

o Usability (easy of learning, communicativeness): effort needed to use the system 

o Efficiency/Performance (time behavior, resource utilization): efficiency of the 

software by using the appropriate amounts and types of resources under stated 

conditions and in a specific context of use 

o Maintainability (analyzability, changeability, stability, testability): effort needed to 

make specified modifications. 

o Portability: ability of software to be transferred from one environment to another. 

o Security: ability of the system to protect against misuse 

o Accuracy: the extent to which the software realizes the intended behavior in a 

specific context of use 

o Flexibility in use: capability of the software to provide quality in use in the widest 

range of contexts of use, including dealing with unanticipated change and 
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uncertainty) 

o other 

• other concerns. List any other concerns that are (positively or negatively) affected by self-

adaptation in the study. Examples are functional goals, cost, profits, and structure of 

development organization, etc. 

Claimed benefits of self-adaptation (F13) can be one or more of the following (add the 

appropriate concerns selected in F12): 

• preserving quality of the software (i.e. ., self-adaptation does not add quality to the system 

but maintains some quality attributes) 

• improving quality of the software (i.e. ., self-adaptation add some quality to the system, i.e. ., 

it improves some quality attributes) 

• assuring quality of the software (i.e. ., self-adaptation guarantees some quality attributes, 

typically by means of strong evidence or formal proof) 

• improving other concerns 

Tradeoffs (F14) refers to the concerns of self-adaptation with a negative impact. This can be one or 

more of the following (add the appropriate concerns selected in F12): 

• quality concerns that are negatively influenced due to self-adaptation (add the appropriate 

quality concerns selected in F12) 

• other concerns that are negatively influenced due to self-adaptation (add the appropriate 

other concerns selected in F12) 

Assessment / validation approach (F15) has the following options: 

• discussion (the authors provide a qualitative, textual, opinion-oriented evaluation; e.g., 

compare and contrast, oral discussion of advantages and disadvantages; the discussion may 

include the description of examples, but these examples have not been realized) 

• example application (the authors use a concrete application or applications to assist the 

assessment of their work; the example application is either concretely realized, but not 

necessarily completely described in the study, or the application is “used to validate” or 

“evaluate” the work as far as the authors suggest) 

• simulation (the authors access their work by the execution of a system with artificial data, 

using a model of the real world; the evaluation typically compares the work with a baseline 

approach by means of numerical results; this comparison may (or may not) use an existing 

benchmark) 

• rigorous analysis (the authors employ a rigorous derivation and proof for assessment; 

rigorous analysis is typically based on formal methods) 

• empirical study (in an empirical study, assessment is based on observation or experience. An 

empirical study includes clearly defined research questions/hypothesis that typically 

includes statements about the proposed research approach in comparison with a baseline 

approach. The questions/hypothesis is tested with a suitable experiment. In the experiment, 

data is collected from both the proposed approach and the baseline approach. This data can 

be based on observation of the behavior of humans or software. Statistical analysis of the 

collected data is used to test the hypotheses and provide evidence or not. A discussion of 

treats to validity is part of an empirical study. Concrete examples of empirical studies are 

case study, controlled laboratory experiment, and controlled experiment performed in 

industry setting.) 

• experience from real examples (the results have been used on real-world examples, but not 

in the form of empirical studies; the evidence of its use is collected informally or formally) 

• informal literature study 

• not applicable 

Evidence level (F16) is one of the following options: 

• no evidence 

• evidence obtained from demonstration or application to simple/toy examples 

• evidence obtained from expert opinions or observations 
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• evidence obtained from empirical studies (e.g., controlled lab experiments, causal case 

studies, etc.) 

• industrial evidence 

• other 

Repeatability (F17) of the study is one of the following options: 

• study is not repeatable (no useful description of material is available to repeat the study) 

• a partial description is available to repeat the study (may be described in the paper) 

• the material to repeat the study is partially available (this typically includes links to material 

that is used to repeat the study) 

• all the material is available to repeat the study (the study can be repeated with reasonable 

effort, probably in a different but similar setting) 

• other. 

Findings (F18) briefly lists: 

• the stated contributions of the study 

• the stated insights/lessons learned/derived from the study. 

Limitations (F19) enumerates the stated shortcomings or problems with the study. 

Challenges (F20) lists open problems identified by the authors for future research. 

  

 A sample evaluation form is added in Appendix A which has been used to extract the data. 
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3 DATA ANALYSIS AND ANSWERS TO RESEARCH QUESTIONS  
The data collected

1
 from the studies is summarized to answer the research questions defined in 

section 2.1 to show the following results. The results based on the research questions which were 

defined for the study will be discussed in this section. 

 

3.1 RQ1: What is the focus of research in self-adaptive software systems?             
Research focus is derived from four types of information:  

category of the study (F7), subject (F8), concrete focus (F9) and application domain (F10). 

 

 

                                                       Figure 3.1 Category of papers  

      Figure 3.1 shows the categories of the papers which include application, empirical study, 

engineering, survey and theory. The graphic representation depicts at Figure 3.1, a correlation 

between the category of  73 papers that were published in successive years with respect to 

application(13), Empirical Study(4), Engineering(37), Survey(2) and Theory(17). It is apparent to 

perceive that a visible hike is observed in the field of Engineering (37 out of 73 papers i.e.  50% of 

the total number of papers) during the year 2011; the same category once took the leading position 

earlier in 2008. It portrays that the selection of researchers were more inclined towards Engineering 

related to self adaptation than any other category of papers. 

 

1
https://docs.google.com/open?id=0B1gHd1aoHw_INHlHRURuU21Tcy02UjhISXotaklPdw
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                                                         Figure 3.2 Subject of papers                                                

      Many studies for this data item have multiple options. A total of 107 entries were recorded. 

Figure 3.2 shows that researchers have given more emphasis on architecture (23 out of 107 entries 

i.e.  21%) together with models (22 out of 107 entries i.e. 21%) whereas; less prominence was given 

to behavior, testing, verification and concepts. A due care was also given on models in the year 2011. 

However in 2010, the only subject of the papers that was touched upon was Architecture which 

received its place in one paper only. Note that the specific attention for architecture has significantly 

decreased after 2008, while the inverse effect can be noticed for models. It is also noticed that there 

is little interest in verification since 2008, while there is a growing interest in frameworks. 

 

 

                                                        Figure 3.3 Focus of papers 
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      Many studies for this data item have multiple options. A total of 89 entries were recorded.   

Figure 3.3 shows that the concrete focus of 54 out of 89 entries i.e.  61% studies relied on activities 

of self adaptation. Although the researchers put some light on various other issues but the 

percentage is very less. It is noticed that an interest in single and multiple control loops (15 out of 

89 entries i.e.  17 %) has been seen, whereas only 12 out of 89 entries i.e.  13% of the studies have a 

concrete focus on runtime models.     

 

 

                                                    Figure 3.4 Application domains 

      Application domains for which self-adaption is used in the studies (in case the study is about a 

particular application) or applied for evaluation (in case the applications are used for illustration, 

evaluation, etc.). Figure 3.4 shows that the leading role is obtained by service based systems (web 

services, web shop, WSDL, service systems, etc) accounts for 16 out of 73 studies i.e.  22% of the 

applications. Another important development is in the field of robotics (mobile robots, cleaning 

robots, etc) accounts for 9 out of 73 studies i.e.  13% has gained a lot of importance over a few 

decades, as it diminishes the chances of failure and less requirement of human intervention. 

However, parallel computing systems have almost lost their utility. Anyhow, traffic & transportation 

(11 out of 73 i.e.16%) is also getting importance. Other application domains include games and 

planning applications getting sudden increase in year 2011. 

 

Summary of RQ1 

RQ1 summarizes the following: 

      73 papers in 5 categories like application, empirical study, engineering, survey and theory were       

published. 

• Researchers have more inclination towards engineering category. 

• The subject has more emphasis on architecture and models. 

• Specific attention on architecture has significantly decreased after 2008, while inverse effect  
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was observed for models. 

• The focus of the papers is more relied on activities of self-adaptation (61%). 

• The leading role in application domains is service based system. 

• Robotics and traffic and transportation are the most commonly used examples. 

3.2 RQ2: To what extent are the managed system and the managing system separated? 

This question relates to the relationship between various adaptive approaches like separate 

adaptation software or mixed.   

 

 

                                                             Figure 3.5 Disciplined split 

      Figure 3.5 shows that 49 out of 73 papers i.e.  68% of the studies make a strict separation 

between the managed system and the managing system (whereas 42 out of 73 papers i.e.  58% of 

the studies have shown separated adaptation software adapts underlying software and 7out of 73 i.e. 

10% adapts underlying of resources/hardware). Only 14 out of 73 i.e. 19% of the studies come 

under mixed discipline and 10 out of 73 i.e. 14% studies are not applicable. 

Summary of RQ2 

• 68% studies make a strict separation between the managed system and the managing system. 

• 19% of the studies exist under mixed discipline. 

• 14% studies are not applicable. 

3.3 RQ3: Which are the claims, claimed benefits and tradeoffs made for self-adaptive software 

systems? 

To answer this question, the data extracted from concerns (F12), (F12.1), claimed benefits (F13), 

tradeoffs (F14) & (F14.1) has been used. Whereas F12.1 and F14.1 describe the quality concerns 

and negative impact on quality concerns respectively as mentioned in F12 and F14.  All the 

concerns which are of the interest for self-adaption were assessed.  
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                                        Figure 3.6 Quality concerns V.s Other concerns 

      Many studies for this data item have multiple options. A total of 75 entries were recorded.  

Figure 3.6 shows that 61 out of 75 entries i.e.  81% of the concerns were quality attributes, whereas 

14 out of 75 i.e.  19% concerns were other concerns like process concerns, functional concerns, 

implementation concerns etc. The main focus of researchers is on quality concerns and least 

emphasis on other concerns. This comparison very easily acknowledges the basic facet of self 

adaptive systems and their importance in modern life.      

      Although some papers have targeted other concerns but every other concerns are distinct to each 

other. So there is no use to represent them graphically. These are generally downtime, transition 

time, process concern, implementation concern, profit, functional goal, and memory consumption 

and optimization process.     

 

 

                                                        Figure 3.7 Quality concerns                                                
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      Many studies for this data item have multiple options. A total of 139 entries were recorded. 

Figure 3.7 shows that the quality attributes to which researchers have given more attention are 

efficiency/performance (36 out of 139 entries i.e.26%), reliability (27 out of 139 entries i.e.19%), 

accuracy (17 out of 139 entries i.e.12%) & availability (16 out of 139 entries i.e.  12%) and very 

less emphasis on all remaining concerns. It is opined that the researchers have given more 

importance on efficiency/performance and one of the most important quality concern i.e. reliability 

has been considered moderately. 

       

 

                                                          Figure 3.8 Claimed benefits 

      Many studies for this data item have multiple options. A total of 109 entries were recorded. 

Figure 3.8 shows that the dominant claim is improvement of software quality attributes (93 out of 

109 entries i.e. 85%) and the remaining concerns contributed to preserving (11 out of 109 entries  

i.e.10%) and (5 out of 109 i.e. 5%) to assuring. 

 

                   

                                                                 Figure 3.9 Tradeoffs 
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      Figure 3.9 clearly demonstrates that 62 out of 73 studies have shown more inclination towards 

claimed benefits (i.e.85%), whereas less attention has been given on implications (11 out of 73 

studies i.e.15%). 

 

               

                                         Figure 3.10 Negative impact on quality 

      Figure 3.10 describes that efficiency/performance is the only attribute discussed in the negative 

impact on quality.    

Summary of RQ3 

• The main focus of researchers is on quality concerns and least emphasis on other concerns. 

• The researchers have given more importance on efficiency/performance and reliability 

whereas very less emphasis on all remaining concerns. 

•  The dominant claim is improving software quality attributes. 

• The studies are more inclined towards on claim benefits (85%) and less attention has given 

on implications (15%).  

• The efficiency/performance is the only attribute with a negative effect.   

3.4 RQ4: How much evidence is available and what methods have been used for the claims? 

To answer this question, evidence for claims is derived from following types of information:  

• The citation count (F5),  

• The quality scores (F6),  

• The assessment approach (F15), 

• The evidence level (F16) and 

• The repeatability (F17). 
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                                                  Figure 3.11 Citation count per year 

            Figure 3.11 is a graphical representation of relation between the research papers published 

during different year against the research papers cited by the readers. From the graph, it is clear that 

240 times, 91 times, 63 times and 30 times papers have been cited in the years 2008, 2009, 2010 

and 2011 respectively. It is opined that the citations per year are on constant decline since 2008. 

 

 

 

                                                            Figure 3.12 Quality criteria 
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      Figure 3.12 shows the distribution of the quality scores and also explains analytically the quality 

criteria for the research work. The graph shows that a considerable attention on explicit/general 

description of rationale, problem context and contributions has been given whereas findings and 

environment are almost same in result. Moreover, it is quite evident from the figure that the 

research design and limitations encountered by the researchers are not being incorporated in the 

research work. The overall average of the total score was 5.64 out of 12, which means that on 

average the quality of the studies is neither perfect, nor completely faulty. Problem definition and 

description of contributions have a very good score (on average 0.59 and 1.19 respectively, both on 

a max of 2). However, the scores of the description of research design and limitations are very low 

(averages of 0.40 and 0.53 respectively). These aspects can be given more attention when reporting 

research results on self adaptation. 

 

 

                                          Figure 3.13 Assessment/Validation approach                                      

      Figure 3.13 shows the use of different techniques to validate the approach used in research 

papers. It is quite evident from the graphical representation that the example application and 

discussion accounts to 71% (50 out of 73 papers) are being used to assess the approach at the 

maximum and informal literature study to the minimum. It is not surprisingly that most studies have 

a low evidence level. Evidence is only obtained from example application (35 out of 73 papers i.e. 

50 %) and discussion (15 out of 73 papers i.e.21 %). 
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                                                          Figure 3.14 Evidence level 

      Figure 3.14 shows the use of different methods by the researchers to prove their claims. Demo 

or toy examples (48 out of 73 i.e. 66%) have been used in all the studies. Practice of giving “No 

evidences” accounts to (18 out of 73 i.e.  25%) has increased remarkably especially in year 2010 

and 2011. Expert opinions or observations (5 out of 73 i.e.7%) are also being incorporated on a very 

smaller scale. Empirical study has only shown a fraction of the said factor in one paper of 2010. 

 

 

                                                  Figure 3.15 Repeatability of study 
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      Repeatability is considered as a foundation for quality research, as it allows testing and 

verifying research results. Figure 3.15 shows the results for repeatability of the reported studies. 

About 15 out of 73 papers i.e.20 % of the studies provide no useful information to repeat the study. 

The description of the study (39 out of 73 papers i.e. 54%) is partially repeatable in almost every 

year’s paper and 16 out 73 papers i.e.  22 % of the studies provide partial material which can be 

used /repeated in future. Moreover, it is quite evident from the graph that from year 2008 to year 

2011, there is a clear increase to give no useful information of material to be used/ repeated in 

future. 

 

Summary of RQ4 

• The citation of the studies by the readers is on constant decline since 2008. 

• A considerable attention on explicit/general description of rationale, problem context and 

contributions has been given whereas; research design and limitations have been given least 

importance in research papers. 

• On average, the quality of the studies found neither perfect nor completely faulty. 

• Most studies have a low evidence level. 

• Evidence is obtained from example application (50 %) and discussion (21 %). 

• 66% studies have used demo or toy examples to prove their claims. 

• The description of the study (54%) is partially repeatable. 

• 20 % of the studies provide no useful information to repeat the study whereas 22 % of the 

studies provide partial material which can be used /repeated in future. 

   

3.5 RQ5: What are the findings and limitations of the current approaches? 

Findings (F18) briefly listed down by extracting the stated contributions of the study and the stated 

insights/lessons learnt from the study. The findings categories are: 

 

1) Complexity: Difficulty found in realizing self-adaptation, implementation of control loops, 

goal models, debugging, etc.  

2) Model vs. Implementation:  A mismatch may observe among the architectural models and 

the actual implementation once a solution is built. 

3) Technology: Existing technology can be exploited to support self-adaptation, e.g., aspects,   

reflection, standard interfaces. 

4) Invasiveness:  Side effects of self-adaptation (performance, cost), preparation of managed 

system to support self-adaptation. 

 

Limitations (F19) described in the data items were first listed down, and then these were extracted 

in the form of different categories. The detail of reported limitation categories are: 

1) Performance:  Overhead of the adaptation, inefficiency of the decision making, etc. 

2) Manual effort: The amount of manual effort and cost required for using the approach. 

3) Simplifying assumptions: Assumptions about the system or software on which the approach               

relies on.  

4) Accuracy: Accuracy of the approach in achieving the objectives. 

5) Guarantees: Proofs or guarantees about safety, security, reliability, etc. 

6) Domain specific: Applicable solutions required for a given domain/application. 

7) Evaluation: The lack of sufficient evidence that the approach really works. 
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                                                         Figure 3.16 Limitations of study 

      Many studies for this data item have multiple options. A total of 92 entries were recorded.   

Figure 3.16 shows several limitations come upfront from analysis including limited applicability, 

assessment with simple examples, and lack of evidences. Assumptions about the system or software 

on which the approach relies, has become more targeted in year 2011 than other years, whereas the 

combination of manual effort and cost required for using the approach has been taken in account 

only in year 2010. The note worthy point is (44 out of 92 entries) i.e.  48% of the studies did not 

mention any limitations of their research and it also shows an upward trend from 2008 to 2011. The 

graph portrays that accuracy refers only in one paper in 2011. 

Summary of RQ5 

• Several limitations including limited applicability, assessment with simple examples and 

lack of evidences are faced during analysis. 

• 48% of the studies did not mention any limitations of their research work and also shows an    

upward trend from 2008 to 2011. 

• Assumptions about the system or software on which the approach relies, has become 

targeted more in year 2011 than other years. 

3.6 RQ6: What are interesting venues for future research in the field? 
Various interesting venues for future work (F20) are extracted from data items.  Following themes 

are identified in the collected data: 

1) Improving experiments/evaluation: Some difficulty found in evaluation which could be 

improved. 

2) Revisit assumptions: Oversimplifying assumptions could be revisited in future. 

3) Alternative techniques/implementation: Some approaches are impossible or difficult, so 

alternate     approaches are identified and implemented to resolve the problem.                                        

4) Tool support development: A tool support is developed for the practical use. 

5) Enhance technique/theory:  Requirement for enhancement of a base of the 

approach/research. 

6) Formalize and refine concepts: Requirement for better describing of concepts, techniques, 

etc. 
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7) Standardize: For making the concept into a standard form. 

 

        

                                                   Figure 3.17 Challenges/Future venues 

      Many studies for this data item have multiple options. A total of 140 entries were recorded.   

Reported limitations somehow become challenges. Possible future research venues mainly have a 

focus on improving experiments/evaluation (36 out of 140 i.e.26%). Figure 3.17 clearly shows that 

researchers indicated challenges and the need for enhancing the approach/research increases more 

and more every year.  Enhance technique/theory (26 out of 140 entries i.e.  19%) & formalize and 

refine concepts (19 out of 140 entries i.e.  14%) are the two important directions in which further 

research can be done and it is clearly shown in the figure that two categories such as formalize & 

refine concepts (14%) and revisit assumptions (17 out of 140 entries i.e.  12%) are increasing their 

concentrations every year. 

 

Summary of RQ6 

• Most of the limitations somehow become the future work. 

• Improving experiments/evaluation is the main focused future work. 

• Enhance technique/theory, formalize and refine concepts, revisit assumptions are the     

important directions in which further research can be exercised, as these categories are 

increasing their concentrations every year. 

 

See Appendix B for complete lists of findings (F18), limitations (F19) and challenges (F20). 
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4 CONCLUSIONS  
This section comprises of personal learnings including contributions made in the literature review 

and the discussion of results achieved/analyzed from the collated data. Finally some interesting 

venues for the future work in the field of self-adaptation will also be discussed. 

 

4.1 Personal Reflection 

While going through the thesis, two apprehensions were the main concerns. Firstly, the master 

students involved in this study may cause threat to validation of the study and consequently the 

values of the results may change. This problem was anticipated by pairing the students with three 

researchers including myself in the field to evaluate each study. During the study, it was conceived 

that the students showed competence in performing reviews. Secondly, the biasing attitude of the 

reviewers may also have an effect on the results. To overcome this issue, each paper was reviewed 

by 4 to 5 students independently and then the results were compared and discussed to reach to a 

consensus in case of any conflict. 

      This study was limited to only papers presented at SEAMS. Although, we are not making any 

claims for the whole field but a significant part of the literature study was considered, therefore 

results are definitely valid, but not conclusive. 

      The data items explained in section 2 are used to answer the research questions through which 

the papers can be studied/analyzed easily. In addition, the required data can be systematically 

extracted from the papers through data items, or we can say that the data items played a vital role 

for the extraction of required data and form an important ingredient for a standard research paper. 

      Based on experience, it is recommended that limitations should be addressed through the 

conferences/workshops in the field. Tradeoffs are dealt very weekly, these may also be addressed. 

The researchers should be made their assessment methods, tools and data available publicly. 

4.2 Results  

This literature study was aimed to summarize existing research on self-adaptive systems and to 

highlight what the expected claims are of self-adaption and to what extent these claimed benefits 

exist. The problems and contributions of the studies have been highlighted by the researchers which 

require improvement in the description of the research design and limitations. The most prominent 

claims of self-adaptation are improved flexibility, reliability, accuracy and performance of the 

system. The tradeoffs implied by self-adaptation have not received much attention anyhow, reported 

tradeoffs implied by self-adaptation is performance/efficiency. Evidence is obtained from basic 

examples, or simply lacking. 

      More emphasis of the study has been given on engineering category but a few empirical studies 

have been performed and no industrial evidence is reported. Example application technique has 

been given much attention to validate the approach whereas no techniques such as laboratory or 

field experiments have been explored. Some areas that could be further explored are verification, 

testing, multiple control loops and the use of self-adaptation for other quality attributes such as 

usability and security. There is a need for empirical validations and collaboration with industry. 

      It is apparent to perceive that the selection of researchers was more inclined towards 

engineering related to self adaptation. The concrete focus of the studies relied on activities of self 

adaption. Most of the studies make a strict separation between the managed system and the 

managing system. No useful information has been provided in most of the studies to repeat the 

study. The description of most of the studies is partially repeatable. It is important to note that about 

48% of the studies did not mention any limitations of their research. 

4.3 Future Work 

From this study, we derived some recommendations to move forward in the field of self-adaptive 

systems such as the researchers should make their assessment methods, tools and data available 
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publicly. Conferences/workshops should be conducted on limitations in engineering papers, 

tradeoffs should be discussed explicitly and academy-industry collaborations is strongly 

recommended to resolve all the issues faced in the existing research.  The theme of various future 

works which have been recommended i.e. difficulty found in evaluation needs  improvement, 

oversimplified assumptions could be re-visited, alternate approaches be identified, standardize the 

concept and formalize and refine concepts.    
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APPENDIX A 

 
A sample evaluation form for collecting data of section 2.2 and 2.3: 

 

 

Paper ID  
 

Date  
 

 

 

Participants 
 

 

Reviewer ID 1  
Reviewer ID 2  
Reviewer ID 3  
Reviewer ID 4  
Reviewer ID 5  
Reviewer ID 6  
Reviewer ID 7  
Reviewer ID 8  
Reviewer ID 9  
Reviewer ID 10  
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Documentation  

 

 

F.1 Author names (only first 6 authors - one per line)   

    

    

    

    

    

    
 

 

F.2 Year  
 

 

F.3 Title  

  
 

 
 

 

F.4 Keywords (only first 6 keywords - one per line)   

    

    

    

    

    

    
 

 

F.5 Citation count  
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Data Collection 
 

F.6. Quality of the study  

 

F.6.1 Rationale of the study (one of the following)  
 The authors provide an explicit problem description for the research in this 

study  
 

 The authors provide a general problem description   
 There is no problem description   

 

F.6.2 Context of the study (one of the following)  
 If there is an explicit problem description for the research in this study, this 

problem description is supported by references to other work  
 

 

 If there is a general problem description, this problem description is supported 

by references to other work  
 

 There is no description of the context of the study.   
 

 
 

 

F.6.3 Environment in which the study was carried out (one of the following)  
 The authors provide an explicit description of the environment in which this 

research was performed. 
 

 

 The authors provide some general words about the environment in which this 

research was performed 
 

 

 There is no description of the environment   
 

 

F.6.4 Research design of the study (one of the following)  
 The authors explicitly describe the research plan they have used to do the 

research, or the way the research was organized.  
 

 

 The authors provide some general words about the research plan or the way 

the research was organized. 
 

 

 There is no description of the research was organized.   
 

 

F.6.5 Contributions of the study (one of the following)  
 The authors explicitly list the contributions/results of the study.  

 
 

 The authors provide some general words about the results of the study. 
 

 
 There is no description of the research results.   

 

 

F.6.6 Insights derived from the study (one of the following)  
 The authors explicitly list the insights/lessons learned/findings from the study.  

 
 

 The authors provide some general words about the insights/lessons 

learned/findings from the study. 
 

 

 There is no description of the insights derived from the study.   
 

 

 

F.6.7 Limitations of the study (one of the following)  
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 The authors explicitly list the limitations of the study.  
 

 
 The authors provide some general words about limitations of the study. 

 
 

 There is no description of the limitations of the study.   
 

 

 

F.7 Category of the study (one of the following)   
 Theory   
 Engineering   
 Application   
 Empirical study   
 Survey   

 

Other:     

 

 

F.8 Subject of the study (one of the following)  
 Concepts   
 Models   
 Behaviour   
 Requirements   
 Architecture   
 Framework  
 Implementation  
 Testing  
 Verification  
 Engineering process  

 

Other:     

 

 

F.9 Concrete focus of the study (one or more of the following)  
 One or more of the activities of self-adaptation (monitoring, analysing, 

planning, execution) 
 

 

 Runtime models to support self-adaptation  
 Single MAPE / control loop  
 Multiple MAPE / control loops (including decentralization, coordination, etc.)   
 Reflection  

 

Other:     
F.10 Applications or application domains (one or more of the following)  
 Parallel computing (including cloud computing)  
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 Service-based systems  
 Client-server systems   
 Embedded systems   
 Robotics 

 
 

 Traffic, transportation   
 

Other:     
    

 

 

F11 
 

Disciplined split (one of the following) 
 

 

 

 Separated adaptation software adapts an underlying software   

 
 

Separated adaptation software adapts underlying resources/hardware  
 

 

 

 

 

 

Software for adaptation and system that is adapted are mixed 
 

 

 

 
 

Not applicable 
 

 

 
 

 

F12. Concerns 

 

F.12.1 Quality concerns related to self-adaptation (one or more of the following)  
 Reliability   
 Availability   
 Usability   
 Efficiency/performance  
 Maintainability  
 Portability  
 Security  
 Accuracy  
 Flexibility  

 

Other:     
    

 

 

 

 

F.12.2 
Other concerns (list any other concerns that are related to self-adaption in the 

study) 
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F13. Claimed benefits of self-adaptation 

 

F.13.1 
Preserving the quality of the software (add the appropriate quality concerns 

selected in F12.1)  
 

 

    
    
    
   

 

 

F.13.2 
Improving the quality of the software (add the appropriate quality concerns 

selected in F12.1)  
 

 

    
    
    
    

 

F.13.3 
Assuring the quality of the software (add the appropriate quality concerns 

selected in F12.1)  
 

 

    
    
    
    
   

 

F.13.5 
Improving other concerns (add the appropriate other concerns entered in 

F12.2)  
 

 

    
    
    
   

 

 

 

 

F14. Tradeoffs – concerns of self-adaption with a negative impact  

 

F.14.1 
Quality concerns that are negatively influenced due to self-adaptation (add the 

appropriate quality concerns selected in F12.1)  
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F.14.2 
Other concerns that are negatively influenced due to self-adaptation (add the 

appropriate other concerns entered in F12.2)  
 

 

    
    
    
    

 
F.15 Assessment / validation approach (one of the following)  
 Discussion   
 Example application   
 Simulation  
 Rigorous analysis   
 Empirical study  
 Experience from real examples   
 None  
 Not applicable  

 

Other:     
 
F.16 Evidence level (one of the following)  
 No evidence   
 Evidence obtained from demonstration or working out toy example   
 Evidence obtained from expert opinions or observations   
 Evidence obtained from empirical study   
 Industrial evidence  
 Not applicable  

 

Other:     
 

 

F.17 Repeatability of the study (one of the following)  
 The study is not repeatable   
 A partial description is available to repeat the study    
 The material to repeat the study is partially available   
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 All the material to repeat the study is available   
 Not applicable  

 

Other:     
 

 

F.18 
Findings. List the stated contributions of the study and insights derived from 

the study (brief description – one per line)  

 

    

    

    

    

   

   
 

 

F.19 
Limitations. List the stated shortcomings or problems with the study (brief 

description – one per line)  

 

    

    

    

   

    

   

   
 

 

 

 

F.20 
Challenges. List the stated open challenges identified fur future research (brief 

description – one per line)  
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APPENDIX B 
 

List of Findings (F18) 

• Decentralized system guarantees a dynamic and flexible infrastructure for self adaptive 

applications 

• A tuned source code parameters can be used to find undocumented tuning parameters, a 

web server, a database server and a messaging framework can evaluate the accuracy 

and effectiveness of the approach 

• Proposition of automatic workarounds is to exploit code redundancy present in 

component-based, versatile component interfaces admit several functionally equivalent 

sequences of method invocations systems, component-based systems evaluate the 

applicability of automatic workarounds 

• To avoid the burden of fully specify and implement an adapter each time to invoke 

services 

• Addressing monitoring that constitutes a tie between the managed element and 

autonomic manager, need for standard interfaces and event formats, monitoring should 

be a concern during the whole system life cycle, exceptions happen in bursts when the 

system exhibits anomalous behavior  

• Current synchronization frameworks, default scheduling algorithm orders code 

modules, stable bandwidth between the service provider and a client 

• Applying an architecture-based approach to self-adaptation in the robotics domain is 

feasible 

• Multi ports are supported by top-level components, former patterns are extended 

through complex self organizing of modeling behavior  

• SOA environment may influence a lot of dependent services and applications, AOP at 

runtime can be replaced to switch the implementation of the service with challenges 

transparency and atomic replacement, state transition or dynamic adaptable aspects 

help to avoid scattered and tangled code, OSGi Service Platform provides dynamic and 

lightweight component model, COBRA framework can be used to build self-managing 

systems by adding a layer to manage the adaptation of services with respect to changing 

requirements 

• The agent-oriented approach explicitly models agents on goals, plans and their 

relationships to characterize the system requirements specification 

• Randomizing work distributer improved diagnosis accuracy, known system structure 

for effectively applying invariants to the clustered environment 

• Conceptual framework is not bound to a specific platform 

• Time- and perception- dependent drives proactively reallocate themselves to tasks and 

trigger corresponding learning processes  

• By exploiting the functionality adaptive slicing allows better model reduction, an 

automatic slicing technique and semantics-based integration alleviate the problem of 

critically proving requirements for model-based development 

• Three layer conceptual model allows the autonomous system is able to cope with 

changes in the environment, changing goals, and failures in its software or hardware, all 

while deployed in the field, dealing with unexpected events 

• Integrity of endogenous and exogenous self-management, specific monitoring and 

control interfaces are required for self-healing subsystems, inherent distribution of 

resources and activity, continual communication infrastructure 

• Reflection is necessary criterion for any self adaptive software systems, computational 

reflection needs to be extended on the firm grounded self adaptive systems 

• Non-intrusive approach supports unanticipated architectural changes, self-optimization 

and self healing behavior is demonstrated in an industrial supervision and control 
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system 

• The framework generality reduces its dependency on other services or components and 

makes it more applicable to different contexts, the standard-compliance property results 

in better interoperability and integration with target systems, the autonomic manager 

shares information of observations, detected symptoms and previous decisions with 

other autonomic managers 

• Self-healing requirements can model a cycle to evaluate self-healing techniques in web 

service composition, self healing composition cycle doesn't limit itself to self-healing 

system; it also inline with a current research trend 

• Following requirements of benchmark system is relevant, accessible, dynamically 

observable and changeable, and versatile; supports alternative adaptive operations and 

multiple configurations; facilitates quality tradeoffs facilitates meaningful comparison 

between benchmark environment and self adaptive techniques 

• Meta-level layering ensures qualities of service in a flexible and adaptable manner  

• Complexity of autonomic control decisions and the role of models in supporting the 

automatic decision process, a set of coherent models, an autonomic controller and 

experiment with an industrial scale system 

• Principles for middleware, self-* properties as interplay between a number of basic 

reflective adaptation processes, overlapping between self-* properties 

• Ease the task of effectively breaking up the system, ease the task of correctly compose 

a system, adapt a system at different levels of granularity and at different stages, 

compositional assumption generation, support reactions to unsuccessful adaptations 

• Discovery process of representations, fitness functions, and operators to support on-line 

planning 

• Constructs in the model map well to the capabilities of WSDM 

• Requires extensive reasoning, heavy impact of differences in the real execution 

environments 

• Goal-based approach for dealing with self-adaptive BPEL processes from requirements 

elicitation down to execution, both conventional and adaptive goals are then translated 

semi-automatically, adaptive goals identify countermeasures for problems and changes, 

conventional goals govern the semiautomatic definition in case of anomalies 

• The Starfish editor, a client side application, provides a flexible environment for 

specifying components, policies, deployment of missions on nodes and management of 

the network, sets of related policies can be dynamically, loaded / deleted or 

enabled/disabled to change the strategy relating to reconfiguration and adaptation at 

runtime 

• Tool-supported methodology, mapping of sequence invocation on a WS, a realistic 

automaton and mapping script generation of complex cases through behavior protocol 

elicitation   

• Fundamental aspects to self-adaptation, modeling the dependencies increases self-

adaptation effectiveness and efficiency, synergy effects reduces the testing effort 

• Augmenting monitoring leads to confident prediction of failure 

• Design patterns support monitoring, decision-making, and reconfiguration of adaptive 

systems 

• The composed web services are considered as controlled objects, three types of 

composition of web services under centralized/decentralized control 

• Provide multiple runtime models, old approaches unlike this model of synchronization 

do not use MDE techniques 

• Human commentary can provide additional information, human commentary can be 

used to express user preferences, VoiceYourView allows user to comment which 

automatically  identify and summarize for the discussion of things; it is a tool for 

gathering public opinions 
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• SHM is predicted on the specifications, monitoring and architecture of systematic 

design method, SHM is a classical software which aims at implementing the self-

adaptive software using techniques of SHM, model-based technologies help the 

designer with specification and design of SHM system on a high level 

• Model recommender system as self-adaptive system; recommender systems require 

open loop control loop 

• Organization model and goal model for self-adaptive systems; goal models are 

reflective requirements 

• List of properties to analyze self-adaptive systems; no studies found that provide a 

comprehensive list of adaptation properties; foundation to evaluate adaptation 

properties; in terms of quality properties and metrics; evaluations are usually limited to 

performance 

• Resource allocation model; example of architecture-based performance model for self-

adaptation 

• Gossip technique for self-assembly 

• Enhance component model with support for QoS characterization 

• Runtime interpreter for UML state machines 

• Approach to transform programs to make them adaptable 

• Framework for service composition, separating schema-level and instance-level 

supports design time description and runtime execution of adaptation 

• Recognition of benchmark for measuring resilience of self-adaptive systems; 

benchmark as a mechanism to create trust to apply self-adaption 

• Approach to augment plug&play with support for trust; trust properties 

• Re-conceptualize MAPE to support coordination in distributed setting; framework to 

support development of decentralized self-adaptive systems 

• Deployment framework for adaptive service-based systems 

 

List of Limitations (F19) 

• Limited applicability (D) 

• The study does not prove that workarounds can be identified without prior knowledge of 

failures (G) 

• Requires an intensive effort from a system integrator (G) 

• Fixed number of ports, fixed number of roles in a coordination pattern (D) 

• The architecture is not yet fully implemented, though core algorithms already exist (D) 

• Complete control feedback loops is not yet achieved for dynamic replanning (P) 

• Limited to the traffic monitoring application (D) 

• No scope with continual communication infrastructure (S) 2008 

• There are certain limitations in self-healing system while conducting MAPE cycle (P) 

• Not applicable to every type of self-* properties  (D) 

• Restricted to the preliminary phase of the experimentation (D) 2009 

• Satisfaction or in satisfaction of requirements (O) 

• Finger2 supports only static code (D) 

• No proofs (G) 

• Input/output data dependency can differ from the tool-supported methodology (S) 

• Preliminary evidences are not showing a real quantitative assessment (E) 

• Doesn't address security and privacy concerns (G) 

• Context Erlang does not investigate structure model and practice contextual information of 

environment  (D) 
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• Increased complexity to engineer the system (M) 

• More concerned with the cost effect instead of quality adaptation (M) 

• Limited accessibility to run-time metrics negotiations  (D) 

• Lack of proper description among synchronization and runtime model  (E) 2010 

• Components implementation based only on multi-threaded programming (D) 

• Only based on goal-oriented requirements description (D) 

• Only extract possible conflicts of concerns (A) 

• Simple mapping to VM (D) 

• Homogeneous hardware (D) 

• Consider only CPU as resource (S) 

• Runtime penalty (P) 

• The case study is limited to the isolated environment (D) 

• Single high-level adaptation requirements (S) 

• Connected component to a stub doesn't need re-testing (S) 

• Restricted approach for sequential workflows and scalability of particular architecture and 

components (D) 

• Restricted policy on only one/small state configuration and that too presumably defined and 

designed by the author (D) 

• Service disruption (D) 

• One adaptation at a time (S) 

• Applicability is limited to small and reloadable components (D) 

• Limited support for mutual state of services (S) 

• Only supports simple network topologies (S) 

• Short-term chattering (O) 

• only two models used (D) 

• Performance overhead (P) 

• Limited awareness and long-term effects (E) 

• Lack of understanding and technical entities (E) 

• Limited to large-scale environment (E) 

• No central authority (O) 

List of Challenges (F20)  

• Refined models and languages (F) 

• Different technological enablers (A) 

• Planning techniques ® 

• Real case studies (E) 

• Broader range of application domains (E) 

• Refined and orthogonal tuning parameters (F) 

• Standard management frameworks (S) 

• Effective and feasible workaround using extensive case studies (E) 

• Systematic use of effective and automatic workarounds (N) 

• Tool development (T) 

• Measuring the overhead by the adapter (E) 

• CASE tool to support adapter development process (T) 

• Use suitable existing Java system and inject proxies with an autonomic observer (E) 

• Indication of normal vs. anomalous system behavior by monitoring raised exceptions (O) 

• Download time reflects actual bandwidth availability (R) 

• Platform that supports actual execution within time constraints (T) 
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• Mindstorms platform for intersection of robotic control systems and self-adaptive architec-

tures (E) 

• Sketched verification and collaboration with tackled roles (E) 

• Generalize conception of other domains (E) 

• Integrated COBRA into OSGi based fragment component model (T) 

• A formalized modeling language of proposition (F) 

• Extended graphical notation to support model building (T) 

• Automated testing on completed mapping of BDI architecture (A) 

• More than two peers for diagnosis (E) 

• Elimination of accidental correlations and quantify performance cost (E) 

• Bottleneck location in a clustered environment (E) 

• Abstract framework implementation on dedicated AmbiComp hardware platform (T) 

• Refinement of meta-model (F) 

• Extended examples for hardware platform and simulator (E) 

• Realization patterns and standard mechanisms 

• Fine-grained properties analysis with temporal logic formulae (E) 

• Integrate techniques for complexity reduction (E) 

• Updated domain descriptions when current plan fails (N) 

• Updated goal specification on changing of current goals during execution (N) 

• Prevention of system from entering cycles between two alternative plans or configurations 

(E) 

• A suitable joint point model (A) 

• Provision of guarantees against improper interferences (O) 

• Uncovering of nuances and problems related to self-healing (F) 2008 

• Expressiveness of Self-Representation (F) 2009 

• Meta-Level Conflicts ® 

•  Uncertainty ® 

•  Autonomy (N) 

•  Transparency (N) 

•  Performance (N) 

• High level autonomic goals maps adaptation action (T) 

• Extension for real time constraints ® 

• Replacement on empirical experiment, productivity and code defects (E) 

• Evaluate completeness (E) 

• Add a goal model (N) 

• Manage framework at run time (T) 

• Supporting WSDM standard (F) 

• More comprehensive comparison criteria (E) 

• Comparable engineering self adaptation (E) 

• Identification and extraction of self-tuning concerns into separate modules (N) 

• Filtering of tuning parameters through dynamic analysis (A) 

• Monitoring of management model for control points and distributing the middle ware (O) 

• Formal specification for completeness of self*-properties and laws (F) 

• Testing theory in real situations (E) 

• Framework implementation for different domains and specify adaptation at different 

granularity (F) 

• Consolidation with real scenarios (T) 

• Systematic analysis process (F) 

• dealing with implementation platforms and middleware based architectures (T) 

• To make better use of techniques based on workflow meta-models to optimize the 

generation process (F)  

• Formalization of the framework (F) 
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• Formal definition and verification of management function (F) 

• Mapping of policy-based management components model (O) 

• Adaption of software framework on architectural constraints (E) 

• Generalization of ODP (E) 

• Evaluation of reconfiguration algorithms (E) 

• Connection to a cyber physical simulation environment (E) 

• Elimination of self-adapting algorithm parameters without relying on extensive simulations 

® 

• Systematic way to apply bio-inspired principles (F) 2009 

• Explicit notion of satisfaction level for requirements (F) 2010 

• High level sophisticated adaptation strategies (N) 

• Integrate self-healing service in Self Managed Cell architecture (T) 

• Optimization of protocol elicitation phase (N) 

• Extension of mapping script generation process (E) 

• Extensive validation to establish WS (E) 

• Dynamic decentralized evolution (N) 

• Support more complex pro-active adaptation decision mechanisms ® 

• Uncertain determination and execution of service hardware ® 

• Identified and integrated design patterns for domain specific and domain independent 

adaptation (N) 

• Evolutionary computation techniques for automatic and integrated legacy systems for 

adaptation (N) 

• The development of Context Erlang covering all OTP behaviors and  infrastructure for 

context-aware applications (E) 

• Partial knowledge ® 

•  Uncertainty ® 

•  conflicting goals ® 

•  lack of guarantees (N) 

•  Quick identification of the criteria for individual self-* systems (S) 

• Concurrent adaptations on different target models by diverse managers (N) 

• Interaction coordination on different models concerns (T) 

• For SASs elicit, express, big challenges for monitor and adapt requirements (T) 2010  

• Correct reaction of SHM on some high level goals (E)  

• Management system according to safety rules (O) 

• Explicit reaction models (O) 

• Refine the approach for self-adaptive recommender systems (F) 

• Understanding relationship between requirements and aspects in recommender systems (O) 

• Decentralize control (N) 

• Develop new types of organizational control (N) 

• Validation of adaptation properties and their mapping to quality attributes (N) 

• Study heterogeneous hardware ® 

• Extend approach beyond CPU ® 

• Study variants of algorithms (A) 

• Support different distribution of components ® 

• Additional evaluation (E)  

• Adaptation of behavior model itself ® 

• Automate adaptations (E) 

• Run benchmarks in Cloud (E) 

• Consider more complex case studies (E) 

• Support concurrent adaptations (N) 

• Rigorous specification supporting formal analysis (F) 

• Deal with mutual state of services (N) 
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• Support complex network topologies (N) 

• Dynamic execution and user define properties in extended service interfaces ® 

• Integration of the Adapt Cases into the engineering process (T) 

•  detailed formalization of adaptive systems for quality assurance (F) 

• Lightweight calculation for runtime configuration generation (E) 

• Development, identification and specification of new dimensions (O) 

• Integration of domain models (N) 

•  improvements in the definition and formalization of AwReqs (F) 

•  integration of adaptive system starting on AwReqs by implementing on feedback loop 

architecture (N) 

• Other algorithmic techniques(dynamic programming) (A) 

•  algorithm performance on randomly generated instances (N) 

•  experimental evaluation of average case behavior of greedy technique (E) 

• Concurrent behavioral model ® 

•  data mining techniques (A) 

•  graphical control panel (T)  

• a set of plug-ins and wizards (T) 

• Dynamically tested artifacts (N) 

•  correct verification and validation technique's workflow (E) 

•  computational reflection for the tuning of dynamic generation of plans 

• Timing behavior (E) 

•  modeling and analyzing adaptive systems in concurrent manner with more case studies (E) 

• Providing support for automatically detecting quiescent states for safe reconfiguration (N) 

• Effortless MMST-type 4 scheme (F) 

 

 

  



 

42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

SE-351 95 Växjö / SE-391 82 Kalmar 
Tel +46-772-28 80 00 

dfm@lnu.se 

Lnu.se 

  


