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Abstract— In this study, we investigated the approaches used 

in software architecture recovery papers, identify the 

current status of paper distributions in terms of year, 

publication channel, electronic databases, and journals. We 

executed a mapping study to cluster the software 

architecture recovery research papers. Papers published 

since 2000 have been used for this study. The following 

databases were investigated: Wiley, IEEE, ACM, Science 

Direct. Our search accessed 250 papers, but after in-depth 

analysis, 60 papers were found to be related to the software 

architecture recovery area. Our study shows that there exist 

many architecture recovery approaches in the literature, 

with machine learning-based techniques dominating the 

field. On the basis of this study, we suggest researchers 

develop more model centric software architecture recovery 

approaches because of model driven development’s 

popularity in software engineering field.   

Keywords-software architecture; architecture recovery; 

architectural erosion; architectural drift 

I.  INTRODUCTION 

There are many definitions for software architecture. 
According to Perry and Wolf [1], “architecture is a set of 
architectural elements that have a particular form”. 
According to Shaw and Garlan [2], software architecture 
consists of the elements, interactions among the elements, 
patterns, and constraints on these patterns. According to 
ANSI/IEEE Standard 1471 [3], “architecture is the 
fundamental organization of a system, embodied in its 
components, their relationships to each other and the 
environment, and the principles governing its design and 
evolution”. According to a recent definition of Taylor et al. 
[4], software architecture is the set of principle design 
decisions about a software system. We use Taylor et al.’s 
software architecture definition throughout this paper. This 
recent definition emphasizes that architecture is updated 
during the software development life cycle and it is not 
limited to the design phase. In practice, software 
companies mostly prefer explaining architecture and the 
detailed design in the same document known as Software 

Design Description (SDD). However, it is possible to 
prepare a separate document called High-Level Design 
Document, Preliminary Design Document or Software 
Architecture Document. No matter how it is called, we 
must ensure that the principle design decisions are 
documented in this document. During the maintenance 
phase, a documented architecture simplifies all the steps 
which are necessary for maintenance. Therefore, 
architecture and the document which describes it must be 
updated when a new principle design decision is identified 
or updated. 

Before the implementation phase of the software 
development, an architecture that includes design decisions 
must be built. This architecture is called “prescriptive 
architecture” or “as-conceived” or “as-intended” 
architecture. After the software system has been 
implemented, the architecture of this software is called 
“descriptive architecture” or “as-implemented” or “as-
realized” architecture [4]. Current practices show that 
descriptive architecture deviates from the prescriptive 
architecture during the software development life cycle. In 
theory, prescriptive architecture must be updated first 
during the software evolution, but in practice the 
descriptive architecture is directly modified and 
prescriptive architecture is not updated. There are several 
reasons why this problem occurs. For example, developer 
may be reluctant to update the prescriptive architecture or 
short deadlines may prevent this process. Another reason 
might be related to the missing prescriptive architecture. If 
prescriptive architecture and descriptive architecture are 
not consistent, architectural degradation occurs. There are 
two concepts related to the architectural degradation [4]: 

1. Architectural drift: If the descriptive architecture 
includes principle design decisions which do not 
exist in the prescriptive architecture but which do 
not violate principal design decisions in 
prescriptive architecture, this concept is called 
architectural drift. 
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2. Architectural erosion: If the descriptive 
architecture includes principal design decisions 
which violate principal design decisions in 
prescriptive architecture, this concept is called 
architectural erosion. 

When the architectural degradation occurs, someone 
should recover the architecture from its implementation-
level artifacts such as exe files or .class files. This recovery 
process is called architectural recovery. Since it’s very 
difficult to recover architecture from such kind of artifacts, 
descriptive and prescriptive architecture must be 
synchronously updated [4]. In addition to the “recovery” 
term, some of the researchers prefer the terms “discovery”, 
“reconstruction”, “reconciliation”, and “restoration”. In 
this study, a Systematic Mapping Study was performed to 
cluster the research papers in which approaches are 
examined in software architecture recovery area. The main 
motivation of this study was to get an up-to-date overview 
of the software architecture recovery subject before we 
start the development of a new software architecture 
recovery model. After the in-depth analysis of the current 
literature on this topic, we decided to build a novel 
recovery technique. Therefore, this study was crucial for 
further steps of our project. The following approaches have 
been used to categorize the papers. The first 12 of these 
methods were from the paper of Ghulam and Nadım [5]. 

1. Data Flow based  

2. Knowledge based  

3. Design pattern based  

4. Program slicing based  

5. Formal method based  

6. Program comprehension based  

7. Domain based  

8. Concept analysis based  

9. Machine learning based 

10. Metrics based  

11. Structural based  

12. Evidence based  

13. Top-Down  

14. Ontology-driven  

15. Facet based  

16. Inspection based  

17. Model centric  

18. Bottom-Up  

The next sections are organized as follows: Section II 
describes a detailed process for systematic maps. Section 

III explains the results and section IV presents the 
conclusions. 

II. METHODOLOGY 

Evidence-based Software Engineering (EBSE) approach 

proposed by Barbara Kitchenham is widely used since 

2004 in Software Engineering community. Systematic 

Literature Reviews (SLR) and Systematic Mapping 

Studies have been published so far on several software 

engineering topics such as test case prioritization, 

software fault prediction, architecture optimization, and 

global software engineering. For a SLR study, we address 

the research questions defined in the research paper. 

However, we try to access all the papers on a specific 

topic when we perform a systematic mapping study. 

Therefore, there is a difference between these two 

different methods used in EBSE. We accessed to software 

architecture recovery papers from electronic databases 

such as IEEExplore, ACM, Science Direct, and Wiley. 

We conducted this study on software architecture 

recovery topic, reached to architecture recovery papers, 

and analyzed papers published since year 2000. Since 

there is no other similar study on this topic, this is the first 

known mapping study. Planning, execution, and reporting 

phases are applied in the ascertain of mapping study. 

Research questions, search criteria, and 

inclusion/exclusion criteria were identified during the 

planning phase. The following research questions were 

defined for this research study: 

 RQ1: What are the most investigated software 

architecture recovery approaches? 

 RQ2: Which journals include papers on software 

architecture recovery? 

 RQ3: Which journal is the most dominant journal 

on software architecture recovery problem? 

 RQ4: How is the distribution of papers in terms 

of year, publication channel, and electronic 

databases? 

We used the following keywords for this study: 

 Software architecture recovery approach 

 Software architecture discovery approach 

 Software architecture reconstruction approach 

 Software reverse architecting approach 

The following databases were investigated: Wiley, IEEE, 

ACM, and Science Direct. This was not a manual search 

which consumes so much time. We executed the search 

keywords in databases automatically. Papers published at 

journals, and conferences were included and studies that 

are not related to the architecture recovery were not used 

for the study.  The inclusion criteria and exclusion criteria 

are listed as follows: 

 IC1: Primary studies on the architecture recovery 

 IC2: Secondary studies on the architecture 

recovery 
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 IC3: Studies that compare recovery approaches 

 EC1: Studies not addressing architecture 

recovery  

 EC2: Studies written non-English languages 

 EC3: Papers without full text access 

During the execution step, we searched on databases with 

the search strings explained previously in this phase. 

During the reporting step, statistical data were interpreted 

with related research questions. 

III. RESULTS 

Figure 1 plots the publication year on the x-axis and 

depicts the number of papers published in that year on the 

y-axis. The year 2012 is the peak year on architecture 

recovery. Although we expected to see more papers 

within the last three years, this was not the case we’ve 

seen from the Figure 1. However, we see that there are 

still some researchers who try to publish papers on this 

topic and the topic is still popular in software engineering 

community. 250 papers were accessed from databases, but 

we excluded 190 of them since they were not related with 

the research area. Hence, we used 60 research papers [6-

65] to complete our review. Distribution of studies for 

each database is illustrated in Figure 2. 

 

 
Figure 1.  Number of papers per year 

 
Figure 2.  Distribution of studies in each database 

 

Journal Name # of Papers 

Information and Software Technology 2 

Information Sciences 3 

Journal of Software: Evolution and Process 1 

Journal of Systems and Software 5 

Science of Computer Programming 2 

IEEE Transactions on Software Eng. 2 

Performance Validation S.S. 1 

Software: Practice and Experience 1 

Applied Computing Review 2 

Total 17 

Table 1. # of studies per journal 

Only seven-teen of papers were published in journals, 

whereas 68% were not. Table 1 shows distribution of 

papers to each journal. According to this table, The 

Journal of Systems and Software (JSS) is the most popular 

journal on architectural recovery topic. 

Table 2 shows the category distribution of the papers. If a 

paper fits into more than one category, then we show that 

paper in those categories instead of selecting one of them. 

Mostly machine learning based approaches were 

dominant in our analysis. 

 

 

Figure 3.  Distribution of publication channel 

 

IV. CONCLUSION AND FUTURE WORK 

In this study, we focused on software architecture recovery 
problem. We performed a systematic mapping study on 
software architecture recovery. Four electronics databases 
were used; 250 studies were identified. After inclusion and 
exclusion criteria were applied, 60 papers were chosen for 
the mapping study. We observed that classifying software 
architecture recovery approaches is not an easy task 
because approaches are not totally isolated. Most of the 
papers used machine learning-based approaches and there 
were only three papers which used model centric 
approaches. Because model driven development is widely 
used in industry in these days, we suggest researchers to 
focus on model centric software architecture recovery 
approaches.  

International Conference on Computer Science and Engineering Tekirdağ, Turkey, 20-23 October 2016

UBMK 2016 Proceedings 370



As a future work, we’ll perform a systematic literature 
review on software architecture recovery and we’d like to 
see the benefits of these approaches based on experimental 
data if any. Also, the number of papers which apply 
model-based approaches is not at an acceptable level 
compared to the other approaches. We will focus on 
model-based approaches to develop a fully automatic 
software architecture recovery technique. This systematic 
mapping study was the first step before we start to design 
and implement a model-based architecture recovery 
technique. In addition, we want to use the power of 
machine learning-based techniques while we design the 
model-based recovery approach. 

 

Approach # of Papers 

Program slicing based approaches 10 

Design pattern based approaches 11 

Knowledge based approaches 7 

Data Flow based approaches 5 

Structural Based approaches 9 

Top-Down Approaches 6 

Program comprehension based 7 

Concept analysis approaches 3 

Model Centric Approaches 5 

Formal method based approaches 2 

Domain based approaches 3 

Metrics Based approaches 3 

Bottom-Up Approaches 2 

Machine Learning-based approaches 15 

Evidence Based Approaches 2 

Ontology-driven Approaches 1 

Facet Based Approaches 1 

Graph Pattern Matching Approach 3 

Semi-automated Approach 1 

Graph Pattern Matching Approach 2 

Characterization Approach 1 

Semi-automated Approaches 2 

Search Based Approaches 1 

Table 2. # of studies per category 
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