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ABSTRACT 

Context: Over the last two decades, software architecture has introduced a new trend in 

software development. This new trend has completely changed the normal methods and 

practices of software engineering. The focus has become the architectural elements rather 

than code and sub-routines. Architecture description languages (ADLs) have been proposed 

for this kind of architecture based software development. There are a number of different 

ADLs both in academia and industry; they are not totally adopted by the software engineering 

community, but they are not avoided either. In this research work, an investigation has been 

performed based on the ADLs evaluation in practice. 

Objectives: The main aim of this study is to investigate evaluation of ADLs in academia and 

industry. To explore the benefits and drawbacks of ADLs in practice. The study also explores 

the different quality factors improved by ADLs. Further different methods used to build 

architecture with ADLs and then how to use architecture described with an ADL in software 

development and maintenance have also been reported. 

Methods: This research study has been carried out using the systematic literature review 

method. The systematic literature review follows the guidelines suggested by Kitchenham 

[21]. 

Results: This research review has resulted in total of 102 different ADLs. It has been found 

that out of the 102 different ADLs, 69 ADLs have been evaluated in academia and only 33 

ADLs have been evaluated in industry. ADLs have also been classified based on their 

industrial and academia evaluation. There are total 31 different benefits and 19 different 

drawbacks of ADLs have been identified. This review also extracted 20 different quality 

factors from literature that are improved by using ADLs in practice. Further 13 different 

methods used to build architecture with ADL have also been reported. Finally 9 different 

methods of ADLs used in software development and maintenance have been identified.  

Conclusions: The Large number of ADLs with little evaluation in industry suggests that 

more work needs to be done in order to improve ADLs evaluation in practice. ADLs provide 

more benefits compared to their drawbacks which suggests that ADLs can be very beneficial. 

Knowledge gained during this research study, suggests that ADLs are mostly unrecognized. 

More awareness about ADLs should be provided in education and practice. 

 

 

Keywords: Architecture Description Languages, Benefits / Drawbacks, 

Quality Factors, Software Development, Software Maintenance. 



 

 

 

 

ABBREVIATIONS 

No Initials Complete Word 
1 ADL Architecture Description Langauge  

2 PICOC Population, Intervention, Comparison, Outcome and Context 

3 UML Unified Modeling Language  

4 MDE Model Driven Engineering 

5 ACT Abstract Component Technology 

6 SCC Sense-Compute-control 

7 SAAM Scenario Based Architecture Analysis 

8 ATAM Architecture Tradeoff Analysis Method 

9 DSDI Domain Specific Development Infraustructure  

10 OSA Open Simulation Architecture Project 

11 XTEAM Xtensible Toolchain for Evaluation of Architectural Models 

12 CBD Component Based Development 

13 ATRIUM Architecture genera Ted from RequIrements applying a 

Unified Methodology 

14 AOSD Aspect Oriented Software Development  

15 OPN Object Oriented Petri Nets 
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1. Introduction 

Over the last two decades software architecture has introduced a new trend in software 
development, which has completely changed the normal methods and practices of software 
engineering. Old traditional ways of software development which used to be the lines of code 
are not popular anymore in the current age of software development. Today’s software 
products are large and complex. Software architecture does not only help to develop large 
complex applications but also reduce cost and facilitate evolution [13]. It is then, when the 
need for a shift from the usual lines of code to coarser grained architectural elements has 
emerged [13]. And this is the main aim of architecture based software development which 
helps developers to abstract away un-necessary details and focus on the big-picture [13].   

In order to provide an explicit usage and then facilitate this kind of architectural based 
software development process the software architecture must be accompanied with a suitable 
specification language. Architecture description languages (ADLs) have been proposed for 
this purpose. ADLs do not only define and analyze the properties of a system but also provide 
abstractions used for modeling large systems and are thereby reducing costs for detecting and 
removing of errors [13]. Software architecture research community has already focused on 
the analytic evaluation of architectural descriptions [13].  

There are too many ADLs that have been developed over the past two decades, each of 
these ADLs follow a specific approach towards the specification and evolution of the 
architecture [13]. ADL applications are wide and ranges in multiple directions. At least three 
different areas where ADL is defined in different contexts can be found. These areas or 
communities are system engineering, software engineering and enterprise modeling and 
engineering. They have their own specific description of ADL with one thing in common that 
they all provide the architectural representation.  As it’s fairly evident that ADLs are in the 
experimental process and is an academic research issue while being very much fundamental 
in the design and development process. Subsequently, it is now sensible to state that 
architecture description is quite basic yet very confusing to define.  For system engineering, 
ADL describe and represent the system architecture. For software engineering, ADL describe 
and represent the software architecture. For enterprise modeling and engineering, ADL 
describe and refer to the application architecture. Software engineering itself contains two 
levels of architecture that is the technical architecture and the functional architecture. 
Technical architecture is the one targeted for the software developers while functional 
architecture is for the stakeholder. All these three communities have developed several 
different ADLs, which is one of the main reasons we don’t see a common standard for ADLs.  
The research community is now focusing on an effort to provide standardization for notations 
and methods in the field of software architecture [13]. Even concerning the definition of ADL 
there exist conflicts which is controversial without any evident facts, this is because of the 
diverse ADL applications. Following are some of the definitions given by different 
researchers. 

“Architecture description languages (ADLs) are formal languages and can be used to 
represent the architecture of a software intensive system “[1]. ADL is a language that 
describes software architecture, which in turn is the structure or structures of the system, 
which comprise the software elements, the externally visible properties of those elements and 
the relationship among them [2].  

“An ADL for software applications focuses on the high level structure of the overall 
application rather than the implementation details of any specific source module” [3]. A very 
common understanding about ADL is that it must model components, connectors and their 
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configurations, while to be truly usable and useful it must provide tool support for 
architecture based development [2]. 

ADLs are crucial in software development and particularly in architecture based 
software development, unfortunately ADLs doesn’t become the primary choice and sadly 
fails to showcase itself in the market. ADLs are different from each other, each of them 
follow a particular approach. Although ADLs are great in number, they are unrecognized and 
this is the main reason ADLs are unpopular. There is a need for awareness about the ADLs. 
Therefore all the work done so far on ADLs need to be analyzed and to find out how many 
different ADLs exists today. Doing so will not only provide recognition about the ADLs and 
limitations they have but will also contribute in knowing the industrial evaluation of ADLs. 
Despite the fact that ADLs have limited industrial evaluation, it is interesting to explore what 
are the strengths and weaknesses of ADLs and different quality factors ADLs provide. 

The main purpose of this research work is to investigate a number of different 
architectural description languages (ADLs) exists both in academia and industry also to find 
out benefits and drawbacks of using ADLs in practice. This investigation follows the 
systematic literature review method. The study also aims to explore different quality factors 
when using ADLs in practice. In addition, it investigates the methods used to build 
architecture with ADLs. 

The rest of this report is organized as. Chapter 1.1 provides the theoretical background. 
Chapter 2 discuss the methods, and chapter 3 describes the investigation of how the work 
done and conducting of the systematic literature review. Chapter 4 shows the results of the 
investigation. Chapter 5 is the discussion which summarizes the results. Chapter 6 is the 
conclusion and my contributions. 

1.1 Theoretical Background 

It is the architect’s views in mind which needs to be replicated and transformed into a 
suitable model of many different structures with the help of relevant tools. ADLs implement 
these views at the same time provides quality and correctness.  

While talking about the ADL, the architecture itself should be understood because 
architecture is a general term like also used in civil engineering and we of course meaning the 
architecture in computing context. It is important to understand the term architecture. 
Defining architecture in the computing context look very simple, actually it became one of 
the most contentious issues in developing the standard [5]. Even the civil engineering 
communities despite having years of practice are not satisfied with a suitable definition of 
building’s architecture [5]. Likewise is the case with the computing society. IEEE 1471 
provides the definition of architecture as “the fundamental organization of a system embodied 
in its components, their relationships to each other and to the environment, and the principles 
guiding its design and evolution.” This definition is pointing towards a potential difference 
between the architectural description and the architecture. An architectural description is a 
concrete artifact while architecture is a concept of a system [5]. Software architecture is a 
description of the subsystems and components of a software system and the relationships 
between them [6].  

As have been mentioned about components and their relationships in the earlier section, 
it is important to know which these components are and how they coordinate with each other. 
Examples of such components of a system are modules, tasks/processes, subsystems, 
packages and Unix filters [7]. In Figure 1 such components have been depicted. Examples of 
coordination mechanism includes procedure call, synchronization, data sharing, message 
passing, event broadcast, subscription schemes and Unix pipes [7]. And the different 
architecture views separate the components from the way it coordinates. ADL uses graphs 
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and text for the architectural information. Figure 1 shows both the graphical and textual view 
of the specific ADL called UniCon. 

 

 
Figure 1: Example ADL- UniCon [19]. 

Now to combine all such subsystems, components, different views, define their 
relationship that is a very complex task and error prone. Researchers in literature propose 
ADL for this task [8].  

ADL is a language describing software architecture [9]. An ADL stimulates the 
construction of an architecture without implementing the actual components, test and analyze 
the architecture, produce actual classes and support top-down design as well [10]. An ADL 
provides abstraction and helps the developers to focus on the big picture. ADLs give us the 
facility to support and control the development process from its very beginning [9]. It is also 
important to keep in mind that the architecture provides support in the implementation and it 
should not be considered as the end result. ADL shifts the focus from the line-of-code to the 
software components and their interconnection structure [9]. However it is not fully clear that 
what level of support an ADL should provide to developers but at minimum level is to aid 
understanding and communication about a software system [9]. That is why ADLs should 
provide simplicity and understandability so that for the developers to get the big picture of 
the entire system. An ADL can possibly provide the graphical representation which needs not 
to be formally defined according to several researchers. For instance, Jukka Harkki [9] states 
that: “ADL is not a programing language, not high level design notation, not Module 
interconnection language, not object oriented modelling notation and not formal 
specification language” [9]. On the other hand researchers have also tried to adopt the 
extreme is to provide the formal syntax, semantics of ADL, powerful analysis tools, model 
checkers, parsers, compilers, code synthesis tools, run time support etc. [17]. On the top for 
an ADL to be useful and usable it must provide tool support for architecture based 
development and evolution [9]. 

There are a number of different ADLs existing both in academia and industry. UniCon 
(language for Universal Connector support) is one of them. UniCon is developed at the 
Carnegie Mellon University to explore issues of abstractions for architecture and composition 
of systems [7]. Figure 1 shows the UniCon structure. There are commercial ADLs like 
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UNAS/SALE (Univeral Network Architectural Services/Software Architects Life-cycle 
Environment), developed by TRW (Redondo Beach, CA) and marketed by Rational [7]. 
Many others Advanced Research Projects Agency (ARPA) sponsored ADLs include 
LILEANNA, Rapide, MetaH, and ArTek/DADSE [7]. Depending on the architectural styles 
that ADLs support, there is no single one that best fits for all situations. Some of the different 
ADLs that we found so far are: Aesop, Artek, SEL, Darwin, Lileanna, MetaH, Rapide, 
SADL, Unicon, Weaves, Wright, C2, ACME and xADL. 

Software architecture is a little more than two decades old now, formally began in 90s 
[11]. So it is not a very old field. Software architecture roots exist back in seventies and 
eighties when people were dealing with models like software design and structure, module 
decomposing and partitioning etc. That is then when the need for Architecture Description 
Language arose; when systems became larger and more complex. After the field was 
formally introduced a number of different Architecture Description Languages (ADLs) were 
developed by different people. These newly introduced ADLs might be reliable on practical 
and conceptual level but unfortunately they could not get attention of the market except few 
of them. One such language, the Unified Modeling Language (UML) gained popularity, by 
some researchers. UML is not even considered as an ADL [11]. Although, UML has many 
supporting diagrams which describe an architecture. UML abstraction do not necessarily 
match the architect’s mental model of the system thus making the job of designing the 
architecture more difficult compared to using ADL of architect’s choice [9]. Experience 
indicated that adapting UML as a Meta language to model ADL require reasonable effort [9]. 
UML can be a useful tool for an ADL and may be a practical step toward mainstream 
architectural modeling [9].  

The big question is to whether the ADL will emerge as a widely acknowledged 
language or UML will swallow it [9]?  

Since the ADL introduction, it is not totally adopted by the software engineering 
community but it is not avoided either. Clearly the field needs more time to get matured and 
hence needs research. 

There are a number of people who have done great work in the field. Medvidovic and 
Taylor are two such contributors. They have given strong viewpoints about the importance 
and existence of the software architecture and then architectural languages in general. For 
instance in their study titled “Software Architecture: Foundation, Theory, and Practice” they 
are stressing upon the importance and the existence of Architecture in industry [12]. 
According to Medvidovic “the architecture is the primary focus of software engineering”. 
The scope of this study is both industrial and academic use of ADLs which is also the focus 
of our study to cover. Another contribution in the field by Medvidovic is the “Modeling 
Software Architectures in the Unified Modeling Language” [13]. In his study Medvidovic has 
described the UML and different ADLs derivation from UML. So basically a comparison of 
UML with other ADLs has been done, which looks more like to showcase these different 
ADLs and this is required. The strengths and weaknesses are also discussed which helps to 
answer one of our research question. Both the researchers Medvidovic and Taylor have also 
conducted the study specially focusing on the comparison of different ADLs, under the title 
“A Classification and Comparison Framework for Software Architecture Description 
Languages “ which is most relevant for our review [14]. 

Now most ADLs are single viewed, general purpose and put lot of restrictions when 
adopted by a system [17]. These are few among many reasons why ADL use is restricted in 
industry. There are some suggestions, for instance to develop domain specific constructs and 
to produce a compatibility with the mainstream technologies which should not be restricted 
only to UML. In this regard we will look at some sort of studies like the one Flavio Oquendo 
and Radu Mateescu [18] [19] conducted. A quite reasonable amount of studies is available 
for past two decades on ADLs. Most of these studies are in favour so far.  



8_________________________________________________________________Investigating ADLs 
 

As a personal opinion researchers are busy in their own specific areas of interest within 
the ADLs. As a result we see so many ADLs developed; it is unfortunate that we did not get 
full benefit from ADLs. There is a need for a thorough study of the available empirical 
research in the field.  

Therefore, there is a need for systematic review of the available empirical research.  

 

 

2. Methods 

This systematic literature review follows the Kitchenham suggested guidelines [21]. 
These guidelines discuss and show the overall structure of the review process. There are eight 
basic elements together with the review process which constitute the review method as 
suggested: 

2.1 Background 

Background shows the theoretical framework and motivation of the topic. Its main 
purpose is to justify why the review is important. 

2.2 Research Questions 

The basis of the systematic literature review is the research questions which the review 
must answer. In this review we have five research questions which need to be answer. 

RQ1: Which ADLs have been evaluated in (academia and industry)? 

RQ2: Are there any reports about the benefits and drawbacks of using ADL in                          

practice? 

RQ3: Which quality factors are improved by using ADL in practice? 

RQ4: Are there any reports of methods for building architectures with ADLs? 

RQ5: Are there any reports of methods for how to use architecture described with ADL 

in software development and maintenance? 

2.3 Search Strategy  

This review follows a step by step search strategy which Kitchenham (2007) suggested 
[103]. Search strategy is discussed in Investigation Section 3. 

2.4 Study Selection 

Study selection used to find the most relevant studies and then to define a proper 
inclusion and exclusion criteria.  

 
2.4.1 Study quality assessment checklist 

 

The quality assessment checklist shows the importance of the individual studies, 

determine the strengths of inference and provide recommendations for further investigation 

Kitchenham [21]. Quality assessment checklist has also been presented in Section 3 of 

Investigation.  



________________________________________________________________________________9 

2.4.2 Data extraction strategy 

In this method of the review the data/information is retrieved from the studies 
identified. In this review the data extractions forms have been produced and shown in 
Section 3. 

2.4.3 Data synthesis 

In data synthesis method the extracted data is matched against the research questions. 
Data synthesis has been tabulated and shown in Section 3. In this review the data synthesis 
and data extraction forms have been merged together in an Excel sheet. 

2.4.4 Review timetable 

 Review timetable shows the plan for the review.  

 

3 Investigation 

According to Kitchenham the main purpose of the systematic literature review is to 
summarize the existing evidence, to identify any gaps in the research in order to suggest 
further investigation and to provide a framework to position new research activities [21]. 

The purpose of this study is to investigate the ADLs in practice (academic/industry). 
This study is based on the systematic literature review method and thus all the basic 
guidelines have been followed. Literature identification has been carried out step by step in a 
systematic manner as suggested by the Kitchenham (2007) as follows: The search terms has 
been produced as the PICOC (population, intervention, comparison, outcome and context) 
criteria suggested by Kitchenham (2007) which is specified by Petticrew and Roberts [103] 
[104]. These are shown in Table 1. 

Population Software Engineers, Software Architects, Software Projects, 

Software Engineering roles in general. 

Intervention Methodology/techniques used to compare and report different ADLs, 

ADLs uses in academic and industry, methods of how to build 

Architecture with ADLs, methods of how to use ADLs in software 

development and maintenance. 

Comparison Specific Software Engineering Methods/tools/technology/procedures 

that can help to compare the above Interventions.  

Outcome The net tangible results of the applied Interventions both side of 

considerations like Effectiveness and Defectiveness. 

Context Within the domain of Software Engineering, ADLs uses in both 

Academia & Industry. Empirical analysis. 

Table 1: PICOC Research question criteria 

Now to identify and analyze all the research done on ADLs evaluation in both academia and 

industry, the given research questions that need to be answered are as followed. 
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3.1 Five Research Questions  

The following original available five research questions are: 

RQ1: Which ADLs have been evaluated in (industry and academia)? 

RQ2: Are there any reports about the benefits and drawbacks of using ADL in practice? 

RQ3: Which quality factors are improved by using ADL in practice? 

RQ4: Are there any reports of methods for building architectures with ADLs? 

RQ5: Are there any reports of methods for how to use architecture described with ADL 
in software development and maintenance? 

3.2 Relevant Literature Identification 

The aim of the Systematic Literature Review is to identify the relevant primary study 

that addresses the research questions efficiently in an unbiased manner [103]. To avoid this 

biasness a pre-defined search strategy is crucial and is provided in Systematic Review. This 

strategy differentiates the Systematic review from Traditional reviews [103]. The search 

strategy is discussed in the following sections. 

3.2.1 Identification of search terms  

Search terms / initials shortcuts are the fundamental keywords in finding studies 
relevant to research questions. It is important to formulate these search terms logically and to 
record it at the same time for iterative review process. According to Kitchenham (2007) the 
search terms can be identified using PICOC criteria [103]. This will serve as a base in our 
case for the research questions. In the light of PICOC criteria by Petticrew and Roberts, the 
search terms specific to research questions are shown in Table 2 [104]. 

Population Software Engineering, Software Architecture, Software Lifecycle 

Intervention Different ADLs, ADL uses in Industry, ADL uses in Academic, 
Building Architecture with ADL, ADL affects in Software 
Development, ADL affects in Software Maintenance. Different 
ADL comparison. 

Comparison Methods to compare ADLs. 

Outcome Results of ADLs used in Academic, Results of ADL used in 
Industry, Benefits of ADLs, drawbacks of ADLs. 

Context Software Engineering, ADLs uses in Academic and Industry, 
empirical studies. 

Table 2: Search terms based on PICOC criteria 

After the possible list of relevant search terms the next step is to construct the Search 
String. Search string helps to make the search process more neat and clean. For this purpose 
simple logic is used to construct the search string that is the Boolean “OR” and “AND 
“Operators: 

 The “OR” operator is used to group together the synonyms, alternate spellings and 
abbreviations.  

 The “AND” operator is used to join different search terms into one search string. 
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Further to specify a single character or a string of characters the wildcard character 
called asterisks (*) has been used in the search string.  

The search string specific to each research question has been constructed in the form of 
Search Query using two online databases that is ACM Digital Library and IEEE Xplore. 
These different search queries are shown in Table 3.  

RQ 1: Which ADLs have been reported as used in practice (industry and academic)? 

Database Name Search Query Results  

 

IEEE Xplore 

((ADL OR ADLs OR "Architecture description language" 
OR "Architecture description languages") AND evaluat* 
AND architect*) 

 

64 

 

ACM Digital Library 

(evaluat* and architect* and language* and description) 
and (ADL or ADLs or "Architecture description language" 
or "Architecture description languages") 

 

103 

RQ2: Are there any reports about the benefits and drawbacks of using ADL in        
practice? 

 

IEEE Xplore 

((ADL OR ADLs OR "Architecture description language" 
OR "Architecture description languages") AND practic*) 

 

57 

ACM Digital Library 
(benefit* and practic*) and (ADL or ADLs or 
"Architecture description language" or "Architecture 
description languages")  

 

 

82 

ACM Digital Library (drawback* and practic*) and (ADL or ADLs or 
"Architecture description language" or "Architecture 
description languages") 

 

82 

ACM Digital Library 
(practic*) and (ADL or ADLs or "Architecture description 
language" or "Architecture description languages") 

 

 

203 

RQ3: Which quality factors are improved by using ADL in practice? 

 

IEEE Xplore 

((ADL OR ADLs OR "Architecture description language" 
OR "Architecture description languages") AND quality 
factors)  

 

7 

 

IEEE Xplore 

(((ADL OR ADLs OR "Architecture description language" 
OR "Architecture description languages") OR "quality 
factors") AND practic*) 

 

123 

 

ACM Digital Library 

(quality and factors and practic*) and (ADL or ADLs or 
"Architecture description language" or "Architecture 
description languages") 

 

58 

RQ4: Are there any reports of methods for building architectures with ADLs? 

 

 

IEEE Xplore 

(((ADL OR ADLs OR "Architecture description language" 
OR "Architecture description languages") AND build* 
AND architectur*) AND method*) 

 

 

7 

ACM Digital Library (Method* and build* and architectur*) and (ADL or ADLs 
or "Architecture description language" or "Architecture 
description languages")  

 

242 

https://lt.ltag.bibl.liu.se/login?url=http://www.acm.org/dl/
https://lt.ltag.bibl.liu.se/login?url=http://www.ieee.org/ieeexplore/
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RQ5: Are there any reports of methods for how to use architecture described with 

ADL in software development and maintenance? 

 

IEEE Xplore 

(((ADL OR ADLs OR "Architecture description language" 
OR "Architecture description languages") AND "software 
development") AND method*) 

 

16 

 

ACM Digital Library 

(Method* and "software development" and "software 
maintenance" and architectur*) and (ADL or ADLs or 
"Architecture description language" or "Architecture 
description languages") 

 

30 

Table 3: Search Queries taken from online databases 

3.2.2 The Search Process 

After spending a considerable amount of time while analyzing, evaluating and 
identifying the most relevant different search terms it’s time to gather concrete facts. In this 
systematic review two online databases have been considered: 

 ACM Digital Library 
 IEEE Xplore 

3.2.3 Search Process Documentation  

For the systematic literature review to prove the point of being the importance of 
review clearly it need to be documented systematically. Kitchenham (2007) [103] guidelines 
for documentation of the systematic literature review have been followed. 

3.2.4 Study Selection Criteria  

As the goal of the search process is to identify the most relevant studies exists. Now 
once that is done, the next step would be to use a filter and get more fine grain. This is also 
called an assessment process. This assessment can be carried out by the subtypes of selection 
that is the inclusion and exclusion criteria’s as follow: 

3.2.5 Inclusion and exclusion criteria  

Studies have been included according the following criteria: 

 Study contributes towards the origin of different ADLs exists. 
 Study takes into account the uses of ADLs in Industry. 
 Study takes into account the uses of ADLs in Academia. 
 Study depicts the strengths and weaknesses of ADLs. 
 Study promotes and complements ADLs with responsibility. 
 Study shows case studies of applying ADLs in software development and 

software maintenance. 
 Studies shows different quality factors of ADLs. 
 Studies show different methods of how to build architecture using ADL. 

 

Studies have been excluded that deviate generally from the above inclusion criteria 
together with the following: 

https://lt.ltag.bibl.liu.se/login?url=http://www.acm.org/dl/


________________________________________________________________________________13 

 The study’s main focus is not relevant to the Practical use of Architecture 
Description Languages (ADLs). 

 Study is not presented in English language. 
 Study is not available free of cost. 

In case where it was unclear from the title, abstract, and keywords whether a study was 
conforming to these screening criteria, they have been included for a detailed quality 
assessment. 

3.2.6 Selection Process  

The study that is identified by the search process has been selected here. The study title 
and abstract has been analyzed, extracted and then compiled. Once a careful understating 
developed, the study has been listed in the reference board. 

3.2.7 Study Quality Assessment Criteria  

After defining the inclusion/exclusion criteria in the Systematic literature review 
process the next step is to scale down the study for quality assessment. Quality assessment is 
critical in that it provide more detail inclusion/exclusion criteria, highlights the importance of 
individual studies, determine the strengths of inference and provide recommendations for 
further investigation Kitchenham (2007) [103].  

Given research questions for ADLs, which consider both the number of different ADLs 
exist and then it’s comparison for quality factors. Again the Kitchenham (2007) [103] method 
for quality assessment has been followed, which is a quality assessment checklist. Below is 
the answer scale Table 4 and the checklist Table 5 as suggested by Kitchenham (2007) 
[103].  

 

Answer Value 

Yes  1 

No 0 

Partially  0.5 

Table 4: Answer scale for quality checklist [106] 

No. Question Answer  

1 Is the research aim specified? Yes/No 

2 Does the study allow answering the questions? Yes/No 

3 Is the technology clearly defined? Yes/No/Partially 

4 Is there a comparison?  Yes/No 

5 Is the study answering the first question? Yes/No 

6 Any justified case studies discussed? Yes/No/Partially 

7 Are the study variables suitably measured? Yes/No/Partially 

8 Is the purpose of the study clear? Yes/No 

9 Do the researchers explain the quality factors? Yes/No 
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10 Are the study participants adequately described? 

For example (students, practitioner etc.) 

Yes/No 

11 Is the basic data clearly described? Yes/No 

12 Are the findings credible? Yes/No/Partially 

13 Does the study present the implications for 

practice? 

Yes/No 

14 Are all questions answered? Yes/No 

15 Are negative results presented? Yes/No 

16 Do the researchers explain the problems with 

validity/reliability of their measures? 

Yes/No 

Table 5: Quality assessment checklist for quantitative studies adopted from [103], [105] 

 

After evaluating the abstract of the study it has been compared with the quality 

assessment checklists. The threshold value 1 has been assigned to the relevant study and 

value 0 has been assigned otherwise. Detail evaluation has also been carried out where the 

study’s purpose was not clear from the study’s abstract. Study that was not clearly 

mentioning ADLs in practice rather was contributing towards ADLs has been partially 

selected.    

3.2.8 Data Extraction 

With the completion of both the study selection phase and the quality assessment 
process, now it’s time for data extraction. For data extraction data extraction form has been 
created which records the data and also how to use them. Data extraction form is presented in 
the following section. 

3.2.9 Data Extraction Forms 

Data extraction form replicate the selected study and records relevant data to answer the 
research questions. Data extraction form is shown in Table 6. 

 

Data Item  value Notes 

Information data 

Study ID S<number>  

Title   

Author (s)   

Publication year   

Type Journal/Conference/Thesis  

Publisher    

Relevant Study Answering Research Questions 

study focus Industry/Academic   
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Which ADLs have been reported as 

evaluated  in practice? 

  

Are there any reports about the benefits 

and drawbacks of using ADL in practice? 

  

Which quality factors are improved by 

using ADL in practice? 

  

Are there any reports of methods for 

building architectures with ADLs? 

  

Are there any reports of methods for how 

to use architecture described with ADL in 

software development and maintenance? 

  

Quality Assessment checklist  

Are the research aims specified? Yes/No/Partially  

Was the study designed with questions in mind? Yes/No/Partially 

Does the study allow to answers the questions? Yes/No/Partially 

Is the technology clearly defined? Yes/No/Partially 

Is there a comparison?  Yes/No/Partially 

Is the study answering the first question? Yes/No/Partially 

Are there any case studies and is it justified? Yes/No/Partially 

Are the study variables suitably measured? Yes/No/Partially 

Are the data collection methods details? Yes/No/Partially 

Is the purpose of the study is clear? Yes/No/Partially 

Do the researchers explain the quality factors? Yes/No/Partially 

Are the study participants adequately described? For example 

(students, practitioner etc.) 

Yes/No/Partially 

Were the basic data clearly described? Yes/No/Partially 

Are the findings are credible? Yes/No/Partially 

Does the study present the implications for practice? Yes/No/Partially 

Are all questions answered? Yes/No/Partially 

Are negative results presented? Yes/No/Partially 

Do the researchers explain the problems with validity/reliability 

of their measures? 

Yes/No/Partially 

Are the research aims specified? Yes/No/Partially  

Was the study designed with questions in mind? Yes/No/Partially 

Table 6: Data extraction form [106]. 
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Further some useful forms have been designed to accommodate the extracted data for 

each specific research question. These forms are shown below. 

 

 

RQ1: Which ADLs have been evaluated in (industry and academic)? 

Study ID ADLS Name Industry/Academic Notes 

    

Table 7: Evidences on different ADLs 

 

RQ2: Are there any reports about the benefits and drawbacks of using ADL in practice? 

Study ID Benefits Drawbacks Notes 

    

Table 8: benefits/drawbacks of ADLs 

 

RQ3: Which quality factors are improved by using ADL in practice? 

Study ID ADL Quality Factor Notes 

    

Table 9: ADLs quality factors 

 

RQ4: Are there any reports of methods for building architectures with ADLs? 

Study ID ADL Methods for building Architecture Notes 

    

Table 10: Methods for building architecture with ADLs 

 

RQ5: Are there any reports of methods for how to use architecture described with ADL in 

software development and software maintenance? 

Study ID ADL Methods How 

to use 

Architecture 

Software 

Development 

Software 

Maintenance 

Notes 

  
 

   

Table 11: Methods for ADLs in software development and maintenance  

For the sake of readers ease these two types of forms above have been merged together 
into one single form. This one single form has been named as data extraction form. Data 
extraction form has been developed using an excel sheet. 

3.2.10 Data Synthesis 

Data synthesis is about statistical analysis of data and is the final stage in systematic 

literature review concerning data/information collection. Data synthesis’s main purpose is to 
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match the extracted data with specific research questions. Data synthesis compiles the 

extracted data to address each research questions [105]. For this purpose data synthesis forms 

have been merged with data extraction forms using an excel sheet. 

 

 

4 Results 

Results of the investigation performed summarize the evaluation of the ADLs in 
practice (academic/industry), which basically means answering the following research 
questions: 

RQ1: Which ADLs have been evaluated in (industry and academic)? 

RQ2: Are there any reports about the benefits and drawbacks of using ADL in practice? 

RQ3: Which quality factors are improved by using ADL in practice? 

RQ4: Are there any reports of methods for building architectures with ADLs? 

RQ5: Are there any reports of methods for how to use architecture described with ADL         

in software development and maintenance? 

 

Following are the results in a stepwise manner: 

4.1 ADLs evaluation in practice (academia and industry) 

A large number of ADLs developed so far were mostly intended to be used in practice. 
ADLs applications are very diverse that’s why we have so many of them developed. The list 
is so big that it’s almost become tedious to discuss in detail about each ADL with its 
(industry /academic) evaluation from the reader point of view. For the reader it will be easier 
to be provided with a tabulated list of information. Table 1 shows all such (industry / 
academic) implicated ADLs.  

 

                         Evaluation                                                 

ADL 
Industry / Academic description 

Wright Academic 
A formal specification based 

language. 

SADL Academic 

A design language used to 

formalize architectures in terms of 

theories [22]. 

Rapide   Academic 
Supports event based behavioral 

specification [22]. 

Darwin Industry 
Support dynamic changes in 

distributed architectures [22]. 

UniCon Industry 

Used to connect different 

components implemented in 

different languages [22]. 

ByADL Academic 
Used to develop next generation 

ADLs [62]. 

C2 Industry 

Contain runtime libraries to 

connect different components 

[22]. 

ArchJava Industry 
Used to provide communication 

integrity between architecture and 
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implementation [22]. 

ArchC# Academic 

An extension of ArchJava for C# 

mainly developed for distributed 

systems. 

JCMPL Academic 

Developed and applied in lab 

together with the JCMP toolset to 

design Java systems. 

ACT Academic 

A metamodeling ADL applied to 

enhance the capabilities of MDE 

(model driven engineering) 

xADL Industry and Academic 

Metamodeling language provides 

implementation in XML schemas, 

share features of an ACT. 

Implemented both in academia 

and industry. In an industry xADL 

has been integrated into a 

middleware called Prism-MW. 

Secure xADL Academic An extension of xADL [87]. 

CHAM Academic A behavioral ADL. 

Weaves Academic 
Provide glue code to compose 

architectural elements [72]. 

CALM Academic 
Another metamodeling language 

like an ACT. 

ACME Academic An extensible ADL. 

ADML Academic An extensible ADL. 

Promela Academic 
Promela stands for (Process Meta-

Language), a subset of Wright. 

EXPRESSION ADL Academic 

Also called a behavioral ADL, 

reflects the bahavior of the system 

and return the programme code.  

MIMOLA Academic 
A structural ADL shows the 

structure of the architecture. 

nML Academic 

Behavioral ADL. Shows behavior 

of the instruction set of the 

processor. 

ISDL Academic Behavioral ADL. 

LISA Academic 

A mixed (both structural and 

behavioral) ADL, used for 

memory instruction set. 

AADL Industry 

Used for embedded systems. 

Provide architecture to model the 

run time environment. 

ÆMILIA Academic 

ÆMILIA is introduced in 

academia. ÆMILIA provides a 

graphical, hierarchical model for 
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software architectures.  

MontiArc Academic 

MontiArc is based on DSL-

framework MontiCore and used to 

integrate variability modelling 

into architecture description [28].  

UML Industry 

Unified Modelling Language 

(UML) is largely evaluated in 

industry. 

Adaptive Adl Industry 
An extended version of Darwin. 

Used in self-adaptive systems. 

Mae Industry and Academic 
An evolution environment 

manages system’s architectures.  

Koala Academic 

Most advanced ADL similar to 

Mae system. Koala Helps to 

provide variation management. 

ArchC Industry 
ArchC used to utilize processor 

and memory sub-system parts. 

SimnML Academic 
Used in embedded systems and 

evaluated in academia. 

Valen-C Academic 
Used in embedded systems and 

evaluated in academia 

ARC Industry 
Used in embedded systems and 

reportedly evaluated in industry. 

Axys Industry 
Used in embedded systems and 

reportedly evaluated in industry 

RADL Industry 
Used in embedded systems and 

reportedly evaluated in industry 

Target Industry 
Used in embedded systems and 

reportedly evaluated in industry 

Tensilica Industry 
Used in embedded systems and 

reportedly evaluated in industry 

MDES Industry 
Used in embedded systems and 

reportedly evaluated in industry 

MetaH Industry 

MetaH provides software 

application integration in 

avionics. 

AADL Industry 
Avionics Architectural 

Description Language. 

CommUnity Academic 
Used to compose specification of 

components. 

DynaComm Academic Extension of CommUnity. 
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¼-ADL Academic Both used for dynamic and mobile 

architecture description [32]. 
PiLar Academic 

DAOP Academic 

Works as bridge between 

components and aspects of a 

system. 

EAST Academic 
EAST provides functionalities in 

electronic systems [32]. 

 -ADL Academic 
Based on higher order typed  -

calculus and provides composition 

[32]. 

ArchiMate Academic 
ArchiMate is used in business 

domain. 

FACILE Academic 

FACILE is used for mapping and 

modification in 

microarchitectures. 

FLEXWARE Academic FLEXWARE is a mixed ADL. 

Arcade Academic 

Arcade is an extensible 

framework defines interactive 

components evaluated in 

academia [33]. 

 

REAL 
Industry 

Academic 

Very useful ADL for distributed 

computing systems making 

extensive use of XML and targets 

the reliability quality by defining 

the software architecture. 

ISPS Academic 

An ADL perform simulation, 

evaluation and synthesis of 

computer systems [77]. 

HMDES Academic 
A mixed ADL used as an input to 

other ADL called MDES. 

UDL/I Academic 

A structure oriented ADL having 

similar properties with that of the 

hardware description language. 

AIDL Academic 
Partial ADL used in the design of 

superscalar processors [77]. 

EXPDL Academic 

EXPDL (exception description 

language) used to verify both 

hardware and software modules in 

microprocessor. 

ÆMILIA Industry 
ÆMILIA is an ADL used to 

evaluate the performance of 
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software systems [36]. ÆMILIA 

has been evaluated in a case 

study. 

FuseJ Industry 

FuseJ is used to unify aspects and 

components which is the 

composition of web services [37]. 

C2SADEL Academic 
C2SADEL is an ADL defined for 

another middleware called Regis. 

Regis Academic 

Regis defines architectural 

definition environment closed 

bound with implementation 

environment [38]. 

ARMANI Academic 
ARMANI focus on the structural 

properties of the architecture [38]. 

Aesop Academic 

An environment which define 

style dependent architecture 

definition [38]. 

Π Industry and Academic 

Π provide support for distributed 

and parallel software systems 

[39]. 

AspectualACME Academic Extension of ACME. 

PL-AspectualACME Academic Extension of AspectualACME. 

NanoADL Industry 
Used to describe application 

architecture. 

xSADL4PE Academic 

Used to provide both quality and 

quantity specification at design 

time of software development 

process. 

DST  Industry 

DST (Diagrammatic Syntactic 

Theory) is an ADL which works 

together with other modeling 

language like HPrTNs 

(Hierarchical Predicate 

Transitions Net). 

Wright# Industry 

“A complete and precise ADL 

capable of describing both static 

and dynamic system bahavior” 

[43]. 

ABC/ADL Academic 
Used for refinement and creation 

of software system [44]. 

UML 2.0 Industry A second-generation ADL [45]. 

SysML Academic 
A new recently developed ADL 

contain new models and 
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viewpoints [46]. 

MiADL Industry 
Used in processor’s instruction-set 

architecture [47]. 

PEADL Academic 

PEADL (Performance Evaluation 

Architecture Description 

Language) used in database 

application systems [48]. 

OSAN Academic 

OSAN (Object Stochastic Activity 

Network) used to model 

architecture aspects of software 

systems [49]. 

DODAF Academic 
An industry framework used in 

combination with UML. 

AcmeStudio Industry  A tool suite based on Acme. 

DUALLY Academic 
Provides interoperability among 

ADLs [51]. 

SOADL Academic 
An ADL used for service oriented 

architecture. 

OOADL Academic 
Purely based on object oriented 

paradigm [89]. 

COOL Industry 

(Component based object oriented 

language) [80]. COOL is used to 

differentiate between flat and 

hierarchical software elements 

[80]. 

MADL Academic 

MADL uses microarchitecture 

description and used in embedded 

Real Time systems [81]. 

Cilia Academic 

“Service oriented mediation 

framework implemented with 

iPOJO” [95] 

FractalADL Academic 

Used to provide integration 

between the GUI and whole 

architecture of the system [82]. 

AO-ADL Academic 

An XML based ADL developed 

specifically for aspect-oriented 

architectures [83]. 

WSC/ADL Academic 
An ADL used for web service 

composition [97]. 

XYZ/ADL Academic 

“An ADL extended from XYZ/E 

and support components, 

connectors and software 

configuration in software 
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architecture” [97]. 

EAADL Industry 

“Software product line 

architecture description language 

utilized in automotive domain” 

OPNADL Industry 

Object oriented petri nets 

architecture description language 

used to describe static and 

dynamic behavior of software 

systems [101]. 

AD-LARS Academic 
An ADL used to represent 

reference architecture [94]. 

DAOP-ADL Academic An aspect oriented ADL [83]. 

PRISMA Academic An aspect oriented ADL [83]. 

AspectLEDA  Academic An aspect oriented ADL [84]. 

AspectualACME Academic 
An aspect oriented ADL and an 

extension of ACME [83]. 

aSideML Academic 
An aspect oriented modelling 

language [83]. 

Archface Academic 

Archface is an ADL and also a 

programing interface and is based 

on components and connectors of 

the architecture [85]. 

DiaSpec Academic 
A lightweight ADL used in 

distributed systems [52]. 

ArchWare Industry 
Used for complex instrument 

control systems. 

Table 12: ADLs evaluation in practice (academic/industry) 

4.1.1 Overview of different ADLs Extracted from literature   

Data collected from systematic literature review it has been found that there are a total 
number of 102 different ADLs exist both in academia and industry. It has been found that 
most of the ADLs are evaluated in academia while less evaluation of ADLs has been reported 
in the industry. Table 13 presents an overview of different ADLs exist in academia and 
industry. Details of these different ADLs can be found in Table 12.  

Total number of ADLs both in academia and industry 

No. of ADLs in Academia  No. of ADLs in Industry  Total No. of ADLs evaluated 

in Academia and Industry 

69 33 102 

Table 13: Overview of ADLs in Academia and Industry 

For all of these different ADLs exist, there should be made some sort of categorization 
like which ADL developed for which specific purpose. By this way we can get a better idea 
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about the tendency of ADLs. That is in which direction the ADL community is heading.  This 
categorization will be shown in the next coming chapter: Discussion. Still these different 
ADLs in the Table 12 above need to be discussed so that the feelings of these strange looking 
names get over at least. 

In the following section a classification is provided based on the ADLs Academic / 
Industrial utilization. Further ADLs have also been sorted chronologically in order to show 
development. 

4.2 Classification of ADLs 
 

ADLs can broadly be classified based on its Academic / Industrial evaluation. 

4.2.1 ADLs utilized in Academia   
 

4.2.1.1 ADL occurrence period (1992 – 1999) 

Rapide supports event based behavioral specification and simulation of reactive 

architectures [22]. Rapide can be implemented in languages such as C++ or Ada. 

Π is an ADL which provide support for distributed and parallel software systems [39]. 

Weaves is an ADL which provide glue code for the purpose to compose different 
architectural elements [72]. 

C2SADEL is an ADL defined for other middleware called Regis [38]. 

Regis is an ADL which defines an architectural definition environment which is closely 
bound to an implementation environment; C2 and UniCon follow the same definition [38]. 
Regis also serves as a base for other different ADLs.  

OOADL is another ADL which is purely based on object oriented paradigm [89]. 

4.2.1.2 ADL occurrence period (2000 – 2007) 

Promela specifications are constructed from Wright specification [24]. Promela ought 
to be a subset of Wright. 

PEADL (Performance Evaluation Architecture Description Language) is an ADL same 
as the ADL called Wight, and is based on Stochastically Timed Process Algebra (ESPA) 
[48]. PEADL primarily used in large database application systems [48]. 

Wright is a pure design language used to define communication protocols and also 
checks the deadlock freedom properties [22]. 

JCMPL is an abstract language based on the triple-C pattern [22]. Triple-C stands for 
(components communicate through connectors). In triple-C pattern there are components in 
the implementation defined for every component in the architecture and the connectors. In 
triple-C pattern components can only communicate with each other if and only if they are 
connected in the architecture. All this communication is done with the help of connectors. 
JCMPL is similar to ArchJava and uses Java like grammar [22]. In the lab a toolset called  

JCMP also developed to assist the JCMPL language for designing the java system. 
Together the JCMPL language and the JCMP toolset help in applying the triple-C pattern in 
Java implementations [22]. 
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The phrase Architecture Description Language (ADL) is generally used for both 
software and hardware [25]. There exists software ADLs as well as hardware ADLs. 
Software ADLs represents the software architecture, components behavior and their 
interconnectivity while hardware ADLs represents the structure of the hardware components 
and their connectivity [25]. Now due to these diverse applications of ADLs, they can be 
categorized into: structural ADLs, behavioral ADLs and mixed ADLs [25]. 

Mixed ADLs represent both structure and behavior (e.g., LISA and EXPRESSION) 
[25]. 

Behavioral ADLs represent the behavior of the system architecture (e.g., nML and 
ISDL) [25]. 

Structural ADLs represent the structure of architecture components and their 
connectivity (e.g., MIMOLA) [25]. 

Mae is an architectural evolution environment used to specify architecture in a 
traditional manner [29]. Mae combines features from both fields that is software architecture 
and configuration management and can be implemented in different ways. Mae inherits 
implementation mappings from Java classes and interfaces to relate architecture level 
elements [29]. Mae is built on top of xADL 2.0 and support extensibility which is inherited 
from xADL 2.0 [29]. There is another related family of ADL’s called Koala ADL exists. 
Koala designed especially for product family architectures [29]. Koala is very advanced 
provides many features like variability and optionality through property mechanism which is 
similar to Mae [29]. Koala and Mae are still different from each other. 

In early age of the architecture evolution an ADL called ISPS was introduced. ISPS is 
primarily used for simulation and evaluation [77].  

ABC/ADL is an extension of ABC (Architecture-Based Component Composition), 
support component composition also provide refinement and creation of software system 
[44]. ABC/ADL uses XML for extensibility [44]. 

xSADL4PE is an ADL which helps the designer in software architecture and provide 
both quality and quantity of the design [42]. xSADL4PE is used to evaluate the performance 
of software systems and represents functional and non-functional properties of a software 
architecture [42]. xSADL4PE integrates Performance Evaluation Process Algebra (PERA) to 
achieve all these things [42]. 

SADL formalize architectures in terms of theories also describes a number of flexible 
refinement patterns [22]. SADL is also a design language. 

¼-ADL and PiLar are two ADLs used for dynamic and mobile architecture description 
[32]. DAOP is an aspect oriented architecture described language used to identify the 
structure of a system in terms of components and aspects [32]. EAST is used in embedded 
control systems and provides an integration model for development [32]. 

4.2.1.3 ADL occurrence period (2008 – 2013) 

xADL is an extensible architecture language based on XML schemas [23]. xADL share 
some features of an ACT of instance both provides a mechanism to create domain specific 
modelling language [23]. For xADL the metalanguage is the XML.  

The Cadena Architecture Language with Metamodeling called (CALM) is also another ACT 
implemented by the Cadena MDE environment [23]. Like xADL, CALM also adopts many 
features of an ACT. CALM’s metatypes simplifies the construction of metamodels [23]. 
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Arcade is an extensible framework for dependability evaluation defines set of 
interacting components with different properties [33]. Arcade helps to minimize the 
modelling efforts, extensibility and provides high expressivity [33]. Arcade is similar to 
architecture design language thus Arcade models can be used to specify the dependability 
aspects of AADL, although both (Arcade and AADL) are quite different [33]. 

EXPDL stands for Exception Description Language and is an extension to the 
Architecture Description Language (ADL) which is called EXPRESSION [35]. EXPDL 
captures the external interrupt behavior of the microprocessor [35]. Special verification cases 
are generated which includes both hardware and software modules, EXPDL used to verify 
these special verification cases.  

DUALLY is a framework used to provide interoperability among different ADLs and 
the UML as well   [51]. DUALLY is based on model transformation techniques and is 
implemented as eclipse plugin [51]. 

DiaSpec is a lightweight ADL used to describe entities of a distributed system [52]. 

ByADL used to develop next generation ADLs [62]. ByADL avoid the use of model 
driven techniques which help software architect to start from an existing ADL and to own 
new generation of ADLs with lots of other functionalities [62].  

 -ADL is based on higher order typed  - calculus, used for dynamic architecture 
description [32].  -ADL shows the composition between components and connectors and 
support software architecture description [32]. ArchiMate used in business domain [32]. 

REAL is a very useful Architecture Description Language based on reliability 
evaluation for distributed computing systems [34]. REAL defines the software architecture 
for distributed computing systems and thus evaluate the reliability of the given architecture 
[34]. REAL makes extensive use of XML and also include three most basic elements of the 
software architecture: components, connectors and configurations [34]. The use of XML 
inside REAL has resulted in a great number of open source components which clearly 
facilitates it [34].  

MontiArc is a textual ADL used in distributed architectures for information flow and 
their message based asynchronous communication [28]. MontiArc is particularly integrated 
with delta modelling. Delta modelling is defined as “a language independent variability 
modelling approach supports reactive, proactive and extractive product line development” 
[28]. MontiArc, when integrated with delta modelling becomes Delta-MontiArc. Dalta-
MontiArc is then defined as “a language for explicit modelling of architectural variability 
based on delta modelling [28]. 

AspectualACME is an ADL which extends ACME to provide aspect orientation by 
including aspectual connector and quantification mechanisms [40]. PL-AspectualACME is 
then an extension of the AspectualACME which provides some semantics to elements of 
ADL and also identify news architectural styles to SPL [40]. 

ACME is an ADL used for high level architectural specification [24]. One of the 
special qualities of an ACME is that, it contains constructs which used to embed 
specifications written in many different existing ADLs [24]. ACME is both flexible and 
extensible. There is a built-in support in Wright tools for ACME ADL. ACME supports 
ACMEStudio, which is an architectural specification tool [24]. ACMEStudio supports 
graphical construction and manipulation of software architecture [24].  
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CommUnity is an ADL used to compose the specification for components. DynaComm 
is an extension of CommUnity ADL. 

SysML is a very recent ADL like AADL and ArchiMate which include many new 
model kinds and viewpoints [46]. 

 

4.2.2 ADLs utilized in Industry 

4.2.2.1 ADL occurrence period (1992 – 1999) 

UniCon connect different components implemented in different languages [22]. 

C2 also connects components implemented in other languages by providing runtime 
libraries in C++ and Java [22]. 

Π is an ADL which provide support for distributed and parallel software systems [39]. 

4.2.2.2 ADL occurrence period (2000 – 2007) 

Darwin is designed for distributed architectures and supports dynamic changes [22]. 

AcmeStudio is a tool suite based on Acme ADL [50]. AcmeStudio is particularly good 
for analysing the relationship between the architectural specification and architectural styles 
[50].  

AADL stands for Architecture Analysis and Design Language. AADL is an ADL use to 
design software architectures for embedded systems [26]. AADL is typically applied to 
provide the structure of the execution for the system. 

MetaH is an ADL specifically designed to evaluate the software architecture of 
avionics and flight control systems [31]. MetaH has been successfully applied in the industry. 
As part of a project involving MetaH, another ADL has been supported for standardization 
called Avionics Architectural language (AADL) [31]. 

ÆMILIA is an ADL used for compositional, graphical and hierarchical modelling of 
software architectures [27]. ÆMILIA is based on Stochastic Process Algebras (SPAs). 
Compared to classical process algebra, Stochastic Process Algebras (SPAs) provides 
composability which makes it suitable for architectural language like ÆMILIA to be both 
integrated and work with [27]. ÆMILIA also helps to find any mismatches in the 
architectural structure of the software systems [27]. 

ÆMILIA is an ADL which primarily defines certain performance parameters to analyze 
software architecture’s performance and also provide facility for functional analysis [36]. 

ArchJava perform unification of the architecture and its implementation in one 
language also enforces communication integrity [22]. Moreover ArchJava provides 
traceability between architecture and code [22]. 

Adaptive ADL is an extended form of Darwin. In self-adaptive systems where the 
behavior of the system changes dynamically at run time, Adaptive ADL is a suitable choice 
here. 

ArchC is another promising ADL used to model features of processor and memory sub-
system [30]. ArchC can also provide a model to map software application and simulation 
which helps the designer to evaluate systems efficiency [30]. 
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FuseJ is an ADL used to unify aspects and components which is the composition of 
web services [37]. In the beginning FuseJ was not developed for web services in mind, but 
later due to the properties of FuseJ which made it very suitable choice for web services [37]. 
Just to give one example, FuseJ provide decentralized and dynamic connections which fulfil 
the need of web services [37]. 

UML 2.0 is a second-generation ADL [45]. UML which is considered as the first-
generation ADL has greatly influenced the field of architecture especially ADLs which are 
eclipsed by UML [45].  

COOL is an ADL used to differentiate between flat and hierarchical software elements 
[80]. COOL’s specification is based on hypergraph structure [80]. 

MiADL is a description language specially defined for processor modelling [47]. 
MiADL uses an expressive and natural description and obtain the compact description of the 
instruction-set [47].  

Object-Oriented Petri nets Architecture Description Language (OPNADL) is an ADL 
[102]. Software architecture has been conveniently constructed with OPNADL in industry 
[102]. 

4.2.2.3 ADL occurrence period (2008 – 2013) 

NanoADL is an ADL which describe application architecture from both functional and 
non-functional behavior aspects, utilize components for business logic and uses aspect-
oriented modelling techniques to model device-specific features [41]. 

Wright# is an ADL inherited from the existing ADL called Wright with its own 
addition of new features [43]. Wright# is a complete and precise ADL compare with other 
many different ADLs, support architecture style configuration and able to specify both static 
and dynamic system behavior [43]. 

4.2.3 ADLs development period 

ADLs development process has been emerged over time. An increase in number of 
different ADLs has been observed over time. The following figure 2 shows ADLs 
development over different periods. There is a slow development observed in the beginning, 
while a rapid increase in development has been observed during the late nineties. The year 
2000 and onward until 2007, a dramatic increase has been seen in ADLs development, and 
that is the period where a considerable amount of industrial evaluation of ADLs has been 
noticed. After this considerable and most noticeable era a slow decline has been observed.    
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Figure 2: ADLs Occurrence 

4.3 Benefits and drawbacks of ADLs in practice 

Many Architecture Description Languages (ADLs) have been proposed and developed 
in the last 20 years, each with a different set of rules which targeted different fields, yet with 
one common aim, to specify software architecture. As ADLs are tested and applied in 
different fields, the benefits they provide are both implicit and explicit. On the other hand, the 
dilemma ADLs is facing that is because of the drawbacks behind. A huge list of different 
ADLs presented in the earlier section advocates ADLs diverse implementations. Therefore 
each benefit/drawback that ADLs bring to us mostly concern with that particular ADL. So 
here it will be better to describe the benefits/drawbacks of ADLs in a textual (story manner) 
rather to make a tabulated list. 

Both benefits and drawbacks are discussed as followed: 

4.3.1 Benefits of ADLs 

ADLs are used to describe the processor’s structure, and that makes it practical to 
change the Instruction Set Architecture (ISA), the resulting benefits it provides are the 
flexibility and to allow the designers to explore the design space in a simple and uniform 
manner [53]. ArchC is an example here which is used for processor description and provides 
high level of abstraction. ADLs are also used to experiment with many different processors 
on different platforms and eventually these different platforms can be interconnected [53]. 

ADLs are used in embedded real-time systems (ERTS) and provide correctness, which 
is highly required in these fields. Like ERTS, there are other time bound systems for example 
patient monitoring systems, air traffic control systems and C

3
I systems which uses time 

constrained input/output signals [54]. In all these systems correctness is critical. Distributed 
real-time system software architecture description language (DRTSADL) is used for such 
systems. DRTSADL provides the correctness by describing the behavior of ERTS.  
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ADLs are used in business process and used to test and verify different business 
process techniques. With the use of an ADL web service composition has been done in 
practice. ADL used to model and analyze software architectures and improve software 
quality and correctness [55]. To provide this ease in business process and get all other extra 
benefits Wright ADL is used here. Wright provides simplicity in the business process from 
simple interconnection mechanism like procedure call to more complicate interaction like 
client-server protocol and database access protocol [55]. 

ADLs are also used to reduce the trade off in speed of Microarchitectural simulators. 
Microarchitectural simulators are complex parts of software and it require significant amount 
of time to develop them, and also this process takes large amount of time which is available 
for architectural exploration [56]. With the help of ADLs single-specification principle are 
introduced in Microarchitectural simulators which reduce simulator development time, 
increases simulator speed, and also increase the processor design space [56]. ADLs such as 
MIMOLA and RADL allow description of Microarchitecture [56].  

ADLs provide models for crosscutting relationships, describes complex interaction 
between structures, define architecture pointcuts and hence provide coordination mechanism 
in architectures and help developers to understand the final design of the system [57]. AC2-
ADL is an aspect oriented design method and used for this purpose, moreover this method 
also improve the understandability, maintainability and reusability of software architecture 
[57].  

ADLs are considered effective and reliable in the satellite control software. The real 
time UML has already been implemented successfully. ADLs are very efficient to use in the 
design of a complex systems. One example is the ArchWare ADL, which has been applied in 
(intelligent instrument design with ArchWare ADL) a project based at CERN in Switzerland 
[58]. Instrument control domain creating software is such a complex system that very few 
specialists have the inside high level knowledge of both the instrument control and software 
development; in this case a clear solution was the ArchWare ADL [58]. 

ADLs support annotations which help to specify properties for analysis and validation 
of quality attributes, also architects are now capable to perform strong reliability analysis 
with the help of ADLs [59].  

As Architectural patterns are very crucial and act as a base for the entire software 
system. Architectural patters are mainly composed of architectural style. Most of the ADLs 
support the architectural styles, which help in representing the architectural pattern solution 
and improve the pattern reuse level [60]. ACME, Armani, ArchWare and Wright are some of 
the ADLs which support architectural styles. While talking about architectural patterns which 
are the most crucial elements in software development then UML plays a vital role here by 
offering the famous class diagrams. 

ADLs are applied successfully in industry domain especially in software intensive 
systems like automotive, EAST-ADL2 is one such ADL [61].  ADLs provide the benefits of 
KOALA’s variation management [61]. 

As we see a large number of ADLs have been developed in the last two decades, which 
are applied in industry and we got evident successful reports as well. The field of software 
architecture has been accepted and software architecture has moved far beyond the traditional 
perception which was just a set of constituting elements [62]. Based on this long development 
research on ADLs, future next generation ADLs approaches have been come in front [62]. 
These approaches are the main benefits being emerged as a result of the evaluation in the 
field of architecture. They are specifically called emergent requirements of future (next 
generation ADLs) [62]: Domain specific concerns, Multiple views, Analysis features, 
Interoperability with other ADLs, Promote architecture-centric development and Tool 
support [62]. It is suggested that ADLs must be extensible [62].  
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Extensibility is a key property of a language to adopt different systems. Very recently a 
new ADL has been introduced in academia called DUALLY. DUALLY primarily offers 
extensibility. DUALLY basically merges UML 2.0 and ADLs with the help of UML notations 
because UML is the de-facto standard in the software systems and also UML is trusted in the 
industry [63]. Now with an introduction of DUALLY, ADLs can easily be integrated with the 
industrial lifecycle also different kinds of analysis can be constructed with an ADL [63]. 
DUALLY provides these benefits.  

Research in the field of Software Architecture suggests that better software systems can 
be built if ADL is used to model the main components of the systems [64].  To model a large 
system require a huge amount of money and time, ADLs play a vital role in reducing this cast 
and time. ADLs handle and impose Design constraints in a software system, especially in 
database management systems.  

ADLs are used to provide dynamic linkage of the architectural constraints with the 
components building [65]. JCMPL ADL provides this benefit in practice.  

ADLs are used to provide Architecture Conformance. Architecture conformance can be 
achieved using the three criteria: Decomposition, Interface Conformance and Communication 
Integrity [65]. ADLs also support composite adaptation. 

ADLs provide a control and well defined information structure, where reducing the 
complexity of the embedded systems [66]. EAST-ADL used to do this job. 

Most ADLs describe static and dynamic system’s behavior also supports architecture 
style configuration and reuse [43]. Wright# is such an ADL. Wrigth# also supports 
simulation and verification of software architecture models [43]. Wright ADL is practically 
applied in a new field called PCE (Pervasive Computing Environment). PCE is the next 
generation computing environment where computing and communication services are 
integrated, which can be accessed anytime anywhere in spite of their location [67]. PCE has 
many its own benefits. 

One of the benefits of ADLs is that, it not only describe complex systems but also 
describe heterogeneous and multi-granularity architectures [68]. Heterogeneous architecture 
consists of different instruction set with all having a common single memory. RADL is such 
an ADL. 

ABC/ADL is an ADL which provide architecture refinement, helps in the creation of 
software systems, support automatic composition and verification [69]. 

On top of all ADLs help to elaborate and explore the models from the initial basic research 
phase, which focuses on the system structures in software systems [70]. Organizations have 
practically exercised these descriptions. ADLs identify specific and concern details of various 
parts of the architecture. ADLs also reduce the modelling effort that is required when we 
develop a large scale system. 

At times when object orientation was emerging, ADLs were presented as an alternative 
choice mainly because ADLs provide abstraction. 

A specialized ADL have more benefits over the general modelling language UML, also 
simple ADL yield useful results [71]. In practice it is observed that once the abstractions are 
clearly defined then ADL is very helpful and people have little difficulty of representing their 
models in it [71].  

In financial service industry simple custom ADLs have been utilized and proved to be 
helpful for capturing the architecture description. For large systems, ADLs provides 
branching also called subtyping which is more useful than the traditional programming 
languages. According to Medvidovic, “subtyping adopted by ADLs is richer than that 
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provided typically by programming languages, it includes constraints on both syntactic and 
semantic” [29].   

Together with all these above individual and collective benefits, ADLs also provide 
three most important properties in practice: Usability, Scalability and Applicability. These 
properties have been successfully evaluated in the real world using the ADL called Mae. In 
addition, most ADLs are evolvable too where components can be replaced to satisfy new 
emerging requirements [72] DRADEL ADL is an example. 

As we have seen a huge list of ADLs exist (some proposed in academia others 
implemented in industry). Consequently the benefits that different ADLs provide are much 
more and the most important ones as discussed were found in literature. 

4.3.2 Drawbacks of ADLs 

The dilemma is that not so many ADLs have been evaluated in the industry, although 
they are so many in numbers. The problem is that, there exists no one single standard that all 
the ADLs should follow. “A proliferation of languages exists, each one with its own specific 
notation, tools and domain specificity” [73]. Because we have so many different ADLs exist, 
the drawbacks ADLs have are different and depends on the type of ADL being used.  

ADLs that have been proposed and especially those ADLs which are evaluated in 
industry like (Wright, ArchWare ADL, EAST-ADL2 etc.) are so specific and different form 
each other; that it is almost impossible to provide interoperability among them. The software 
architect has no choice but to create his/her own customize tools while doing modelling for 
certain system. “There is very limited interoperability possibilities among tools and notations 
of ADLs exist in practice” [73]. As an example, ACME ADL which is developed and used in 
practice primarily to handle architectural data interchange. ACME has failed to achieve this 
goal properly for many reasons, one mainly because ACME require us to write explicit end-
to-end transformations among each pair of ADLs [73]. 

Some ADLs have lost motivation and completely changed or remodelled its 
mechanism. For example AADL which is also an extension itself, have been developed 
initially to focus on avionics but later changed to represent embedded real-time systems [73]. 
So apart from an extension itself which indicate the limitation of an ADL, AADL continued 
to change its mechanism. Although AADL have been evaluated in industry but unfortunately 
did not provide automatic support for extensibility [73].  

One other example is the xADL which is also almost the same stereotype as AADL. So 
both AADL and xADL are considered to be two specific ADLs which can be complemented 
by description technologies to carry out very limited specific goals or provide some 
assistance.   

ADLs also restrict the freedom of design for an architect. For example ADL tools as 
also used in the processor design provide a specific underlying architecture for processor and 
that’s why limiting the design freedom for other novel processor architectures [74]. 

Integration is also a problem facing by the ADLs. Some ADLs have lack of integration 
support. For example CommUnity ADL is lacking the property of integration to support the 
system’s structure evolution at run time [75]. 

Some ADLs permit only specification of the structure of the system. Darwin is an ADL 
language which only allows specifications of the structure of a system while the interface 
behavior and other functionalities need to be described outside of Darwin [76] which is a 
problem and yield further more problems. By allowing only system’s specifications, 
concurrency cannot be maintained because concurrency is not fully shown within 
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specifications [76]. Darwin also does not care for resource utilization. Darwin also does not 
handle distributed environment or simple data resided on multiple computers. 

The ADLs are not being so rewarded in the industry that’s because ADLs are mostly 
too descriptive and offer little graphical overview of the architecture. This is just one reason 
for people who find it difficult to learn and apply an ADL in practice. ASDL is an example 
which does not provide any graphical structure for architecture and it is almost impossible to 
see how different parts of the system fit together [76]. ASDL also does not handle periodic or 
temporal tasks; also there is no mechanism provided to handle synchronization [76]. When 
we look into the practical implementations of an ASDL that is in the satellite test system, 
here the main problem get arise, the flexibility. This makes ASDL so difficult to understand 
and all its specifications [76]. On the other side some ADLs look quite easy to learn and 
understand but it is very difficult to implement. 

As we know that most of the ADLs developed so far do not provide description for 
system’s bahavior, features, components and their interactions. This is resulting in the 
software architecture design difficult to understand evolve and reuse [57]. UML provides 
comparatively high graphical support, advance object oriented support, features and also 
depicts system’s behavior; unfortunately there is very little agreement on UML considered 
being a mainstream ADL.  

There are a number of different ADLs still with too little attention. One potential 
drawback is the mismatch between the architect’s way of work and the facilities provide by 
ADLs [58]. For example architects use multiple views of the system, need to model different 
system structures, while ADLs mostly allow single view of the system and provide modelling 
facility only for components and connectors [58]. This lack of coordination between the 
architect’s work and the facilities provide by an ADL leads to one other similar problem. 
That similar problem is the incompatibility between the creator of an ADL and the user of 
that particular ADL, which are the expectations and assumptions respectively [58]. An 
architect develop the architecture model for communication and documentation process while 
the user assume that the architecture analyse the model [58]. ADLs may although provide 
better semantic definitions but mostly are ignored because of poor tool support and usability 
problems [58]. 

Most of the ADLs provide very restrictive models which are imposed on the architects 
to be used and in most cases a particular model is not even appropriate [58]. Most ADLs also 
don’t provide domain specialization therefore don’t facilitate the domain [58].“Even a 
specialized ADL can have benefits over the general modelling language like UML” [71].  

Beside the lack of good tools support within the ADLs, the lack of direct linking of 
ADLs to technology is also one of the big reasons of why we see lesser industrial use of 
ADLs [58].  

Even in next generation ADLs which includes DUALLY, a very recently developed 
ADL. The problem DUALLY faces is that there is no proof of the operators used in 
extendibility from an existing ADL are enough [62]. Apart from that in next generation 
ADLs the graphical editor is still in the research phase which can’t solve any problem 
automatically that may arise [62]. 

Most of the ADLs are lacking with graphical notations, range of graphical dimensions, 
some basic shapes with refinements, general concepts and sub-concepts which help people 
while interpreting the diagrams [71]. That’s why it is said that ADLs are not for those who 
don’t understand modelling [71]. This short information is crucial as the user gets a quick 
idea of which diagram or which particular segment is all about. There is an ADL called Koala 
which unfortunately doesn’t provide versioning information within its representation [29]. 
Koala also doesn’t provide any method for capturing subtypes, bahavior and constraints [29].  
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An ADL called COOL which is based on architectural refactoring and also applied in 
industry, but a big problem is that its specifications are applied manually [80]. 

UML as we see some researcher don’t even of think as an ADL. UML still has got lots 
of attention in the industry. There are a number of successful implementations available. 
UML still has weaker points which make it less popular too. UML heavily rely on OCL 
(Object Constraint Language), which may block it from its wide adaptation [13]. OCL is used 
to model elements, attributes, relationships and define different operations [13]. OCL is part 
of the standard UML definition and UML tools don’t support it which is a serious drawback 
[13].  This also shows once again that ADLs in general have little tool support, another big 
reason why ADLs are not evaluated in industry in great number.  

One other big problem is that there is not exists a clear line between ADLs and non-
ADLs [77]. There are also problems exist concerning ADLs support for different other 
systems. For example most of the ADLs do not explicitly support formal description of non-
functional characteristics of component based systems [86]. 

4.3.3 Overview of Benefits and Drawbacks of ADLs Extracted from literature  

 Data extracted from literature revealed different benefits and drawbacks of using 
ADLs in practice. Beside those common benefits that ADLs provide in general, each of the 
ADL separately provide a unique set of benefits as well. In the same manner common 
drawbacks and those associated with each particular ADL have also been reported. Benefits 
and drawbacks are depicted in one single table to show the comparison and also to highlight 
that ADLs have more benefits to offer than drawbacks. Details of such benefits and 
drawbacks can be found in Section 4.2. Table 14 presents an overview of the benefits and 
drawbacks of ADLs.   

Benefits and Drawbacks of ADLs 

Benefits of ADLs  Drawbacks of ADLs 

ADLs provide Flexibility [53]. Limited Operability [73]. 

ADLs provide high level abstraction [53]. Lack of Automatic Extensibility [73]. 

ADLs provide Testing and Verification 

ability [48]. 

Limits the Design Freedom [74]. 

ADLs provide Simplicity [55]. Problem with Concurrency Control [76]. 

ADLs improve Software Quality [55]. Poor Resource Utilization [76]. 

ADLs are used to reduce Trade Off in 

Microarchitecture Simulators [56]. 

Little Graphical overview of the system [76]. 

ADLs provide better performance and 

increase Processor’s Design Space [36] [42] 

[81]. 

ADLs syntax is difficult to understand [3]. 

ADLs provide Efficiency and Reliability in 

Satellite Control Systems [58]. 

Most ADLs allow Single view of the system 

which is difficult for an Architect to follow 

[17] [58]. 

ADLs provide Reliability Analysis [59]. Little Compatibility [58].  

ADLs support Architectural Styles and 

improve Architecture Pattern Reuse [60]. 

Most ADLs provide Poor Tool Support [58]. 
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ADLs provide Variation Management [61]. Little Integration Support [75]. 

ADLs support Multiple Views, Analysis 

Features, Interoperability with other ADLs 

and Tool support [62]. 

Limited Dynamic System Behavior Handling 

[43]. 

ADLs provide Extensibility [63]. ADLs are Too Descriptive [76]. 

ADLs reduce Cost and Time [34] [59]. ADLs do not Handle Periodic Tasks [76]. 

ADLs provide Dynamic Linkage of 

Architectural Constraints [65]. 

ADLs do not Handle Synchronization 

Mechanism [76]. 

ADLs provide Architectural Conformance 

[65]. 

Lack of Coordination between Architect and 

an ADL [58]. 

ADLs provide Control and Well defined 

Information Structure [66]. 

Usability Problem [58]. 

ADLs describe both Static and Dynamic 

System’s Behavior [43]. 

ADLs Models are very Restrictive [58]. 

ADLs describe Heterogeneous Architectures 

and support Multi-granularity [68]. 

No clear Line between an ADL and Non-

ADL [77]. 

ADLs provide Architecture Refinement [69]. 
 

ADLs reduce Modeling Effort [33] [71]. 

ADLs support Branching or Subtyping useful 

in Financial Service Industry [29]. 

ADLs provide Usability, Scalability and 

Applicability [3] [72]. 

Table 14: Overview of Benefits and Drawback of ADLs  

4.4 Quality factors of ADL in practice 

Quality factors have a huge impact on the architecture of the system. Quality factors are 
as critical as the system’s own core abstractions are critical for the architecture of the system. 
One way or the other ADLs motive is to provide good quality factors. ADLs allow us to 
model and analyze software architectures which mean to improve software quality and 
correctness [55]. The quality factors which are also called the 10 groups of software quality 
factors are: Flexibility and Extensibility, Maintainability and Readability, Performance and 
Efficiency, Scalability, Availability, Robustness, Fault Tolerance and Reliability, Usability 
(and reusability) and Accessibility, Platform Compatibility and Portability, Testability and 
Managability, Security, Functionality and Correctness.  

In the light of literature review now let’s see those quality factors which are improved 
by using ADL in practice.   

ADLs are primarily used to model and describe the software architecture; they also 
improve those artefacts which are used for communication among the designers, developers 
and stakeholders [59]. ADLs not only improve quality factors but also provide support to 
facilitate quality factors. For example ADLs like Acme, Wright and AADL all are providing 
support and define properties for analysis and validation of quality attributes [59].  
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ADLs provide one of the key quality factors called Reliability which is used to 
determine the quality of software [59]. Reliability is one of the most important quality factors 
which can be improved by using ADLs in practice [34]. In literature Reliability can be seen 
most prominently when distributed computing systems are developed. In order to gain high 
reliability factor together with low cost in distributed computing systems an ADL called 
REAL is used [34]. For the purpose to evaluation Reliability of architecture a tool called 
REAL Editor is provided in practice [34]. Furthermore Cheung’s [34] Reliability Model for 
component based software architecture is also developed which incomes the Reliability of 
each component into consideration [34]. 

According to surveys, architecture produced with an ADL called Acme is not only 
reliable but also provide fault-tolerance and validation [59]. For this purpose ADLs provide a 
mathematical model, which helps the architects to perform strong reliability analysis [59]. By 
applying this mathematical model which is generated automatically from an ADL reduces 
cost, saves time of architects and provides correctness, accuracy and an error-free formal 
model [59]. 

Another quality factor called extensibility which is a key property of an ADL to adopt 
different kinds of systems. There are a number of ADL which provide extensibility 
properties. ADL called Mae which is extended from xADL 2.0 and evaluated in industry 
support extensibility [29]. 

Arcade is another ADL which provide extensibility in form of an extensible framework 
[33]. Arcade is used to specify the dependability property of the AADL which is evaluated in 
industry [33].  

Extensibility can also be improved by those ADLs which specifically use XML like 
ABC/ADL and SOADL. ABC/ADL specifically uses XML to provide extensibility [44]. A 
new born ADL called DUALLY primarily developed to provide extensibility. 

Modelling software architectures with ADLs is an independent process regardless of 
the tool support ADLs provides. That’s why most of the ADLs are accompanying with 
certain tool support which makes ADLs both usable and useful [3]. As we know ADLs 
provide extensibility and modifiability [3], consequently ADLs provide the usability 
(reusability) quality factors.  As ADLs model abstract components as types, then instantiate 
them multiple times which is clearly facilitating reusability [3]. 

Flexibility is another very important quality factor which is supplied by certain ADLs. 
In order to provide flexibility quality factor an ADL need to support connector interface. 
Connector interface acts like a bridge between components which provide main connectivity 
and their communication in an architecture. ADLs for example, Wright, Aesop, ACME and 
UniCon support component interface. [3].This means these ADLs specifically provide 
flexibility [3].  

Further Aesop is also evaluated in industry. Unicon, ACME, Wright, SADL and C2 all 
provide explicit configurations and that is why facilitate understandability [3]. 
Understandability can also be facilitated when ADLs provide graphical notations. Unicon, 
MetaH, Aesop, C2, Rapide and Darwin specifically provide graphical notations [3].  

Refinement and Traceability are the two important characteristics that should be 
defined for architecture so that to reduce the chances of an error also to improve fault-
tolerance. SADL and Rapide are the two ADLs which provide both refinement and 
traceability [3]. 

Ideally, the Scalability quality factor is at the core for all the ADLs. As architecture 
must provide support for large scale systems [3]. There are ways to provide scalability, 
hierarchical composition is one of them also it gets easier for the expansion of architecture 
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which is described with explicit configuration [3]. C2 supports different number of 
components which can be attached to a connector, thereby providing scalability [3].  

UML-RT (UML for Real Time) provides software performance analysis and 
systematically evaluates performance predictions in a step wise manner using a methodology 
called MOSES [79]. In the same way AADL defines both data transmission reliability and 
communication overhead which quality criteria and purely based on mathematical analysis 
[79]. 

Most of the early ADLs provide interoperability, heterogeneity and support 
composition and reusability [62]. Interoperability means that ADLs provide compatibility. 
With the emergence of future next generation ADLs the need for extensibility is much higher. 
That’s why multiple views became the new emergent requirements for the future next 
generation ADLs. As multiple views meant to keep the software architecture manageable 
[62], thereby providing manageability.  

In the same manner future ADLs supposed to provide interoperability to satisfy 
stakeholders needs [62]. Moreover DUALLY mainly provide interoperability in practice [62]. 
Together with interoperability and extensibility, BYADL also supports multiple views and 
provide consistency property [62]. 

ADL improves quality factor called maintainability. Software evolves without adding 
any new behavior only restructures software design, this process is called refactoring which is 
an important part of both software development and maintenance [80]. COOL ADL provides 
refactoring by differentiating between flat and hierarchical software elements thereby 
improving maintainability [80]. Consequently ADLs takes care of the quality factor called 
evolvability as well. 

ADLs are proved to be very effective while utilized in embedded systems [81]. The 
EXPRESSION ADL has been found very effective in the design of space exploration of 
embedded processors [81].  

ADLs are used to provide the both concurrency and accessibility quality factors. 
FractalADL is used for this purpose. In FractalADL the interface works to provide the 
accessibility quality property while for concurrency FractalADL provide different code styles 
at the architecture level [82].  

ADLs also are used to provide security, authenticity, replication, error handling, 
modularity and consistency in the form of functional and non-functional system’s 
requirements [83]. Beside distribution and composition properties provided by AO-ADL it 
also provides all these mentioned properties. 

Aspect oriented ADL like AspectLEDA provide correctness quality property [84]. 
AspectLEDA not only provide correctness but also provide a method for checking as well 
[84]. 

Archface is an ADL which support software evolution and that’s why provide the 
traceability quality factor [85]. This traceability is bidirectional where Archface works like a 
protocol between architecture design and implementation [85].  

4.4.1 Overview of Quality Factors Extracted from Literature  

Data gathered from literature revealed different quality factors that are improved by 
using ADLs in practice. While looking for quality factors, the popular software quality 
factors which are also called 10 groups of software quality factors have been kept in mind. It 
has been found that ADLs contributes in improving these quality factors. Quality factors have 
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been put together in a table to show a relevant group. These quality factors are depicted in 
Table 15. Details of these quality factors can be found in Section 4.3.  

 

Group of Quality Factors Improved by ADLs 

Flexibility [3] [24] Extensibility [29] [63] 

Maintainability [57] [80] Readability [3] 

Performance [79] [93] Efficiency [30] 

Scalability [3] [24]  

Availability [24] 

Robustness [24] 

Fault Tolerance Reliability [34] [59] 

Usability (and reusability) [3] [62] Accessibility [82] 

Platform Compatibility [18] [19] Portability [41] 

Testability [90] Managability [62] 

Security [83]  

Functionality [83] Correctness [54] [55] [84] 

Table 15: Overview of Quality Factors improved by ADLs 

4.5 Methods for building architectures with ADLs 

So far it has been observed in literature that a large number of different ADLs evaluated 
both in industry and academia served their purpose mainly according to a specific situation. 
There may be a lack of common understanding about ADLs still they exist and some of them 
are operational. As ADLs have a main purpose that is to describe the architecture of a system. 
An ADL needs to have proper methodology in order to build the architecture. Those methods 
need to be highlighted which serves as a base for ADLs. 

ADLs particularly mixed structural/behavioral ADLs are adopted heavily in practice by 
the embedded systems. For example LISA, LISA 2.0 and nML ADLs which are used in 
building architectures for embedded systems. Embedded systems uses very much of the 
application specific instruction set processors (ASIP) tools as building blocks [88]. LISA 2.0 
has been reported as fully integrated into the ASIP tools in industry [88]. LISA 2.0 uses 
automatically generated efficient ASIP software development tools to build architecture [88]. 
This ADL driven approach integrated with ASIP has been found very efficient in practice 
[88]. 

Normal components are different from the ones defined in the architecture because for 
architectural components the implementation must conform to its architecture and this is 
called architectural conformance [65].  This makes components dependable and bound to the 
architecture while independent components which are developed individually are dependent 
of each other. In order to solve this problem ADLs provide certain methods especially to 
allow architectural conformance which is “Methods for keeping architectural conformance” 
[65]. This approach is implemented by a three criteria defined by Luckham and Vera [65] 
which is Decomposition, Interface Conformance and Communication Integrity [65]. Using 
these criteria also a number of different ADLs have been developed which allow building 
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architectures [65]. One concrete example is the ADL called ArchJava [65]. In similar manner 
another ADL called JCMPL which uses JCMPL tools and supports Triple-C pattern is also 
used in building architectures [65].  Triple-C (components communicate through connectors) 
which support the same three criteria which keeps architectural conformance while also take 
care of the composite adaptation [65]. JCMPL uses the same Java like grammar which also 
used by ArchJava [65].  

Architectures are also built with another simple but very effective way of method that is 
called Knowledge based software architecture acquisition. Knowledge based software 
architecture a newly emerged concept for building architectures of large scale complex 
software systems [89]. In software life cycle, a huge amount of information are gathered by 
the specialists and then used in making the design of the system [89]. In the light of these 
collected information in knowledge based system, the requirement acquisition is carried out, 
followed by the requirement specification and then the architectural specification phase is 
done. For this purpose, lots of different models and techniques used by the knowledge based 
system [89]. Now on the bases of knowledge the user has and also gets from the information 
collected he/she need to decide which ADL to use [89]. After all information is gathered and 
an ADL is decided, the architecture is instantiated and then implemented [89].  

Embedded systems most of the time uses software for testing the safety critical systems 
which is not enough [90]. Formal methods for example model checking techniques are 
popular choices to test the embedded systems [90]. Model checking makes direct use of the 
binary code of the program with the help of hardware simulators [90]. Simulators are already 
implemented in a manual way using a model checker called [MC] SQUARE which was both 
complex and time consuming [90]. There is an easier and better structured way to synthesize 
simulators using an ADL called SGDL [90]. SGDL used to provide hardware description 
which is more structured and easy to use than manual full-fledged simulator [90]. The 
architecture described with SGDL has been successfully implemented into real 
microcontroller platform [90]. These synthesized simulators built with an ADL can also be 
used other than just model checking [90]. Software developers use synthesized simulators to 
debug their programs [90]. Synthesized simulator can also be integrated with model checkers 
tools [90].  

Embedded systems tend to provide high performance, in that case they need application 
specific architectures, and these architectures need to be programmed in high level languages 
also highly optimized retargetable compilers [91]. An ADL is used in this case to specify a 
complete architecture [91]. “As ADL has the capability that other tools such as assemblers, 
linkers, simulators and documentation can all be obtain from single specification” [91].  A 
single specification method is used for hardware synthesis, simulator generations, compilers 
and other such tools [91]. “But to generate code for compiler is difficult and also different as 
instruction specification has different requirements than code generators” [91]. For this 
purpose a proven tested method is used called tree pattern matching which is included in the 
architecture specification [91]. An ADL based on XML has been specifically developed here 
for highly optimized code generators [91]. With this method being employed, the architecture 
built is much more efficient and effective for example: ADL specification is less error prone, 
specification rules has been reduced to one fifth of the size, produced 3 percent smaller and 9 
percent faster machine code [91]. 

ADLs are also reportedly utilized in sense/compute/control (SCC) applications. “SCC 
applications interact with physical or computing environments” [92]. “SSC applications are 
applied in areas such as building automation, assisted living, robotics, ubiquitous computing 
and autonomic computing” [92]. An ADL called DiaSpec is used to specify the architecture 
in SSC applications [92]. Architecture language and tools together makes the architecture 
[92]. This is called tool based methodology which purely relies on architecture description 
[92]. 
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A new methodology based on UML has been implemented which produced an 
architecture. Methodology is implemented in GSP (global studio project), focuses on 
improving user experience [93]. This methodology extends model transformation capabilities 
of UML to performance modelling architecture framework to solve problem which cannot be 
solved by queuing network [93]. This Method/approach used to provide performance 
engineering support for evaluation of architecture [93]. 

ADLs are used to represent reference architecture [94]. Reference architecture is a 
special type of software architecture which provides understandability of specific domains, 
promotes reuse of design expertise, and also helps in development, standardization and 
evolution of software systems [94]. There are two popular methods used to evaluate software 
architectures, that is, ATAM (Architecture Tradeoff Analysis Method) and SAAM (Scenario-
Based Architecture Analysis Method) [94]. These two methods have been used to evaluate 
reference architecture [94]. 

 ADLs are also used to build architecture for adaptable, extensible, and introspectable 
autonomic managers [95]. These ADLs uses a specific adaptation method for building 
architecture [96]. Example of an ADL is Cilia [95]. 

ADLs are used in building domain specific development infrastructure (DSDI) [23]. 
DSDI is the combination of domain specific architecture, middleware platforms and analysis 
techniques which helps an architect to construct more effective systems [23]. DSDI is a new 
technology employed to systems because traditional model driven engineering (MDE) 
technology is lacking sufficient mechanisms for semantics of domain concepts [23]. A 
special methodology is used to provide integration between DSDI and MDE [23]. According 
to the methodology the abstract component technology (ACT) is also employed, which is 
accompanied by a metalevel framework that is an Xtensible Toolchain for Evaluation of 
architectural models (XTEAM) [23]. An ADL called xADL which is used in ACT and allows 
an architect to create domain specific architectural modeling languages is an example here 
[23]. 

ADLs are also applied in simulation software technology. For example a software 
platform called Open Simulation Architecture Project (OSA) which support empirical studies 
based on event simulations make use of the ADL [96]. An ADL called Fractal ADL has been 
extended to fulfil the needs of OSA [96]. Fractal ADL is especially used to contribute in the 
development of OSA user interface [96]. “For this purpose a range of methodologies 
involved called simulation methodologies: conceptual model specification; software model 
architecture description; software development; simulation scenarios configuration; 
instrumentation of simulation scenarios; experimental planning; configuration of 
computational resources; executional control; post-processing and analysis; validation and 
verification” [96].  

4.5.1 Overview of Methods used to build Architecture with ADLs Extracted from 

Literature  

On the basis of literature review different methods have been found which are used to 

build architecture with an ADL. Table 16 presents these methods. Details of such methods 

can be found in Section 4.4.  
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Methods of ADLs 

Automatically generated software development tools are used to build architecture with an 

ADL [88].  

Decomposition, Interface Conformance and Communication Integrity [65]. 

Knowledge Based Software Architecture Acquisition [89]. 

Simulators Synthesis and Model checking [90] [91]. 

Single Specification and Pattern Tree Matching [91]. 

Tool Based Methodology [92]. 

Adaptable Method [96]. 

Integration Methodology [23]. 

Simulation Methods [97]. 

Table 16: Overview of Methods used to build Architecture with ADLs 

 

4.6 Methods for architecture described with ADL in software development 
and maintenance 

Web service has been emerged as a new application model for distributed computing 
and thereby solving heterogeneous problems between different operating systems and 
application platforms in internet environment [97]. Web service composition process can be 
considered as software development process [97] due to its huge diverse applications and its 
development in network technology over the recent years. Web service composition process 
has been described using an ADL called XYZ/ADL [97]. There are a number of different 
compositional description methods but they are at early stages [97]. “XYZ/ADL specifies web 
service components and the connectors within web service compositional architecture” [97]. 
A temporal logic language called XYZ/E is provided to describe the software architecture 
and then a mapping technique from temporal logic language to timed-automata [97].  

Component based development (CBD) which is a software development method has 
been widely adopted by the industry [98]. CBD being a composition method requires heavy 
use of components and connectors. In order to handle components in an efficient way so that 
to save time and avoid complexity there is a method called connector’s handling method 
which works on the priority of component process is suggested [98]. An ADL called ACME 
which provides the connection facility between components and connectors [98]. Connector 
in this method is based on ACME [98]. ACME is an interchange language and provides 
architectural description [98]. ACME itself is made up of different other ADLs therefore it 
supports a variety of auxiliary information [98].  

Crosscutting concerns are crucial in software development process but most of the time 
they create complexities, and it becomes difficult for software architecture to produce an 
ultimate design [99]. Aspect oriented ADLs are used to model and analyze these concerns 
thereby improve software architecture [99]. Therefore Aspect oriented ADLs are used modify 
existing architectural modeling methods and provides a method to enhance conventional 
software architecture description languages through utilization of aspect features [99]. An 
ADL called xADL 2.0 is used for this purpose which not only improve software development 
process but also useful in software maintenance [99].  

There is another example exist where Aspect oriented software architecture design 
method is used in software development. For this purpose another aspect oriented software 
architecture description language called AC2-ADL is used [57]. AC2-ADL is used to 
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describe the same crosscutting concerns of the system [57]. Aspect oriented software 
architecture design method provide a new concept where an aspectual connector is used to 
abstract the complex interactions between structures [57]. It is stated that “an ADL is the 
foundation of architecture-centered software development” [57].  

Another methodology called Architecture genera Ted from RequIrements applying a 
Unified Methodology (ATRIUM) which uses Aspectual Oriented Software Development 
(AOSD) techniques to develop architecture [101]. ATRIUM provides traceability support, 
thereby guide software development and improve software maintenance [101]. An ADL 
called PRISMA is used here [101]. 

ALDs have also adopted object oriented methodology in software development and 
software maintenance. For this purpose ordinary Petri nets models have been integrated with 
object oriented methodology called Object-Oriented Petri nets (OPN), which improve 
software development and software maintenance [102]. OPN combine all the object oriented 
features such as encapsulation, inheritance and polymorphism [102]. Consequently a novel 
architecture description language called Object-Oriented Petri nets Architecture Description 
Language (OPNADL) is made [102]. Software architecture has been conveniently 
constructed with OPNADL in industry [102]. 

ADLs are also used to model concurrent systems [51]. Object Stochastic Activity 
Network (OSAN) is an ADL which is inherited from Petri nets used to model concurrent 
systems [51]. OSAN uses its own graphical notations, methods and tools for its evaluation in 
concurrent systems [51]. 

Reference architecture which is a special type of software architecture used to provide 

guidance and facilitate software development [94]. Two methods: Architecture Trade-off 

Analysis Method (ATAM) and Scenario Based Architecture Analysis Method (SAAM) are 

used to evaluate reference architecture [94]. There are ADLs such as AD-LARS,  -ADL and 

Wright which are used to represent reference architectures [94].  

 
4.6.1 Overview of Methods of ADLs used in Software Development and Software 
Maintenance Extracted from Literature  

Data collected from literature revealed different methods used to build architecture 
described with ADLs in software development and software maintenance. Table 17 presents 
these methods. Details of these methods can be found in Section 4.5. 

Methods of ADLs in Software Development and Software Maintenance 

Mapping Technique from Temporal Logic Language to Timed-Automata [98]. 

Connector Handling Method [99]. 

Architecture Modeling Methods [100]. 

Software Architecture Design Method [57]. 

Architecture genera Ted from RequIrements applying a Unified Methodology (ATRIUM) 

[102]. 

Object Oriented Methodology [103]. 

Object Stochastic Activity Network (OSAN) Methods [49]. 

Architecture Tradeoff Analysis Method (ATAM) [95]. 

Scenario Based Architecture Analysis Method (SAAM) [94]. 

Table 17: Overview of ADLs Methods used in Software Development and Software 

Maintenance   
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5 Discussion 
 

During the course of this research work it has been found that research conducted on 

the area of ADLs evaluation in practice is scarce. However, it has been observed that the 

number of publications over the last 7 years has been increased. The research study found 

was mostly in the form of experience reports and case studies. But in the recent years the 

number of publications has been declined. It is observed that the focus of the research is now 

on the industrial usage of ADLs. 

The main purpose of conducting this systematic literature review was to explore the 
academic and industrial evaluation of ADLs, and to explore the benefits and drawbacks of 
using ADLs in practice. Further to explore different quality factors improved by using ADLs. 
The systematic literature review was also intended to investigate different methods of how to 
build architectures with ADLs and to report ADLs methods in software development and 
software maintenance. 

So far considering architecture the UML has taken most of the attraction and people 
actually make good use of it. But still as discussed earlier the size and complexity of a 
software system is growing continuously and rapidly. So people want to make full use of the 
technology once they make an investment decision they want to have more control on a 
single click and that should be the discipline. Here UML has its own limitations. To cope 
with the situation obviously adaptation is not the only solution, UML together also need to 
provide extensibility and flexibility. As a result these functions have been provided in the 
background of object orientation like aggregation, association, composition, generalization 
and specialization. A very useful study in this context has been found worth mentioning the 
Jaiprakash T Lallchandani and R Mall’s article titled “Slicing UML Architectural Models” 
which proposes a technique for static and dynamic slicing of UML models [15]. This may not 
be the primary choice for this review but can indirectly support answering the research 
questions (especially before reviewing the work of Eoin Woods [16]. Eoin Woods in his 
study article titled “Architecture Description Languages and Information Systems Architects” 
has explained the practice of an ADL, why ADL is not widely adopted by practitioners and 
suggested some requirements that software architect would have for ADL to address the 
information system domain [16]. According to Eoin Woods the main reason why existing 
ADLs are not widely used for information system is because of the different demanding 
priorities of both the developers and the information systems architects [16]. The 
requirements Eoin Woods suggested for an architect are: Support for Multiple Views, Direct 
Domain Support, Strong Tool Support, Incremental Adoption and Reuse of Models [16].      

Many extensions of the same ADLs have been observed mainly because of the 
changing requirements and this is one of the main reasons of this proliferation of languages. 

One very great facility has been provided in one specific ADL and other contains very 
useful, very different and very crucial properties. For example ARMANI is a full-fledged 
ADL and is an extension ACME [38]. ARMANI focuses on defining the structural properties 
of architecture and also verifies the consistency of the architectural specification [38]. In 
ARMANI components and connectors are defined as ports and roles respectively, where 
ports shows an interaction while role identify participant in the interaction [38]. On the other 
side AspectualACME is an ADL which extends ACME to provide aspect orientation by 
including aspectual connector and quantification mechanisms [40]. PL-AspectualACME is 
then an extension of the AspectualACME which provides some semantics to elements of 
ADL and also identify news architectural styles to SPL [40]. The problem exist here most of 
the time is that one ADL tool does not support facilities provided by the other different ADL 
due to (lack of interoperability) also (lack of standards). For example ARMANI is the 

http://dl.acm.org/author_page.cfm?id=81351592078&coll=DL&dl=ACM&trk=0&cfid=240267821&cftoken=26642279
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extended version of Aesop, Aesop is not properly considered as an ADL [38]. Aesop is an 
environment for defining style dependent architecture same as provided by ARMANI [38]. 
Aesop itself does not define an architecture language [38]. Basically lack of integration 
between different ADLs exists. We have so many great tools already in hand being proposed 
and evaluated but did not utilized properly. The need is to provide interoperability and 
integration support. There should be a standard platform that provides support and most 
importantly provides interoperability. As an example the Microsoft .Net Platform which 
provide support and integration facility for different languages. One recently proposed ADL 
called DUALLY which provide support for interoperability among different ADLs and also 
with UML. This is needed on a larger scale.  

“Different people need different things from an ADL while ADL should be specific to a 
particular quality property“[58]. ADLs mostly are very generic with lack of domain 
specialization [58] and they need to be specific and provide some standards. On one side 
ADLs have not been fully appreciated as well, which is also the reason of its unpopularity. 
According to one publish report documented by Eoin Woods and Rich Hilliard which states 
as, “As with most research products, ADLs are developed in a research context and little 
thought is given to Rollout Plan to allow technology transfer” [58]. 

There are stereotypes of ADLs exist that is behavior ADLs, structural ADLs and mixed 
ADLs, because of different systems requirements. But these stereotypes of ADLs make the 
choice of choosing an ADL very much difficult. Some ADLs are so specific and makes an 
architect very confuse to choose an appropriate ADL. Secondly ADL syntax is difficult and 
sometimes even for an architect it becomes hard to know and get familiar with all these 
ADLs. Most of the ADLs are hard to learn. This is another reason why we see limited 
industrial evaluation of ADLs.   

ADLs should be more graphical rather than descriptive as we experienced a problem 
with one particular ADL called ASDL. ASDL is so descriptive and provide little graphical 
notations. Generally, the description of an ADL should be followed by a strong graphical 
overview. A mix or an intermediate representation may be very useful. This is now obviously 
understood that only a single representation cannot solve the situation. There should be a 
mixture of different representations where all the primary elements reside at one place. 
Again, a very recently developed ADL called DUALLY is the best admiration. Therefore 
ADLs should be decorated with more basic shapes mean graphical notations and high quality 
of material support such as templates. People like to work with graphical interface which is 
both easy to learn and easy to understand. 

Although ADLs in general are receiving a huge criticism that they are normally hard to 
understand because of their syntax or their configuration descriptions, still there are some 
ADLs for example UniCon, ACME, Wright, SADL and C2 which provide explicit 
configurations and hence facilitate understandability and readability [3]. 

Most of the drawbacks of ADLs discussed are also as the result of great misleading, for 
example there is no such clear difference being defined between ADLs and non-ADLs [78]. 
“As traditional programming languages, modelling languages and hardware description 
languages all have most common aspects with ADLs” [77]. 

All these theories those are rumbling around and all these different researchers who 
have pieces of the puzzles but no one put together quite yet to make a beautiful picture. There 
is a need to devote much amount of time to know the work of an architect his/her 
development process, tools developed in order to understand the proper and exact use of 
ADLs. Then it can better be determined of how, when and where ADLs should be 
implemented. A huge list of ADLs, each developed for some particular purpose and they are 
valuable indeed but are not accepted fully in the industry. Lack of awareness is another 
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reason. An ADL adopted/ accepted by an industry or even a newly born ADL when comes in 
the market should be advertised (publicized) so that all the practitioners should see them [58]. 

5.1 ADLs Characterization  

After the findings about different ADLs, I purposely want to suggest that there should 
be done a characterization among different ADLs. This will solve mainly the problem of poor 
understanding about ADLs also will contribute to reduce the proliferation of languages. Once 
we have a characterized list of different ADLs it will be easy to choose an appropriate ADL. 
Further this characterization can also help to improve interoperability among different ADLs. 
One way to do this characterization is to look into all the different ADLs and their 
implementations details. Then they can be separated on the basis of their implementation 
areas. But as ADLs are involved everywhere, it is very laborious work and may result in an 
unattractive huge tedious list. Luckily, there exists one particular study which already defined 
a method of how to characterize ADLs. This study has been conducted about 18 years ago by 
Paul Kogut and Paul Celements titled “Features of Architecture Description Languages” [7]. 
In their study Paul Kogut and Paul Celements provided a framework which is a descriptive 
model. This framework is based on the ADL descriptive attributes. Each of these attributes 
falls under the category of three sections: System-oriented attributes, Language-oriented 
attributes and Process-oriented attributes [7]. Also this framework maintains a place for 
existing tools as well [7]. In that time this framework was tested on 10 different ADLs. The 
framework characterizes an individual ADL, describes attributes hierarchy and highlights the 
important features of an ADL [7]. After defining the framework for each ADL they can be 
compared with each other [7]. In this method a form of questionnaire is filled out with 
specific answer scale for each ADL which is labelled with ADL descriptive attributes [7]. 
This descriptive model framework has been found successful when applied on few ADLs in 
that time [7], this should be applied on the huge list of 102 different ADLs exist today.  

5.2 Research Questions Revised  

5.2.1 RQ1: Which ADLs have been reported as used in practice (industry and academic)? 

In order to investigate different ADLs in practice I have conducted systematic literature 
review. After conducting the systematic review I have described different ADLs evaluation 
both in academia and industry. ADLs found have been listed separately in a tabulated form. 
Data gathered indicate more ADLs evaluation in academia than ADLs used in industry. 

5.2.2 RQ2: Are there any reports about the benefits and drawbacks of using ADL in        

practice? 

In order to report the benefits and drawbacks of using ADLs in practice, data gathered 
during the systematic review have been analyzed. Benefits reported in literature were more 
compare to the drawbacks of using ADLs in practice. I determined the lack of common 
understanding about the ADLs, which is the most important reason behind the drawbacks.  

5.2.3 RQ3: Which quality factors are improved by using ADL in practice? 

In order to find the quality factors different ADLs have been studied. Data gathered 
during the primary studies helped in analyzing different ADLs for quality factors. Benefits of 
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ADLs investigated during the previous question also helped a lot to identify the different 
quality factors improved by ADLs. 

5.2.4 RQ4: Are there any reports of methods for building architectures with ADLs? 

All the previous answers to the research questions contributed a lot while answering 
this research question. Then the systematic review designed specifically for this research 
question highlighted different methods that are used to build architecture with ADLs. 

5.2.5 RQ5: Are there any reports of methods for how to use architecture described with 

ADL in software development and maintenance? 

In order to answer this research question specific data gathered during the systematic 

review have been analyzed. This data later have also been compared with answers to the 

previous question. 

 

 

6 Conclusion 
 

In this research work I have investigated different ADLs and its evaluation in practice 

(Academia and industry). I have conducted systematic literature review method to investigate 

and explore the benefits and drawbacks of ADLs in practice. I have also investigated 

different quality factors that are improved by using ADLs in practice. Further different 

methods that are used to build architectures with ADLs have also been investigated.  In 

addition to different methods, it is investigated that how to use architecture described with 

ADL in software development and software maintenance. The results indicate that there are 

more ADLs evaluated in academia and little use of ADLs has been reported in industry. 

However, in order to increase the industrial usage of ADLs, there is a need to understand the 

proper use of ADLs also to know the work of an architect and to maximize the awareness 

about ADLs that is more publicity is required. 

 

6.1 Contributions   

First of all there are a lot of different ADLs exist which are scattered, some even 
unrecognized. All these different ADLs present very fundamental but most crucial 
contribution in software engineering in general. It is so unfortunate that these ADLs have 
been largely ignored because of the lack of awareness, little understandability factor and lack 
of publicity.  

Unlike previous studies, this research aimed to investigate all different ADLs that exist 
both in academia and industry I tried to gather all of them together at one place to reveal its 
importance and to spread awareness, so that they may be recognized. One can easily consult 
the table I produced, and can easily pick a suitable ADL whenever required. Every ADL 
listed accompanied with a short description shows the applicability of that particular ADL. 

Secondly, the benefits and drawbacks that are related with every ADL have been 
identified. The benefits all alone clearly can contribute towards the industrial usage of ADLs. 
On the other hand the drawbacks which I perceive as mostly the miss-understandings show 
that the field requires more research. 
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Further different quality factors that are improved by using ADLs in practice have been 
analyzed. This provides justification of ADLs and becomes a focus point specifically for 
software architect and for software engineering community in general. 

And then some examples from the industry evaluated ADLs. One can get 
encouragement and inspiration as well, to adopt an ADL.  

In the discussion section ADLs characterization have been provided which solve the 
problem of understandability and possibly can contribute to reduce the proliferation of 
languages. 
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