
 

 

 

 

 

Software Architecture Research Project
Master in Information Technology 

 

 

 

By 

Michael Lykke  

Jess Nielsen  

 

 

 

10. October 2008 

Software Architecture Research Project
Master in Information Technology  

Software Construction 

 [20013860] 

 [20034644] 

 

 

Software Architecture Research Project 



 Page 2 

 

Content 
1 Motivation ........................................................................................................................ 4 

2 Problem statement ........................................................................................................... 5 

2.1 Delimitation ............................................................................................................... 5 

3 Background ....................................................................................................................... 6 

3.1 History ....................................................................................................................... 6 

3.2 Primary use cases ...................................................................................................... 6 

3.2.1 Server application ............................................................................................... 7 

3.2.2 Client application ................................................................................................ 8 

3.2.3 Conversations ..................................................................................................... 8 

3.3 Target group .............................................................................................................. 9 

3.3.1 Symphony ......................................................................................................... 10 

3.3.2 Choose of viewpoints ....................................................................................... 14 

3.4 Summary .................................................................................................................. 15 

4 Techniques and methodologies ..................................................................................... 16 

4.1 Collecting data ......................................................................................................... 16 

4.1.1 Static analysis ................................................................................................... 17 

4.1.2 Dynamic analysis .............................................................................................. 18 

4.2 Tools ........................................................................................................................ 20 

4.2.1 Lattix ................................................................................................................. 20 

4.2.2 Code Visual to Flowchart .................................................................................. 24 

4.2.3 Visual Studio 2008 ............................................................................................ 25 

4.2.4 Moose ............................................................................................................... 32 

4.3 Summary .................................................................................................................. 39 

5 Reconstruction execution interactions........................................................................... 41 

5.1 Reconstructing Module views ................................................................................. 41 

5.1.1 Package diagrams ............................................................................................. 41 

5.1.2 Class diagrams .................................................................................................. 44 

5.2 Reconstructing Component & Connector views ..................................................... 48 

5.2.1 Sequence diagrams ........................................................................................... 49 

5.3 Reconstructing Allocation views.............................................................................. 51 

5.3.1 Deployment diagrams ...................................................................................... 51 

5.4 Summary .................................................................................................................. 52 



 Page 3 

 

6 Architectural approaches ............................................................................................... 54 

6.1 Communications ...................................................................................................... 54 

6.1.1 Client-Dispatch-Server ...................................................................................... 54 

6.1.2 Publisher-Subscriber ......................................................................................... 55 

6.2 Structural decompositions ...................................................................................... 58 

6.2.1 Singleton ........................................................................................................... 58 

6.2.2 Other decompositions ...................................................................................... 59 

6.3 Summary .................................................................................................................. 60 

7 Conclusion and future work ........................................................................................... 61 

8 References ...................................................................................................................... 63 

 

  



 Page 4 

 

1 Motivation 
Applications that are part of either an open source project or are used as product-line 

applications will be changed over time. Open source projects are made by many 

different engineers and often the engineers are not staying at the current project during 

the entire lifetime of the application. Changes to the architecture are made to meet new 

requirements and the decisions made to achieve these requirements are often not 

documented and the architectural description is rarely updated. Product-line 

applications have the same issues; they are categorized as long-term projects where 

often only few engineers are participating in the entire lifetime of the application. 

Secondly, when looking at a typical life cycle of an application, the longest phase is when 

the application is delivered and in production, and until it is replaced or not needed 

anymore. Applications, however, can live for many years and adapt to changes in their 

environment, if they are properly maintained and documented.   

During the development of a new application or modification of an existing one without 

any architectural description is an expensive process. Sometimes, if an application is 

badly written and unstructured; building a new application might be the only solution, 

even with the existence of an architectural description. The architectural description 

needs to be updated, but the architectural drivers and some of the design decisions very 

often remain.  

The use of semi-automated tools can be helpful when architectural descriptions are to 

be updated and by the use of frameworks it should be possible to test the application 

against its weighted quality attributes.  

The purpose of this document is to generate an up-to-date architectural description for 

an open source project. This implies to apply the process of restricting the architecture 

description of the system, as an updated description helps making the system cheaper 

to maintain though the lifecycle.  This might lead to a document that later can be used 

by the open source project group if it is desirable.  
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2 Problem statement 
Deursen et al. describes in [2] a general methodology to determine the target views for 

a system. This methodology is view-driven and it is initiated by a specific problem 

statement that might come from i.e. the management group. The methodology 

introduces three viewpoints that are used when reconstructing the architecture. One of 

the viewpoints is going to represent a high-level representation of the target system 

(Target viewpoint) while another will represent a low-level representation (Source 

viewpoint). The views that correspond to these viewpoints will primarily be created by 

gathering data from the system. The third viewpoint (Hypothetical viewpoint) relies on 

information from people whom developed the system. 

Gathering data from the system can be done in several ways. Manual inspection and 

lexical analysis among others are used to gather the desired information from the 

system. Common for these is that they all are related to static analysis of the system. 

Another way of gathering information from the system is to observe its runtime 

behaviour.  

OpenSpeak 
OpenSpeak is an open source VoIP application made for gamers 

and all other users, based on Speex and wxWidgets. 

http://sourceforge.net/projects/openspeak 

 

The thesis will describe a reconstruction of an open source project with the use of the 

principles described in [2] and by observing the systems runtime behaviour. The basis 

for this reconstruction is to produce (or reproduce) the architectural documentation for 

the system. 

2.1 Delimitation 

In this thesis it is not possible to involve any stakeholders even that the chosen 

methodologies state that it should be done. Instead the elicitation of the information 

that is used and its rationale will be described in depth as much as possible. 

Due to limited resources and time constraints; this thesis will not perform a full 

evaluation of the system i.e. by performing the entire cycle of ATAM. The purpose of the 

output is primarily that it should be used for later investigation and evaluation.  
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3 Background 

3.1 History 

According to Wikipedia
1
, digital voice can be traced back to year 1973. It was originally 

invented for the ARPANET providers. VoIP providers are later viewed as commercial 

realization of the experimental Network Voice Protocol.  

 

Figure 1: VoIP timeline  

In the early 1980s technology for transmitting voice conversations has been available to 

end users. In the mid 1990s (1996) a wrapped software product called VocalTec Internet 

Phone (release 4) provided VoIP along with extra features such as voice mail and caller 

ID. By that particular software product it was only possible to speak to other VocalTec 

Internet Phone users because it did not offer a gateway to PSTN
2
. A year later (1997) the 

development of a switch used to replace traditional hardware telephone switches 

began. They should be serving as gateways between telephone networks.  

Both commercial and non-commercial organizations have made products for the VoIP 

industry. One the commercial organizations are Cisco Systems, Inc. They are one of the 

major VoIP providers today. Along with the VoIP products, which include dedicated VoIP 

telephones, they have also products for IVR
3
 systems based on the VoIP technology. 

Secondly, a lot of non-commercial organizations that are working on different kind of 

VoIP projects exist today. One of these projects is called Open Speak and it is the one 

this thesis is centred about.  

The Open Speak application is a VoIP solution that is aimed for casual gamers, whom like 

to chat while playing a game. Its first release was scheduled in the spring 2007. The 

application can be used both at a Windows and a Linux platform. According to the Open 

Speak organization
4
, the reason why the application exists, even that many others exist, 

is that only few and often bad clients exist on the Linux platform for this purpose.  

3.2 Primary use cases 

First of all, centring on Open Speak gives two obvious use case scenarios. These 

scenarios are related to how the server- and the client program are started and 

connected. Followed by these scenarios it is relevant to outline how to establish a 

connection between two parties and to obtain a voice conversation between them. This 

gives three use cases, which will be described in the following. 

                                                           
1
 Wikipedia article http://en.wikipedia.org/wiki/Voip  (Aug 4

th
 2008) 

2
 PSTN stands for Public Switched Telephone Network, see a Wikipedia article about it at the URL 

http://en.wikipedia.org/wiki/Pstn (Aug 4th 2008) 
3
 IVR stands for Interactive Voice Response 

4
 Website for the open speak organization http://openspeak-project.org (Aug 4

th
 2008)  
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3.2.1 Server application 

When the installation is completed, which is done by an installation wizard, the server 

application can be started from a shortcut in the start menu. By doing this the server 

application will be defaulting to its default configuration values. 

 

Figure 2: Event loop for the server application 

The start up process itself is very short, all that are done is configuring the server and 

preparing its port for future connections due to the configuration file / default 

configuration parameters. Once the server is started it is listening for any incoming 

connections from the clients, which is also described in the state chart above. The state 

chart states that when a connection is received it tries to establish a connection in 

parallel. In figure 2 (see illustration above) this is done when receiving an event Rcv. 

Conn. that is followed by an action that causes a common event Conn. The event 

initiates a parallel state and causes the common event Prep. Conn. to be send, which 

signals that, the server is allowed to be prepared for any new connections.  

The parallel state will try to establish the connection if the nickname is unique, which is 

handled by placing a guard on the Est. Conn. event. The parallelism ensures that the 

server application keeps listening for incoming connections while a connection is being 

established. 

There is no specific scenario for closing down the server. It is “just” done by shutting 

down the application the hard way. This is very extraordinary (but simple) and it will 

cause the clients to return an error from its connection, but no general protection faults 

or other crashes. 

  



 Page 8 

 

3.2.2 Client application 

After the server application is started it now makes sense to start the client hence it is 

now possible to connect it to the server.  Opposite the server application, which is an 

application running in a command prompt; the client has actually a graphical user 

interface.   

Figure 3: Event loop for client application 

The client application starts in a disconnected state from where it is possible to connect 

to one server at a time. Figure 3 (see illustration above) outlines it in the following way; 

the client connects, when the user clicks connect, it receives the Get Conn. event that 

causes an action to send the Rcv. Conn. event. This triggers the server to start 

establishing a connection. It is possible to disconnect from the server from any 

connected state and it is possible to quit the application or reconnect from any 

disconnected state.  

3.2.3 Conversations 

Once a server is running and several clients are connected, it is possible for the clients to 

communicate by voice with each other in one big channel. Some improvements such as 

allowing private channels between two of more clients might be a good idea and it is not 

impossible that it comes in later versions – even that no upcoming features related to 

this has been announced from the Open Speak organisation. Secondarily, another way 

of communication that is supported is a “private” textual chat between two clients. 

In other words the application supports to ways of conversation and it is very easy to 

start both types of conversations even though it is done very differently.  

1. Voice conversation 

The clients contain a setting that tells whether the voice conversation can be 

activated. This can be done in two ways; an activation key can be defined, or it 

can activate it automatically when some voice is recognized. 

2. Textual chat 

When a user is logged into the server it is possible to see all logged in users. By 

right-clicking on one of the users and choosing “Chat” a textual chat is started 

with another user.  
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3.3 Target group 

The architectural description consists of many views, each of which is a representation 

of the whole system. From the perspective of a related set of concerns, the architectural 

description contains much different information, which may be used both by different 

stakeholders and for different purposes. This means that the tools / techniques selected 

to reconstruct the architectural description or parts of it, must be chosen with the 

addressed stakeholder in mind.  

Stakeholder Module 

view 

C&C view Allocation 

view 

Architectural 

knowledge 

Static rep. Dynamic representation Decision/design 

Software architect X X X X 

Developer/maintainers X X X X 

Reviewer/Analyst X X X X 

Customer   X X 

Network administrator   X X 

Table 1: The taxonomy is a list of different stakeholders and what information they may be interested in. 

The views are taken from [1, p. 36]. 

The software architect must have the overview of the system, as he/she has the 

responsibility of accomplishing the task at hand, hence the architect must have access to 

all views and the architectural knowledge. The architectural knowledge is very important 

as it may contain the following: 

1. Critical decisions and trade-offs 

2. A formal description of the system 

3. How different decisions are related 

A software architect may be exploited to different tasks, which requires reconstruction 

of an existing system in order to gain both a static and dynamic representation of the 

system. Examples of such tasks may be to see if the system supports its quality 

attributes (evaluation), how to add a new feature or redesigning part of the system 

(refactoring), integrate it with another system (application integration) or want to split 

up the system into reusable components for constructing new or similar systems 

(product line applications). 

 

The normal task a developer or maintainer is doing on a system is bug fixing, redesigning 

and adding new features. These tasks very often require the Module view and 

component & connector view. If the developer / maintainer must work more 

independently on a task or make sure the system satisfy the requirements when testing 

the solution or follow any application or implementation specific rules, the architectural 

knowledge must be applied.  
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For instance, when redesigning or adding new features, decisions regarding existence 

and / or properties (see [7, p. 4]) might come in handy for the developer / maintainer, in 

order to work more independently and faster. However, this kind of knowledge is rarely 

documented in real life. If the task has anything to do with how the software 

components are allocated on the target environment, for instance when making an 

installation setup an Allocation view is needed. 

 

The reviewers and analysts make reviews on the quality of the system. The information 

needed to conduct a review, depends on the review. For instance: Does the system 

meet its quality attributes (the views and the architectural knowledge is needed)? Is the 

code standard good enough (Module view)?  Does the system perform well (Module – 

and component & connector view)?  

 

The customer is usually not interested in the details of the system (Module – and 

component & connector view), but only how the system is allocated (what resources 

does it need), what technologies has been used and what kind of decisions has been 

made. Information regarding the first topic are available in the allocation view, whereas 

information in the last to topics are available as part of the architectural knowledge. 

 

The network administrators need to know how the system is allocated, in order to setup 

proper security, network arrangement and among others, just to name a few. They also 

need to know which technology are used, to see if it needs special treatment or conflict 

with existent technologies. This kind of information is available in the architectural 

knowledge, as part of the executive decisions [7, p. 5]. 

3.3.1 Symphony 

In short, Symphony is the process executed when reconstructing the views describing 

the architecture of the system. It does so by supporting the usually three steps applied 

when reconstructing: 1) extract raw data from the source, 2) apply the appropriate 

abstraction technique and 3) present or visualize the information obtained. The 

following is a short introduction to Symphony.  
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Symphony uses views and viewpoints, according to the IEEE 1471 standard
5
, to describe 

different information that is going to be used when reconstructing. It operates with 

three views: 

1. Source view 

It consists of information that can be extracted from artefacts from the system, 

like source code, build files, configuration information, documentation, traces 

etc. 

2. Target view 

It describes the as-implemented architecture of the system and contains 

information needed to solve the problem, which caused the reconstruction in 

the first place. 

3. Hypothetical view 

It is obtained by asking the people who developed the system and describes the 

architecture the way they remembered / constructed it. The architecture in this 

view does not always look like the as-implemented architecture and is therefore 

often used as a guide to understand the as-implemented architecture or as a 

comparison to the architecture found during the reconstruction process.  

These views and viewpoints are handled as first class entities in Symphony and are 

created and populated with information during the two phases of the Symphony 

process. 

 

Figure 4: overview of the activities involved in the Symphony process. It can be found in [2, p. 3] 

  

                                                           
5
 As mentioned in IEEE 1471, a viewpoint describes the rules and conventions used to create, 

depict and analyze a view based on this viewpoint. During the reconstruction process, the 

viewpoints for the target and source views are selected or defined, and the mapping rules from 

source to target view are designed. 
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3.3.1.1 Phase 1 - Reconstruction design 

In the first part of the process, which is the reconstruction design, the problem which 

caused the reconstruction of the system is identified. Reasons for reconstruction could 

be that the system signals; pour performance, bad maintainability, parts of the system 

need a redesign, integration with other systems etc. 

 

The next step, after the problem is identified, is to assess which information must be 

gathered to do the reconstruction and at the same time, identifying the target –, source 

viewpoints, and the mappings rules.  

 

This part of the process can be split in two sub activities, where the purpose of the 

second sub activity is to identify the problem or get a better understanding of the 

problem, using either workshops, check lists, role play or other techniques. 

 

1. Problem elicitation  

The problem that caused the reconstruction of the system is analyzed and 

discussed. It is important that this step is thoroughly conducted, as the 

information gathered determines if a full reconstruction process should be 

executed. Stakeholders such as the architect of the system, developers among 

others can be involved at this point. 

2. Concept determination  

After the problem has been identified and understood, it is time to determine 

which architectural information should be used to solve the problem and how 

this information must be produced. This is done by iterating between five 

activities and progressively selects and refines the target – and source viewpoint 

and the mapping rules, properly using the hypothetical views. The five activities 

identify potentially useful viewpoints, define / refine target viewpoint, define / 

refine source viewpoint, define / refine mapping rules, determine role and 

viewpoint of hypothetical views. 

3.3.1.2 Phase 2 - Reconstruction Execution 

During this part of the process, only the views found during phase 1 are used by applying 

the mapping rules, and the knowledge available about the domain the problem belongs 

to. It is in this phase the data, used to create the target viewpoints, and is gathered. 

 

 

Figure 5: The reconstruction execution process 
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This part of the process can be split in three sub activities. 

 

1. Data Gathering  

By using the source views, identification of the information needed to solve the 

problem are produced. This can be done by both analyzing the static and 

dynamic aspect of the application. 

a. Static analysis  

Analysis the applications artefacts like source code, build files etc. using 

tools and techniques as Manual inspection, Lexical analysis, Syntactic 

analysis, Fuzzy parsing, Island grammars, Semantic analyses etc. The 

information extracted by static analysis is valid for all executions of the 

application. 

b. Dynamic analysis 

Analysis the runtime behaviour of the application as it executes. This 

means that the information obtained is only guaranteed to be valid for 

the current executions. Tools and techniques are debugging and 

profilers. 

2. Knowledge inference  

The information gathered is then used to populate the target views. This is done 

by using the mappings rules and the knowledge existing about the domain the 

problem belongs to or whatever needed to take advantages of the gathered 

information. The tools and techniques used are categorized into three types as 

described in [2, p. 8]. 

a. Manual 

The process of gathering the information and populating the target 

views are done manually. However – tools to visualize intermediated 

results can be used, but there is no automated support for the process. 

b. Semi-automatic 

Tools in this category help the creation of architectural views in an 

interactive or formal way, by manual apply the definition of the 

mapping rules.  
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c. Automatic  

No tools can be considered 100% automatic as it requires human 

interaction at some point [9, p. 3]. However, tools in this category are 

considered automatic, in the sense that it can perform a single or a few 

tasks without human interaction. This means that the mapping rules and 

the logic used to execute the mappings rules, has been programmed 

into the tools. Examples of tasks performed by “automatic” tools are 

detecting of duplicated code and/or architectural structures, and extract 

low-level information to high-level abstract representation [9, p. 13] 

(semi-automatic tools requires an external tools for extracting the low-

level information which are used as input to the tool; automatic tools 

does the extracting themselves). 

 

3. Information interpretation 

After populating the target views and defining the mapping rules, the gathered 

information is assessed, to determine if there is enough information to solve the 

problem or more information needs to be gathered. Any means of visualization 

of the information for communication and understanding can be used, like 

graphs, tables, UML diagrams, pictures etc.  

3.3.2 Choose of viewpoints 

Looking back at section 3.3 we mentioned three kinds of viewpoints and the 

architectural knowledge, constituting the architectural description, which could be of 

interest to stakeholders. During the Symphony process, views belonging to these 

viewpoints will be created, using the tools and techniques described in section 3.4.  

 

Regarding the architectural knowledge, if it is not somehow documented in the system 

artefacts, enabling tools to extract it, it is difficult to reconstruct
6
. The architecture 

knowledge contains the information needed to get a deeper understanding of the 

information available in the views, such as components and connectors, design patterns, 

components information etc. [8, p. 8]. Although there exists alternative ways of 

reconstructing this information, as to involve the people who participated in building the 

architecture, it will however not be our primary target of interest, mainly because 

architectural knowledge are normally not documented in any standard format, as source 

code for instance, making it difficult to generate a generic tool for reconstructing 

architectural knowledge. However, the source code of the system is always available, 

making it possible to do a static analysis of the system. If it is possible to build the source 

code and have at least a debugger available, dynamic analysis can be done as well. 

 

                                                           
6
 At the moment there is no standardized way of documenting the architectural knowledge – 

meaning that there does not exists commercial tool for extracting this kind of information from  

the artifacts. If the architectural knowledge must be documented, it is the responsibility of the 

organization to make up its own standard. 
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The views we are going to reconstruct are only addressed for architects, developers and 

maintainers. These views are the module view, component & connector view and 

allocation view. The information contained in these views are used regularly and is 

therefore of great interest and importance. 

3.4 Summary 

In this chapter it has been described how it is possible to reconstruct software 

architectures. This is done by using the symphony process as the point of departure. The 

source view, which is based on the artefacts that belong to the application, is one of 

three views and it is the initial view in the Symphony process.  

These views are the Module view, Component & Connector view and Allocation view. 

The module view is to clarify the domain and the static structure, Component & 

Connector view is to clarify the interactions and intercommunication among the 

component and finally the Allocation view is to outline how the components are 

distributed on the physical nodes. The last part is especially relevant when the engineers 

want to configure a test environment to which they can perform different kinds of test 

i.e. in the relation to the applications performance among others. 

The kinds of views have further been related to its proper target groups and with 

respect to the chosen target group for this document, the relevant views have been 

chosen based on that. This ends up with three views that might be interesting to the 

target group. 

After the target group and views have been defined the next step is to take a look into 

the techniques to which these views can be constructed. These techniques are outlined 

in the following section, which is divided into two major subsections; one that describes 

the general techniques and one that shows how some few tools can be used for the 

general techniques to reconstruct the views. 
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4 Techniques and methodologies 
When reconstructing software architecture it is essential to archive the proper 

information of the system. Information that is easily fetches will be information about 

the code structure, its libraries and packages among others. Information that is more 

difficult to extract is the usages of patterns and control flows among others. The easily 

fetched information is often inspected manually while different kinds of tools are used 

when the more complex information is to be extracted from the application, but often it 

depends on the tools available.    

4.1 Collecting data 

The data collection can be divided into three categories which are performed during the 

analysis of the system to verify the consistency between the as-designed and as-

implemented architecture [5, p. 1].  

1. Static analysis is based on the system artefacts (i.e. source code, its structures 

and other static information) that can be obtained from a not running 

application.  

2. Dynamic analysis is collecting the information from the system at runtime which 

gets a more accurate picture of the system. 

3. Consistency by construction, is a bit different, it can be accomplished in two 

ways: 

a. Embedding the architectural construct in the programming language, as 

in Arch Java [12], and let program analysis tools check for conformance. 

b. Define the architectural construct using a formal abstract 

representation, as UML, and let code generation tools transform the 

abstract representation into a desired programming language. 

Even though the consistency by construction approach ensures conformance between 

the as-designed and as-implemented architecture, it has its limits. Embedding the 

architectural construct can only be applied in situations where a specific programming 

language, which supports either architectural structures or the ability to add the specific 

property, is used. Further the code generation is not applicable when the system is 

constructed by existing or third-party components because the source codes for theses 

are often not accessible.  

Additionally, this thesis is about reconstructing the architectural description, using only 

the available artefacts, where the source code does not have architectural construct 

included nor does there exists any formal abstract representation; hence ensuring 

consistency by construction can’t be used.  
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4.1.1 Static analysis 

When doing a static analysis the primarily focus is based on the artefacts that belongs to 

the application and represent the source view. From these artefacts different kind of 

information can be extracted.  Each of these artefacts belongs indirectly to their own 

viewpoint(s) by the information, which can be derived from them.  

Certain components or subsystems may be stored in particular 

directories, and capturing relations such as “dir_contains_file” 

and “dir_contains_dir” can help to identify components later in 

the reconstruction process. [10, p. 7] 

 

When structuring the source code for an application a software architect often divide 

each component or module into separate directories. These directories are easy to 

identify and it often makes it easier to identify the components in this way. The relations 

among the components can be identified by observing i.e. the headers that are used in 

the components by tracing the respective header files back to their origin sources.  

The software architecture of a program or computing system is 

the structure or structures of the system, which comprise 

software components, the externally visible properties of those 

components, and the relationships among them. [1, p. 3] 

 

From a file it can further be extracted, which function definitions it has and the calls to 

those can further be extracted. This will outline interfaces, relations and identifies the 

interaction, external visible properties and the relationships. 

An even closer analysis of the files might extract information about where the variables 

are written and read. This outlines how the data are being transferred within the 

application. This gives the ability to identify, which kind of connectors that are used 

among the components. 

Source Element Relation Target Element Description View 

File Includes File C pre-processor Module view 

File Contains Function Definition of a 

function in a file 

Module view 

File Defines_var Variable Definition of a 

variable in a file 

Module view 

Function Calls Function Static function 

call 

C & C view  

Function Access_read Variable Read access on a 

variable 

C & C view 

Function Access_write Variable Write access on 

a variable 

C & C view 

Table 2: The general mapping rules between the source view and the target view. 
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The taxonomy above outlines some of these relations that can be extracted from the 

artefacts belonging to the application during a static analysis. The table is taken from 

[10, p. 7] and is modified by adding a column that tells which views the relations 

corresponds to. 

Different kind of tools is used to obtain the static information as outlined above. The 

categories these tools can be divided into are outlined below and described in [10, p. 8].  

1. Parsers 

These analyze the code and generate typically internal representations used for 

i.e. generation of machine code. 

2. Abstract syntax tree based analyzer 

These analyze the code for the purpose of generating explicit tree 

representations and output selected pieces of the architecture.  

3. Lexical analyzers  

These analyze the source artefacts as strings of lexical elements. When using a 

lexical analyzer it is possible to identify lexical patterns. 

a. Ad hoc tools 

These are small tools such as Grep, which can be used to perform lexical 

pattern matching i.e. by the use of regular expressions.  

When the proper static information has been extracted from the artefacts belonging to 

the application it should, if the correct information has been captured, be possible to 

make the first drafts of the views based on i.e. the directory- and source code structure.  

Next the views of the first draft can be supplemented by adding information about the 

behavioural patterns, call graphs and code instrumentation etc. To capture this kind of 

information a dynamic analysis can be used. However static analysis can also be used for 

some of these aspects, but a dynamic analysis gives a more accurate picture of the 

system. 

4.1.2 Dynamic analysis 

You can get a lot of information from static analysis, but the static structures contain all 

executions of the system. The actual runtime structures may not even be known until 

the program executes [5, p. 1].  
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Additionally as stated in [1, p. 231 – 260], static analysis may not produce enough 

information for the architecture reconstruction as some relevant information may not 

exist in the source artefacts, such as: 

- Late binding, Polymorphism, function pointers, runtime parameterization and 

dynamic loading of libraries etc.  

- Multi-process and multiprocessor systems that are using middleware, such as 

CORBA, JINI and COM, typically establish their topology dynamic, due to the 

availability of resources. 

This information is only available at runtime. 

When doing a dynamic analysis, the information extracted comes from the code as it is 

being executed. Some techniques for extracting information from a running system, 

does not require adding additional code to the system prior to the execution, while 

others that belongs to the profiler category
7
 does. 

- Debugging 

The all time favourite – debugging. Many programming environments today include 

a debugger, which makes it possible to see the state of the system, as it is being 

executed. The advantages of the debugger, is that you can see the code as it is being 

during execution and get a lot of useful (static) information as well. The 

disadvantages of debugging are the handling of multithreaded systems and real-

time events, as debugging stops the execution of the thread that is debugged. 

- Code instrumentation 

By adding special purpose code it is possible to extract specific information about 

the system. For instance, some instrumentation tools add special code at the entry 

and exit of methods, which makes it possible to create a call tree with information 

like the argument values and types that was passed to the method, the method 

signature, etc. as outlined in [5, p. 4]. 

Even though dynamic analysis seems as an easy way to get a very exact picture of the 

system, it does have its disadvantages, which also are described in [11, p. 20]  

- It is very difficult to extract all behaviours of a complex system at runtime.  

- The amount of information extracted is huge which requires a lot of time to analyze. 

However, in combination with static analysis, dynamic analysis can be used to clear out 

specific parts of the system. 

                                                           
7
 Profilers are a collection of tools and techniques used for performance analysis, by investigating 

the systems behavior at runtime. A profiler measures the behavior of a system as it runs 

particularly the frequency and duration of function calls. For more information about profilers 

and how they can be used. Please see http://en.wikipedia.org/wiki/Performance_analysis (Aug 

20
th

 2008). 
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4.2 Tools 

In the previous section some general techniques, which can be used to collect 

information for architectural reconstruction, are mentioned. These techniques are 

described in two categories; 1) a static analysis and 2) a dynamic analysis. When these 

techniques are outlined it is time to take a look at some of the tools that use these 

techniques.  

The tools support mostly the techniques in one of the categories, but some might cover 

both techniques in one way or another. The following section will introduce a few of 

these tools and describe in general, which information it can collect from the application 

and its artefacts.  

Secondly, the information and the symbolisms used to reconstruct the architecture by 

the application will be mapped into the corresponding views as described in [1, p. 41] 

where it has been outlined as the taxonomy illustrated below. 

Views Usage 

Module The elements are key abstractions, which are manifested in the 

object-oriented world as objects or object classes.  

Allocation The view shows the organization of software modules, libraries, 

subsystems, and units of development. It also maps other elements 

onto processing and communication nodes. 

Component-and-connector This view addresses concurrence and distribution of functionality. 

Table 3: The three views as outlined in [1, p. 41] 

4.2.1 Lattix 

A company called Lattix, Ltd.
8
 has developed a commercial application called “Lattix 

LDM”. The application is primarily used to analyze the static structure of the source 

code. According to the application provider it has the following the key features as 

outlined below. 

• It is capable of specifying the control and relationship between directories, 

source files, header files and idl files.  

• It can analyze the relationship between the contents of the C / C++ source files 

and explores the dependencies at member level between: functions, variables, 

class methods, fields and macros significantly improves impact analysis and 

support for refactoring initiatives.  

• The type of dependencies supported includes: class and data member 

references, invokes, inherits, constructs, include, and many others. 

• It can collect its information from different source databases such as program 

database files generated by Visual Studio, and a few other tools that generate 

similar databases – it cannot generate the matrices based on the source code 

itself. 

                                                           
8
 The URL to the homepage of Lattix, Ltd is http://www.lattix.com/ (Aug 4

th
 2008) 
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In relation to these key features it should be clear that it is a semi-automatic tool. It can 

further be conducted which symbolism it uses to describe the architecture. The 

following taxonomy will describe how it is related to the software architecture 

description. 

Symbolism Description UML View  

Directories It typically identifies 

the components 

Packages and nodes Module view 

(Allocation view) 

Source files, 

#includes 

They are used to 

identify the relations  

Object diagrams and 

classes 

Module view 

Source files, 

function, class and 

data member 

references etc. 

They are used to 

identify the relations  

Object diagrams and 

classes 

Module view 

Source files, 

grouping 

The source files can 

manually be group 

into components with 

respect to the 

relations among them. 

Packages and nodes Module view 

Constraints To clarify how strictly 

the architecture has 

been respected. It 

identifies both legal 

and illegal calls among 

the components. 

 Module view 

Table 4: The symbolism in Lattix mapped to a proper UML notation and an appropriate view.  

When structuring the source code it will typically be divided into directories. These 

directories might each represent a component of the system. An analysis of the #include 

directives in the source files will outline the dependencies among the source files. It will 

also outline the dependencies among the components for the source files that are 

placed in different directories.  

 

Figure 6: Lattix’s identification of the connections among the three major components. 
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In the illustration above, the tool has identified three catalogues (potential 

components), which each represents its own part of the system. The three components 

are named “client”, “lib” and “server”. The numbers in the matrices shows the degree of 

dependency, if any. The numbers tells how many references it has found. Normally the 

number indicates that the vertical component uses the horizontal component n times, 

but when dealing with header files it is opposite. Further no number indicates that no 

relation currently exists. When taking a look at the matrices above, it states that both 

the client and the server is using the lib component, but they do not call each other 

individually. This is illustrated by the numbers that says how many times they have been 

referenced by the components. This typically indicates the lib component is used as a 

communication layer that handles the intercommunication between the two other 

components. 

Dependencies inside the same directory might typically outline internal dependencies 

and structures and an analysis of the function, class and data member references will 

outline other dependencies. Observing the names of the individual files  might indicate 

the belonging area of responsibility and it might be a candidate to a class. The source 

files within the same directory can be divided into subcomponents with respect to the 

dependencies.   

To augment the visualization of the layers it is possible to add constraints to the 

components that are done by adding colours in the upper-right corner. By these 

constraints it can be illustrated whether the relation is legal or not. 

At the matrices above the yellow colours indicates the constraints that have been placed 

manually afterwards. The constraints states that all communication should be done 

through the communication – / “library” layer. Please note that no constraints are red. 

This means that no constraints have been violated. In other word it looks like a strict 

layered model. 

 

Figure 7: the manually promoted components in Lattix.  
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Taking a deeper look into the individual components shows that they have internal 

dependencies. It is shown by files that are only referenced internally by their own 

components. In the library component at least four subcomponents are identified: 

Settings-, Validation, Log and Command Line parser.  

 

Figure 8: The components in the client visualized by Lattix. 

In the client component three subcomponents are identified. These are audio, gui and 

speex. For the server component it is not that clearly how the architecture is, but in 

general the server component has a core and a callback handler.  

 

Figure 9: The structure (and potential components) of the server visualized by Lattix. 
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Please see the homepage of Lattix for a more detailed description about this product, 

where the white pages from the application provider can found. They describe in depth 

the features in the program. 

4.2.2 Code Visual to Flowchart 

A commercial software product called Code Visual to flowchart is developed by a 

company called FateSoft or Share-IT 
9
. The application has the capability to analyze the 

source code and construct a flowchart diagram based on the flows in the source code. 

According to the company itself it has the following key features. 

• It can reverse engineering a program with code analyzer, create programming 

flow charts from code, mostly used on flowcharting a program and documenting 

source code.  

• It can generate Visio, Word, Excel, Power point, PNG and BMP flow charts 

document from code. 

In the relation to these key features it can be used to examine the flows in the source 

code. A certain sequence of i.e. invocations or a large and complex function can be 

visualized to help the understanding of the source code.  The flowchart can be 

augmented with code snippets and comments from the source code. It provides an easy 

navigation through the flowchart diagram.  

The following taxonomy will describe how it is related to the software architecture 

description. 

Symbolism Description UML View  

State charts The flow is described 

using the syntax of 

state charts. 

Object diagrams and 

stereotypes 

Component & 

connector view 

Table 5: The symbolism in Code Visual mapped to a proper UML notation and an appropriate view.  

The flow in the source code is described using flowcharts. The source code typically 

shows the structures (i.e. if-statements, loops etc.) and invocations. This information can 

be used to reconstruct the software architecture as sequence diagrams for parts of the 

system, but the disadvantages of this tool is that it operates at a very low level.  Because 

of this it cannot be used as a stand-alone tool to reconstruct the software architecture, 

but when the components are identified it can be used to i.e. identify how the 

communication are made between them by analyze the methods which take care of the 

intercommunication or another concrete action such as adding a user. 

                                                           
9
 The URL to the homepage of FateSoft is http://www.fatesoft.com/ (Aug 4

th
 2008) 
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Figure 10: A few screenshots from Code Visual to illustrate the flowcharts it defines.  

The tool can be used to navigate through the code by clicking at functions. It will then 

illustrate the flow within the functions. Due to the usage of this tool it is not suitable as a 

standalone tool, because you have to know the codebase very-well to know where to 

browse. Instead this tool can be used together with both static and dynamic analysis 

tools, when reconstructing a sequence diagram. 

During the dynamic analysis a route of method invocations can be generated. The route 

can then be inspected further by this tool to illustrate the central flow inside the 

methods. This could for instance be an illustration of the flow used when establishing a 

connection or sending a message or adding a user as mentioned earlier. 

4.2.3 Visual Studio 2008 

The Visual Studio 2008 Team Suite - Development Edition is the version from Microsoft 

Visual Studio 2008 series which include tools to support the developer both during 

development and after. It contains some tools for both code analysis and static and 

dynamic analysis of the system.  

The key features we are going to explore for this project; to reconstruct the architecture 

description, involves tools used for the static and dynamic analysis of the system and 

they are outlined in the following. 

Visual Studio 2008 works with both C / C++ and C# languages for static and dynamic 

analysis. We are only concentrating on the C / C++ part, as this is the language used in 

the open source project that has been chosen for this project. However – the two views, 

the Allocation view and Object lifetime view, used in Visual Studio 2008 for dynamic 

analyzing and some static analysis features, requires the code to be managed, which C / 

C++ is not. In order for the compiler to think C / C++ is managed, the following compiler 

options must be set for each project.  

Under the Configuration Properties in each project setting do the following. 

• In the General property: set the Common Language Runtime support to 

Common Language Runtime Support (/Clr). 

The above settings do not work on projects that produce a static library, but only on 

projects that produces an executable or a dynamic link library. Secondly, to get the 
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profiling feature to work, when doing dynamic analysis, the following link option must 

be set. 

- In the Advanced property of the linker: set the Profile to Enable Profiling information 

(/PROFILE). 

Because managed code is preferred for doing the analysis, we use a C# application called 

People Trax
10

 developed at Microsoft, as a reference, in order to validate the 

correctness and usefulness of the analysis executed on the C / C++ code of Open Speak.  

4.2.3.1 Static Analysis 

To extract the information and gather the data needed for static analysis, no other tools 

are required as this is done automatically by Visual Studio 2008. Visual Studio 2008 does 

not use a single database to store the information extracted from the source code and 

then use the database to create the desired views or metrics, but analysis the source 

code for every task. This means it is not possible to create other views or metrics’, other 

than those available in Visual Studio 2008. 

 

 

The structure of the projects determines how some of the data are gathered. Visual 

Studio 2008 uses the term “solution” as its root, where it is possible to create any 

number of projects or attach existent projects. The projects do not have to use the same 

programming language. Each project contains the artefacts’ it uses. Figure 11 shows that 

the structure of the Open Speak project contains three projects; the client, server and a 

static library (the static library file is used by both the client and server). All projects of 

Open Speak use C / C++. 

  

                                                           
10

 PeopleTrax can be downloaded at  

http://msdn.microsoft.com/en-us/library/ms182399(VS.80).aspx. 

Figure 11: Project structure in Visual Studio 2008 
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Selecting the Analyze menu from the toolbar shows which analysis is available at the 

Solution level: 1) Profiler (code instrumentation and sampling), 2) Code analysis and 3) 

Calculate code metrics. It is only the Code Analysis and Calculate Code Metrics, which 

belongs to the static analysis. The Profiler is used for dynamics analysis as described 

later. 

By right clicking on a project makes it possible to Calculate Code Metrics and View a 

Class Diagram for that project only. This means it is not possible to make a Class diagram 

for the entire solution. There is however a workaround for this problem; by creating an 

extra project and add all the C / C++ files to this project, it is possible to make a Class 

diagram for the entire solution, but that is insufficient and very time consuming for large 

projects. 

The static library produces a Lib file, which means that no code metrics can be done for 

that project, even though the compiler settings, described above, has been applied. 

 

Figure 12: Calculate code metrics overview 

The different metrics are explained here and is also described in [13]: 

- Maintainability index: A value between 0 and 100 is calculated that represents a 

relative ease of maintaining the code. A high value means better maintainability. 

- Cyclomatic complexity: Measures the structural complexity of the code. It is created 

by calculating the number of different code paths in the flow of the program. A 

program that has complex control flow will require more tests to achieve good code 

coverage and will be less maintainable. 

- Depth of inheritance: Indicates the number of class definitions that extend to the 

root of the class hierarchy. The deeper the hierarchy the more difficult it might be to 

understand where particular methods and fields are defined and/or redefined. 

- Class coupling: Measures the coupling to unique classes through parameters, local 

variables, return types, method alls, generic or template instantiations, base classes, 

interface implementations, fields defined on external types, and attribute 

decoration. Good software design dictates that types and methods should have high 

cohesion and low coupling. High coupling indicates a design that is difficult to reuse 

and maintain because of its many interdependencies on other types. 

- Lines of code: Indicates the approximate number of lines in the code. The count is 

based on the IL code and is therefore not the exact number of lines in the source 

file. A very high count might indicate that a type or method is trying to do too much 

work and should be split up. It might also indicate that the type or method might be 

hard to maintain. 
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The only metric which shows a correct number, is the “depth of inheritance”. Since this 

is the only metrics with a correct calculation, it is questionable if this very is correct or 

not just a default number. The other columns show the wrong calculations as this is not 

managed code. The reference application gives more accurate results. We do not trust 

the calculated metrics for unmanaged code. 

The only feature left for static analysis on Visual Studio 2008 is the creation of the Class 

diagram. As described above, this can only be done for each project and not for the 

whole solution, unless an extra project is created and all code is copied into this project. 

Here is a small snip of the Class diagram for the Open Speak client. 

 

Figure 13: Class diagram generated by Visual Studio 2008 

The Class diagram shows Classes, Structs, Enumerators and Type definitions. 

A conclusion on the static analysis using Visual Studio 2008 is that it is only the Class 

diagram can be used. The depth of inheritance from the calculated code metric is not 

trustworthy as it was the only metric with a correct value.  

4.2.3.2 Dynamic Analysis 

In general the static analysis did not produce useful information, but the Class diagram. 

The dynamic analysis in Visual Studio 2008 gives the option to do both code 

instrumentation and sampling. 

The sampling feature extracts the same information as the code instrumentation, but 

only on predefined intervals. This means that the amount of information is a subset of 

the information extracted using code instrumentation. For this reason we have only 

used the code instrumentation feature. In the static analysis, we have also used some 

managed code as a reference, when doing the dynamic analysis. 

During the execution of the system a lot of information is extracted. It is advisable to 

either start the Profiler only when needed or do short executions; otherwise use the 

sampling method as it extract less information and hence can run for longer time.  

To do Profiling from Visual Studio 2008 you start by selecting the Profiling wizard, which 

guides you through the process of setting up either code instrumentation or sampling. It 

is possible to include more than one executable or dynamic link library to the Profiler.  
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When starting the Profiler, Visual Studio 2008 instruments the executable and dynamic 

link library with probes on entry and exit for every function in the code except small 

functions. This way every method call can be recorded and measured how much time 

each function uses. 

The following is a list of the views available when doing code instrumentation [14]. 

1. Call tree view 

Here it is possible to see the call stack of the system. The call tree is not that deep, as we 

had expected. It seems that most of the times it ends do to event processing as in 

_TrackPopupMenu@28 or some low-level windows procedure call as in 

_DefWindowProcW@16. 

 

Figure 14: Call tree view for the client 

2. Module view  

This view lists all the modules used by the system. By clicking one of the modules, a list 

of all the function called in this module is displayed. Besides the OpenSpead.exe (the 

client), also libraries like Kernel32.dll and User32.dll and other C / C++ native libraries 

are listed.  

3. Caller / Callee view  

Here it is possible to see the called function, the callers of the function and the functions 

that were called by it. It is possible to traverse back and forth be clicking one of the 

functions that were called or the caller of the function. 
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Figure 15: Caller / Callee view for the server main() function 

 

Figure 16: The Caller / Callee for the server start() 

When clicking one of the “Functions that called …” that function becomes the “Current 

function” and the current function then becomes the “Functions that were called by …”. 

It is also possible to click one of the “Functions that were called …” which then becomes 

the “Current function” and so forth.  
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4. Function view 

A list of all the functions called, during the profiling is listed here. 

5. Allocation view 

In this view at list of all the functions is displayed and for each function it is possible to 

see the number of allocations made by this function and how much memory that 

function and all of its descendent has allocated. 

6. Object lifetime view 

This view displays the total instances of each type, and the amount of memory they 

consumes. It is also possible to see which objects are alive when the profiling ends, 

which makes it possible to detect memory leaks. 

7. Process view  

This view displays the processes that are executed during profiling. For each process it is 

possible to see the number of threads it created and what time it was started and 

ended.  

 

Figure 17: Process view for the client 

For each of the views a list of attributes can be viewed, such as.  

- Function name and parameter list. 

- Number of calls: how many times this function has been called by its parent. 

- Module name, path and size: the name, path and size of the module where this 

function is implemented. 

- Application exclusive time: how much time, in percent, that has been spent in this 

method compared to the total execution time of the system. 

It is only possible to navigate between some of the views. For instance, when clicking on 

a function in the function view or modules view, that function becomes the “Current 

function” in the Caller / Callee view. When clicking on the “Current function”, you are 

escorted to the source code. 

Even though this is unmanaged code, when comparing with the reference application, 

the data gathered during the code instrumentation is usable and correct, except for the 

Allocation and Object lifetime views. 
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Most of the views used in Visual Studio 2008, which is demonstrated in this section, are 

related to the views used in [1, p. 41]. According to this it is outlined how the views are 

related in the taxonomy below. 

Symbolism Visual Studio 2008  UML  View  

Class, function and 

data member 

Class view Classes Module view 

Class, function Call tree view Class and object 

diagrams 

Component & 

Connector view 

 Modules view Packages Module view 

 Caller / Callee view Object diagram Component & 

Connector view 

 Functions view Object diagram Component & 

Connector view 

 Allocations view Object diagram Allocation view 

 Object lifetime view Object diagram Allocation view 

 Process view Object diagram Allocation view 

Table 6: The symbolism in Visual Studio 2008 mapped to a proper UML notation and an appropriate view.  

Allocations view and Object lifetime view are only available when the /Clr compiler 

option is set. However, the content of the views are not relevant for C / C++ code. The 

reason for this is, because the /Clr option has been used all allocations objects are .Net 

objects and not the C/C++ objects and the Object lifetime view also shows .Net objects 

and not C / C++ objects. 

In addition, we tried to add both the Open Speak client and server to the Profiler, as we 

thought would help us see the control flow when the client connects to the server. That 

was not the case; because the Profiler records both the client and server and they each 

uses threads, it was not possible to use the Caller / Callee view as described. Somehow 

data god mixed up as the number of methods in the main function of the server, was 

different from when we only added the server to the Profiler.  

4.2.4 Moose 

MOOSE
11

 is a language independent tool developed for reverse- and re-engineering 

legacy software systems [18, p. 2] and is a framework for software development based 

on formal models and code generation principles [19]. In addition, it is an open-source 

project started at the Software Composition Group back in 1997 [15, look under 

“about”].  

However, MOOSE is not a standalone tool, but a plug-in to the Visual Works IDE 

developed by Cincom Smalltalk ™, also a free application. Nevertheless, MOOSE can be 

used to do both a static and dynamic analysis of C / C++ code (and also Java, Python and 

Smalltalk).  

Before describing any of the features of MOOSE, a short presentation of the architecture 

is presented to get an understanding of the flexibilities of MOOSE.  

                                                           
11

 MOOSE stands for Model-based Object-Oriented Software generation Environment. 
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4.2.4.1 MOOSE Architecture 

MOOSE uses a layered architecture where the focus has been on the modifiability 

quality attribute, as “we cannot know in advance all the information that is needed in 

future tools, and since for some reengineering problems tools might need to work with 

language specific information …” and “we allow tool plug-ins to extend the model to 

store, for instance, analysis results or layout information graphs” [17, p. 11]. 

 

Tools layer 

MOOSE layer 

Input/Export 

layer 

Input/Export 

layer 

 

Figure 18: Layered architecture of MOOSE 

The core of MOOSE supports the FAMIX meta-model. The meta-model is an object-

oriented representation of entities representing the software artefacts of the target 

system [18, p.2]. This means that all information transformed into MOOSE has the same 

internal representation, which other tools can use to extend the functionality of MOOSE.  

To visualize all the data imported into MOOSE, a set of tools are used. This set of tools is 

loaded into MOOSE using a single setup file – otherwise you wouldn’t know which one 

to load, because there is unfortunately no manual for MOOSE.  
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Figure 19: The set of tools used for MOOSE and their relation 

4.2.4.2 Features of MOOSE 

As described in the MOOSE Architecture section, the tools layer consists of many tools 

developed on top of MOOSE, each with its own set of features. There are, however, 

some features that unfortunately produce a Smalltalk runtime error, which we do not 

know how to correct. One of the interesting features suffering from this runtime error is 

the code instrumentation. This means that we are not able to do any dynamic runtime 

analysis on the Open Speak project. Nevertheless there is still much information 

available during the static analysis. Secondarily, Moose covers a lot of views that it can 

generate based on the applications artefacts. We are not covering all of these views in 

this walkthrough due to the limitations of this thesis. 

4.2.4.3 Static analysis 

Before it is possible to use MOOSE for any static analysis, the source code must be 

parsed with the iPlasma parser. The iPlasma parser needs a source directory, where all 

the source code is, and a target directory where the extracted information is stored in 

the MSE format, which is the format used to import/export data to/from MOOSE. 

For the source directory for iPlasma, we put the root directory of the source code in 

Open Speak. This way iPlasma analysis the code for the Client, Server and the Lib file and 

stores it in the same MSE file, which makes it possible to see dependencies across 

modules used in the Client, Server and Lib files. 
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After loading the MSE file, MOOSE displays an overview of the system, as shown in 

figure 20. This is the main working area of MOOSE. On the left are all the models which 

have been loaded into MOOSE are displayed. By selecting one of these models an 

overview is displayed at the right. All the data gathered are organized in groups, such as 

All classes, All function etc.  

 

Figure 20: Overview of the system 

By selecting one of the groups an extra window pops up displaying all the members of 

the group (the left side of figure 21, here showing the list of classes used in the system). 

Here it is possible to view different properties of each member, as shown below, by 

adding or removing columns. Clicking on one of the classes displays detailed information 

about the class, as shown on the right. As a note to the display of members of a group; 

MOOSE does not remember the set of column displayed for each group. Each time you 

select a group, no columns are shown – which is a quite annoying feature.  

 

Figure 21: List of classes and class details 
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If you don’t want to look at all the metrics of a group, but instead some of the views 

available for that group, there are two options; right click on either a group or select 

some members of the group (which makes the views less complex and hence more 

easier to study), and then choose the Mondrian menu. It is actually only the All classes, 

All System classes and All namespaces groups that support different views, of which All 

classes and All system classes have the most views to display as shown here in Figure . 

 

Figure 22: Different views available for classes 

The following only describes some of the views, as some views are the same just with 

more detailed information like the diagrams that outline the System Complexity and 

UML Classes. 

4.2.4.4 Blueprint complexity 

Blueprint complexity shows the internals of a class, by dividing the class into five layers, 

which are described in [16]: 

1. Initialization layer: constructors, destructors, copy constructors etc. 

2. Public interface layer: the methods that is public of the class. 

3. Private implementation layer: the methods that are used by the public interface 

layer and implement the logic of the class, which are often private or protected 

methods. 

4. Accessor layer: the traditional getter and setter methods. 

5. Attribute layer: member variables of the class. 

If Blueprint complexity is used on multiple classes it is a combination between the 

Method invocation and the complexity of each class.  
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Figure 23: Blueprint complexity of multiple classes. For each class, layer 1 is the far left and layer 5 is the 

far right (blue squares are attributes and cyan squares are accessors). 

Method distribution map 

Method distribution map visualizes the number of methods each class has. It looks like 

the diagram from the Method invocation, but without the invocation and the name of 

the class has been added below each large box.  

Method invocation 

Method invocation is the same as the Sequence diagram in UML, and visualizes how the 

methods of the classes invoke each other. A full display of the whole system is too 

complex to look at.  

 

Figure 24:  Method invocation 

A large rectangle resembles a class, while each small square inside is a method. In this 

way it is possible to observe both which classes communicate and the communication 

inside a single class. By right clicking a class it is possible to view the Class blueprint 

complexity. 
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Class diagram 

Like many other tools, MOOSE can do a Class diagram as well. It has three versions of 

the Class diagram; a simple one only containing the names of the classes, one adding the 

methods and the last one further adding the member variables.  

 

Figure 25: Class diagram 

MOOSE lines up the classes as they are discovered in the files, which means that you 

often have to move around the classes. However, it is not possible to select multiple 

classes and move them all at the same, but only one class at the time, which is quite 

annoying. In addition, it is only the inheritance relation that is displayed, not the 

association or composite relations.  

System complexity 

The system complexity visualizes a class hierarchy where 

each rectangle resembles a class. The colour and shape of the 

rectangle is determined by [16]:  

- Width: the number of attributes of the class. The more 

attributes, the wider. 

- Height: the number of methods of the class. The more 

methods, the higher. 

- Colour: the number of the lines of code of the class. The 

more lines of code, the darker. 

 

 

Some of the views generated by MOOSE do not have an equivalent or similar view in 

UML. Instead they help in visualizing the complexity of the system instead of visualizing 

the structure and communication. A summary of the views that are supported by 

MOOSE is outlined below. 

  

 Figure 26: System 

complexity with super 

Blueprints 
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Symbolism MOOSE view UML entities View  

Class, function and 

data member 

Blueprint complexity Classes and objects Module view, 

Component & 

Connector view if 

multiple classes are 

selected 

Class, function Method distribution 

map  

Class Module view 

Class, function Method invocation  Class and Object 

diagrams 

Component & 

Connector view 

Class, function and 

data member 

Class diagram Classes Module view 

Classes System complexity Classes Module view as 

shape and colour 

visualizes a class 

Table 7: The symbolism in MOOSE mapped to a proper UML notation and an appropriate view. 

4.3 Summary 

A few general methods that can be used to reconstruct software architectures are 

outlined in this section. The methods are categorized into two categories, which are 

static- and dynamic analysis. The static analysis is based on the applications artefacts 

while the dynamic analysis is used to capture data from the running system. Whether 

the tools support either static analysis, dynamic analysis or both are briefly summarized 

in the taxonomy below. 

Tool Static Analysis Dynamic Analysis 

Lattix X  

Visual Studio 2008 X X 

Code Visual X ( ) 

MOOSE X X 
Table 8: Categorizing the tools according to the two analysis types. 

By the walkthrough of these tools it has been identified that the system has three 

components; a client, a server and a common library that is probably used to handle the 

intercommunication between the client – and server component. Further a class 

diagram has been generated with Visual Studio 2008.  
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The key features of the tools are described shortly and the output has been mapped to 

relevant views to which it can be used. Common for the tools describes is that they do 

provide and describe some techniques that are used for the future work, when 

gathering information for this document and it is used when the information is going to 

be captured in the following chapter, which primarily will be based on some of the 

scenarios that are described earlier (see section 3.2).  

The experiences gathered by the examination of the tools can be outlined by describing 

the advantages and disadvantages for the tools, which can be found in the taxonomy 

below.  

Tool Advantages Disadvantages 

Lattix • Excellent clarification of 

the components and 

their relations. 

• It cannot generate its 

output from source code 

itself. 

• Data is visualised in 

matrices not in 

diagrams.  

• Not suited for scenario-

based approaches. 

Code Visual to Flowchart • An easy navigation 

through the code by the 

use of automatically 

generated flowcharts. 

• Useful when diagnosing 

connectors and complex 

business rules. 

• It operates at a very low 

level, which makes it 

difficult to extract high 

level / architectural 

information. 

Visual Studio 2008 • Easy to get started. 

• Contains the most 

common views. 

 

• Only possible to produce 

the views during 

dynamic analysis (except 

when building Class 

diagrams). 

• Only possible to use 

predefined filter options. 

• Some features only 

works with managed 

code. 

Moose • Supports many view. 

• Possible to make you own 

views of the data. 

• You can write your own 

parser and input the data 

into MOOSE. 

• A lot of views can be 

made based only on 

static analysis. 

• Promote new ways of 

looking at data (i.e. 

method invocation and 

blueprint complexity) 

• Lack of documentation. 

• Difficult to make your 

own views (because of 

the use of SmallTalk and 

lack of documentation). 

• Not possible to search 

through the data (i.e. 

when searching the list 

of all functions calls, it 

would be desirable to 

search for specific 

classes or methods). 

Table 9: The advantages and disadvantages the tools outlined in this chapter.  
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5 Reconstruction execution interactions 
According to the Symphony process, it is important to determine the architectural 

information needed to solve the problem and the way to derive this information is done 

by iterating the five activities of the Concept Determination phase [2].  

As stated in one of the previous chapters (see section 3.3.2), the views we are going to 

reconstruct are the module view, Component & Connector view and Allocation view. For 

each kind of view that is going to be reconstructed, we need to indentify both the 

source and target viewpoints. 

In addition, some mapping rules must be identified also, in order to map the information 

from the source views to the target views. The mapping rules are ideally a formal 

description of how to derive a target view from a source view that is why we have been 

trying to identify some of the frequently used rules, but realistically, parts will often be 

in the form of heuristics, guidelines, or other informal approaches. If a mapping can be 

completely formalized, the reconstruction can be fully automated [2]. However, we have 

tried to formalize some simple rules the tools uses to gather data. Complex rules are 

documented as heuristics, guidelines or other informal approaches. 

5.1 Reconstructing Module views 

A module viewpoint, which gives a static view of the system, defines the rules for 

visualizing the decomposing of the system into modules, layers and classes. The 

following outlines the source –, target viewpoint and rules used to reconstruct the two 

must used diagrams; Class – and Package
12

 diagram. 

Source viewpoint Target viewpoint Description/Rule 

File include File 

Namespace include 

namespace 

Module uses Module This visualizes how the modules relate 

to each other. 

Rule: If namespace i include namespace j 

then module i uses module j. 

File contains Function Global function Overview of global function 

Rule: If a method is not a member of any 

Class, it is a global method. 

Table 10: The general mapping rules that defines the module views 

5.1.1 Package diagrams 

Due to the usage of Lattix we realised that it is not very well suited for scenario-based 

walkthroughs, but it is extremely useful when identifying the applications component, 

its external properties and their intercommunication. Because of this, Lattix has been 

used to generate an overview of the architectural description that goes beyond the 

scenarios.  

  

                                                           
12

 The terms Module diagram and Package diagram refers to the same thing. We have chosen to 

use the term Package diagram here, as it refer to the UML diagram used to visualize the structure 

of the modules. 
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The reconstruction of the software architecture by Lattix has been done in an iterative 

process with top-down disintegration. First Lattix identified the three major components 

with the files they contained. These components are outlined in the illustration below, 

which states a client, a server and a library component. By inspecting the dependencies 

found by Lattix it was easy to see how they use / interact with each other. 

 

Figure 27: The relation among the three major components and how they use its other. 

When comparing the target view generated by Lattix and the source view, it was easy to 

see that the application consists of three projects that can be mapped into the three 

components in the target view. The three projects are identified as two executables and 

one static library.  

Each of these components is further divided into sub components; the communication 

between these is outlined below, where communication internally in each component 

has been omitted.  

 

Figure 28: The content of the three major components and the usage of its content. 

The components have been identified by grouping files from the source view that have 

internal dependencies. These groups have manually been named and promoted to 

components by the use of Lattix. By inspecting the files that have been mapped to the 

components in the target view, the responsibility of each components have been found. 
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This ends up with the taxonomy as outlined below, that might help to give a clear 

understanding and an overview of the components in the application. 

Target View 

Component name Responsibility Allowed to be used by 

Client.Audio It takes care of the Audio 

streams. 

Client.* 

Client.GUI It takes care of the graphical 

user interface. 

Client.* 

Client.Speex It handles the Speech during 

the voice conversations. 

Client.* 

Client.UserMgr It keeps track of all users that 

are logged in to the server to 

allow each user to see whom 

is logged in. 

Client.* 

Lib.Settings Storing and retrieving settings 

from configuration files etc. 

Client.* and Server.* 

Lib.Validation Validation of data i.e. by 

hashing algorithms. 

Client.* and Server.* 

Lib.Log Debug and error logging. Client.* and Server.* 

Lib.CmdLineParser Parses the arguments that are 

used during the start up 

sequence.  

Client.* and Server.* 

Lib.Clock Generate timestamps to 

stamp each messages in a 

conversation. 

Client.* and Server.* 

Lib.UdpHandler Handles the UDP connections. 

It is the “connector” that is 

used within the application. 

Client.* and Server.* 

Server.Core The main part of the server 

application. The start up 

sequence starts here. 

Server.* 

Server.CallbackHandler Handles incoming packets Server.* 

Table 11: The components identified 

All of these components vary in size and contain one or more source files. In the 

following taxonomy the files are listed within their respective components. It might look 

a bit strange that some components only contain one source file. The reason is that one 

source file might either contain several classes or it might contain a class with a major 

responsibility. 

Secondarily, the reason why the taxonomy, like the one below, is needed is to give an 

overview / abstraction of the files and it will make it easier for the developers to identify 

the respective components and even the responsibility of the source when navigating 

through. 
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Target View Source View 

Component name Files 

Client.Audio AudioMixer.cpp 

PortAudioWrapper.cpp 

Client.GUI Events.cpp 

Helper.cpp 

ChatWindow.cpp 

ConnectDialog.cpp 

EditFavoritesDialog.cpp 

FavoritesWindow.cpp 

MainWindow.cpp  

PasswordDialog.cpp 

SettingsDialog.cpp  

Client.Speex SpeexWrapper.cpp 

Client.UserMgr UserMgr.cpp 

Lib.Settings Config.cpp 

StringUtils.cpp 

Lib.Validation Hash.cpp 

SHA2.cpp 

Lib.Log LogMgr.cpp 

Log.cpp 

Lib.CmdLineParser CommandLineParser.cpp 

Lib.Clock Clock.cpp 

Lib.UdpHandler UDPConnection.cpp 

Server.Core ServerCore.cpp  

Main.cpp 

Server.CallbackHandler Callbacks.cpp 
Table 12: The components mapped to the elements in the source view 

5.1.2 Class diagrams 

The set of classes used in a scenario is typical only a subset of all the classes constituting 

the system. Identifying this subset of classes is not always easy as they are often located 

in different packages. In addition, most tools used for reconstructing Class diagrams only 

visualize the generalization relation between classes and not the other dependency 

relations association and composite
13

. This means that there are basically two steps 

when reconstructing a class diagram: 

1. Identify necessary classes. 

2. Identify dependency relations. 

  

                                                           
13

 We do not distinct between the composite and aggregation relation. They are treated equal, 

even though they differ slightly.  
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5.1.2.1 Identifying necessary classes 

The best way to get started when identifying the classes is to use the knowledge of the 

domain. Since this system uses a client / server architecture and is written in C / C++, a 

good place to look, if for something that connects or binds to a socket, or classes named 

server or client. And this goes for both scenario 1 (related to the server) and scenario 2 

(related to the client). 

MOOSE does an excellent lexical analysis at collecting different static data about the 

system, such as the names of all classes, all attributes (aka member variables) and all 

local variables (variables created and used in methods). Looking through these lists, we 

found some interesting classes (such as UPDConnection and ServerCore) which we 

verified, both by looking in the source code and the target view from the Package 

diagram. These classes were needed for scenario 1. 

In order to find out if other classes are needed, we discovered a nice technique using 

MOOSE. This technique properly only works for small and medium size systems, 

otherwise the total number of classes makes it too difficult locate the few classes by the 

scenario. We opened up the Method Invocation view for the whole system and located 

the two classes; then by following the arrows we were able to identify a set of 

interesting classes and packages which the two other classes they were communicating 

with.  

Packages Classes 

Client.GUI MainWindow 

Lib.* CmdLineParser, OutStream, UDPConnection, Exception, 

Config, Clock, Singleton, Listener 

Server.Core ServerCore 

Table 13: The related classes  

The classes made Italic were later removed from the Class diagram, either because we 

did not find them that relevant for understanding the diagram (Exception) or simple 

because they were misplaced in the first place (MainWindow).  

We used the class view of the whole system to see if any of the classes were used as a 

base or subclass. This information is not available in the Method Invocation view. The 

ServerCore class is the only class which uses inherences from both Singleton and 

Listener. However, inherences from Singleton are not showing in MOOSE, but only in 

Visual Studio 2008. Maybe it is because the Singleton class is a template class and the 

script used to make the Class diagram in MOOSE does not handle templates very well. 

5.1.2.2. Identify dependency relations 

The Class diagrams generated in both MOOSE and Visual Studio only contains 

generalization, but does not support the association and composite relations, which we 

consider just as important as they further visualize the dependences between classes.  
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Identifying the composite relation can be done using Visual Studio. When clicking on a 

class in the Class diagram a list of all the names of the member variables is displayed 

along with their types. In Moose it is only possible to see the names of all members, not 

their type. 

The association relation is more difficult to identify as they identify which classes that 

are either created in a function or a part of the parameter list of a function. The 

parameter list of a function, including the types, can be found in the Class diagram in 

Visual Studio.  

Identifying classes created in a function can be done in MOOSE by selecting outgoing 

accesses from a class, which gives a list of all variables used, both member variables, 

parameter variables and variables created in a function. It’s a long list, but thanks to 

programmers of Open Speak for using Hungarian notation, it is possible to identity 

member variables from the rest. The list also contains the function name, where the 

variable is used, and the parameter list, as shown below; it is possible to identify 

association relations by checking the source code or the flowchart generated by Code 

Visual to verify that the broadcast method uses the OutStream parameter. 

 

Figure 29: List of used variables, parameters among others that are used in a specific function visualized 

by MOOSE. 
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During this step we identified the following data: 

Class Generation Composition Association 

ServerCore Listener  

Singleton 

Clock* (mClock) 

CmdLineParser* (mCommand) 

Config* (mConfig) 

UDPConnection* (mConnection) 

UserMap (mUsers) +) 

OutStream 

CmdLineOption #) 

LogMgr*  

User* #) 

CmdLineParser  CmdLineOptionsSet (mLastOption) #) 

CmdLineOptionsSet (mOptionsSet) #) 

ConfigMap (mOptions) +) 

CmdLineOption #) 

OutStream  None None 

UDPConnection  CallbackMap (mCallbacks) +) 

Packet* (mLastRecvPacket) #) 

ListenerVector (mListeners) +) 

SendQueue (mSendQueue) +) 

OutStream  

Packet* #) 

Config  XMLDocument* (mDoc) 

ConfigListernerMap (mListeners) +) 

ConfigMap (mOptions) +) 

XMLNode* 

Clock  None None 

Singleton  Singleton (mSingleton) None 

Listener(abstract) 

- Interface 

 None   

Table 14: The compositions identified by MOOSE  

where “#” Variable is of type struct and “+” Variable is made from C++ STD Library 

How to read: 

- Association: <Type>  

- Composition: <Type> (<member name>) 

These data can be used to create a class diagram of the server, containing all three 

dependencies. 

 

Figure 30: The Class diagram of the server, constructed using the above data 
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5.2 Reconstructing Component & Connector views 

Component & connector views give a dynamic view of the system. However, this does 

not mean that all information only can be obtained from a running system. Views that 

are covered in a Component & connector viewpoint, visualize how components are 

structured via connectors and how they communicate. Interested Component & 

connector views are basically sequence diagrams and component diagrams. 

Source viewpoint Target viewpoint Description 

Method calls Method Component calls 

Component 

This is used to build the call graph. 

Rule: If a method of Class i or the 

global space, calls a method of Class j 

or a method of the global space, 

where i = j or i <> j. 

A set of related method calls Component uses 

Connector 

This identifies which connector a 

component is using. 

Table 15: The general mapping rules that defines the component & connector views 
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We have chosen to describe method calls as a separate connector type, as this is the 

most common of connectors and the easiest to identify, both by reconstruction tools 

and humans. Other connector types, such as database connectors, are more difficult to 

identify. First – rarely can a connector be identified by a single method call, but requires 

a set of related method calls. For instance; to identify a network connector, requires 

basically three things: 

1) Initializing the port  

2) Either binding to a port or resolve server name (depending if it is a server or client) 

3) Transmitting and receiving data.  

Secondly – the set of related methods may be declared and implemented in different 

Classes and/or modules, which makes it harder to identify, both for reconstruction tools 

and humans using manual inspection.  

The views that are going to be reconstructed in this section is the Sequence and Object 

diagrams as described in UML. 

5.2.1 Sequence diagrams 

Reconstructing a Sequence diagram requires both an overview of the objects involved, 

their relation and how they collaborate. Identifying which objects are involved is the 

easy part, if a Class diagram is available that is, otherwise the same approach for 

reconstructing a Class diagram must be used in order to identify the necessary objects.  

The difficult part lies in extracting the details; finding the right starting point for the 

scenario, get an overview of the collaboration and determine how much or less code 

structure should be included in the Sequence diagram. 

5.2.1.1 Finding the starting point 

Using the MOOSE Method Invocation view helps identify the starting point of 

interaction. If the scenario has something to do with server/client start up or something 

that is initiated by the user clicking a menu item, then the class that has only/mostly 

outgoing method calls is a candidate assuming there is some sort of hierarchy among 

the classes. However, if the starting point is somewhere else, a little more work was 

needed, but the Method Invocation view help identify methods that were of interest, by 

follow the execution path using the arrows, knowledge about the domain and heuristics. 

Then debugging/looking in the code helped narrowing it down to the right method. 

5.2.1.2 Documenting the collaboration 

It is not surprising that tools have difficulties reconstructing a Sequence diagram. It is 

not that the data needed are overwhelming, as it is the same for each Caller / Callee 

pair, but if polymorphism, function pointers or events are used it gets difficult to find the 

callee. Luckily none of these advanced features exists in the Open Speak project. 
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We thought that we would use the Caller / Callee view as the primary tool, as this is a 

Sequence diagram containing only a single executing, but surprisingly we did not, mainly 

because: 

1. The methods listen in the “Functions that were called by ...” are not ordered 

according to time (and it is not possible to do so either). 

2. Code instrumentation only contains a subset of all execution paths, which did 

not always correspond to the flowchart and created confusion. Not because the 

flowchart and the Caller / Callee view did not match the code, but because the 

Caller / Callee view only showed one path through the method, whereas the 

flowchart shows all paths. 

3. One easily looses orientation when traversing the execution path too depth as it 

is difficult to find the track back. An overview was needed, in order to see how 

to get back. 

We found that the Caller / Callee view is better suited for examine what the code 

actually does, than provide enough information for creating Sequence diagrams. 

To get an exact view of the order of methods calls and all executions paths through a 

method, the flowchart was used and besides it also shows the context in which a 

method was called - for instance, if an IF statement is true, then method A is executed 

otherwise method B. This kind of information is not available in the Caller / Callee view.  

Documenting the collaboration was done by a combination of looking in the source code 

and the flowcharts. 

5.2.1.3 Code structure versus sequence diagram 

Sequence diagrams tend to get much cluttered if they try to reconstruct the code 100%, 

because of loops, conditions and the like. Even though the UML standard supports this, 

it is not what Sequence diagrams are good at. The approach we have taken is primary to 

use Sequence diagrams to visualize how objects collaborate and if a method is small and 

/ or simple (meaning few lines of code and / or not many loops, conditions and the like), 

then add support for loops, conditions etc. also. We have tried to rational about putting 

too much code structure into Sequence diagrams, but it is a two-folded answer. If you 

only want one document to maintain, it will be cluttered and difficult to read. Having 

two documents, keeps each document simple, but you have more to maintain and 

synchronize. This is why the Sequence diagram and the flowchart work closely together. 

It is not often either of them can stand on their own. 

The time it takes to make a Sequence diagram using the tools is only a little bit faster in 

average, compared to look in the source code only. However, if the code uses advanced 

features such as polymorphism, function pointers or events, we rather use a 

combination of source code and debugging, because finding the right callee does not 

use the same approach each time, but a combination of heuristics and good feeling.  
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Besides this, the advances of using the flowchart are when a method has a complex flow 

or structure. The Caller / Callee view is not of much help when creating a Sequence 

diagram, but is better suited for examine what the code actually does. 

In Appendix A we have collected some screen dumps of the data we worked on during 

the reconstruction of the Sequence diagram for the server scenario. 

5.3 Reconstructing Allocation views 

Allocation views, which show how software is allocated to hardware, are difficult to 

reconstruct. First they uses the connectors from the Components & Connector view, 

which itself are difficult to reconstruct. Secondly they require an understanding of the 

running system and how it is deployed. This kind of information is difficult to extract 

from the traditionally source files (C / C++ header and source files). If install scripts are 

not available, either manual inspection and/or code instrumentation must be used. 

Source viewpoint Target viewpoint Description 

System creates Thread  System creates a 

component. 

The system creates a component with 

the resources needed for the thread. 

System creates Process System creates a 

component. 

This identifies which connector a 

component is using. 

Table 16: The general mapping rules that defines the allocation views 

5.3.1 Deployment diagrams 

One of the tools, Visual Studio 2008, could provide us with very little information that 

could be used for the allocation view, but unfortunately this was insufficient when 

reconstructing the allocation views. For instance, even though Visual Studio has an 

Allocation and Process view, the Allocation view only shows how much memory a 

process uses, by looking at the first method called in a process, as this accumulates the 

memory usage used by all descendent method calls. In the Process view it is possible to 

see how many threads that are created in a process, but it is neither possible to identify 

the code, which initiated the threads nor how much memory they consume. The 

generation of these views have therefore primarily been done by trying different kind of 

installations / configurations – again in an iterative process. Which kinds of 

configurations are allowed by the application and its architecture and which is not 

allowed? The following will outline the configurations that are supported by software 

architecture with a short description of which configurations it does not allow. 

The applications contains to primarily program units: a server program and a client 

program. The server program keeps track of all active / logged in users. The client 

program is used to connect to the server.  

 

Figure 31: A client-server installation with a dedicated server. 
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The client- and server program can be started at the same physical node or on different 

nodes, but the client application cannot be started more than once on the same physical 

node. 

 

Figure 32: A client-server installation with a multifunctional server. 

Common for both setups is that one or more clients are communicating with the server 

by the use of UDP over TCP/IP.  

5.4 Summary 

In this chapter we have been working with both the Symphony process and the tools for 

reconstructing the views of the architecture. The process of Symphony is an iterative 

process where the amount of data gathered increases every time a new iteration is 

made while knowledge about the source view expands.  

We have been reconstructing the frequently used views belonging to the Module view, 

Component & Connector view and Allocation view. During the process it became clear 

that a single tool cannot do the job on its own because many of the tasks of 

reconstructing the different views are complex and some tasks requires a running 

version of the system.  

For the Module view, two diagrams were reconstructed: 

1. Package diagram  

This was done with the help of the Lattix tool alone, in an iterative process. The 

three major components (The server, the client and the library) were identified 

by Lattix, but the subcomponents required a little manual help. 

2. Class diagram  

Both MOOSE and Visual Studio can make a Class diagram, but Visual Studio 

includes more information. However, the only relation reconstructed 

automatically was the generalisation. The missing relations, associations and 

composites were made manually to complete the Class diagram. Information for 

these relations was extracted using both tools. 

One diagram was reconstructed in the Component & Connector view. Reconstructing 

this diagram was mainly done manually, where the tools only helped a bit by gathering 

the data that is required to create the diagrams. 
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1. Sequence diagram  

The difficult part of making a Sequence diagram is to capture the path of 

executing. Even though we used Profiling in Visual Studio, the data was not 

presented in a usable way, so we had to use a combination of looking in the 

source code and the flowchart created by Code Visual. The code in Open Speak 

project did not use any advanced techniques such as polymorphism and 

function pointers, which simplified the process. 

For the allocation view, two diagrams were created. These diagrams were the only once 

created without any support from the tools, simply because the tools did not provide 

the information needed. 

1. Object diagram  

The Profiling in Visual Studio does have both an allocation view and process 

view, but the process view shows only how many threads a process has created, 

but not how much memory they consumed or on which node they were 

executed on. The Allocation view from Visual Studio 2008 showed only how 

much memory a process consumed. The generation of this diagram was 

therefore primary done trying different kind of installations / configuration. 

A general picture of the tools seems that they are best suited to help gathering 

information for static structures used in the Module view and flowcharts for the 

sequence diagram. As soon as it gets dynamic, tools are lost! Legacy code sometimes 

uses function pointers and focus is now turning on using design patterns which often 

uses polymorphism. This means that there is a challenge for reconstruction tools 

builders. 
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6 Architectural approaches 
It has now been described how the architecture has been reconstructed by the use of 

various tools. When using the tools their output has been selected carefully in a way it 

augments each other. The total output collected from all tools gives in this way 

reasonable and satisfactory architectural description, which covers the overall 

architecture and some of the primary scenarios.  

The next step is to take a deeper look into the software architecture and try to identify 

some architectural patterns, if any exists. For time being none of the tools chosen 

support pattern recognition in the source code. Instead the recognition of pattern will 

be taken care of by inspecting the source code manually and with the use of lexical 

analysis (i.e. by Grep). This will again be an iterative process where patterns will be 

identified in the source view and added gradually to the target view.  

The presentation of the patterns that have been recognized will illustrate smaller parts 

of the software architecture in the target view. The naming of the classes will match the 

one used in the source view to make the mappings easier between the views when used 

later. 

6.1 Communications  

Applications that use distributed- or networked objects impose an important 

requirement. Subsystems that are distributed must collaborate, and therefore need a 

means of communicating with each other. This application is indeed a distributed 

application, it contains a server and a client, and it is important to highlight how the 

communication takes place among components both for deployment, debugging and 

further evolution of the application. The following highlights the patterns primarily 

related to the communication among the component, and secondly related to the 

internal communications.   

6.1.1 Client-Dispatch-Server 

When analyzing the source code by Lattix it looks like a layered architecture that 

contains two layers, but by doing a closer inspection it is actually not a layered 

architecture as we typically know it. In the matter of facts it is really a client-dispatch-

server pattern [20] that has been used.  

The Client-Dispatch-Server design pattern introduces an 

intermediate layer between the clients and the servers, the 

dispatcher component. It provides location transparency by 

means of a name and a service, and hides the details of the 

establishment of the communication connection between 

clients and servers [20, p. 323]. 
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The following illustration shows the components (Visual Studio projects) of open speak 

mapped into the client-dispatch-server pattern, where stereotypes identify the role of 

the components. 

 

Figure 33: The client-dispatch server architecture recognized. 

The areas of responsibility for the components are very precise and they are outlined in 

the following way. 

• Client and Server 

The service consumer and service provider should be strictly separated from the 

code used to establish a connection with each other. In other words the server 

provider and service consumer are only allowed to contain code that is related 

to the core functionality. 

• Dispatcher 

The main responsibility of this component is to hide communication details. The 

component is acting as a facade by hiding the communication establishment, 

server localization and the maintenance of server locations. 

Given these definitions the components do fully satisfy the area of responsibility. This is 

also outlined by the matrices generated by Lattix. The way it is shown by Lattix is that 

the rules have not been violated at all. References to the server used by the client and 

opposite do not exist at all.  

6.1.2 Publisher-Subscriber 

The application uses different variants of the publisher-subscriber pattern in its 

implementation.  One of the places where a variant is used is with the communication 

aspects where a publisher-subscriber pattern is used when data changes in one 

component and many other components depend on this data. In this application we will 

see many clients (subscribers) that depend on data from the server (publisher). This is a 

well-known problem that can be handled by a publisher-subscriber pattern or variants 

of it. 
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6.1.2.1 Reactor 

The communication structure is defined by a Client-Dispatch-Server pattern as described 

in section 6.1.1 above. The communication itself is taken care of by an event based 

communication handled by a variant of a Publisher-Subscriber pattern [20]. 

The Publisher-Subscriber design pattern helps to keep state of 

cooperating components synchronized. To achieve this it enables 

one-way propagation of changes: one publisher notifies any number 

of subscribers about changes to its state [20, p. 339]. 

 

The application uses a Gatekeeper variant of the publisher-subscriber pattern. In that 

particular variant a publisher instance in one process notifies remote subscribers. This is 

done by a producer, which sends messages out from one process while a receiving 

process is de-multiplexing them with the use of a singleton “gatekeeper”. The 

gatekeeper then notifies event-handling subscribers when events for which they 

registered occur. This behaviour is also identical with the Reactor pattern [21, p. 179]. 

The areas of responsibility for a reactor pattern are outlined in the following way. 

• Reactor 

It is responsible for registering and removing event handlers and their 

associated handles. It manages a set of handles and finally, it runs the 

application’s event loop. 

• Synchronous Event De-multiplexer 

It is able to block waiting for indication events to occur on the handle set and it 

indicates an operation can be initiated on a handle without blocking. 

• Event Handler 

It defines a generic interface for the concrete event handlers to allow the 

handling of multiple event handlers by sub classing. 

• Concrete Event Handler 

It processes the indication on a handle in an application-specific manner and 

defines an application server. 

• Handle (and handle set) 

It identifies a source of indication events in an operation, and a handle can 

queue up indication events. Finally, a handle set is a collection of handles. 

The illustration below shows the relevant classes in open speak mapped into the 

publisher-subscriber pattern, where stereotypes identify the role of the components. 

Please note that only events specifically related to the communication are included, 

others have been omitted.  
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Figure 34: The reactor pattern recognized 

6.1.2.2 The traditional publisher-subscriber 

The module used to configure the application itself stores its data in an XML document. 

The document is being created / parsed at start up and it is being saved back to the file 

when the component shuts down. This does not bring it to the list of publisher-

subscriber implementations, but it implements a mechanism that makes it possible to 

subscribe for specific options and subscribers will be notified when changes are made to 

the specific options.  

 

Figure 35: The publisher-subscriber pattern 

In a traditional publisher-subscriber pattern the roles are much simpler than when using 

a reactor pattern. It means the areas of responsibilities are outlined in the following 

way. 
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• Publisher 

It is responsible to maintain a registry of currently-subscribed components and it 

should offer an interface, which allows components to subscribe and 

unsubscribe. Whenever the publisher changes state, it sends a notification to all 

its subscribers. In the application this notification contains the newly updated 

value in the configuration storage. This means also that the implementation 

uses the push model, because it pushes the values out to the subscribers. 

• Subscriber 

The interface of the subscribers should be known of the publisher others the 

publisher will not be able to how to notify its subscribers. A general practice is to 

introduce an abstract base class to allow different classes to be subscribers, but 

this is not done in this situation.   

6.2 Structural decompositions 

Subsystems and complex components are handled more easily if structured into smaller 

independent components, rather than remaining as monolithic blocks of code. This 

application is a small application, which complex structures. The following highlights the 

patterns primarily related to these structures.   

6.2.1 Singleton 

By taking another look into the source code it is easy to find one of the frequently used 

components, the Log component. It makes it obvious to take a look into that component 

and see how it is implemented.  

 

Figure 36: The singleton pattern together with the log manager 

For a better reusability the singleton is made as a template. A template is an abstraction 

that can be used if a structural composition has to be used for different types of classes. 

Templates are useful and extremely powerful for such manners, but they can be difficult 

to debug. 

The single pattern ensures a class only has one instance, and 

provide a global point of access to it [22, p. 127]. 
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In the application the singleton is used to ensure that only one handle to the log exits. In 

the current implementation the log is written to a file while it may cause problems if 

several log handlers wrote to the same file. It matches with the responsibility for a 

singleton that states. 

• The singleton class must be exactly one instance of a class, and it must be 

accessible to clients from a well-known access point. 

• It should be possible to make the sole instance extensible by sub classing, and 

clients should be able to use the extended instance without modifying their 

code.  

Secondarily, according to the pattern description described in [22] both the constructor 

and the destructor should be made protected to ensure no one unauthorized is deleting 

the sole instance. In the implementation of Open Speak these are both made public, 

which gives a potential risk for unattended (double) deletes of the sole instance.  

Instead the correct solution would be to let an auto-pointer take care of the deletion of 

the sole instance. The auto-pointer should then be declared as a “friend” to the 

singleton class, which will allow it to call the private and protected functions hence it is a 

direct contradiction to the object-oriented principles, but it limits (or even eliminates  

entirely) the risk of double deletion. 

6.2.2 Other decompositions 

Some of the structures in the application could not be identified directly as patterns, but 

it can be useful to document these features anyhow. One of the structures is related to 

the user’s favourite lists, which generally is used to store frequently used server 

addresses. 

 

Figure 37: The favourite’s manager 

The favourites are stored into an XML file, which are loaded or created when the 

method initialize() is explicitly invocated. Addition and removal of favourites are easily 

done by two corresponding methods at the manager class. The favourite is a struct 

which contains information about server name, port and other information that should 

be used to establish a connection. 
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6.3 Summary 

During this chapter some, but maybe not all, architectural approaches have been 

identified in the application. Most of the architectural approaches have been identified 

as patterns while others have been included for clarity. Totally five structures have been 

identified.  

Structure in Target view Pattern 

System structure Client-Dispatch-Server 

Protocol handler Reactor 

Config Publisher-Subscriber 

Log manager Singleton 

Favourites manager None 
Table 17: The structures identified with the patterns they match 

It goes from a client-dispatch-server pattern, which are used to connect the three major 

components in the application, a couple of variants of the publisher-subscriber pattern 

that take care of the intercommunication as events to smaller patterns such as singleton 

pattern that is used together with most of all the other patterns. In conjunction with the 

recognition of the singleton pattern, a minor risk has been identified in the 

implementation of the pattern. Finally some common components have been outlined 

for clarity where not all of them directly could be identified as a pattern. 
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7 Conclusion and future work 
How much of an architectural description that needs to be reconstructed, depends on 

the task at hand and can range from a single diagram, if the company regularly updates 

it documentation, to everything included in an architectural description. If everything is 

required, reconstructing the architectural description is not a process that is done over 

one night. A lot of data needs to be extracted from the artefacts of the system and 

further analyzed, visualized and then analyzed again.   

This thesis has been looking at a process, called Symphony, for reconstructing the 

architectural description and some tools to help automate some of the tasks involved in 

the process. It is a great advantage to have a formal approach, like Symphony, for a 

complex task as reconstructing the architecture description. First it gives a common 

vocabulary when communicating and second it has a formal procedure to follow which 

helps you to stay on track. 

The Symphony process can be initiated by different kind of stakeholders and each of 

them require different kind of information. One of the first tasks in the Symphony 

process is to understand the problem which caused the reconstructing in the first place 

and then identify which kind of information is needed to solve the problem.  

This thesis uses an open source project as a case to reconstruct the architectural 

description. This means that the problem that initiated the reconstruction was easily 

found. The kind of information that is going to be extracted from the open source 

project, addresses software architects, developers and maintainers because these 

groups often use the architectural description in their daily work. The tools used during 

the reconstructing process have to focus on supporting the creation of the views 

belonging to the Module view, Component & Connector view and Allocation view. 

To collect the data needed for the reconstruction two general techniques can be used: A 

static analysis which collects its data from the artefacts belonging to the application, and 

a dynamic analysis which collect its information from a running system.  

Tool Static Analysis Dynamic Analysis 

Lattix X  

Visual Studio 2008 X X 

Code Visual X ( ) 

MOOSE X X 
Table 18: A taxonomy that classifies the tools into two categorize (static analysis and dynamic analysis) or 

even both. 

The extraction of the tools has been made with a number of different tools. These tools 

cover both static and dynamic analysis as described in table 18 listed above (see also 

section 4.3). It had the advantages that they augmented each other even that some gaps 

still remain. To close these gaps it has been necessary to use more manual procedures.  
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The process needed to collect the data for the target view is one of the most time 

consuming processes and the dynamically analysis is the most difficult one, because of 

runtime dynamics like polymorphism. It is an iterative process that collects a subset of 

data every time a new iteration is processed. The degree of details gets higher and 

higher each time a new iteration is started. 

In general it is very difficult for tools to collect data from an existing application. This 

makes it even harder to find tool that is suited for your special needs. Some commercial 

products exist on the market, but very few of them is capable of collecting all the data 

you might need for the reconstruction process as you have to combine several tools, but 

the disadvantages with multiple tools are often a missing collaboration between them. 

When selecting the tools to be used it is important to be aware of the prices (if 

commercial products are chosen) because the economically aspects are definitely not 

cheap and the initial costs therefore increasing unexpected. 

The future work of this thesis is to make a further investigation of the features of the 

tools to make a more automatically process of the sequence diagram generation and 

pattern recognition. We plan to continue to use the Symphony process when doing 

reconstruction as it describes a formal approach for a complex task. Secondly we think 

that MOOSE promote new ways of looking at data that could be suitable. Finally we will 

recommend the use of some of these tools (especially MOOSE and Lattix) in the daily 

work. 
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1 Usage of the tools by the symphony process 
This appendix shows some screen dumps from the tools we are working with. The 

scenario used as the case, is the scenario describing the server startup and the 

connection of a client.  

2 Reconstruction of the Sequence diagram 
In order to see the close relation between the source code and the data gathered in 

both the code instrumentation and flowchart, we present some screen dumps. We have 

chosen to shows the ServerCore::addUser(…) method, as it is relative small and contains 

both  IF and FOR statements. It is called when a client connects to the server. 

 

The figure above shows the source code of the ServerCore::addUser( … ) method. 

Here below is the flowchart diagram of the same code. 
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What is nice about the flowchart, when used for constructing a Sequence diagram, is 

that it shows the order of method calls, the context in which a method is called and the 

code structure. The Caller / Callee view 

addUser( … ) method, but not the ordered, which makes them difficult to use. Further, 

the long parameter list used by some of the C++ STD calls requires you to have a big 

screen monitor it you want to see it all. 

suited for examine what the code actually does, rather than provide enough information 

for creating a Sequence diagram.

3 Sequence diagrams
Even when getting help from the flowchart

about the same time to on average as it would have done without the flowchart. 

only if methods has complex code structure you gain some time. 

you have to make the Sequence diagram

The Sequence diagrams shown here 

where it enters an infinity loop where it waits for clients to 

What is nice about the flowchart, when used for constructing a Sequence diagram, is 

t it shows the order of method calls, the context in which a method is called and the 

he Caller / Callee view only shows which methods are called in the 

addUser( … ) method, but not the ordered, which makes them difficult to use. Further, 

the long parameter list used by some of the C++ STD calls requires you to have a big 

screen monitor it you want to see it all. For these reasons, the Caller / Callee view

suited for examine what the code actually does, rather than provide enough information 

for creating a Sequence diagram. 

3 Sequence diagrams for the server startup 
Even when getting help from the flowchart to create the Sequence diagrams, it took 

about the same time to on average as it would have done without the flowchart. 

only if methods has complex code structure you gain some time. This is mainly because 

you have to make the Sequence diagrams you self.  

The Sequence diagrams shown here are the start up of the server, up until 

infinity loop where it waits for clients to connect and disconnect

 
What is nice about the flowchart, when used for constructing a Sequence diagram, is 

t it shows the order of method calls, the context in which a method is called and the 

only shows which methods are called in the 

addUser( … ) method, but not the ordered, which makes them difficult to use. Further, 

the long parameter list used by some of the C++ STD calls requires you to have a big 

For these reasons, the Caller / Callee view is best 

suited for examine what the code actually does, rather than provide enough information 

 
to create the Sequence diagrams, it took 

about the same time to on average as it would have done without the flowchart. If is 

This is mainly because 

are the start up of the server, up until and including 

connect and disconnect. 
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The label “Create directory to store log” has been used instead of showing the actual 

method calls for creating a directory, as they are not important to get an understanding 

of the collaboration and also to keep it simple. The label “Continues …” is to inform that 

the method is explained in next Sequence diagram. The reason for this is both to keep 

each Sequence diagram small and simple and to inform that the Sequence diagram 

continues.  

 

The Start() method reads its setting from the configuration file and binds the server to a 

UDPConnection listening for client calls, before it enters the infinite loop. 
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We decided to include code structure in this Sequence diagram, mainly because this is 

the “message pump” of the server, which is not visible if the code structure has been left 

out. Secondly, it is a small and not that complex method. 

 


