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ABSTRACT

Architecture is a key factor to the success of the software product, but at least the
state of art is not the state of practice. The connection between the completed
system and the architecture has often been damaged after the original
implementation. Reverse architecting is a method to recover the software
architecture by analyzing the artifact. Since reverse architecting is not mature yet,
the paper studies methods, tools, and major issues which hinder the person
performing reverse architecting all together from knowing whether the reverse
architecting method is repeatable and possible to apply on the different releases of
the same product.

Keywords. Reverse architecting method, Artifact, Design, Rational XDE, Round-
trip engineering
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1.1

1.2

INTRODUCTION

One Ericsson [24] product is selected for the case study. It is a red-time
distributed software product with about thousands of lines of C++ code.

We have investigated al artifacts related to the product in the case study, for
example the code, the UML diagrams and al other documentation. The
investigation shows that the product has incomplete documentation of the software
architecture that hinders the continuous development for the next release of the
product, and prevents the organization from efficiently catching the rapidly
changing market.

Own way to improve the situation is to use reveres architecting to reconstruct the
software architecture from the existing code. This is not easy to do and we have to
conclude that reverse architecting technology is not mature. There are many
versions that do not work well.

Objective

The aim of this master thesis work is to find 1) a method to extract the concrete
architecture from the source code and the available documentation to make the
project close to the round-trip engineering and 2) evaluate how Rational XDE
application do the reverse architecture. Reverse architecting is a part of normal
maintenance - generate the architecture description from the implementation. Then
the architect has the possibility to use the outcome to optimize the architecture and
improve the implementation. The architecture of the existing product is an input
for the next release in the future.

Chapter Outline

The paper starts with defining the terminology in chapter 2, and the reverse
architecting approach is described in chapter 3 and the analysis of the method isin
chapter 4. A case study by means of this method and a commercia tool and the
reverse architect views are introduced in chapter 5 and chapter 6 discusses the
conclusion. The appendix lists the supplementary information including the
answers from interviews, and the adaptations of the tools.
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2.2

TERMS

Here is an overview of some terms, each term is defined according to the usage in
the paper. Component, node and system are 3 levels from bottom to top in a
hierarchical description of a system. They are part of the realization of the
architecture. Unified Modeling Language (UML) provides a standard and
Architecture Description Languages (ADL) use this standard to describe the
architecture in a formal way. Then in the maintenance phase Rational eXtended
Development Environment (Rational XDE) reverses the architecture, and the
architect analyzes the result and improves the implemented architecture. Round-
trip Engineering is agoal of the reverse architecting.

Basic Concepts

Concept Definition

Component A component is a unit of composition with interfaces and
quality attributes [1].

Node A node consists of a set of components and their
connections.

Product A product in this paper is a part of a system. This means
that a product is a node, which maintains what we discuss.

System System consists of nodes and the interfaces between them.

Tablel. Basic Concepts

Architecture

[2] gives a description of the software architecture: ”the software architecture of a
program or computing system is the structure of the system, which comprises
software elements, externaly visible properties of those elements and relationships
amongst them. Software elements can be nodes, components and etc. whatever are
defined in the system.”

A reasonable description sometimes is possibly more important than a thoroughly
accurate definition of software architectures. It has to be mentioned that there is no
single agreed-upon definition at al. The quotation above is one of the most often
guoted. The common element in al definitions is the intuition that software
architectures describe in different levels of detail, the inner workings of system
which is much like the traditional architecture describes the structure of buildings,
though the analogy is useful to help us to understand the concept and show cracks
and differences if taken too far.

Some important and positive aspects of software architecture are [2]:

communication among stakeholders is improved when a reasonably accurate
and high-level description of the system is available. It enables participants to
effectively discuss the merits of the system and agree on a compromise which
satisfies the requests of all the parties involved;

early design decisions are directly influenced by the architecture and greatly
affect the subsequent development of the system.
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abstraction reusability is another trait of software architectures that can be reused
when another problem poses similar requirements or in a software product line;

better human organization can be achieved by matching the structure of the
system to the structure of the development team;

Maintenance of existing systems can be made easier by referring to the software
architectures;

It must be noted that architecture is a rather generic term and, depending on the
objective with architecture it may be:

a conceptual architecture describes the system in terms of its maor design
elements and the relationships among them [17];

a concrete architecture is the as-built architecture and is the one we can recover
using the tools. The paper will focus on reversing the concrete architecture and the
result of the reverse architecting is a description of the concrete architecture;

a reference architecture is a sample from a well-known domain and is usually
provided as a starting-point.

Architecture Description Languages

After the introduction of the definition and objective of the architecture, the next
guestion is how software engineers describe the architecture accurately and
reliably.

During the design phase, a very useful option is the so-called 4+1 View Model
proposed [20] that tries to clarify the intended meaning of the traditionally used
diagrams in which, for example, the nodes could be code sections, computers or
functionalities while arcs could stand for dependencies or flows. by separating the
descriptions into different views, each of them becomes more unambiguous. The
model prescribes the following views:

logical view that deals with functional requirements;

process view that is concerned with nonfunctional requirements such as
availability and performance;

deployment view that illustrates the work organization in the deployment group
and constitutes the basis for the creation of product lines,

physical view that maps elements from other views to the underlying hardware;

scenarios or use-cases that serve to validate the other views and help discovering
architectural elements.

It is more important to use formal notations to describe software architectures than
informal ones. It is possible to verify the architecture properties defined in ADL.
ADL comes in many flavors, ranging from the easy-to-use (at the expense of tool
support) to strict formalisms (that alow for automated verification and code
generation).
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2.5

2.6

2.7

Unified M odeling Language

UML [26] is an industry-standard modeling language used for specifying,
visualizing, constructing, and documenting the artifacts of a system.

One godl is to present a common modeling language that all developers can use.
UML is a language whose vocabulary and rules focus on the conceptual and
physical representation of a system.

The UML uses diagrams to represent different system views. The purpose of a
diagram is to present a set of model elements, which are rendered as shapes and
connectors.

As systems become complex, the importance of models increases. For example, a
doghouse can be constructed without blueprints. However, as one progress to
houses, and further to skyscrapers, the need for blueprints becomes pronounced. A
model [25] helpsto:

1. aid understanding of complex systems;

2. explore and compare design aternatives at alow cost;
3. form afoundation for implementation;

4. capture requirements precisely;

5. communicate decisions unambiguously.

UML is a standard that enables engineers to describe the architecture in a common
way, and ADL uses this standard to describe the architecture.

Artifact

Artifact indicates anything (e.g. documentation, source code and etc) that can be
used for the forward engineering and reverse engineering.

Design

Design is the process of how to come from the regquirements to the implementation
of the node. Design also documents the internal mechanism of the components in
the artifact in the whole lifecycle of the design.

Round-trip Engineering

Round-trip engineering [4] is closely related to reverse engineering and it keeps
architecture consistent. Assume that there is a reverse engineering procedure that
is always able to give the architecture of a given product. Now assume that there is
a procedure that will aways generate the product from a given architecture. If the
architecture of a given a product can be used to generate a product that is identical
to the given product then this is a round-trip engineering system. Depending on the
complexity of the given product, the round-trip engineering can be either
automatically or human involved.
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However, round-trip engineering is not only forward engineering and reverse
engineering. Both of them involve transforming one or more artifacts into one or
more other artifacts. This task is typically a single, isolated transformation, where
any information in the target artifact is not considered, and typically a new artifact
is created, possibly replacing the previous version if one exists. In some cases,
forward and reverse engineering may be optimized so that only incremental
transformation is performed, i.e. only the changed modules are transformed, rather
than all artifacts, e.g., incremental compilation. For more information, see [19].

Rational eXtended Development Environment

Rational XDE [25] is a tool used for the case study in the paper. It combines the
architecture design and C++ development into a tightly integrated environment.
Rational XDE is a tool for designing, communicating, and documenting the
architecture throughout the project lifecycle that seamlesdly integrates with the
development platform used to create applications and systems.

Rational XDE uses a variety of artifacts. Rational XDE facilitates a controlled
iterative application-development process called round-trip engineering.  The
process models the application, analyzes and refines it as the understanding of its
operation increases, then generates the code-element object declarations of a
complete application based on that model. Rational XDE and the (Integrate Design
Environment) IDE evolve the generated code, until the required functionality for
the iteration is achieved.



REVERSE ARCHITECTING

I ntr oduction

Reverse architecting uses artifacts to make the existing architecture explicit by
extracting components and their relationships. There's no simple agreement on a
single definition, for example:

[14] gives that reverse architecture recovers recurring designs and the rationales
behind them;

[16] gives the main goal of reverse architecting - to retrieve high-level design
structures, to reduce the effort, timescale and cost associated with modifying an
existing system.

Since reverse architecting is part of reverse engineering, we use reverse
engineering process to show the reverse architecting.

Reverse engineering is a process to analyze a system to identify its components
and their interrelationships, creating representation of the system in another form
or at ahigher level of abstraction [15]. Reverse engineering is mainly used to ease
the system maintenance and the future development, as well as to verify and
update system documents.

Forward engineering is a traditional process that transforms high-level abstractions
to a physical implementation [18].

Here are the definitions for some termsin Figure 1:

Requirements definition describes the goal, requirements, constraints and
marginal conditions for a system;

Commercial requirements definition describes the reguirements from the
customer. It describes what the product must do;

Architecture definition defines the contents of the architecture. |.e. it includes the
interfaces, connections and constrains among the components. The interface
specifies the components behavior; the connection defines the communication
between components; and the constraint restricts the behavior of the interface and
the connection;

Implementation is the step that produces the final product.

Figure 1 shows an overview of the forward and reverse engineering in the software
development cycle. The left and up arrow indicates reverse engineering, right and
down arrow for forward engineering. The commercial requirement drives the
architecture and forces changes in the architecture. The architecture dictates rules
and guidelines to the requirements, design and implementation phase.
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Commercial Requirements Definition

P 1 . |

- ®| Requirements Definition

.

Architecture | —— Design
Definition [
v 1

P Implementation
4—

Figure 1. Forward and Reverse Engineering in the Software Development Cycle

Most people agree that there is a huge dimension during software maintenance and
program understanding. [13] quotes the “Wall Street Journa” as source and
reports that up to 80% of the maintenance effort is spent on trying to understand
code and also [21] suggests a figure between 40% and 80%.

Many approaches in the past have developed and presented reverse architecting
for:

evaluating the conformance of the as-built architecture to the documented
architecture;

recovering the architecture description for systems that are poorly documented or
for which documentation is not available;

analyzing and understanding the architecture of existing systems to enable
modification of the architecture to satisfy new requirements and to eliminate
existing software deficiencies.

The outcome of reverse architecting is the logic view and scenarios for the
concrete architecture. This is one of the smple ways to show the system
perspective with essential detail. For example:

1. Node architecture overview (see chapter 5) is to unambiguously specify
interfaces, connections and constrains;

2. Components Diagrams and Data Model Diagramsis to capture design;

3. State Transition Diagramsis to model dynamic behavior.

Rever se Architecting Approaches

We have studied some reverse architecting approaches. Some of them cannot
handle a complex system nor easily show a complex graph, e.g. Niere et a graphic
based approach see section 3.3 Other approaches, and some of them cannot
provide an acceptable precision, e.g. Antoniol, Fiutem, and Cristoforetti [22]
design pattern based approach, see section 3.3 Other approaches. Workbench
Approach does not have those drawbacks, so we study it in this paper.
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3.2.2

Workbench Approach

A workbench approach is an open and lightweight environment. It provides an
infrastructure for the integration of a wide variety of tools and methods. The open
means the workbench allow easy integration of additional tools. The lightweight
ensures only necessary dependencies exist among aready-integrated tools and
data. Based upon the above facts there are no particular static set of tools
(extractors, visudlization tools, etc.). So the workbench can support many
implementation languages, many target execution platforms, and many techniques
for architecture analysis.

The workbench approach contains three aspects. View Extraction, Database
Construction and Reconstruction. Each aspect can contain any tools and
techniques if suitable. For the definitions of those three aspects, see the section
3.2.3,3.24 and 3.2.6.

Dali Approach

The Dali approach is the redlization of the workbench environment. The Dali adds
an additional activity -View Fusion - to the workbench, so the Dali has four
activities; View Extraction, Database Construction, View Fusion and
Reconstruction. The current Dali implementation uses an SQL repository for data
storage and manipulation. Dali explains how to actualy carry on those activities
and use the output from each activity from the academic point-of-view. Rational
XDE integrates those activities into an application and the user can obtain the
architecture information without knowing what is the workbench or Dali approach
at al. So the workbench approach is only an environment concept; Dali is away to
realize the workbench approach; Rational XDE is a commercial example in
practice. This chapter will use the Dali approach [30] to illustrate the workbench
approach. The concrete example will be given in the section 5. The Dali combines
a number of commercial and free tools and stores the recovered information in a
relational database: the information can be filled and queried by the individual
components according to their capabilities.

The architecture to be recovered is the concrete architecture, not the conceptual
architecture. Later, it will tell how to check the conformance of the former to the
latter, as well as comparing the available documentation, if any, to verify its
accuracy. Reference architectures, if they exist, can be used as working hypothesis
during Reconstruction. To recover the architecture of an existing system, work is
often organized in the following process [15], Figure 2. The arrows show how the
information flows among View Extraction, Database Construction, View Fusion
and Reconstruction.
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Reconstruction

View Extraction Presentation  [4
— Pattern Definition

& Recognition

S e T

Visualization &
Data I nteraction
Profiling base
View Fusion

Documentation

Figure 2. Reverse architecting process

The process is interpretive, interactive, iterative and half-automeatic. It needs an
actor, eg. a reconstructor who does reverse architecting, and one or more
individuals, e.g. the architect and the software engineer who know the system
being reconstructed.

The actor extracts the information from the artifact, then collects and stores them
for abstraction of the architecture. During the abstraction, the actor makes a set of
hypotheses in order to present and document a proper architecture view. The
hypothesis reflects the reverse mappings from the source artifacts to the designed
architecture, and ideally it is the opposite of the design mappings. The hypothesis
is tested as well; the inverse mappings are firstly applied to the extracted
information and then the result is validated. To make it efficient, the actor has to
check with the people who are familiar with the system.

View Extraction

View extraction is a workbench activity and a Dali activity. This activity analyzes
an existing system design and implementation to be able to build a system model.
The output is the information placed in a database, which is used to construct a
view of the systemin View Fusion.

The extracted information is a mix of the ideal and the practice. The ideal means
the information that is mostly wanted to discover the architecture and to meet the
god of reverse architecting. The practice indicates the information that is actually
extracted and presented via available tools.

The aim of the activity is to extract information from various artifacts, including
the source artifact (e.g. source code, header files, build files) and other artifact
(e.g. execution traces). It identifies and captures the interesting elements (e.g. files,
functions, variables) and their relationships to obtain several base system views.
To retrieve that information, many tools can be used, including profiles and ad hoc

(e.g. grep, perl).
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The tool imports the artifact, including source files, header files and etc., and then
exports the result in a table, like Table 2. Because not all artifacts are importable
for tools, the actor can ill use the artifact, e.g. architecture documents, for
extraction.

ID Source Relation Target Description
Element Element
1 Function “cals’ Function  Static function call.
2  Function “access read” Variable Read accessonavariable.
3  Function “access write” Variable Write accesson avariable.
4  Directory “contains’ Directory Directory contains another
subdirectory.
Directory *“contains’ File Directory contains afile.
File “includes’ File C++ pre-possessor #include of one

file by another.

7 File “contains’ Function Déefinition of afunction in afile.

Table2. Typica extracted elements and relations

Like the name of each column shows, the identification (ID) shows the number of
each relation, which will be referred later; source and target element indicates the
subject and objective; relation is the verb; description is a supplementary. The
table should be read like “ ‘source element’ ‘relation’ ‘target element’.” For
example the 5™ item, “ Directory contains File’ means the directory contains afile.

Database Construction

This step is an explicit workbench activity and a Dali activity. Depending on the
format of the extracted information, tools (e.g. sed) are available to convert the
extracted information to an easy format, e.g. Rigi Standard Format, see Appendix-
A. Second, a script (e.g. a perl script [29]) inserts the formatted data in to a
database table. Since the relation in Table 2 indicates which relational table to use,
the script uses it to find the table and inserts the value. Each relation in Table 2
indicates arelational table (see Table 3 - Table 7), which stores data.

Name Type Description

caller string The name of the caller.

callee string The name of the callee.

visibility  bool Decide if the item is shown in the architecture view.

Table3. callsrelation

Name Type Description

owner string The name of the owner of the variable.

variable  string The name of the variable.

visibility  bool Decide if the item is shown in the architecture view.

Table4. access read-relation

10



Name Type Description

owner string The name of the owner of the variable.
variable  string The name of the variable.
visibility  bool Decide if the item is shown in the architecture view.

Table5. access write-relation

Name Type Description

parent string The name of the parent.

child string The name of the child.

visibility  bool Decide if the item is shown in the architecture view.

Table6. contains-relation

Name Type Description

superfile  string The name of the super-file.

subfile string The name of the sub-file.

visibility  bool Decide if the item is shown in the architecture view.

Table7. include -relation

Name Type Description

elementname string The name of each element.

Table8. elementstable

During the construction of the database, an elements table (Table 8), arelationship
table (Table 2) and the relational tables are created. Database is able to present the
relational tables in views. The process with Rigi format is shown in Figure 3, and
it outputs Structured Query Language (SQL) code.

Extracted Rigi Standard

SQL Code
View ‘ > Format

—»

Figure 3. Conversion of the extracted information to SQL format
The selection of the proper database model isimportant [2].

1. It should be a well-known model, which makes it simple to replace one
database with another one.

2. It should alow efficient queries, which is important when source model is
quite large.

3. It should support remote access of the database from one or more
geographically distributed user interfaces.

4. It supports view fusion by combining information from various tables.

5. It supports query languages that can express architectural patterns.

11
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3.2.6

6. Checkpoints should be supported by implementation, so intermediate results
can be saved. This is important in an interactive process because it gives the
user the freedom to navigate with the comfort that changes can always be
undone.

View Fusion

View fusion is not a workbench activity, but a Dali activity. Because this step can
sometimes be unnecessary if the view shown in the previous step is good enough,
the complementary information is needed otherwise. The database [2] provides the
functionality for reconciliation, augment, and establishment between the elements.
However, this step is a Dali specific activity that is not required in the workbench
approach. To be able to refine the extracted information, other methods may be
used by other specific workbench approach.

There are two kinds of extractions: static extraction and dynamic extraction. The
static information is obtained by observing artifacts, while dynamic extraction is
received by observing the running system. A function for instance is inherited by a
subclass, and is observed during the static extraction. But it can be missed in the
dynamic extraction since it is not included in the header file. In case it happens, a
SQL query can fuse the two extractions and reconcile the additional information to
build a complete and accurate view. The goal of the step is to complete the table
and remove as many unnecessary elements in the database as it can.

Reconstruction

This step is a general workbench activity and a Dali activity. At this stage, the
information is in a good quality and it is stored in the database. The reconstruction
includes two primary activities: 1) visualization and interaction and 2) pattern
definition and recognition.

Visualization and interaction enable users to interactively visualize explore and
manipulate views. Views are presented in different ways, e.g. a hierarchicaly
decomposed graph of elements and relations.

Pattern Definition & Recognition in Figure 2 provides the definition of
architectura patterns and the recognition of such patterns, and documentation is
the result from the reverse architecting.

Pattern definition and recognition provides tools for the architecture
reconstruction: the definition and recognition of the code manifestation of
architectural patterns. Based on the architectural pattern, the actor can export
different architectures via various queries. After analyzing each view, the actor
can, based on the concept architecture, refine the query to produce a good
hypothesized architectural view. However, there are no universal completion
criteria for the step and the only useful rule is whether the output is sufficient to
support the analysis and documentation.

The workbench uses tools to convert data into an architecture view. The Ddli uses
SQL to show the architecture view. This view can be large and messy at the
beginning because there are many intermediate relations among classes. According
to relation partition algebra [5, 6, 7], the actor operates on the architecture view to

12
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make the relationships smple. Some relation partition algebra is shown in Table 9.
The connector is the valid UML relationship [26].

Rule Compon Connector -> Comp  Connector -> Comp
ID ent onent onent

Generdization-> Class Generdization->

1 Class Generdization-> Class

Generdization-> Class Dependency->

2 Class Dependency-> Class
Generalization-> Class Association->

3 Class Association-> Class

Generalization-> Class Aggregation->

4 Class Aggregation-> Class
Generalization-> Class Composition->

> Class Composition-> Class
Dependency -> Class Dependency ->

6 Class Dependency -> Class

Table9. Somerelation partition algebrarules

There are 3 classes, for example Class A, Class B and Class C. The relationship
between Class A and Class B is generalization, and dependency between Class B
and Class C. Refer to the rule No.2 in Table 9, the Class A will be dependent on
Class C and Class B can be hidden in the architecture view.

The SQL query [23] can set the items visibility to “ fase”, then that item will not
be shown in the architecture view, same on the opposite. The Dali approach will
use the received data to show the architecture view. Reconstruction should be
repeated till the result is acceptable.

Other approaches

This section compares the workbench approach with another two approaches,
Niere et a graphic based approach [11] and Design pattern approach [9, 22], in
order to show the advantages of the workbench approach.

Niere et a graphic based approach uses a specialized form of Abstract Syntax
Graph (ASG) to encode patterns to a recognized format for the system and,
consequently, it is able to show complex patterns (and graphs) in terms of simpler
ones just by referencing them, see Appendix-A. An advantage of this technique is
that ASG is able to “see through” syntactic variants of the same piece of code.
After parsing the code and creating an ASG representation of the system, the
analysis proceeds by trying to match simpler graphs first, so that larger graphs
(and the more complex patterns represented) that depend on them can later be
identified eadily. If the analysis had worked in the opposite direction, detection
may be considerably more difficult, because the level of detail required specifying
complex patterns can be excessive. Since intermediate results are not affected by

13



later calculations, execution can be stopped if desired to browse the work
performed so far. But the workbench approach can directly present a complex
graph, and then process the simple ones. In another word, the workbench approach
can show the complex graph without referencing any simple graphs.

Antoniol, Fiutem, and Cristoforetti [22] introduce a design pattern based approach.
The approach firstly maps the source code into an intermediate format, to achieve
the independence from the specific tool adopted and from the language of the
target, then uses software metrics and structural properties (i.e., the exact types of
the classes involved) to reduce the search space, transforming the problem into a
search for the shortest path between the nodes representing two classes in a
pattern. On average, the precision of this technique is roughly 50%, which is not
acceptable. Although we don't know the exact accuracy of the workbench
approach, its accuracy is much higher than 50%.
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4 ANALYSIS

4.1 Analysisof theworkbench approach

The workbench approach provides a lightweight integration framework whereby
tools added to the tool set do not affect the existing tools.

The common problem is that the existing reverse architecting approaches don’t
clearly show how they are applied in a system. Therefore, Mayrhauser [8] lists the
major issues that are interesting to be investigated:

I-1. does the technique extract a useful high-level structure from the system?

I-2. does the extracted architecture facilitate understanding the existing
system?

I-3. can the extracted architecture be used in conjunction with existing

documentation to leverage understanding?
I-4. what other information is helpful?
I-5. what types of customization of the general approach are helpful?
The workbench approach satisfies all of above issues[I-1 - I-5].

The tool in the approach is language-specific and it is for a large system' as well
[1-1, I-5]. Currently there is no single tool or tool set that is always adequate to
carry reverse architecting out. The tool tends to be language-specific while a
number of languages at one time may exist in the artifact. For example Rational
XDE has to support C++ language to carry out the case study for the paper.
Furthermore, data extraction tools are imperfect. Incomplete or false positive data
is often returned [3], so a selection of tools has to be used to filter out the useful
information.

The goa of the reverse architecting is a key factor that directs the outcome of
reverse architecting. For example, if the node level (see section 5.1.1 for more
node definition.) is the goal, the information collected should be on a high level [I-
1] and skip the lower level information. The reversed architecture presentation can
be used as a basis for documenting the architecture if no documentation exists or it
is out of date. It can also recover the as-built architecture, to check conformance
against an “as-designed” architecture. This is used to check whether the developer
has followed the designed architecture and not eroded the architecture or not
broken down abstractions, bridged layers, compromised information and so forth.
The outcome of reverse architecting can also be used as a basis for analyzing the
architecture or as a starting point for re-engineering the system to a new desired
architecture. At last the representation can be used to identify the re-used elements
that build an architecture-based software product line.

This approach needs persons to accomplish it [I-2, 1-3, 1-4]. The current
programming language cannot tell the architectural information, which is
implemented in different means, i.e. a collection of functions, classes, files, objects
and so forth. Neither architectural elements (i.e. “layer” or “connector”) nor
architectural patterns, if they are used, can be implicitly seen in the source code. In

! A large system in this paper means the system consisting of over 10 KLOC.
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4.2

order to easily discover the architectural information for instance how a system is
congtructed, the skill and attention from the reverse engineering expert and the
architect have to be considered.

L essons lear ned from the wor kbench approach

Here is a short version of the book [3]. This section gives some lessons to share.

When view extraction is executed; the person should 1) use the least effort
extraction, 2) validate the information that has been extracted and 3) extract
dynamic information where required.

The least effort extraction consists of the following issues. What information is
needed to extract from a source corpus? Is this information lexical in natural?
Does it require the comprehension of complex syntactic structures? Does it require
some semantic analysis? In each case, a different tool could be applied
successfully. In general, lexical approaches are the cheapest to use, and they
should be considered if the reconstruction goal is simple.

What and how do persons validate the extracted information? Before starting to
fuse or manipulate the various views captured, the actor checks if the correct view
information has been obtained. It includes performing detailed manual
examination and verification on a subset of the elements and relations against the
underlying source code. The precise amount of information to be verified is up to
the actor.

Do not miss the dynamic information which exists in runtime linking applications
or when the architecture is dynamically configurable.

During the database construction, the database should be simple and the useful
intermediate table should be saved in the database. It will be easier to process the
view in View Fusion if not build the intermediate table from the extracted relation
tables. For instance, if a query is often called, a table can store its result. If the
result is queried, that table can be easily accessed. Use simple lexical tools like
awk [28] and perl [29] to change the extracted data to a known format to the
approach. The database should be carefully designed. For example, what will the
primary key be? Are there any database joins to be expensive to implement?

Since fusing views is a Dali specific activity, careful investigation is encouraged.
Try different extraction techniques or different instances of the same technique;
fuse tables when no single extracted table provides enough information;
disambiguate function calls for example if name clashes which is important to be
eliminated within the extracted views or to remove the potential confusion by
fusing information.

At the Reconstruction, the actor has to iterate the architectural abstraction several
times. Thisis particularly important where there is no explicit documentation. The
architect and other stakeholders inspect architectural abstraction, and the
comments are used as input of the next iteration. Furthermore, do list all source
elements and code segments in a simple way. Especialy for the large system, code
segments are based on naming conventions and directory structure. The directory
structure is used for element aggregations.
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4.3

Conclusion

An interesting approach to recovering architectural information is the workbench
solution [21]. The conclusion is that the approach needs to integrate different tools
to be able to work effectively, as no single tool does the job. Here are results from
the following considerations which is a short version of the book [3]:

statically determined information is not enough in many cases, as nearly all
modern languages and systems can defer many aspects of a system structure until
runtime. On one hand, this is a positive aspect since it provides greater flexibility,
but on another hand this creates additional difficulties in recovering the
architectural information;

isolated tools suffer from lots of problems. Tools depending on running systems
might face with the code that cannot even be successfully compiled due to missing
runtime libraries and so on, while parser based tools might have to deal with non-
standard language variants and runtime analyzers which are only available on a
special system with a certain type hardware;

no architectural information is available at al and, especialy in the case of very
old systems, and there are no expertsto query the missing detail. Therefore, it is
important to identify the key architectural constraint and pattern in order to capture
the gist of the whole system. Sometimes, it is possible to rely on informal clues
provided by the identifiers in the source code, whose importance should not be
underestimated [10]. This kind of activity is easier if the work is organized in a
comprehensive framework.

Apart from the specific way in which they are combined, there are two aternative
types of software analysis, see section3.2.5:

static can detect source code structure and layout and create a map of the
dependencies between different parts. Also, in the case of language like C++, it is
able to recover information like constant fields names, only available in the source
code;

dynamic can determine which approach gets invoked in runtime, because most
modern languages, at least partially, defer binding till runtime. It is possible to
examine the live behavior of the different data structures, and check what they're
used or infer their role in the overall logic of the system. However, there are still
some comings to this way since not all valid combinations may be executed using
the test cases defined.

Overall the workbench approach is practical. It sounds reasonable on the studied
product in chapter 5 and fulfils the issues [1-1 - |-5] presented by Mayrhauser.
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5.1

5.1.1

CASE STUDY ON ONE ERICSSON PRODUCT

Background

The more complex and variable the system is, the larger the gap between the
system and documents normally is. Each non-trivial system should have its own
complete documentation. For a product, different customers or customer groups
sometimes order the product with dightly different variants, so the varieties of the
product increase. It is therefore laborious to record al solutions and hard to
completely and correctly understand the complex product. For instance, if a
solution is adjusted with subtleties after the architecture design, documents are
sometimes not updated. Unfortunately, the only consistency check is the review
held before design starts.

The organization has to follow a trend that the developing time becomes shorter
and shorter. The 1% release of the product was released some years ago. Since then
a variety of new functions, error corrections, change requirements, etc. have been
added, and the release 8 is ongoing now. Over years, lots of people have touched
the product without recording all changes. Beside the out-of-date documents, the
only two ways to learn are 1) to ask the experienced people 2) to read source code.
So, it is difficult to fully understand the product since the document does not
provide enough information.

Another outstanding phenomenon is that the architecture documentation of the
product is not complete. For example, there are both high- and low- level
architecture descriptions, but it is still not easy to know the connection between
them without referring to the source code. Therefore a complete midway document
is needed. This stops engineers from working efficiently and forces them to figure
out the information they need.

The above situation actualy exists in most software products and therefore reverse
architecting is introduced. Reverse architecting is an extension of reverse
engineering and it aims to recover the architecture of the product. But the matured
technique and tool of reverse architecting are not available yet.

Architecture Information from the Interview

Before the practice in the case study, interviews were individually carried out with
Ericsson designers, see Appendix-B.

From the interviews, it is known that the product doesn't really follow the 4+1
view introduced in chapter 2. The architecture in practice has been improved but
the architecture description is out of date. The architecture in this case study has
three levels. system level, node level and component level.

The system and node architectures are helpful to illustrate components for
newcomers. This case study will focus on the node level that is a bridge between
the system and the components.

The highest level is the system level, in which the relation of the product to other
external products is described in Figure 4. The document on the system level exists
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and is amost stable for years. For each latter release, the new functions are just
added-on and integrated to the system.

External Products

y Routing Database

Registration Database

This product

\ Devices/Equipments
|

Other Products

Figure 4. System architecture diagram

Figure 5 shows the node architecture diagram. The product in the case study
consists of 5 core components (A, B, C, D and E). Component A, B, C and D are
dependent on Component E that acts as a communication carrier for them. The
process in this level is that a node architect transfers requirements into a node
architecture, which contains software elements, properties and their relationships,
and documents it in a node architecture description. A node architecture
description can also have the key concept, the non-functional functionality, and the
company and design policy. Unfortunately, the information in this levels
description is not sufficient.

In the component level each component consists of a set of classes and the
interfaces. Normally the component is well documented. But if many changes are
still accepted after the document is inspected, it will probably not include those
new changes. Since this level is not too deep for a node architect, we don’t show
its diagram here.
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5.2

This Product

Component E

Component A Component B Component C Component D

Figure 5. Node architecture diagram

Approach

One reason to select Rational XDE [25] is that it is a licensed workbench
implementation, because some free tools mentioned in the section 3.2 are not so
stable as that of Rational XDE and are in some cases not free at all for non-
commercial use. Rational XDE is partia open. Due to the fact that it is a
commercia application, it cannot be complete open. But it provides a feature —
Extended XDE that enables the user to integrate any tools to XDE or modify the
data in XDE. Rational XDE is not lightweight that is against the definition of the
workbench. Since the most commercial tools are heavyweight and require the
source should be in a certain formats, we assume Rationa XDE is lightweight
from the commercial point-of-view.

Secondly, Rational XDE is a commercial application that automeatically carries out
the workbench approach activities, i.e. View Extraction, Database Construction
and Reconstruction. If Dali approach is selected, the user has to study lots of tools
and manually analyze the input and output of each activity. The time to use Dali to
run reverse architecting is long; and the executants and the challenge of the project
can extremely affect the quality of the result of reverse architecting. While
Rational XDE don’t have these kinds of personality affects.

Here is an example on how Rationa XDE reverses C++ source code. Rational
XDE reads in the C++ source code for the product, and then, according to the file
structure how the source files are stored, automatically saves the data and the
analysis of the data to its internal database. The analysis is each components class
diagram (e.g. Figure 6) and some intermediate data mentioned in the Workbench
approach. Rational XDE cannot automatically reverse the input to complete node
architecture, because some factors (e.g. the node architecture diagram, non-
functiona functionality, use-case, etc.) are missing. The internal database provides
the standard interfaces that the SQL can use. If use Extended XDE to make
another application, the user can use the data in the database and the externa
information automatically get the missing part for the node architecture, or refine
the data in the database and so on. Of course the user can aways manually make
the missing node architecture.
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L essons L ear ned from the Case Study

The table below lists the result of this case study. The column item lists what we
compare between the existing node architecture description and the output from
XDE. “Yes* or “No” meansif it is true for the current item. The designer can use
most of the Rational XDE outputs do reverse architecting.

Item Existing Output from
node XDE
architecture
description

Generate class diagrams Yes Yes

Follow the UML Standard No Yes

Affect the development strategy (e.g. to | No Yes

do proof of Rationa XDE technology)

Automatically generate the node | No No

architecture diagram

Generate the physical and deployment | No No

views and use cases

Generate outstand Key concepts (e.g. the | Yes No

key components) and their relationships

Output Company/Design Policies (e.g. | Yes No

how to design the product)

Table 10. Result of the case study

The class diagram from X DE provides more information than those in the existing
node architecture description. It takes XDE around 2 ~ 5 minutes to generate them
from the source code, s it is easily to use XDE to make the latest class diagram.
Furthermore the diagram strictly follows the UML 2.0 standard that is universally
understood and the class diagram is exactly based on the current implementation.
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On the other hand XDE cannot autometically generate what we are interested in
mogt - the node architecture diagram. If with Extended XDE there is a chance to
automatically make it. But Extended XDE is a component specific tool and it has
to be synchronized with any changes from any components. So no matter with or
without XDE the designer has to do more than what they expect. Therefore XDE
cannot ease the maintenance of existing system or speed up the architecture design
in the next release.

Rational XDE affects the development strategy. The organization has to allocate
the money for the evaluation of the Rational XDE technology and the education on
Rational XDE. If decidesto use Rational XDE, the organization has to plan how to
deploy it in a project and may change the organization structure. As a Windows
application, Rational XDE is useless in the UNIX environment.

XDE can neither generate the key concept and their relationships that are useful
for the abstraction reusability, nor the physical and deployment views and use
cases. The designer has to do the extra work to make them since they actualy are
very important for designers to know and make early design decisions.

XDE doesn't show the company/design policies. The policy can be the component
level issue (e.g. Domain issues) and the node level issue (e.g. Resource Access),
and the mandatory standard issue (e.g. protocols). The policy is not reflex from the
source code that XDE requires, so XDE won't be able to find the information. The
policy is important for designers to design and implement the architecture in a
right way. If nowhere shows those policies, it is a risk that the product will be
developed in an unexpected way.

So Rational XDE is not an application that automatically reverse the input to the
node architecture, but a good application for the components level because it can
easily output the latest components information. If XDE is the only choice to do
the reverse architecture, Extended X DE can be an assistant to help the user realize
it.

With the development of the technology, it can be true that al architecture

information one day will be recovered from the artifact by a reverse architecting
approach.
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CONCLUSIONS

The architecture of a product can be compared to its backbone. It is the key
element in ensuring the product to adapt changes but still be comprehensible and
manageable. Thus, it is of importance to recover the architecture whenever the
documentation becomes obsolete, as the alternative is scrapping the whole system.

As the reverse architecting field is comparatively young, there is currently no
simple technique that works in all circumstances (in fact, such a technique might
not even exist at al on atheoretical level), let aone one considerably better than
the rest. Some approaches depend on the reference architecture to compare
against; some depend on the possibility of building and running the system; some
depend on the language used to implement the system; some are so inaccurate that
manual reconstruction is preferred. Since the reverse architecting field is not
mature, it can work better if engages human knowledge. Though strictly speaking
architectural assessments are not a reverse architecting activity, they play an
important role in the grand scheme of software evolution. Tools assess the activity
can only be improved, as they are currently missing.

The workbench approach is an attractive solution. It is efficient to recover the lost
architecture and improve the quality of the product, see chapter 4. Although at the
beginning the workbench approach can be hard to follow, it eases the future
releases of the product. Especially, it will benefit the un-documented product.

The workbench approach normally is complicated and advanced. This approach
includes different kinds of activities to generate the node architecture view. The
additional knowledge, e.g. database knowledge, script knowledge and etc., is
required. Rational XDE do the workbench approach activities but not generate all
necessary artifacts to do reverse architecting.
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APPENDIX-A TOOLS

Rigi Standard For mat

Rigi Standard Format [27] is Rigi's own file format and is also used by so many third party
toolsthat it can be considered a de-facto market standard of sorts.

There are two magjor variants of RSF, unstructured and structured: the most obvious and
visible difference between them is that lines in unstructured RSF files are triples while lines
in structured RSF files are quadruples, with the extra element being used to store information
about subsystem hierarchy and layout. Since documentation about the structured variant is
scarce and, anyway, most tools only use the unstructured variant, well describe this one
alone: each triple consists of a verb, that must be listed in a Rigi domain to be alowed, and
two other elements which can either be a source and a destination node (in the case of arcs)
or anode and its attribute.

Abstract Semantic Graph

An Abstract Semantic Graph [12] aims at being complete and language independent. ASG is
essentially an abstract semantic text with embedded semantic information. Speciadly a
reference to an entity is represented by and edge pointing to a simple leaf node that holds the
name of the entity. In an ASG, areference is represented by an edge pointing to the root of
the (shared) graph in the ASG that represents the declaration of the entity.

The ASG graphs differs from a genera graph in that both edges and nodes are typed,
according to the model specifications, and they represent entities and their properties.
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APPENDIX-B INTERVIEW RECORDS

| interview the Ericsson designersin May, 2004.

They introduced what the current status of their product and what they expect. Each
interview lasts around 30 — 60 minutes and is recorded in an MD disc.

The interviewed questions are:

Q-1.  Which kind of backgrounds do you have in the software product?

Q-2. What are your opinions on the architecture of the product?

Q-3. Isyour description complete from the different levels of the whole system point-of-
view?

Q-4. Based on what do you define the architecture you just described? Is it the correct
principles? Why not take some other simple or advanced architecture principles?

Q-5. Arethere any existing architecture descriptions of the product?

Q-6. What do you expect from the architecture descriptions?

Q-7.  Arethere any activities to verify the architecture? E.g. How to know the difference
between the architecture designed and the one implemented?

Q-8. What are important and should be improved?

1. Interview 20040518 —#1

X garts in the year 2001 and has been involved in 3 releases. This product has a good
architecture. In the system level this product uses business products and standard protocols,
e.g. Oracle DB, XML. This ensures the quality on the higher level. Some information in the
next level (node level) is missing. For example it would be good to have a complete node
architecture description that describes the components and their connections. It nowadays in
text elaborates the key concepts and their relationships and company and design policy.
When he started, the only way to learn the product was to read the source code. The lowest
level is component level that has very good artifact.

The verification between the designed architecture and the implemented architecture is done
in an efficient but informal way. When they have coffee, they talk about the implementation
and design, and fix the flaws if there are.

He suggests that the product should firstly study the system level then the node level. The
node architecture should be as simple as possible, but not simpler. The architecture
description should be easy to understand.

2. Interview 20040518 — #2

X started some years ago and has been participate many releases. The architecture shows a
main task about how is solved by functions. The functions are clearly and possible to be seen
and reused by other products. This product has a good architecture in practice. This structure
is complete, correct and simple which is the most important. Basic node test, part of in the
Ericsson design process, mainly verifies the designed architecture and the implemented
architecture.

Unfortunately, a complete node architecture description doesn’t exist. Since the functionality

is some kinds of add-on to the previous releases, this product follows the old architecture on
a high level. The architecture description should explain the relations and cope with the high
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level architecture. It should have the traffics, flows, operation and maintenance functions,
€etc.

3. Interview 20040526 — Node Ar chitect and Designer #3

X started as a designer of this product in the year 2002. The highest level is the system level,
in which relations to other external products in the telephone network are described. The
next level is node level. Although a node architect works on the requirements, an up-to-date
node architecture description does not exist. The lowest level is the component level for
which the documents are often well maintained. But if many change requests till come after
the documents are inspected, they will not be updated in time.

The product consists of 5 core components (A, B, C, D and E). Component A, B, C and D
don't directly talk to each other. Instead they use Component E as a carrier to transfer the
information.

The current node architecture in practice is not so bad. But the artifacts are not in the same
steps as that of the product in practice.

4. |nterview 20040611 —#4

X started from the 1% release of the product. The product hasn't reached the aimed
architecture, and each release includes some improvements towards the goal. There are lists
to record action points. The document becomes complete with the mature of the product. It
can be assumed that the product will be possible to maintain a good documentation store in
the future. This case study can provide them with a basic architecture for the release.
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