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ABSTRACT is to develop a more global picture on the subject system,
Many reverse-engineering tools have been developed to dewhich is the first major step towards its understanding or
rive abstract representations from source code. Yet, most ofransformation into a system that better reflects the quality
these tools completely ignore recovery of the all-important needs of the application domain at hand. One necessity to
rationale behind the design decisions that have led to itsachieve this goal is a clear representation of the system’s
physical shape. Design patterns capture the rationale behinghysical and logical structure; but this is still insufficient for
proven design solutions and discuss the trade-offs among developer to fully comprehend the purpose of a given piece
their alternatives. We argue that it is these patterns of thoughof software [5]. Underlining this statement, Booch estimates
that are at the root of many of the key elements of large-scalahat “it takes a professional programmer about 6-9 months to
software systems, and that, in order to comprehend these sy®ecome really proficient with a larger framework”, and he
tems, we need to recover and understand the patterns oadds that “this rate increases rather exponential to the com-
which they were built. In this paper, we present our environ- plexity of software” [6]. We agree with Beck and Johnson
ment for the reverse engineering of design components basethat one reason for this gigantic effort for software compre-
on the structural descriptions of design patterns. We give arhension and evolution is that “existing design notations focus
overview of the environment, explain three case studies, andn communicating thehatof designs, but almost complete-
discuss how pattern-based reverse-engineering helped gaily ignore thewhy’ [4]. They argue that comprehension of the
insight into the design rationale of some of the pieces of threerationale behind the design decisions is as much important as

large-scale C++ software systems. thorough understanding of the software’s structural and log-
ical constituents. Yet, for the most part, current reverse-engi-
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support. Design patterns capture the rationale behind recurringly
proven design solutions and illuminate the trade-offs that are
1 INTRODUCTION inherent in almost any solution to a non-trivial design prob-

, . , . lem. In forward engineering, the advantages of design pat-
Reverse-engineering is “the process of analyzing a subjecigrns are widely accepted [4], but in reverse-engineering

system to (a) identify the system’s components and their in-eir ysefulness encounters strong resistance throughout
terrelationships and (b) create representations of a system gy, the pattern and the reverse-engineering communities
another form at a higher level of abstraction” [11]. The goal [8]. The main arguments are that patterns can be implement-

TH h r=d bv the SPOOL proiect ved b ed in many different ways without ever being the same twice,
is research was supported by the project organized by, ; - -
CSER (Consortium for Software Engineering Research) which is and that the same structure may recur with widely different

funded by Bell Canada, NSERC (National Sciences and Researcljlnte_nts' n "?‘dd'“on' eX|s_t|ng _Stu_dles t?at were aimed at de-
Council of Canada), and NRC (National Research Council of Can-teCtIng design patterns in existing software systems [1, 22]

ada). failed to convey the usefulness of this approach to reverse-
engineering, considering the minimal results of recovered
pattern instances. Nevertheless, it is these patterns of thought
that comprise the rationale of many pieces of an existing
software system, and to comprehend the software, we need
to recover these patterns, be it automatically or manually.
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Figure 1: Overview of the SPOOL environment.

In the SPOOLproject (Spreading Desirable Properties into In this paper, we apply our environment to the reverse engi-
the Design of Object-Oriented, Large-Scale Software Sys-neering of design components that are based on some of the
tems), a joint industry/university collaboration between the design pattern descriptions defined by Gamma et al. [14].
software quality assessment teamBafl Canadaand the The purpose is to introduce pattern-based reverse engineer-
GELO group at theUniversity of Montregl we have ad- ing as a valuable technigue for software comprehension and
dressed this problem by implanting into the SPOOL environ- thus counter the widely-held believe that design patterns are
ment for design pattern engineering [27] functionality for only meaningful in forward engineering. Applying our ap-
supporting the recovery of design patterns. Note that withproach to several case studies extracted from industrial,
“support we underline the purpose of the environment as anlarge-scale software, we show that pattern-based reverse-en-
aid for gaining a pattern-based overview of the software sys-gineering of design components is helpful for understanding
tem at hand. It would be pretentious to argue that the envi-software-in-the-large. In Section 2, we explain the architec-
ronment itself can comprehend the rationale behind a designture of the SPOOL environment. In section 3, we describe
“which would go far beyond the current state-of-the-art in ar- the three C++ systems which we used for experimentation,
tificial intelligence” [7]; however, by generating appropriate present three case studies that show how we applied pattern-
views, it may lead a human analyzer to the recovery of thebased reverse-engineering of design components, and dis-
rationale behind some of its most critical parts. Using the en-cuss the findings of our experiments. Section 4 compares our
vironment, the analyzer can zoom into thdesign compo-  approach with related techniques. Section 5 concludes the
nents that resemble patterns, extract them as diagrams irnpaper and provides an outlook into future work.

their own right, contrast the pattern description with the im-

plemented structures, or, in the case of a false positive, dis2 REVERSE-ENGINEERING ENVIRONMENT

miss the existence of the automatically identified pattern

instance. The purpose of the SPOOL reverse-engineering environment

is to help understand software by its organization around pat-
terns. It consists of techniques and tools for source code cap-
1. Note that we introduced the tedBsign componers the reification turing, a design repository, and functionality for pattern-

of design elements, such as patterns, idioms, or application-specific SOlu'based design recovery and design representation (see Figure
tions, and their provision as software componedgBeans COM

objects or the like), which are manipulated via specialization, adaptation, )

assembly, and revision. We refer to [20] for further details on this approach

to software composition. For the purpose of this paper we use the term

design componerds a package of structural model descriptions together

with informal documentation, such as intent, applicability, or known-uses.




Source Code Capturing Design Repository

The purpose of source code capturing is to extract an initialThe purpose of the design repository is to provide for cen-
model from existing source code. At this time, we support tralized storage, manipulation, and querying of sbarce

only C++. Using the C++ source code analysis systemcode modelstheabstract design componerttgat are to be
GEN++ [12] (Source Code Parsgrour environment gener-  recovered (e.g, “off-the-shelf” design patterns as found in the
ates an ASCIlI-based representation of the relevant sourcditerature and described in template format), andrtipe-

code elementsUML/CDIF Intermediate Source Model mented design componentgthin the source code models.
The purpose of this intermediate representation is to makeThe schema of the design repository is based on our extend-
the environment independent of any specific programminged UML metamodel 1.130]. The object-oriented database
language, and to provide a data exchange mechanism fomanagement systefoet 5.1[26] serves as the repository
Bell Canada’s suite of software comprehension tools. Webackend. The schema is representedJava 1.1class hier-
adopted th&€DIF transfer forma{10] as the syntax and the archy. The classes within this hierarchy constitute the models
UML metamodel 1.1 [30] as the semantic model of the inter- of the MVC-based graphic editor of the tool. Using the
mediate format. Note that we had to extend the UML meta-precompiler ofPoet 5.1's Java Tight Bindingn object-ori-
model 1.1 to cover the facets of C++ we deemed essential foented database can be generated from this class hierarchy.
the recovery of pattern-based design components. An import

utility (UML/CDIF parse), which we developed with the Pattern-Based Design Recovery

parser generatd@avaCC[17], parses this UML-based CDIF ) )

format and stores the data into the design repository. At the! "€ Purpose of pattern-based design recovery is to help
current state of development, we capture and manage in thetructure parts of class diagrams to resempigtern

repository the source code informati@o(irce Code Model  diagrams (see Figure 2, wind(?w 4). We envision three
as listed in Table 1. techniques to support this task: automatic design recovery,

manual design recovery, and semi-automatic design
1. Files (name, directory). recovery. Automatic design recoverselates to the fully
> Classif - - automated structuring of software designs according to
. assifiers- classes structures unions anonymous unions| .. . . .
primitive types(char, int, float, etc.enumerationgname, file, pattern descriptions, which are stored in the repository as
visibility]. Class declarations are resolved to point to their defi- abstract design components. We have implemented query
nitions. mechanisms that can recognize the structural descriptions in
the source code models, extract these from the source code,
and visualize them within the class hierarchies. This
4. Attributes[name, type, owner, visibility]. Global and static va| technique will be further detailed in Section Kanual
ables are stored intility classes (as suggested by the UML), design recoveryelates to the structuring of software designs
on.e associe.lted t.o.e-ach file. Variable declarations are resolved to by manually grouping design elements, such as classes,
point to their definitions. methods, attributes, or relationships, to reflect a pattern. Our
5. | Operationsandmethodgname, visibility, polymorphic, kind]. environment allows the developer to select model elements
Methods are the implementations of operations. Free functions gnd associate them with the roles of the respective pattern
and operators are storedutility classes (as suggested by the  glements. Manual design recovery gives the human analyzer
UML), one associated to each fikind stands foconstructor the possibility to look at a model from their own perspectives
destructor standard or operator and cluster design elements to design components. It
5.1. | Parameterdname, type]. The type iscdassifier provides the flexibility that is necessary to group and
5.2. | Return typegname, type]. The type isdlassifier communicate ad-hoc solutions as proto-patterns [2], which
may at some time even become patteBemi-automatic
design recoverycombines both strategies, automatic and
manual recovery. It may be implemented as a multi-phase
recovery process. The first phase consists of the automatic
5.4. | Create actionsThese represent object instantiations. detection of low-level idioms or the general core of pattern
5.5. | Variable usewithin a method. This set contains all member ~ descriptions. Subsequent phases match the identified
attributes, parameters, and local attributes used by the method. instances with more specific implementation details, which
may be provided interactively by the analyzer who is in
control of the recovery process. He or she may interrupt
recovery runs to confirm or decline the existence of a pattern
occurrence, and to manually supply specifics that are not
covered by the default recovery queries. At the current stage
of development, we have implemented the techniques for
automated and manual design recovery.

3. Generalizatiorrelationships [superclass, subclass, visibility] |

5.3. | Call actions- [operation, sender, receiver]. The receiver points
to the class to which a request (operation) is sent. The sengler is
the classifier that owns the method of the call action.

6. Friendship relationshipbetween classes and operations.

7. Class and function template instantiatioi$fiese are stored gs
normalclassegesp.operationsandmethods.

Table 1: Source code information managed in the repository.
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Figure 2: Graphic user interface of SPOOL environment: inheritance graph diagrams with tree layout (window 1), springregau2w
and property sheet (window 3) to control a diagram’s content; visualization of abstract component roles in the sourcel odiedmeode

4); extraction of implemented design components and comparison with the respective abstract design component (windguoSjndispla
formal design component constituents (window 6).

Design representation sign queries on the information contents of the diagram at
hand can be launched, with subsequent visualization of the
The purpose of design representation is to provide for the in-query results (window 4). In our environment, each of the
teractive visualization and refinement of source code mod-supported abstract design components (the pattern-like
els, abstract design components, and implementedstructures to be discovered) comprises a so-called reference
components. It is our contention that only the interplay class. This is the class in the component's structure diagram
among human cognition, automatic information matching that is considered most characteristic of the component’s na-
and filtering, visual representations, and flexible visual yre?. Upon design recovery, we draw incrementally bound-
transformations can lead to the aII-impothhybehind the ing boxes around the reference classes of the
key design decisions in large-scale software systems. Figurémplementations of an abstract design component (window
2 illustrates our graphic environment which we developed t0 4). |n this way, a class that is the reference class for several
this end. of these implemented design components (“multiple refer-
ence class”) will exhibit a taller bounding box than a class
that is just part of a single component. Keeping the size of
these bounding boxes constant during zooming leads to the
effect that once their diagrams are sufficiently zoomed out
I,(window 4), multiple reference classes will protrude from
the diagram. The implemented design components can then
be extracted into a separate diagram and related to the class-
es, methods, and attributes of their respective abstract design
components (window 5), which in this study represent the
descriptions of design patterns. The more informal constitu-

Windows 1 and 2 show the inheritance hierarchy of ET++
[15] (tree layout generated wifhot [21] and spring layout
generated wittNeato[24]). Via the property sheet associat-
ed with such diagrams (window 3), all the other association
relationships stored in the repository, such as instantiation o
aggregation relationships, can be illustrated as well, in both
separate or combined forms. Different colors distinguish the
different kinds of association relationships. On the left hand
side of each window, a tree view can be optionally displayed
(windows 1, 4, 5, and 6) to convey in textual form the source
code models, abstract design components, or implemented

design components. Through a diagram’s pop-up menu, de2. The reference class of an abstract design component can be changed
interactively at the discretion of the user of the environment.




ents, such as intent, motivation, or applicability, can be included in the SNiFF+ development environment [29]. Ta-

viewed in the same or in separate diagrams (window 6).ble 2 shows some size metrics for these systems. Note that
These informal descriptions are crucial for understanding theheader files from the compiler are included in these numbers.
design, as they capture the rationale that may be at the root

of the automatically identified design component. System-A | System-B|  ET++

. . . . . | Lines of code / 472,824 291,619 70,796
Design representation also encompasses interactive descripy | i es of pure comments 60,256 71,209 3,494
tion of design components. Using the UML class diagram | gjank lines 80,463 90,426 12,892
notation and HTML, our environment allows for the mode- . y ]
ling, documenting, and storing of new abstract design com- | * o' files (C/-h) 1,909 1159 48p
ponents in the design repository. The environment also | # of classes 3,103 1,420 2
supports the refinement and generalization of existing ab- [ of generalizations 1,423 94l 466
stract components. This is essential as design components
can be rendered in different forms. For example, a design | * °f methods 17,634 8.59¢ 62%
component representing @dapter pattern can be refined # of attributes 28,360 13,624 4460
into aClass Adaptepr anObject Adapterand similarly, a size of the system inthe | 63.1MB | 41.0MB| 19.3MB
Compositamay be specialized intolaansparent Composite repository

or aSafe Compositeomponent [20].

. . L. Table 2: Size metrics of industrial systems.
The user interface of the SPOOL environment is implement-

ed based odava 1.1theSwing 1.0.3ramework for userin-  Case #1: Template Method

terface widgets, and the graphic editor application

frameworkjKit/GO [18]. At the current stage of develop- “Template Methods define the skeleton of an algorithm in an
ment, we have implemented a class diagram editor based ooperation, deferring some steps to subclasses.” [14] Tem-
the UML notation 1.1 [30]. The informal constituents of de- plate methods are often referred to as the characterizing
sign patterns are described witifML. For visualizing the  building blocks ofwhite boxframeworks, which let clients
HTML code, we use thECEBrowser[16] JavaBeans com- extend the framework by overriding pre-defirmebk meth-
ponent. To generate initial layouts of the system at hand, weodsthat are called by the framework [13]. The rationale be-

developed an interface to extertalout generatorsWe in- hind a Template Method is to make the steps of an algorithm
tegratedDot [21] for hierarchy layouts anNeato[24] for easily exchangeable. The trade-off is that if not used with
spring layouts. care, Template Methods can contribute to overly complex
software, especially when the hook methods themselves are
3 APPLYING PATTERN-BASED REVERSE ENGI- Template Methods deferring functionality to other hook
NEERING methods. In large, framework-based application software,

) o ) ) such as System-A, knowledge about the existence and loca-
The purpose of this section is to point out the importance Ofyjo of Template Methods is crucial for the judicious evolu-
pattern-based reverse-engineering of design components o, of the applications.

the comprehension of large-scale software. We chose a case

study approach to illustrate and discuss some of our findings Abstract Class S _
. . . PrimitiveOperation?()
when analyzing three industrial systems. We have selected TermplateMethod() |-
the following abstract design components, which we based PrimitiveOperation’ () PrimitiveOperation2()
on the corresponding descriptions in the pattern catalogue of PrimitiveUperation2()
Gamma et al.: Template Method, Factory Method and
Bridge [14]. Below, we first describe the three industrial sys-
tems which we analyzed. Then, we show how we reverse-en- Concrete Class

gineered the selected components in System-A, System-B,

i PrimitiveOperation?
and ET++, respectively. fimitiveOperation1 ()

Primitive Operation2( )

Industrial Systems Figure 3: Structure of Template Method [14].

To assess the feaSIbI|Ity of pattem-based reverse engineering\/e reified theTemp'ate Metho@a‘[tern (Figure 3 shows its
and the usefulness of the SPOOL environment, we analyzedtrycture) as an abstract design component, stored it in our
the source code of three industrial C++ Systems. Bell Canadaepository, and associated it with a query that searches the
provided us with two large-scale systems from the domain ofsource code models for the component’s structure. The de-
telecommunications. For Conﬁdentiality reasons, we call fault imp|ementa‘[ion of the Temp|ate Method query travers-

these systemSystem-AndSystem-BOur third test system  es all classes ApstractClasy goes into each method
is the well-known application framework ET++ 3.0 [15], as



(TemplateMethaogdl looks up the operation call tree for local used when different objects have the same construction proc-
operation callsRrimitiveOperatior), and verifies iPrimiti- ess. The construction algorithm is coded inGheatorclass,
veOperations polymorphic. If all conditions are met, all rel- and the steps that instantiate the objects are deferred to the
evant information is passed tda&sign Component Builder  subclasses.

object, which creates an Implemented Design Component

Creatar

FactoryMethod( ) —
; product = ﬁ
AnOpleS“Dn(J """" Factoryhethod()

ConcreteCreator

ConcreteProduct [ ___
return new
FactoryMethod( ] ------- ConcreteProduct

Figure 5: Structure of Factory Method [14].

containing references to the identified elements in the source
code model. Note that through query options, the human an-
alyzer can specify deviations from the default behavior of the
query, for instance, to recover only those TemplateMethods
in whichPrimitiveOperationin AbstractClasss pure virtual

(in the case of a C++ system), or to chedRrifnitiveOper-
ation is overridden by at least one cla@o(creteClassin

the Abstract Class'subclass hierarchy.

The query for the Factory Method is, obviously, similar to
that of the Template Method, except for the condition that the
FactoryMethodn ConcreteCreators required to instantiate

a ConcreteProductBy default, the query does not enforce
that ConcreteProducbe a subclass of another claBso@l-

uct), but this additional constraint can be specified through
query options.

Figure 4: Template Methods in System-A. ] 2 /37 7.
‘ v

. . . ‘ .
Figure 4 illustrates the recovered Template Methods in one "o 4 o/ §
class tree of System-A (note that the reference class of Tem- = - A
plate Method iAbstractClasy This diagram clearly shows Ak L .
the key players within this part of the application, and con- o/ | /a4 \
veys an impression of how many such mini-algorithms,

which may be refined in subclasses, exist in the class tree. _ _ _
For instance, the main class, clearly visible on top of the di- Figure 6: Factory methods in System-B: overview diagram (upper
agram, contains 43 Template Methods. More detailed infor-Window); extracted Factory Methods (lower window).

mation can be recovered by zooming into the diagram, Figyre 6 illustrates the results of the Factory Method query
showing operations and attributes, or by spawning anotherys applied to System-B. The upper window shows the inher-
diagram that shows the implementation of one particulariignce tree of all classes of System-B, which we layed out
Template Method only. with Neato. Due to the high zooming ratio (the small points

It is our experience that knowledge on both the rationale anq‘:OnStitUte large inheritance tfees)' the rgcc_)vered.de.sign com-
the existence of Template Methods is essential to develop arrl?onents protrude frpm . d|ggram. This is crgmal informa-
understanding on how to hook into the mechanisms that aré'f)n that can help find a basis for understanding a complex

enforced by a framework-like architecture. Such knowledge E!ece ogs?thware, wh(;ch IS prr]eser;Ited 'S thedlpwetr) wmdo(;/v of
may be of great help in flattening the learning curve of a Igure . e zoome .|ntot € ta 93t ounding box and ex-
framework. tracted the detailed information into a separate diagram

(lower window). It illustrates a central Creator class, which
Case #2: Factory Method defines 13 abstract Factory Method operations, and an over-
all 57 subclasses, which implement these operations.

“Factory Methods define an interface for creating an object,_l_h_ icall d di id ial i
but let subclasses decide which class to instantiate.” [14] Is automatically generated diagram provides essential in-

Factory Methods are specialized Template Methods in thatgorm?tion al(njou'F theéart:_onale b?hind the cBIefsign at hand. T_he
the PrimitiveOperationin the ConcreteClassnstantiates a evelopers designed this part of System-B for easy extension

concrete product (see Figure 5). Factory Methods are ofteﬁNIth new classes. This was necessary as this part of the sys-



tem deals with user interface forms and input tables, whicherwise would be counter to the very intent of the Bridge. The
by nature change very fast. The diagram also tells us that théinal result was 46 Bridge-based design components in
designers decided to instantiate objects in the same classdsT++, which not unsurprisingly included many false posi-
that provide the functionality for their manipulation. In the tives. It is our contention that the systematic discovery of the
example at hand, a better solution would have been the us8ridge pattern within source code needs human insight into
of an Abstract Factory, which “provides an interface for cre- the problem domain of the software at hand. However, as
ating families of related or dependent objects” [14]. This Figure 8 illustrates, a machine can generate appropriate dia-
would have provided for more flexibility as the manipulation grams that are of great value for the human analyzer to iden-
functionality could have evolved independently from the ob- tify instances of the Bridge.

ject created by the factory. Thus, a different family of ob-
jects, which may reflect changed user requirements or a
different user interface platform, could have been plugged
into the class hierarchy without the need of subclassing ex-
isting classes. This would have reduced the number of class-
es from 57 to about 30, improving understandability and
maintainability.

This case study illustrates pattern-based reverse-engineering | —
of design components as a technique that can help a humar
analyzer not only to comprehend a complex piece of soft- 5. ;
ware, but also to make substantial design improvements.

5 |
4?
\wPageltem | [ ET_Window ET_EditField

- M

Figure 8: Bridges in ET++: overview diagram (upper window);
ET_TextView class (lower left window)ET_Window class
(lower right window).

The intent of a Bridge pattern is to “decouple an abstraction|n the upper window of Figure 8, we illustrate all recovered
from its implementation so that the two can vary independ- Bridges in ET++Abstractionserves as the reference class,
ently.” [14] The Bridge is a design technique that can avoid which is decorated with a bounding box for e@yseration
combinatorial explosion of class hierarchies if a domain con- that delegates functionality to a subclass of the abstract
cept in different variations can be implemented in multiple plementotthat is the target of the maximum number of dele-
ways. If realized using inheritance, each variation would gations. More specifically, our default Bridge query looks for
have a subclass for each of the possible implementations. T@lasses with an instance variakilag) of a typelmplemen-
avoid this, the Bridge suggests separate class hierarchies fapr. It then goes into the operation call tree of each method
the abstraction and the implementation (Figure 7). (Operation) in Abstraction and verifies if the receiver of an
operation callQperationimjp) is of typelmplementorand is

> Operationipl overridden by at least one subclassmplementor(Con-

cretelmplementgr By default, we also allow th@pera-

Case #3: Bridge

Abstraction "'imp Implementor tionimp be a Template Method, meaning that not
Operation() Operationlmp() Operationimptself is overridden, but one of its polymorphi_c
A A hook methods (see Case #1). We discovered many Bridge

Implementos in industrial code that were based on Tem-
| plate Methods.

- Concretelmplementord, ConcretelmplementarB
Operationimp() Operationlrp() Our query reported 46 B_rldge_-based_de3|gn components in
ET++, yet most of the visualized Bridges had only up to
Figure 7: Structure of Bridge [14]. three bounding boxes (i.e., operation call$niplementoy,

meaning that most probably these automatically recovered

We include the Bridge as one of those patterns that demang,yiementations of Bridge reflect only its structure, but not
human insight to be recovered from source code. The Bridg6s intent. Clearly visible in Figure 8 are a few reference

ISa semantlc_: concept that can have_many forms of phys'ca{:lasses with tall bounding boxes (right side of upper win-
appearance m_the source code. For instance, we have IdentHow). The lower windows of Figure 8 illustrate the three ref-
fied Bridges withAbstractionsthat are not subclass&on-  grence classes that exhibit the most bounding boxes. The
cretelmplementorghat do not have a common Superclass, or o er |eft window show&T_TextView with its superclass
Operationimpsthat constitute Template Methods (see Sec- g1 giaticTextView , both delegating multiple methods

tion 4.1) in which noOperationimp but its hook method iS4 ET Text (not displayed in Figure 8). The documentation
overridden. Our Bridge query captures these cases, and as g} g4+ [15] describe&€T TextView andET Text as

additional heuristic verifies thaﬂ)sj[ractipnandlmplemgn- the view and model of the MVC architectural design pattern,
tor are not in the same path of the inheritance tree, which oth-



which is in this example applied to text handling. In other bounding boxes, which was clearly visible in the diagram. 4
words, subclasses &T_TextView provide different ren-  design components were real Bridge pattern implementa-
dering strategies for instanceskdf_Text , thus serving as  tions, the 2 others delegated many operations to another
the abstractions foET_Text implementors, which is the class, which provided much functionality, but did not have
very intent of the Bridge design pattern. The lower right win- the semantics of dmplementorfor theAbstractionat hand.

dow of Figure 8 shows th&T_Window class with 11

bounding boxes. Gamma et al. [14] describe this case as oné RELATED WORK

of the known uses of Bridge. In ET++, the
ET_WindowPort class serves as the abstiagplementor
for different kinds of windows, an&T_XWindowPort
andET_SunWindowPort as theConcretelmplementors

Below, we will briefly review a number of studies dealing

with the detection and the identification of design patterns.
Also, we will discuss related work addressing fine-grained
design recovery. Finally, we will reflect on the added value
Discussion of case studies of our approach in the realm of documentation with patterns.

Several studies reported in the literature aim at detecting de-

The purpose of our work is to provide a technique that can> g ; k
supplement current reverse-engineering tools with the Sup_S|gn patterns in object-oriented software based on structural

port to recover the all-important rationale behind the designdescriptions. Kraemer and Prechelt [22] developed a Prolog

decisions. We based this technique on design patterns anfased front-end to théaradigm PIusCASE tool. They ob-
presented three case studies, each illustrating a different paS€rved a precision ranging from 14 to 50 percent. Similar re-
tern on a different industrial system. Related studies on patSults are reported by Antoniol et al. [1]. However, as the
tern detection [1, 22] provided tables indicating numbers for NUMPer of patterns found in the analyzed software was close
the detected patterns and the true pattern implementations ifP 2870, the precision factor has little significance. Moreover,
the investigated systems. We argue that these numbers afPth studies report that only the header files of C++ pro-
misleading as they neither express quality of the analyzeddra@ms were analyzed, meaning that their experiments were
software or the detection tool, nor convey the rationale pe-conducted in the absence of information on function calls

hind the pattern-based design (see Section 4 for further dis@1d Object instantiations. Moreover, Kraemer and Prechelt
cussion). We believe in the strength of visualization and the[22] do not report whether they considered polymorphism in

integration of the human into the recovery process. There-tN€ir tol, and Antoniol et al. [1] mention that they do not

fore, we selected a case study approach to convey the pract[1andle polymorphism, information which we consider indis-

cability of pattern-based reverse-engineering. However, forPensable for the identification of pattern-like structures in

comparison purposes, we summarize the results of our desource code models. Note that we consider the information

fault recovery queries in Table 2. currently managed by our repository (Table 1) as the mini-
mum for serious recovery of pattern-based design compo-

System-A | System-B ET++ nents. Finally, we believe that only by the direct involvement
Template Method 3044 Lot Tod2 of the human ana_lyzer in the recovery process interesting
pattern-based design components may be found.
Factory Method 247 168 44
Bridge 108 95 26 Of[her studies that hgvg influenced our work report_on identi-
fying patterns in existing software. Brown [7] reviews the

Gamma et al. patterns and provides an overview of how to
identify each pattern in Smalltalk software. He discusses the
As the structures of Template Method (Figure 3) and Factorydifficulties of recovery of patterns in existing software, but
Method (Figure 5) unambiguously reflect the intent of the re- aso stresses the feasibility of detecting useful patterns in
spective pattern, and in light of our rich software repository, source code. Martin [23] summarizes his experience when
which includes information on both operation calls and pol- manually looking for patterns in existing software. Despite
ymorphic methods, we can rely on the recovered designthe fact that the application that his team investigated had
components for both patterns being correct. The Bridge patheen designed without any formal knowledge on patterns,
tern, on the other hand, requires human judgement. It is onghey discovered that “in one or other form every pattern of
of those patterns that can be implemented in many differentGamma et al. was used.” Both studies convey the message

ways. We captured some of these implementations, and, agat it is the human analyzer who needs to be in control of the
case study 3 illustrates, used the technique of growingdetection process.

bounding boxes to visually identify thogdystractionsthat

delegate many operations to lamplementor In System-A, The recovery of design components has been subject of ac-
for example, the reference classes of 13 out of 108 discoviive research under varying terminology. Rich and Waters
ered Bndge design Components exhibited more than 5coin the term cliché for “Commonly used combinations of el-

bounding boxes; 6 of these were surrounded by more than 5@ments with familiar names” [28]. Similarly, Baniassad and
Murphy [3] define conceptual modules as “a set of lines of

Table 2: Implemented pattern-based design components.



source code that are to be treated as a logical unit.” The difin this paper we have discussed the SPOOL environment for
ference between these techniques and pattern-based recopattern-based reverse-engineering of design components.
ery of design components is in the level of abstraction. We assessed our technology based on three case studies tak-
Whereas clichés and conceptual modules represent onlen from industrial C++ software systems. The visualization
small algorithms or data structures, patterns illustrate thetechnique of growing bounding boxes around the reference
complex relationships among the large pieces of softwareclasses of pattern-based design components proved very
and, equally important, embody informal explications of the helpful to gain an immediate understanding about the nature
rationale behind the suggested designs. It is our contentiorof the pattern in the software at hand. In most cases, the size
that reverse-engineering of large-scale software needs to pudf the bounding box indicated if the recovered design com-
more emphasize onto discovering these well-known patterngponent also carried the intent of the respective pattern. Ad-
of thought. Revisiting the statement of Johnson in our intro- vanced tool support comprising extraction of the design
duction, it is the rationale behind the design decisions (thecomponent into a separate diagram helped verify the exist-
why) that needs to be recovered to gain insight into moreence of the pattern.
complex pieces of software. Clichés, conceptual modules, ) ) ] o
and alike cannot convey thehy, but certainly are much B_eyond_extendlng the SPOQL e_nvwonmenf[ with additional
needed building blocks for achieving more elaborate recov-?iSual aids, we plan to work in five areas directly related to
ery of pattern-based design components. this study. F|rs'F, we will continue extending our reposn(_)ry to
capture all major constructs of C++ and to cover additional
Many authors have discussed the advantages of documentingrogramming languages. The schema of the repository will
software, and in particular frameworks, with pattern [9, 19, be based on multiple logical layers, each increasing the level
25, 27]. Johnson brings their cause to the point: “Patterns carmf abstraction of the source code models. Second, we are in
describe the purpose of a framework, can let application pro-the process of conceptualizing a generic mapping algorithm
grammers use a framework without having to understand inbetween abstract and implemented design components. This
detail how it works, and can teach many of the design detailsalgorithm takes as input the structure diagrams of abstract
embodied in the framework” [19]. We claim that only ise design components in UML format (implemented as Java
ualizationof the implemented patterns in tbentextof the classes) and generates optimized search strategies matching
application at hand will make documentation with patterns these specifications with the source code model in the repos-
truly effective, elucidate the rationale behind the frame- itory. Optional model elements and priorities among the
work’s design and make the applied patterns more tangiblemodel elements in the search strategy can be specified as
and understandable. In reverse-engineering, pattern-basedML stereotypes. Thus, the human analyzer will be able to
re-documentation of existing frameworks and large-scalevisually specify any combination of classes, methods, and at-
software needs sophisticated tool support allowing the hu-tributes to be identified in the source code models. Third, we
man analyzer to look at the software from different perspec-will supplement our current visualization technique, which is
tives, and thus gain a more-encompassing picture of thebased on bounding boxes around the reference classes of pat-
complex relationships among the system’s constituents.  tern-based design components, with alternative techniques.
This includes the UML-style pattern notation [30] and cus-
5 CONCLUSION AND FUTURE WORK tomized rendering for the component at hand. For example,

. ) . to convey the essence of thayersarchitectural pattern [8],
Design patterns capture the subtle design decisions that havgs c|asses should be illustrated top-down according to their

proven successful in many software development projects.csqciation with a layer, or, once jKit/GO [18] supports

They document the rationale behind the design, which is SGhree-dimensional graphic objects, within three dimensional

important to understand when evolving a software system t0gp5c6 each layer being a two-dimensional structure diagram
meet the continuously changing requirements. Our experi-

) "~""and the connections among the layers being represented in
ence when manually analyzing parts of two telecommunica-he third dimension. Fourth, we have launched a Master's

tions sc_)ftware systems of BeII_Canada confirm the findings project to investigate recovery of pattern-based design com-
of Martin that mpst _Of the design patterns of Gamma et al'ponents with full-text, pattern-matching techniques. We be-
[14] are present in sizeable software systems [23]. Howeveryie e that much information about patterns can be retrieved
we also learned that the effort for the manual recovery of aby analyzing the names of identifiers and comments. Fifth,
significant number of design patterns in large-scale systemsy e yill integrate our environment with the suite of software

is infeasible, even with the use of state-of-the-art software ., myrehension tools of Bell Canada, including source code
comprehension tools, such as SNiFF+. Itis our contention, 5 sers for several programming languages, a tool for clone
that effective pattern-pased reverse-engineering of S'Zabl?detection, and an environment for metric analysis. Such inte-
software systems requires support from both pattern analysigy ation will provide the software quality assessment team of
tools and techniques, as well as the cognitive strength of theze|| canada with an industrial-strength environment that can

human analyzer. support them in the assessment of supplier software for
maintenance and evolution.
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