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Abstract Open-Closed Principléwith openhe refers to the capabil-
ity of a module, or class, to be extensible to behave in dif-
The success of an object-oriented software developmerferent ways; wititlosedhe suggests that the source code of

project highly depends on how well the designers can capsuch a module be immutable. The rationale behind this prin-
ture the Hot Spots of the application domain, that is, thoseciple is to keep the implementation of an abstraction, and in
aspects that should be kept flexible to accommodate reusearticular those parts that often change, open for adaptation
and change. Yet, all too often, Hot Spots are hardly docu-o different context-dependent variations or unforeseeable
mented, and over years of software evolution, the sourcdequirements while providing a stable core on which differ-
code that reifies them becomes increasingly entangled wittent applications can rely. These aspects of an application
the application specific code. This blurring of the flexible domain that should be kept resilient to adaptation and exten-
with the rigid parts makes an application hard to maintain, Sion are often referred to Biet Spotsand the organization
prone to unexpected change impact, and immobile for reus@®f an application around such Hot Spots largely determines
in related areas. In this paper, we apply SPOOL, our proto- how well it is closed for modification, yet open for exten-
type environment for reverse engineering, to the recovery ofion [18, 21].
Hot Spots in C++ software. We base the technique for Hot Hot Spots may be considered the critical parts of an ob-
Spot recovery on the design concept of template methoddect-oriented design and must be thoroughly understood
We present the approach and the interactive analysis capaWhen reusing and maintaining the design and its application
bilities of SPOOL to visualize, browse, and inspect Hot specific extensions. Yet, all too often, object-oriented de-
Spots in both separate and contextual form. The findings argigns are released without proper documentation of their
validated based on two industrial systems. Hot Spots, and this makes them difficult to understand and

prone to misuse. We believe that knowledge about the Hot
Keywords: Hot Spot, reverse engineering, template Spots and how they are accessed by the client software is
method, design component, design pattern, object-oriente@rycial for nearly all activities of software development and

design. maintenance, be it construction, comprehension, or evolu-
tion.
) The notions otemplate methodandhook methodsre
1. Introduction often applied to distinguish the two kinds of methods that

are used to implement Hot Spots. Template methods imple-

“A satisfactory modular decomposition ... should be both ment the invariant parts of a Hot Spot and glue the variant
open and closed” [14]. Using this phrase, Meyer coined onenook methods together. They support adherence to the
of the key principles of object-oriented software design, theOpen-Closed Principle as they are part ofdlesedframe-
work of an object-oriented design and since they define the
hook methods, which aopenfor overriding in application-
This research was supported by the SPOOL project organized by CSERspecific classes. Depending on the level of flexibility that is
(Consortium for Software Engineering Research) which is funded by Bell gasired for the Hot Spot at hand, template methods can be

Canada, NSERC (National Sciences and Research Council of Canada), . . . . . . o
and NRC (National Research Council of Canada). Joined with their respective hook methods by either inherit




ance or composition. In the literature, such a combination ofthe variant hook methods, is crucial for the comprehension,
template and hook methods is often referred to a$dire maintenance, and evolution of a framework and its derived
plate Methodlesign pattern [4, 18, 21?]Template Methods  applications. To this end, we extended the SPOOL environ-
and Hot Spots differ in that a Template Method emphasizesnent [10, 11, 20] with recovery, visualization, and analysis
an invariant template method and associates the variarngupport for Hot Spots and applied it to the study of two in-
hook methods that it invokes, whereas a Hot Spot stresses@ustrial systems. In Section 2, we introduce the SPOOL en-
variant hook method and associates the template methoddronment and describe the extensions made for the purpose
from which it is called. of this study. Section 3 summarizes the research approach

Inheritance Template Methotig clients extend a frame- taken. Section 4 provides an analysis of the results based on
work by overriding abstract hook methods that are definedtwo industrial systems. Section 5 reviews related work and,
in the same class as the template metfiethplateClagsor finally, Section 6 rounds up the paper with a conclusion and
inherited from a superclass témplateClas¢Figure 1). an outlook into future work.

TemplateClass
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hookMethod1 ()

hookMethod2() hookMethod2(

2. Tool support for Hot Spot recovery

Automated tool support is crucial for the comprehension
% of large-scale, object-oriented software and involves com-
pressing and clustering of the vast amount of information
that is contained in the source code; however, software com-
prehension demands more than mere understanding of the
static structure of the source code. We believe that it is more
important to comprehend the rationale and the requirements
that have led to the design solutions that are implemented in
the system at hand [11]; yet, the recovery of these facets can
hardly be fully automated. Each application domain, design

, technique, and programming language has its own particu-
by the client code. Instances of tBencreteHookClassan  |gities, and a machine would need to capture analysis heu-

be plugged into thdemplateClasgFigure 2). Note that  igtics for the many different combinations to be effective.
many design patterns in Gamma et al. are based on Comp@ience, we based the design of the SPOOL environment on
sition Template Methods, such as Builder, Strategy, Orye premise that only the tight integration of the human an-
Bridge [4]. alyzer into the recovery process can lead to valuable design
information. The tool should provide support for the auto-

HookClass

hookMethod1{)
hookMethod2{)

Figure 1: Structure of the Inheritance Tem-
plate Method.

Composition Template Methc?dsrovide interfacesAb-
stractHookClaspwith operations that are to be overridden
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Figure 2: Structure of the Composition Tem-

plate Method.

mation of analysis heuristics, but it is the human who even-
tually decides what techniques to use, how to apply and join
them, and how to interpret the results.

The SPOOL reverse engineering environment is written
in Javaand is based on a set of off-the-shelf components
and application frameworks, which we extended and assem-
bled. These include the source code analysis systems
GEN++ [3] and Datrix [13], the layout engineBot [12]
and Neato[15], the object-oriented database management
systemPoet51[17] for storing the UML 1.1 [25] based

Inheritance Template Methods and Composition Tem-models extracted from the source code, the graphic editor
plate Methods are basic techniques for implementing HotframeworkjKit/GO [6] on which we built our UML editor,
Spots. Knowledge about the existence of Hot Spots, and itandSwingas the user interface framework. For a more de-
particular the location of the invariant template methods andtailed discussion of the SPOOL environment, refer to [11],

Lwe use capital letters to distinguish Femplate Methodesign pat-

tern from its constitueriemplate methad
2 Note that the Strategy design pattern of Gamma et al. [4] has thenent recovery as well as design Composition; hOWGVGr, in

same structure as the Composition Template Method, but a more specifi
intent. The Strategy is used to make whole algorithms easily interchange
able, whereas the Composition Template intends to let only the steps of ai

algorithm vary.

where we also outline several case studies on pattern-based
reverse engineering of design components. Note that the set
of techniques supported by SPOOL aims at design compo-

this paper we describe only those features of the SPOOL en-

yironment that are relevant for Hot Spot recovery based on
Template Methods.
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Figure 3: Graphic user interface of SPOOL for Hot Spot recovery: visualization of Hot Spots in the
source code model (window 1); extraction and inspection of Hot Spots (window 2); extraction of sta-
tistical data for further analyses (window 3)

Figure 3 illustrates some features of the SPOOL environ-many implemented Hot Spots will protrude from the dia-
ment applied t&ET++ [5], one of the C++ systems that we gram.
reverse engineered for the purpose of Hot Spot recovery. Window 2 details the context information of a selected
Window 1 shows the class hierarchy of the system being anHot Spot, by extracting it from the source code model into
alyzed, layed out witbot and overlayed with the recovered a separate diagram for further inspection. The upper part
Hot Spots. Hot Spots are visualized by bounding boxes thashows the list of Hot Spots for which the selected class in
are incrementally drawn around their so-calteterence  window 1 is the reference class. The middle part depicts the
class which can be selected at the discretion of the user; forselected Hot Spot in form of an extended collaboration dia-
Hot Spots based on the Inheritance Template Method (segram [25] showing only its constituent parts, that is, the im-
Figure 1), the user can declare one of the claGest, plementation of th@emplateClassthetemplate methods
TemplateClassorHookClassas the reference class, and for the abstrachook methodsthe HookClassesand the con-
those based on the Composition Template Method (see Figeretehook methodsThe lower part shows these constituent
ure 2) similar options apply. A class that is the referenceclasses of the same Hot Spot within the expanded class hi-
class (e.gHookClas$ in multiple Hot Spots is visualized erarchies of the system. This provides an overview of the
with a bounding box for each of these Hot Spots. Thus, thecontext in which the Hot Spot is used.
size of the resultant outermost bounding box of a class is Window 3 presents the statistics diagram, which allows
proportionate to the number of Hot Spots for which it is the for the extraction of Hot Spot occurrences. The content of
reference class. Keeping the size of these bounding boxethis diagram can be copied in textual form into the clipboard
constant during zooming leads to the visual effect that onceof the computing device, from where it can be pasted into a
the diagram is sufficiently zoomed out, the classes withspreadsheet or statistical package for further analyses.
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Figure 4: Template Method diagrams (left) versus Hot Spot diagrams (right).

3. Research Approach ET++ | SystemX
. . . . . . Lines of code / 70,796 291,619

Design analysis with the SPOOL environment is an iter- | | i s of pure comments / 3,494 71,209
ative process driven by the interplay among automated anal-| gjank lines 12,892 90,426
ysis, visual presentation and transformation, and human .
. . # of files (.C/ .h) 485 1,153
interpretation; our research approach taken to the reverseg
engineering of Hot Spots reflects this process. In the follow- | # of classes 722 1,420
ing, we discuss the different steps of this research, which in- [ of generalizations 468 94l
clude the reverse engineering of source code, the definition
of the notion of Hot Spots, the declaration of the research | #°f methods 6255 8,594
variables, the writing of queries on our source code reposi-| # of attributes 4460 13,624
tory that evaluate these research variables, and the final in{ gize of the system in the repository 193MB  410NB

terpretation of the results.

The study started with an initial data gathering phase in

Table 1: Size metrics of industrial systems.

which we reverse engineered the well-known application

frameworkET++ [5], as delivered by thBNiFF+ 3.0soft-  ance o identify these flexible parts in existing source
ware development environment [23], aBystemX a tele- code, we have to focus on the hook methods. Using the
communications system provided by Bell Canada. Bothgr, classET_HashTablewhich is theTemplateClassf
systems are implemented in C++, and Table 1 shows SOm&, |nheritance Template Method, Figure 4 illustrates the
of their size metrics. Information about the source code keplyistinction between Template Methods and Hot Spots. The
in our repository includes d_irectqries, files, _aggr_egatesTemmate Method diagrams (Fig. 4, left part) put emphasis
(c_lasses, struct_ures, union), inheritance relationships, aty, ihe rigid template methods of a class and show the oper-
tributes, operations and methods, parameters, return typeSyions that they invoke together with the subclasses in which
operation calls, object instantiations, variable use, friend-q,me of these operations are overridden. The top left dia-
ship relationships, and c_Iass ano! function templates. Refe@ram shows the template methBdarchFirstwhich calls
to [11] for more detailed information: _ the non-virtual methodHashAddressand the overridden
The next step was to find a definition for the notion of 1,4, methodkeyAt The template method&tPrevindex
Hot Spots. According to Pree [18], Hot Spots are those aspindex andAtNextindexcall the overridden methdteyAt
only. FixCollisions, finally, callsSearchFirstwhich is itself
a template method, as well as the two overridden hook

SFor confidentiality reasons, we are not allowed to name any ide”“ﬁermethodsKeyAtandSwap Hence, among the five Template
of SystemX ’

pects of a design that have to be kept flexible for adaptation.




MethodsSearchFirst FixCollisions, AtPrevindex, Atindex,
and AtNextindex the methodKeyAt serves as the shared
hook for extension. (Note that the tool distinguishes differ-
ent kinds of methods using colored text.) On the other hand
the two Hot Spot diagrams (Fig. 4, right part) focus on the

hook methods and associate their respective template meth-

ods. The top right diagram shoWsyAtas the hook method
and puts all related template methods in its context. The bot
tom, right diagram shows the hook mett&aap which is
invoked byFixCollisionsonly. For further explanation, Fig-

t1 t2 t3 t4 5

,-HS2

HS1’

hi h2  h3
Figure 7: Hot Spot definition.

Whereas in Figure 6 a Hot Spot is defined for each hook
method together with its associated template methods, in

ure 5 illustrates the two Hot Spots of the above example ingjgyre 7 all the hook methods that are invoked by the same

a more abstract form.

t1 2 13 ¥4 5

e template method (t)
o hook method (h)
— method call

HS Hot Spot

TT-HS2

h1

h2

Figure 5: Hot Spot example.

Figure 6 extends the above example with a third hook
methodh3, which is called by the template meth&dFur-
thermore, it introduces method calls frédrto h2 andt4 to
h3, which results in eight methods clustered into three Hot
Spots, one for each hook method.

1 t2 t3 t4 5

*-- HS2

. - -- HS3
HS1

h1 h2 h3

Figure 6: Extended Hot Spot example.

set of template methods are captured into one single Hot
Spot. Browsing through the reverse engineered models of
ET++ and SystemXwe identified many instances where
two or more hook methods were always called together. Ac-
cordingly, we came to define a Hot Spot as

a set of hook methods and their associated template
methods, in which each hook method is invoked by
exactly the same set of template methods.

This definition prohibits, for instance, puttifid into
HS2 ashlis invoked by a superset of the template methods
of h2 andh3. Using the interactive capabilities of SPOOL,
we investigated various alternative definitions for Hot Spot,
but all of them led to either rather fine-grained or too coarse-
grained Hot Spots. Therefore, we accepted the above defini-
tion as a compromise.

Based on the above definition of Hot Spot, we identified
the research variables that are relevant for this study and de-
veloped queries on the SPOOL source code repository that
would evaluate these variables in the reverse engineered
source code dET++ andSystemXThe following list sum-
matrizes the research variables of the study:

IHS (Inheritance Hot Spot) stands for a Hot Spot that is

Based on the hook methods only, a definition for Hot '
Spot would lead to a rather fine-grained method clustering,
as each hook method would define a separate Hot Spot. The
challenge is to find a definition that leads to Hot Spots that
are neither too fine-grained nor too course-grained, as either
would weaken their expressiveness. In the example of Fig-
ure 6, the hook method® andh3 are called by the same
set of template methodgl@ndt5), which suggests that they
work together in different realms to perform some common
task. Therefore, we capture those hook methods that are al-
ways called together into one single Hot Spot (Figure 7).

exclusively based on Inheritance Template Methods;
that is, only template methods that invoke hook meth-
ods defined in the same class or inherited from a super-
class are considered (see Figure 1).

CHS (Composition Hot Spot) stands for a Hot Spot that
is exclusively based on Composition Template Meth-
ods; that is, only template methods that invoke hook
methods by delegation are considered (see Figure 2).
HS stands for a Hot Spot that is based on either Inherit-
ance or Composition Template Methods, or on both;
that is, template methods that invoke hook methods
defined in any class of the system are considered.

To quantify and explore the above list of research varia-

bles, we developed queries on the source code repository
that recover instances of Hot Spots and extract each identi-
fied instance into a separate collaboration (see Figure 3,



window 2 for the visual representation). As an example, to4.1. Interactive Hot Spot inspection

recover Inheritance Hot Spots (IHS), we first recover all In-

heritance Template Methods (see Figure 1). The associated Running a query for one of the Hot Spot types results in
guery traverses all classeefnplateClags goes into each  a collection of collaborations, each describing an instance
method {emplateMethoyd and verifies if the method calls a of the respective kind of Hot Spot (IHC, CHS, or HS). As a

polymorphic operationhpokMethodl that is defined in the  result, the tool automatically generates an important first
TemplateClas®r any of its superclasses. Then, the query view by overlaying the class diagrams with the recovered
goes into the subclass hierarchy of TeenplateClassnd instances (Figure 8).

looks up ifhookMethods overridden. During the traversal
of the source code model, the query collects all relevant in-
formation and, if all conditions are met, passes them to a
Design Component Buildebject that creates a collabora-
tion for the retrieved Inheritance Template Method. To re-
cover the IHS, we then loop through all Inheritance
Template Methods, gather those hook methods that are
called by exactly the same set of template methods (accord-
ing to our definition of Hot Spot), and create for the result-
ing set of hook and template method an IHS collaboration.
As a next step, we executed the queries and visualized
the identified Hot Spot instances within the source code
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model (see Figure 3, window 1). The capability of the

SPOOL environment to extract Hot Spots into separate dia-
grams (see Figure 3, window 2) was essential to verify the S .
correctness of the queries and to gain an understanding of One purpose of this view is to provide the human analyz-

how Hot Spots were applied in the application at hand. Fi-E" with an initial overview of the number and the locations

nally, we used the statistics diagram (see Figure 3, windovxfJf the Hot Spots in the system at hand; as the reference

3) to extract for each class the number of Hot Spot instanceglastf‘ef for ?rawm? ;[Ee bcl;u?dlntgrt]) oxke S Wti uge thfo;:e Cﬁsts'
that included this class as a reference class into a statisticgr> 2 'Mp'€ment he abstract hook methods ot the Ho

analysis package (see Figure 12). We dssdplateClasas p.OE[S' fAn?rEhe_r purth s€ '? ttr:) prowdﬁ (tjh? VISU?| anc_hor
the reference class for Inheritance Hot Spots (see Figure 120"1 s for the invocation of the so-called inspection win-

andAbstractHookClasas the reference class for Composi- ow, which allows for the further exploration of the recov-

tion Hot Spots (see Figure 2), as these classes define th%rEd Hot Spots (Figure 9).
hook methods that are to be overridden in some subclass.
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have not come across any automated approach that could | = OP e
make up for the expressiveness of visual design inspection DarClip
carried out by the user to verify the validity of recovered de-
sign components and to gain a better understanding about
the context in which they are implemented. It is our experi- ]
ence that all software engineering tasks, from comprehen-
sion to evolution, benefit vastly from a tool that allows for
the interplay between automated design component recov-
ery, visual presentation and inspection, and human interpre-
tation. In the following we explain interactive inspection of
Hot Spots in greater detail and interpret Hot Spot occurrenc-
es inET++ andSystemX
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Figure 9: Hot Spot inspection in ~ ET++.



The top part of this diagram lists the extracted Hot Spotsof the diagram, is crucial for the comprehension and the
of the clas€T_Port The middle part shows one Hot Spot well-informed maintenance of the software system at hand.
that is based on the hook mettdevClipin form of an ex-  All too often, we have experienced that changes in the be-
tended collaboration diagram [25]. To learn about the naturehavior of some template method of a framework broke the
of this Hot Spot, that is to gain an understanding about theclient code, as the framework maintainers were not aware of
purpose of its template and hook methods, the collaboratiorthe particularities of the adaptations made in the overridden
diagram supports commands to blend in and out the contexttook methods of the client code. The Hot Spot diagram lo-
in which the selected class, template method, or hook metheates all template methods on which a hook method is de-
od is used: if the analyzer selects a template or hook methpendent. Thus, it can help identify the possible impact of a
od, all related methods that call or are called by the selectedhange in a template method or, vice versa, help explore the
one will be shown; if the human analyzer selects a class, altauses of a sudden malfunction of the client code after the
those classes that access or are accessed by the selectestallation of a new release of the framework. Surprisingly,
class (by method call, instantiation, or variable access) willnone of the case tools we have worked with or evaluated
appear. The bottom part depicts the classes in the collabord19] support this kind of design recovery and inspection.
tion diagram within the relevant class trees. It shows where
the hook methods, in our example oblgvClip, are over-
ridden (that iSET_XWindowPortET_PictPort PostScript-
Port, andMacPictPor) and, equally important, where the |[mmm
default implementation is use®i¢Port). Such stepwise, |
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gather invaluable context information about how the Hot

tent of a Hot Spot diagram is essential for the analyzer toE% ET.FileDialog  ETPeinspector

Spot is used in the application at hand. In the following, we

give two examples that illustrate how interactive Hot Spot

inspection can help understand, maintain, and evolve a sys;
tem.
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Figure 11: Composition Hot Spot.

Figure 11 presents a Composition Hot Spot that is based
on the hook methoBnableof ET_VObjectIn the top two
ﬁl rows of the middle part, all template methods thattead-
ble are depicted. As the classes of these template methods
can be far away from the hook class within the overall class
hierarchies, a software design and maintenance tool that
gathers the Hot Spot related information and presents them
in one diagram greatly facilitates software comprehension.
The strength of such a representation is that it puts together
the different contexts in which a hook method is used.

ET_Clipper
ContainerPoint

Figure 10: Inheritance Hot Spot.

. . _ 4.2. Analysis of Hot Spot occurrences
Figure 10 shows an Inheritance Hot Spot that is based on

only one hook method:(ontainerPoin),_Which_is called by Using the statistics tool (see Figure 3, window 3), we
seven template methods and overridden in one subclasg,mmarized the occurrences for the different kinds of Hot
(ET_Clippe). This information, together with the location - gp4t5 and exported them into a spreadsheet where we did all
of the overridden hook method as indicated in the lower parkiher analyses. Recall that for each class we calculate the



number of Hot Spots for which the class at hand implementseffective software maintenance. Based on the experience we
an abstract hook method. Figure 12 lists the numbers for thgathered when studying the undocumented desigysf
25 classes dET++ andSystemXhat exhibit the most Hot temX we argue that the visualization of the automatically

Spots. recovered Hot Spots (see Figure 3, window 2) is an invalu-
able aid to gain a first understanding about the nature of the
ET++ Systern software system at hand. Such a view together with the Hot

Class Name HS HS CHS | Class Name | HS HS CHS Spot inspection mechanisms allows the analyzer to build up
ET_Port 35 30 7 Clags01 29 7 &k . .
ET VObject W o 2 Class 24 10/ 18 incrementally the knowledge that he or she needs to main-
ET Text 2 7 2 Classl3 23 7 19 tain the system.
ET_System 21 3 18 Class04 2217 9
ET_SeqCollection 16 8 9 Class0a 19 2 18 i i
ET WindowPort | 16 16 1 Class0B 18 12 9 Hot Spot implementation styles
ET_Object 13 9 4 Clags07 14, 6 10
ET_M 13 12 3 Clags05 14 4 12 . .
ETvaohTale | 11 8 4| Clesds |11 1 10 ~ Besides knowledge about the location of the key abstrac-
ET_Wiew 8| & B| |(ClassiD |1 8 tions of a software system, an understanding of how these
ET_EvtHandler g 2 7 Class11 1m0 6 4 . . . .
ET Data 85 el [Claesl2 TR IR abstractions are to be adapted, extended, and maintained is
ET_DevBitmap 8 8 7| [Class13 g 7 3 equally important. For maintenance it is crucial to know if
ET_Printer 72 5] Clags14 9 3 7 . : Sl .
ET Command 25 4l Claests s g a class p_rowd_es its responsibilities, f_or mstance_, by de_legat-
WisualMark 7.1 7| [Class1g 8 3 7 ing functionality to other classes, by implementing it within
ET_WindowSystem | 7 2 4 Class17 9 0 9 i :
Colorhapper S0 7l Ceetn A the c_Iass, or_by providing internal hooks that negd to_be
ET_Container 5 5 4 Class9 8 1 =& overridden. Figure 12 uncovers the different styles in which
EI—_FF';‘pYECh;:t”CEhC;”” 5 0 5 (sl aoe 3 the key abstractions implement flexibility for adaptation;
ET Progress 5 4 1 Class22 B 4 2 they tend to be oriented towards either inheritance (IHS) or
ET_Treeview 4.1 3 Classk3 B 2 4 composition (CHS), but hardly exhibit a large number of
ET_Converter 4 2 3 Class24 6 B 0 . .
ET Textview 4 5 3| [Classs 5 1 4 both kinds of Hot Spots. Only one class with more than ten
722 classes 361223 201 1420 classes[497[265] 310 Hot SpotsET_VObjeciof ET++, comprises many Inherit-

ance Hot Spots as well as many Composition Hot Spots.

Such knowledge about how the Hot Spots of the key classes

are implemented, with inheritance or composition, is criti-

cal to maintain the original design intent and implementa-
In the following, we address two aspects of Hot Spot tion style of the designers that created these classes.

driven source code analysis, which are supported by the

above occurrences ET++ andSystemX(a) the identifica- 5. Related work

tion of the key abstractions in an object-oriented design; and

(b) the identification of different implementation styles of  Below, we briefly review a number of studies that ad-

Figure 12: Hot Spot occurrences in ET++
(left) and SystemX (right; class names are
changed for confidentiality).

these key abstractions. dress the concept of Hot Spots from the viewpoints of for-
. _ ward engineering, redocumentation, and design recovery.
Key design abstractions Johnson addresses the techniques that support the crea-

, ) tion of reusable classes and frameworks [7, 8, 9]. He elabo-

Our project partner, the software quality assessmeniaies on the dangers of class inheritance and advocates that
team of Bell Canada, analyzes software products of potengpy the well-thought combination of class inheritance and
tial suppliers for mamtgmabnlty. One of the first ;teps inthe ;|55 composition can lead to reuse in-the-large. These early
assessment process is to gain an understanding of the Ky, ks inspired the well-known design pattern catalogues of
abstractions of the design. To this end, we manually anagamma et al. [4], Buschman et al. [1], and Schmidt [22],
lyzed the responsibilities of those classes that are at the tog 1,4 giscuss some of the key building blocks for reusable
of the lists displayed in Figure 12 and identified these classypiect-oriented design. We argue that it is these patterns that
es as the key abstractions in b&fh++ andSystemXFor  praak apart the stable parts of an application from those
ET++ the significant role ofeT_Por{ ET_VObject or s whose functionality can hardly be anticipated. For
ET_Textto mention only the top three classes, is document+nege parts, which need to be kept flexible to accommodate
ed in various sources [1, 4, 5, 26]. As such documentatione se and adaptability, Pree introduced the notion of Hot
was not available foBystemXwe reviewed the class mod- Spots [18].
els using our SPOOL environment, and for detailed code in- * geoyeral authors have discussed the advantages of docu-

spection we use8NiFF+ [23]. The results confirmed that  enting object-oriented software with patterns. Johnson ar-
those classes that exhibit the most Hot Spots are crucial foficulates the strengths of pattern-based design



documentation: “Patterns can describe the purpose of af the key providers of framework flexibility based on Hot
framework, can let application programmers use a frame-Spots. We described the design inspection tool that we im-
work without having to understand in detail how it works, plemented for the extraction of Hot Spots into separate dia-
and can teach many of the design details embodied in thgrams and summarized the occurrences of Hot Spots in
framework” [7]. To this end, Schauer and Keller [20] report ET++ andSystemXWe inferred that Hot Spots can be used
on tool support for interactive and automated redocumentato identify the key design abstractions as well as their im-
tion of object-oriented designs with patterns. To make suchplementation style, based on inheritance or composition.
documentation tools more effective for large-scale, object- Besides continuing the development of the SPOOL envi-
oriented frameworks, Odenthal and Quibeldey-Cirkel [16] ronment for reverse engineering, and in particular pattern-
suggest a standard format for object-oriented frameworkbased recovery of design components [11], we plan to work
documentation, which includes among other items a clealin three areas that are directly related to this study. First, we
description of the Hot Spots. Many other authors have ar-will be implementing tool support that allows for the crea-
gued similarly, but the state-of-practice in object-oriented tion of bridgesbetween Hot Spots to navigate easily from
design documentation seems to ignore them. Most frameeone occurrence to another. Second, we will analyze several
works we have encountered were insufficiently documentedarge-scale application frameworks as well as telecommuni-
and none of them explicitly stated its Hot Spots for reusecations software provided by Bell Canada, with the goal to
and adaptation. quantify, compare, and correlate the use of Hot Spots in dif-
We have identified only one study that addresses desigffierent object topologies, that is architectural styles, frame-
recovery based on Hot Spots. Demeyer [2] reports on theimworks, toolkits, and application-specific designs [24]. This
experiments wittHotDraw, a Smalltalk framework for the  should eventually result in a suite of metrics for Hot Spots
construction of graphic editors. In contrast to our definition in object-oriented designs, considering domain-specific ap-
of Hot Spot, they use the rigid parts of Template Methods toplication characteristics and sufficiently validated with em-
infer Hot Spots. In our work, we look at the flexible parts of pirical data. Third, we will study Hot Spots in respect to
a Template Method, the hook methods, which can signifi-design patterns [4], architectural patterns [1], and domain-
cantly reduce the noise that is reported by Demeyer. Furspecific telecommunications patterns [22]. We expect that
thermore, the clustering of the hook methods that arethis will lead to improved understanding of how design pat-
always called together in the context of different templateterns support reusability, adaptability, and changeability in
methods helps identify Hot Spots of a larger scale. Demeyethe specific applications of Bell Canada.
reports that they found Hot Spots that were not documented
and, vice versa, some of the Hot Spots listed in the docuAcknowledgements
mentation could not be reconstructed. He argues that this
was due to the outdated documentation of HotDraw. De- e \ould like to thank the following organizations for

meyer does not provide any numbers about occurrences, NQfrqyiding us with licenses of their tools, thus assisting us in
does he report on visual inspection capabilities of the took,q development part of our researBeil Canadafor the
which they applied to recover Hot Spots. We consider inter-q ,ce code parsBiatrix, Lucent Technologigfer the C++
active, human-controlled analysis in addition to automatedgrce code analyz&EN-++ and the layout generatdBt
recovery support for Hot Spots indispensable to gain a,,qNeatq Instantiationsfor the graphic editor framework
broader picture of the context in which they are embedded'jKit/Go, Poetfor the object-oriented database management

. systemPoet 5.1 and TakeFive Softwardor the SNiFF+
6. Conclusion and future work software development environment.
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