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2 M. GOEDICKE, U. ZDUNthem with an obje
t system. Moreover, the patterns introdu
e 
exibility hooks into thehot spots of the ar
hite
ture and let 
omponents de�ne their required environment. Thisenables an easier future evolution of the system. The 
ase study demonstrates a patternlanguage as an approa
h for pie
emeal lega
y migration apart from implementationdetails.
1. INTRODUCTIONThe arti
le deals with the problem of large system evolution. It fo
uses on a parti
ulardo
ument ar
hive/retrieval system as an example large C appli
ation that has evolved over16 years. In the 
urrent pra
ti
e of software engineering, it is often a hard task to maintainor reengineer large lega
y systems. Usually there is a 
onstant and relentless pressure for
hanges: bugs have to be �xed, new requirements have to in
orporated, design 
aws have tobe eliminated, et
. Ideally, the developers would be able to evolve a given ar
hite
ture andimplementation in a stepwise manner. That is, the ar
hite
ture would be in
rementally evolvedto a higher degree of 
oheren
e and required 
hanges would be seamlessly integrated.However, often the reality is di�erent. In many systems we 
an observe that with growing
omplexity more and more ar
hite
tural and implementational 
hanges are added that violatethe purity of initial designs. Step by step the 
oheren
e of the ar
hite
ture degrades. Eventuallyeven simple 
hanges be
ome problemati
. Martin 
alls this pro
ess rotting design [20℄. Often, inresponse to su
h problems, reengineering proje
ts are laun
hed. But su
h reengineering proje
tsseldomly su

eed be
ause monolithi
 reengineering approa
hes are usually quite 
omplex.Moreover, in many 
ases, the developers have to build the new design in parallel to the oldone. The old system still evolves and the new system has to keep up with these 
hanges. Thusthe new design starts to rot even before the �rst release.In this arti
le we present a 
ase study of su
h a reengineering proje
t for a large do
umentar
hive/retrieval system. At �rst, we will give an overview of the system and dis
uss someproblems that have led to the reengineering proje
t. We 
onsider the problems of this systemtypi
al for many large lega
y systems that have evolved over many years in a business 
riti
alsetup. Thus, in the �rst part of the arti
le, we will motivate the typi
al problems ta
kledCopyright 

 2001 John Wiley & Sons, Ltd. J. Softw. Maint: Res. Pra
t. 2001; 00:1{7Prepared using smrauth.
ls



PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 3by our 
ase study as well. Moreover, the overview of the system ar
hite
ture should easeunderstanding of the 
on
rete reengineering steps dis
ussed in Se
tions 7{9.Se
ondly, in Se
tions 4{5, we will present a pattern language for stepwise migration ofgiven ar
hite
tures to a 
exible bla
k-box 
omponent ar
hite
ture. In this arti
le, we willnot fo
us on the patterns but sket
h them very thoroughly (see [10, 11℄ for more details ontwo individual patterns). We will 
on
entrate on the appli
ation of the pattern language in alarger industrial 
ontext. As we will dis
uss in Se
tion 11.2 it is one of only a few industrialpattern 
ase studies available so far. The patterns presented are widely applied in the area ofs
ripting language's 
omponent glueing 
on
epts, but 
an be found in many system languageproje
ts as well. The pattern language 
on
entrates on the essential fragments of obje
t-oriented 
omponent glueing ar
hite
tures. Thus, the patterns do not require a full-
edgeds
ripting engine to be implemented. However, all pattern implementation's introdu
e a 
ertain
omplexity and require a 
ertain maintenan
e e�ort. Here is 
learly a tradeo� between theadditional 
omplexity introdu
ed by the pattern on the one hand and the higher 
exibilityand 
leaner ar
hite
ture on the other hand. In other words, su
h liabilities have to be 
ontrastedto the redu
tion of 
omplexity and higher 
exibility in the reengineered lega
y system.Thirdly, in Se
tion 6, we will dis
uss the 
on
rete 
onsiderations of how to apply the patternlanguage to the do
ument ar
hive/retrieval system. We will see that a stepwise evolution 
anbe a
hieved without sa
ri�
ing the ar
hite
ture of the given system. Thus one reengineeringproblem 
an be ta
kled at a time, instead of having to 
hange several orthogonal system partsat on
e. For this reason, we 
laim that the pattern language leads to in
remental evolution oflarge lega
y systems. In our experien
e, the required implementation e�ort for the patternsis rather limited 
ompared to the size of a typi
al large industrial system, as the exampledo
ument ar
hive/retrieval system. Of 
ourse, an existing implementation 
an be reused, su
hthat there is no dire
t implementation e�ort required (but the APIs of the implementationhave to be learned by the developers).Fourthly, in Se
tions 7{9, we will present three 
on
rete subsystems as prototypi
alexamples of the steps to be performed for reengineering lega
y ar
hite
tures in
rementally:the 
ommuni
ation subsystem, the DBMS subsystem, and the 
on�guration/
ustomizationframework. These were the primary problem domains identi�ed by the 
ompany in thebeginning of the reengineering proje
t. The 
ompany had quite 
on
rete ideas for the resultingCopyright 
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4 M. GOEDICKE, U. ZDUNsolution: a middleware standard should be used for 
ommuni
ation, DBMS interfa
es shoulduse as a uni�ed form of database a

ess, and the 
on�guration/
ustomization framework shouldbe more 
exible and easier to use. Obviously, su
h requirements for a reengineering proje
ta�e
t 
ompletely orthogonal and very 
omplex system parts. Therefore, it is essential fora su

ess of the reengineering e�ort to deal with one problem domain at a time, instead of
hanging the whole system at on
e. We will see that this goal 
an be a
hieved for the dis
ussedsubsystems.Finally, we will dis
uss known uses of the patterns as well as important related work. Sin
ethe number of available pattern 
ase studies is 
urrently quite limited, we will summarize theavailable ones and brie
y 
ompare them to our proje
t.2. DOCUMENT ARCHIVE/RETRIEVAL SYSTEMThe do
ument ar
hive/retrieval system is a large C appli
ation that has evolved over manyyears. The system has a large-s
ale ar
hite
ture suitable for its task, and it is working wellin numerous 
ustomer installations. Note that the authors were not involved in the originaldevelopment of the ar
hive/retrieval system. They were only involved in the reengineeringproje
t presented in this paper. The proje
t was laun
hed be
ause of several 
exibility andreuse problems, similar to the ones sket
hed in the beginning of the previous se
tion.In the system targeted, 
exibility and reuse problems appeared in di�erent forms. Extensionsand 
hanges, su
h as introdu
tion of a new 
ommuni
ation te
hnology, integration with obje
t-and 
omponent-oriented 
on
epts, usage of reusable servi
e implementations, integration of
ustomization 
allba
ks, and usage of a generi
 database interfa
e, be
ame more and moreproblemati
. Already used te
hnologies were hard to repla
e with other implementationsor versions. Moreover, deployment to the 
ustomer required a 
ertain amount of 
ostly
ustomizations. With the given system implementation these e�orts simply took too mu
htime. Besides these severe 
exibility problems, the system su�ered from minimal reuse ofexisting software 
omponents.An expli
it requirement of the proje
t was knowledge transfer so that the developers of thesystem 
ould parti
ipate in the reengineering e�ort and apply the 
on
epts on their own. Theprimary task was not to implement 
ertain 
hanges to the system, but to �nd a pra
ti
allyCopyright 
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PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 5appli
able way to a
hieve a more 
exible ar
hite
ture and to introdu
e new te
hnologies invarious orthogonal system parts. Thus the example subsystems presented are only prototypi
alinstan
es. We 
onsider the pattern form as a good way to transfer te
hni
al knowledge, be
ausethe patterns are rather independent from 
on
rete te
hnology without being too vague todis
uss te
hni
al details. Sequential appli
ations of the pattern language, that have proven tobe su

essful in pra
ti
e, 
an be used to exemplify the appli
ation of the pattern language asa whole. The reengineering examples of these three subsystems 
an be seen as su
h sequen
eexamples.In this se
tion, we �rstly introdu
e the existing ar
hite
ture of the system. Afterwards, wedes
ribe the problems ta
kled by this work in more detail.2.1. Ar
hite
tural OverviewA do
ument ar
hive and retrieval system allows users to ar
hive a large number of do
umentson several sorts of devi
es. The primary devi
es used in the appli
ation area are opti
alstorage devi
es, but su
h systems are also able to a

ess other media types, su
h as harddrives or remote storage devi
es in a network. Users 
an retrieve ar
hived do
uments withdi�erent text- and GUI-based 
lients. These 
lients need to be 
ustomizable for di�erent
ustomer requirements. Sear
hes are delimited by the 
lient through several sear
h 
riteria.Su
h information are stored in an asso
iated database for ea
h re
ord ar
hived by the system.The system was originally designed and implemented in C on a Unix platform supportingonly one database management system. It was ported to several Unix variants and �nallyto Windows NT. Later on, support for other database management systems was added. Thesystem used opti
al storage devi
es with proprietary interfa
es. The ar
hive and retrieval serverwere on Unix andWindows written in C, while Unix 
lients were C written andWindows 
lientswere developed in C++ and Java.In Figure 1 we 
an see a prin
ipal overview of the ar
hive and retrieval system ar
hite
ture.The system 
onsists of three distin
t layers. Ea
h of the layers 
onsists of several intera
tingpro
esses.� Client Layer : Clients are used by the 
ustomer to ar
hive and retrieve do
uments.Loaders are appli
ations that enable automated loading of information into thear
hive and retrieval system. An Administration Client enables 
lient a

ess to theCopyright 
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6 M. GOEDICKE, U. ZDUN
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Figure 1. Do
ument Ar
hive/Retrieval System { Ar
hite
tural Overviewadministration of the running system pro
esses, to load plug-ins, to de�ne users andgroups, to monitor logs, et
. All 
lients a

ess the system via a set of proprietary proto
olsand interfa
es (for retrieval, ar
hiving, administration, and SQL a

ess) based on so
kets.� System Layer : The System Demon is a permanently running demon that forks handlersfor 
lient requests. These are either: Ar
hive/Retrieval Handlers to a

ess the do
umentmanagement system, or Database Query Handler to a

ess the 
entral database. TheCentral Database stores meta-data about the do
uments for sear
hes. Moreover, itmaintains 
hanges to the do
uments on the opti
al storage devi
es, whi
h must beassumed to be read-only after they are written on
e. A S
heduler, a Ca
he, and Do
umentHandlers implement the a
tual ar
hive/retrieval tasks. The Administration Demon is apermanently running demon that implements the server-side of the administration tasks.� Storage Devi
e Layer : Several di�erent storage devi
e drivers, su
h as opti
al diskjukebox driver, hard disk driver, network a

ess proto
ols, et
. are uni�ed in this layerbehind an API based on a proprietary RPC (remote pro
edure 
all) implementation.Copyright 
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PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 72.2. Reengineering Task SynopsisThe 
ompany fa
ed several problems with the lega
y appli
ation. It was hard to 
hangehow 
lients and servers 
ommuni
ated, be
ause they used a proprietary proto
ol based onso
kets. Only the a

ess to storage devi
es was using a standard RPC proto
ol. The usedproto
ols did not 
ontain implementations of more sophisti
ated servi
es, as 
an be found inmodern middleware approa
hes. Therefore, the system developers had to implement severalsu
h servi
es on their own.Support of the system on several platforms with several versions be
ame a severemaintenan
e problem. Moreover, similar problems o

urred in maintaining the database
ode, be
ause the system used di�erent DBMS produ
ts/versions that were a

essed bydi�erent proto
ols and that had di�erent SQL diale
ts. Both problems led to a redu
edunderstandability of the 
ode, sin
e pre-pro
essor dire
tives for di�erent versions were s
attereda
ross the entire database 
ode. This is hard to modify 
entrally and 
an only be 
hanged byre-
ompiling the system, thus ex
luding on-the-
y 
hange of databases.Con�gurations of the system for di�erent 
ustomer requirements were problemati
, sin
e ithad to be tightly integrated with the 
ustomer's IS infrastru
ture and with the nature of thear
hived do
uments. No two installations of the do
ument management system are exa
tly thesame. The adaption of the system was programmed by hand during deployment using low-levelC APIs and shell s
ripts.Sin
e many dependen
ies between di�erent parts of the 
ode existed, it was hard to ex
hangeexisting implementations with other implementations. Thus a pie
emeal migration seemed tobe hard to a

omplish. For instan
e, it was hard to repla
e 
a
he management strategiesfor ar
hiving/retrieval, be
ause they were not en
apsulated in distin
t 
omponents with well-de�ned interfa
es. Moreover, some parts of the system, su
h as the 
ommuni
ation subsystemor database a

ess were even harder to ex
hange, be
ause they were not implemented withdistin
t APIs.Still the existing software was working in an eÆ
ient and reliable way. Thus, as far aspossible, existing (and well-working) system parts should be reused in a new solution. Thesystem installations were 
ru
ial parts of the 
ustomers' IS infrastru
ture. In general, it isnot trivial to migrate a running installation with all do
uments to a new te
hnology. Several
ustomers are even suspi
ious about \new" and { from their viewpoint { unproven te
hnologiesCopyright 
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8 M. GOEDICKE, U. ZDUNbe
ause do
ument ar
hiving is an important and integral part of their business. Therefore, thenew te
hnologies should have been wrapped in the appearan
e of the well-known and reliablete
hnology.The overall ar
hite
ture of the system, as sket
hed in Figure 1, has proven to be reliable,and the involved entities seem to mat
h the modeled real world situation well. Therefore, thebasi
 ar
hite
ture of the system does not ne
essarily have to be 
hanged 
ompletely.Initially, a reengineering strategy of migrating the whole 
ode base to a rewritten solutionin C++ or Java was envisioned. But this would have led to 
onsiderable 
osts in (useless)lega
y migration. Moreover, it would require an additional 
on
ept for stepwise migration ofthe lega
y parts. And presumably su
h a major reengineering step would have led to a di�erentar
hite
ture and potentially new errors. This would require a 
onsiderable redesign e�ort, butthe value of su
h an e�ort is questionable.3. MULTI-PARADIGM DEVELOPMENT AND COMPONENT-ORIENTEDSTRUCTURINGA 
entral observation for our 
ase study is that most software systems of larger appli
ations
ale are stru
tured with multiple paradigms. In general a software paradigm is a set of patternsand rules for abstra
tions, partitioning, and modeling of a system. There are some design timeapproa
hes for multi-paradigm integration proposed, su
h as [30℄ and [5℄. However, they donot (yet) fo
us on the te
hni
al integration of the paradigms that are (in part only impli
itly)used in existing systems.Even though the do
ument ar
hive and retrieval system is written entirely in the C language,we 
an observe system parts that are stru
tured a

ording to the pro
edural, obje
t-oriented,
omponent-oriented, fun
tional, relational, et
. paradigms. But not all of these paradigms areexpli
itly supported by programming languages and used te
hnologies. Some usages of foreignparadigms are not even re
ognized by the developers themselves.E.g., the 
omponent-oriented paradigm seeks for reusable, bla
k-box building blo
ks as theprimary 
ommonality aspe
t. In [27℄ an obje
t-oriented white-box framework is 
hara
terizedby primarily using inheritan
e. But inheritan
e results in strong 
oupling between 
omponents.Making a new 
lass involves programming and potentially also re-programming existingCopyright 
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PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 9parts. It may be
ome diÆ
ult to understand a system's 
omposition in 
omplex white-boxframeworks. In many languages inheritan
e is stati
 what hinders runtime 
hanges.A bla
k-box framework 
omposes 
omponents at runtime. Variations are primarily a
hievedby means of parameterization. Thus it may be hard to 
ope with required 
hanges in thebla
k-box and to 
exibly adapt interfa
es. If we 
onsider the system, as presented in theprevious se
tion, we 
an already identify several C 
omponents that satisfy su
h 
riteria.These 
omponents are nearly identi
al to pro
ess boundaries. Thus, it is generally possible tofa
tor out existing 
omponents and support them with a 
omponent model.But even though the system is almost stru
tured a

ording to the 
omponent-orientedparadigm, there is no further support for 
omponent-orientation. Language support anda

ompanying servi
es, as they 
an be found in 
omponent frameworks of s
ripting languages[25, 9℄ or in modern middleware ar
hite
tures (see [31℄), are missing. In this arti
le we willpresent a pattern language that helps in in
rementally fa
toring out 
omponents from a givensystem and for in
rementally building a 
ontext- and domain-spe
i�
 model for 
omponentintegration.Based on our experien
e, the missing 
omponent integration is a 
entral reason why thesystem is in
exible and hard to understand. The C subsystems have nearly no 
lear interfa
eson whi
h 
lients 
an rely. Thus they are not 
hangeable without interfering with their 
lient'simplementation. There is no 
on
ept for runtime loading of 
omponents, and introspe
tionof loaded 
omponents is missing as well. Therefore, loaded 
omponents are not tra
eable atruntime. For these reasons 
omponents are hard to ex
hange with other implementations.There is no way to introdu
e adaptations at a 
entral pla
e, say, when interfa
es or requirements
hange gradually.Therefore, the system should be enhan
ed with a 
omponent model that let us de�neexpli
it interfa
es. It serves as a 
entral indire
tion layer that handles issues, su
h asdynami
 
omponent loading, 
omponent adaptation, paradigm integration, et
. Nevertheless,the existing C implementations should be (re-)usable as 
ore implementations.Copyright 
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10 M. GOEDICKE, U. ZDUN4. PATTERNS FOR FLEXIBLE, COMPONENT-ORIENTED ARCHITEC-TURESTo migrate the system to a new 
omponent-based ar
hite
ture we use an ar
hite
tural patternlanguage (see [10, 11℄ for a more detailed dis
ussion of some of the patterns). The aim of thepattern language is to generate 
exible bla
k-box ar
hite
tures in a pie
emeal way. Here, forspa
e reasons, we 
an only sket
h the patterns with 
ontext, problem, solution, ar
hite
turaloverview, and 
onsequen
es. The interdependen
ies of the introdu
ed patterns among ea
hother and with several popular obje
t-oriented software patterns are sket
hed in the nextse
tion. The reengineering 
ase study in the remainder of this arti
le will present examples forthe pattern usages and possible usage sequen
es.Pattern I: Component WrapperContext Bla
k-box 
omponents leverage reuse and ease understandability of a system toa higher degree than white-box frameworks be
ause the 
omponents 
an be reused withoutintimate knowledge of the 
omponent's internals. The 
omponent's internal implementationbe
omes repla
eable. But bla
k-box 
omponents are hard to 
ustomize, sin
e the bla
k-boxproperty means that parameterizations are the primary variation te
hnique.Problem How 
an we 
ustomize and adapt a 
omponent to a degree that goes beyondparameterization without sa
ri�
ing the bla
k-box properties?Solution Let a

esses to an integrated system 
omponent be represented by a �rst-
lassobje
t of the programming language. Indire
tion by a Component Wrapper obje
t givesthe appli
ation a 
entral, white-box a

ess point to the 
omponent. Here, the 
omponent a

ess
an be 
ustomized without interfering with the 
lient or the 
omponent implementation.When we want to integrate a foreign paradigm 
omponent into obje
t-orientation, we applythe Wrapper Fa
ade [28℄ pattern. For obje
t-oriented 
omponents we 
an use Proxies [7℄to get pla
eholders for the 
omponent's obje
ts on the 
lient side. Easily De
orators [7℄,Adapters [7℄, and other kinds of extensions/
hanges/
ustomizations 
an be added to theComponent Wrapper.Ar
hite
ture Component Wrappers o

ur in di�erent styles (see Figure 2). WrapperFa
ade [28℄ Component Wrapper integrates foreign paradigm/language 
omponents into anCopyright 
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PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 11
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Figure 2. Component Wrapper { Ar
hite
tureObje
t System. Components written in the obje
t system itself 
an be integrated into theappli
ation by a Proxy [7℄ Component Wrapper that exposes the integrated 
omponentinterfa
e as a �rst-
lass obje
t to the appli
ation.Component Wrapper De
orators enhan
e or 
ustomize the 
omponent from within theappli
ation. Thus, they are mostly used for 
ustomizations with respe
t to behavior.Component Wrapper Adapters allow us to a

ess di�erent 
omponent versions, internalimplementations, or to ful�ll interfa
e adaptations. Both, De
orators and Adapters, areoptional in a Component Wrapper ar
hite
ture (they often represent an ar
hite
turalevolution).Often the 
omponent wrapper obje
t 
annot yield the desired language fun
tionalitiesbe
ause the base language does not support them natively. Here, Obje
t System Layer
an be used to implement a 
ustomized \little" language on top of the base language.Before/After Inter
eptor is an example of a fun
tionality, not supported by manysystem languages, whi
h 
an be applied on Component Wrappers by using Obje
tSystem Layer as an integrating ar
hite
ture for several Component Wrappers.Consequen
es+ Customizability of bla
k-box 
omponents is enhan
ed.Copyright 
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12 M. GOEDICKE, U. ZDUN+ Di�erent styles of wrapping are 
on
eptually integrated.+ Appli
ation developers 
an 
exibly adapt and 
hange interfa
es to 
omponents at a
entral a

ess point.+ An external 
omponent is used as an internal, �rst-
lass entity of the obje
t system.+ The 
omponent use is de
oupled from the internal realization. Therefore, the 
omponentitself is ex
hangeable with another implementation.� The indire
tions to the Component Wrapper redu
e eÆ
ien
y slightly.� In the 
lass-based design the 
on
eptual entity \
omponent" may be split up into severalentities (wrappers, De
orators, Adapters, et
.).� More 
lasses and 
exibility hooks 
an result in a higher des
riptive 
omplexity of theappli
ation and thus redu
e understandability.Pattern II: Message Redire
torContext When bla
k-box 
omponents are glued together, one 
an only rely on the interfa
esprovided by the 
omponents. As systems evolve, interfa
es of bla
k-boxes tend to 
hange. Thus
lients have to 
ope with su
h 
hanges. Component Wrappers are a 
entral a

ess pointto one 
omponent, where we 
an apply spe
i�
 
hanges. However, 
hanges that a�e
t morethan one 
omponent, more than one 
omponent version, other subsystem obje
ts than theComponent Wrapper, et
. have to be propagated through the 
ode. This is be
ause dealingwith su
h 
on
erns, that are 
utting a
ross various obje
ts or 
omponents, requires to have a
ontrol over the message 
ow to all obje
ts and 
omponents a�e
ted by a 
hange.Problem How 
an we gain 
ontrol over the message 
ow in an obje
t-oriented (sub-)system,so that we at least 
an tra
e and modify the messages and their results?Solution Build an expli
it Message Redire
tor instan
e that is 
alled with a symboli

all, every time a message should be sent to a 
ertain (sub-)system. The message itself is givenas an argument to a 
all of the Message Redire
tor. The Message Redire
tor mapsthe symboli
 
alls to a
tual implementation obje
ts/methods.Ar
hite
ture A Message Redire
tor handles message 
alls for a set of Intera
tingObje
ts that form a Subsystem (see Figure 3). Note that the obje
ts might be obje
ts ofthe base language, but they might also be newly 
onstru
ted (e.g. in the 
ontext of Obje
tSystem Layer). None of these obje
ts 
ommuni
ate dire
tly with ea
h other. Instead aCopyright 
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Figure 3. Message Redire
tor { Ar
hite
ture
entral Message Redire
tor Obje
t dispat
hes the obje
t 
alls through simple dispat
h s
hemeMessage ! MessageImplementation. Usually, all obje
t intera
tions in the subsystem arehandled via the Message Redire
tor.The symboli
 messages 
an, for instan
e, be strings of the form \obje
t method arguments."The Message Redire
tor redire
ts the symboli
 
all to the implementation obje
t, onwhi
h the symboli
 method name is looked up. Thus, ea
h Message Redire
tor 
ontainsabstra
tions for obje
ts and methods, sometimes for 
lasses as well. On top of this ar
hite
turewe 
an implement obje
t-oriented abstra
tions, su
h as 
lasses, delegation, aggregation,inheritan
e, et
. These \higher-level" abstra
tions distinguish Message Redire
tor fromthe Command pattern [7℄, whi
h only performs an indire
tion by means of sub
lassing in thebase language, and Command Pro
essor [3℄ that adds an additional pro
essor to Command(e.g. to support undo and redo fun
tionality on the 
ommands).FurthermoreMessage Redire
tors usually provide the possibility of registering 
allba
kmethods that are 
alled when 
ertain 
riteria are satis�ed. Those 
an be used for interfa
eadaptations and similar tasks. Thus, the Message Redire
tor 
an, for instan
e, a
t as anAdapter [7℄ for 
hanging interfa
es.Consequen
esCopyright 
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14 M. GOEDICKE, U. ZDUN+ All outgoing 
alls from a (set of) 
lient(s) are bundled. They 
an be 
entrally modi�edand adapted.+ Simple Message Redire
tors 
an be implemented very eÆ
iently.+ Message Redire
tor implementations usually do not require more 
ompli
ated 
lient
ode.+ Adaptations and extensions in theMessage Redire
tor are transparent to the 
lient.+ Used as a Fa
ade, the Message Redire
tor shields a subsystem and provides anuniform way of a

ess.+ The Message Redire
tor 
an be used to provide 
exibility through highlyprogrammable interfa
es.� All Message Redire
tors 
onsume additional 
omputation time.� If a Message Redire
tor is used in parallel with ordinary method 
alls, two di�erentstyles of method 
alls are present in a system.� Without language support it is hard to enfor
e that a Message Redire
tor is notbypassed by ordinary method 
alls.Pattern III: Obje
t System LayerContext Often obje
t-oriented approa
hes 
an be used throughout the design, but (parts of)the implementation may be realized in a language that does not support obje
t-orientation,su
h as C or Cobol. Or the implementation may be realized in an obje
t system that does notsupport desired obje
t-oriented te
hniques as, for instan
e, message inter
eption or re
e
tion,su
h as C++ or Obje
t Cobol. Often the use of su
h languages is imposed by business de
isions.Problem How 
an we use high-level obje
t-oriented fun
tionalities when we are fa
ed with atarget programming language that is non-obje
t-oriented, or with lega
y systems that 
annotqui
kly be rewritten, or with target obje
t systems that are not powerful enough or not properlyintegrated with other used obje
t systems (e.g. when COM or CORBA is used)?Solution Build or use an obje
t system as a language extension in the targetlanguage and then implement the design on top of this Obje
t System Layer. UseComponent Wrappers to provide well-de�ned interfa
es to non-obje
t-oriented 
omponentsor 
omponents written in other obje
t systems. Use Message Redire
tor to map symboli
messages to the Obje
t System Layer obje
ts.Copyright 
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Figure 4. Obje
t System Layer { Ar
hite
tureAr
hite
ture Obje
t System Layers extend a base language, su
h as C or C++, with adynami
 obje
t system (see Figure 4). The Obje
t System Layer integrates other base language
omponents wrapped by Component Wrappers, and it is itself a base language 
omponent.It internally uses a Message Redire
tor to map 
alls to the implementation obje
ts.This ar
hite
ture is primarily 
hosen for 
exibility reasons. It let us de�ne a \little"
omponent glueing language on top of a given base language. Thus we 
an 
ustomize the
omponent integration relationships to our 
on
rete domain. By usingMessage Redire
torand Component Wrappers theObje
t System Layer ar
hite
ture usually integrates wellwith the base language. The ar
hite
ture mimi
s the ar
hite
ture of an obje
t-oriented s
riptinglanguage implementation in a very simple fashion. However, a simple Obje
t System Layeris far from a full-
edged s
ripting engine. If su
h fun
tionality is required, it may be a goodoption to embed an existing s
ripting language implementation and support the other patternsin this language, instead of implementing Obje
t System Layer from s
rat
h.There are several patterns implementing obje
t systems in other languages. Thus theybuild partial Obje
t System Layers. The Type Obje
t pattern [14℄ do
uments a generalapproa
h of enhan
ing an obje
t system with a foreign (dynami
al) obje
t model.Copyright 
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16 M. GOEDICKE, U. ZDUNConsequen
es+ The 
exibility of the appli
ation 
an be dramati
ally improved, sin
e Obje
t SystemLayer allows us to introdu
e many 
exibility hooks and to implement high-levellanguage 
onstru
ts, su
h as inter
eption, re
e
tion, and adaptation te
hniques.+ Custom 
omponent relationships and other relationships that rely on runtime dynami
s
an be \language supported" by the pattern in languages that do not o�er su
hfun
tionality natively.+ Classes 
an be
ome runtime entities and 
an be manipulated with the same ease asobje
ts.+ The 
omplexity of the appli
ation 
an be dramati
ally redu
ed, be
ause te
hniques,su
h as dynami
 
lasses, aspe
ts, roles, mixins, �lters, et
., often enable us to avoidunne
essary expli
it 
lass de�nitions. Thus we avoid a 
ombinatorial explosion ofsub
lasses.� Complexity of the appli
ation 
an also rise, if the 
lient has to maintain the Obje
tSystem Layer. Then issues su
h as garbage 
olle
tion, obje
t destru
tion, relationshipdynami
s, re
e
tion, et
. have to be programmed by hand. But this problem 
an beavoided by using an existing Obje
t System Layer as a library.� Performan
e 
an be de
reased through the additional indire
tion and through 
exibilityhooks.� The Obje
t System Layer's 
onventions and interfa
es have to be learned by thedevelopers. If theObje
t System Layer is an entire s
ripting language, a new languagehas to learned.Pattern IV: Expli
it Export/ImportContext Export and import are abstra
t views onto the realization of a 
omponent.These views de�ne the required environment of a 
omponent. In many implementations theexport/import information is (partly) lost. In the 
ontext of reengineering to a 
omponent-based ar
hite
ture, we usually have to stepwise 
hange interfa
es and 
onne
t them properlyagain. Impli
it interfa
es often result in in
onsisten
ies between interfa
es. Those, in turn,often result in hard to �nd errors and inelegant workarounds. Do
umentation of 
hangingimpli
it interfa
es are usually hard to be kept 
onsistent as well.Copyright 
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nExporting Component Importing ComponentFigure 5. Three-Level Component Con�guration with Expli
it Export/ImportProblem How 
an we let a 
omponent de�ne its required environment at runtime, so thatwe do not have to keep tra
k of 
hanges in used 
omponents and propagate 
hanges in a
omponent to all 
lients?Solution Make export and import interfa
es of a 
omponent a

essible obje
ts of theprogramming language. Then 
onne
tions of export to import interfa
es mean a runtime-tra
eable 
omponent 
onne
tion that transparently glues two 
omponents together in anexpli
it way. Through expli
it export and import interfa
es and their respe
tive 
onne
tions,we 
an 
he
k the 
onsisten
y of 
omponent 
on�gurations at runtime.Ar
hite
ture At runtime Expli
it Export/Import relies on the 
on
ept of 
omponent
on�guration [8℄. The pattern's solution often results in a three-level 
omponent 
on�guration:a 
omponent is 
on�gured to an export interfa
e, an import interfa
e is 
on�gured to animporting 
omponent, and the export interfa
e is 
on�gured to the import interfa
e. In Figure5 we 
an see the general ar
hite
ture of 
onne
ting foreign language 
omponents to 
omponentswritten in an Obje
t System Layer.This ar
hite
ture allows (a) for 
exible 
omponent 
onne
tions and (b) for 
oping within
onsisten
ies during evolution of the system. Often the Obje
t System Layer supportsintrospe
tion options to retrieve the 
urrent 
omponent 
on�guration, so that 
onsisten
y 
anbe 
he
ked at runtime.Consequen
es+ Expli
it Export/Import makes a 
omponent self-
ontained, and it eases the usageand deployment, say, in new 
omponent environments.Copyright 
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18 M. GOEDICKE, U. ZDUN+ Expli
it Export/Import 
an enhan
e understandability, sin
e 
omponent dependen-
ies are do
umented at a 
entral pla
e in the 
omponent's 
ode.+ Components 
an be ex
hanged with other 
omponents transparently.� When import obje
ts in Proxy/Adapter style are used, we have to split up a
on
eptual entity into several runtime entities. Besides this 
on
eptual problem, thesolution 
an redu
e performan
e slightly.� In some variants of the pattern the interfa
es are not lo
ally de�ned with the 
omponent,but have to be sear
hed in so-
alled 
omponent 
onne
tors.Pattern V: Before/After Inter
eptorContext \Indire
tion of the messages" means that a message is redire
ted to a set ofother re
eivers before/after it rea
hes the original re
eiver. Often we require su
h indire
tionsfor Component Wrappers and Expli
it Export/Import, say, for 
he
king interfa
e
onsisten
y, for ensuring runtime 
ontra
ts, for adapting to other interfa
es, for enhan
inga 
omponent's fun
tionality dynami
ally, et
. There are several other patterns, su
h asDe
orators or Chain of Responsibilities, and more 
omplex relationships, su
h asrelationship obje
ts or runtime ensuring of 
ontra
ts, that have similar kinds of indire
tionsaround messages.Problem Indire
tions of messages, as in Component Wrapper, Expli
itExport/Import, and similar patterns, are re
urring in many 
ontexts. But we have toprogram the before/after indire
tions of messages by hand for ea
h o

urren
e of the patterns.Usually the implementations are s
attered a
ross the 
ode. How 
an we ensure that a 
ertain
allba
k method is exe
uted every time before a message is 
alled and/or after a message is
alled on a 
ertain obje
t/
omponent?Solution Built a 
allba
k me
hanism into theMessage Redire
tor that triggers a 
ertain
allba
k whenever 
ertain 
riteria for a symboli
 
all are satis�ed. Provide both before andafter 
allba
ks. Those are implemented as obje
ts of the Obje
t System Layer and 
an bedynami
ally 
ustomized at runtime.Ar
hite
ture Before/After Inter
eptor need not 
ome with an expli
it ar
hite
turebe
ause often programming languages o�er more or less 
onvenient ways to implementBefore/After Inter
eptors. Several languages o�er language means to express 
allba
ks,Copyright 
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PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 19s
oped obje
ts, tra
es, et
., whi
h 
an be used to express the indire
tion. If no appropriate
onstru
ts for the before/after indire
tions 
an be found, then the 
onstru
t 
an be built witha Message Redire
tor (e.g., as a part of an Obje
t System Layer).If a Message Redire
tor is used, the Message Redire
tor has to be able too�er 
allba
k methods, where the Before/After Inter
eptors 
an be registered. TheBefore/After Inter
eptors are 
alled every time a message passes the MessageRedire
tor that 
onforms to a 
ertain 
ondition. For instan
e, the 
allba
k exe
ution 
anbe dis
riminated on obje
t name, method name, 
alling obje
t, 
alling method, et
.Typi
al appli
ations of this pattern are, for instan
e, powerful debugging and interfa
eadaptation me
hanisms. Those are often required for stepwise system evolution. MessageRedire
tor with Before/After Inter
eptor 
an, for instan
e, be used to implementAspe
ts, as in [18℄. Aspe
ts are 
on
erns that have to be 
oordinated a
ross 
omponentboundaries.Consequen
es+ Controlling behavior 
an be transparently imposed over an obje
t.+ Before/After Inter
eptor allows us to implement, support, and language supportseveral patterns relying on message ex
hanges.+ We 
an de�ne orthogonal behavior de
omposed from an obje
t, but at runtime obje
tand extension appear for a 
lient as a single entity.+ Most Before/After Inter
eptor approa
hes enable us to use an extensiondynami
ally. With an Obje
t System Layer we 
an de�ne a new introspe
tion optionto query at runtime whi
h behavior is 
urrently added to an obje
t.� Indire
tion through an Before/After Inter
eptor may 
ost performan
e.� If no proper language 
onstru
t for implementing the before/after inter
eption taskis available in the programming language, the inter
eption me
hanism has to beimplemented from s
rat
h. Sin
e we require a Message Redire
tor and possibly anObje
t System Layer this might be too mu
h an implementation e�ort for smallerproje
ts.Copyright 
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20 M. GOEDICKE, U. ZDUN5. AN ARCHITECTURAL PATTERN LANGUAGE FOR PIECEMEALLEGACY MIGRATIONIn Table 5 we give a short summary for some popular patterns that are used in the 
ompoundpatterns presented in the previous se
tion. All these patterns are part of the pattern languagepresented. In Figure 6 an overview of the most important pattern dependen
ies in the 
ontextof building a 
exible glueing ar
hite
ture for 
omponent frameworks with the patterns isdepi
ted.The patterns have ri
h intera
tions, and the evolving pattern language has a 
lear stru
ture.Obje
t System Layer [10℄ is the pattern of the largest granularity in the pattern language. Itintrodu
es a layer providing a highly 
exible obje
t system on top of a given language.Obje
tSystem Layers may provide 
exibility for 
omponent assembly as o�ered by dynami
 obje
t-oriented s
ripting language, su
h as XOT
l [24℄, OT
l, Python, Ruby, or Perl. But the obje
tsystem is nevertheless integrated with the base language. In the 
ase study presented, we useObje
t System Layer as the basi
s for a pie
emeal approa
h of reengineering be
ause it letus implement the targeted dynami
 
omponent 
on
epts, but it does not require us to entirelyswit
h to a di�erent programming language.ButObje
t System Layer is only useful if su
h a 
exibility in the ar
hite
ture is required.Otherwise it 
an 
ause an unne
essary performan
e overhead and an additional e�ort tounderstand the Obje
t System Layer's language or API for the developers. Moreover,if no existing Obje
t System Layer 
an be reused, programming and maintaining one 
anadd unne
essary 
omplexity to the software system.A Message Redire
tor is a vital part of many Obje
t System Layers. Moreover, itprovides a simple and eÆ
ient indire
tion ar
hite
ture that maps 
alls to implementations. Itoften allows one to de�ne 
allba
k methods around the 
alls. These 
allba
k methods are thebasi
s for the use of Expli
it Export/Import and Before/After Inter
eptor. ButMessage Redire
tor may also enable the \Layer" property of an Obje
t System Layerby being a Fa
ade to the subsystem de�ned by the Obje
t System Layer.There are several patterns that we 
an use to integrate 
omponents into anObje
t SystemLayer. Wrapper Fa
ade let us integrate fun
tions into an obje
t environment. Proxy
an shield an obje
t-oriented 
omponent. Component Wrapper des
ribes how to treatsu
h integration patterns and integration of other paradigms, su
h as a logi
al interpreterCopyright 
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PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 21Table I. Additional Patterns in the Pattern Language: Pattern ThumbnailsName Problem SolutionWrapper Fa
ade [28℄ How 
an we integrate a pro
edural
omponent, su
h as a library 
on-sisting of C fun
tions, into an obje
tsystem? Provide a (set of) obje
ts thatwrap the fun
tions and model themas �rst-
lass obje
ts. These obje
tforward to the fun
tions.Proxy [7℄ How 
an we intera
t with an obje
tthat 
annot or should not bea

essed dire
tly? Provide a pla
eholder for the obje
twith the same abstra
t interfa
eand forward all 
alls to the a
tualimplementation obje
t.De
orator [7℄ How 
an we atta
h additional re-sponsibilities to an obje
t dynami-
ally? Use a 
hain of De
orators thatdelegate to the a
tual obje
t. Let theDe
orators have the same abstra
tinterfa
e as the obje
t and let 
lientsrefer to the �rst De
orator in theDe
orator 
hain.Adapter [7℄ How 
an we 
onvert the interfa
e ofa given 
lass into another interfa
ethat a 
lient expe
ts? Wrap the obje
t 
all with anAdapter that 
onverts the obje
t
all to another interfa
e and for-wards to the adaptee.Fa
ade [7℄ How 
an we make a 
omplex sub-system easier to use for 
lients andhow 
an we enhan
e the interfa
ereliability of the subsystem? Provide a uni�ed interfa
e to a setof interfa
es in a subsystem. Fa
adede�nes a higher-level interfa
e thatshields the subsystem from dire
ta

ess.
or a relational DBMS, in a unique way. Moreover, Component Wrapper integrates theseforeign paradigms into anObje
t System Layer, and enables adding de
oration/adaptation
allba
ks uniformly. Finally, it enables the usage of Expli
it Export/Import to provide
anoni
al 
omponents.Copyright 
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22 M. GOEDICKE, U. ZDUN
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Figure 6. Pattern Language: Pattern Relations and Interdependen
iesComponent Wrapper handles the 
exibility of 
omponent wrapping by expli
itly de�ning
allba
k methods for De
orators and Adapters. These 
an either be programmed by handwith Adapter and De
orator patterns or they 
an be \language supported" in theObje
tSystem Layer by Before/After Inter
eptor.6. DOCUMENT ARCHIVE/RETRIEVAL SYSTEM COMPONENT INTE-GRATIONFor the reengineering proje
t we have to split the existing C implementations into a 
omponentar
hite
ture. The aim is to enable reengineering of ea
h orthogonal subsystem on its ownand in a pie
emeal fashion. Moreover, we want to be able to ex
hange 
omponents withother implementations and 
ope with version 
hanges. A split into separated interfa
es isan important part of the task, but it is not suÆ
ient alone for stepwise evolution. Ea
hinterfa
e 
hange in one of the 
omponent export interfa
es (whi
h usually have to be supportedin di�erent versions) would 
ause 
hanges in 
lients as well. New 
lient requirements wouldhave to be propagated into the 
omponents. Runtime 
hanges of interfa
es would be almostCopyright 
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PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 23impossible. There would be no 
entral support for 
on
erns that are 
utting a
ross di�erent
omponents, su
h as many debugging tasks or adding se
urity features. There would be nosigni�
ant gain in the system's 
exibility regarding new versions/
omponents.An Obje
t System Layer with aMessage Redire
tor aims at exa
tly these problemswith high-level obje
t-oriented abstra
tions. Component Wrapper are espe
ially usefulfor en
apsulating lega
y 
omponents. Thus, the 
omponent ar
hite
ture will be 
omposedfrom Component Wrappers to the lega
y 
omponents in an Obje
t System Layer. TheObje
t System Layer handles ne
essary 
allba
ks and adaptations.Step by step we will build a 
ompatible interfa
e for ea
h orthogonal system part thatis en
apsulated in a Component Wrapper. With Expli
it Export/Import we willde�ne the 
omponent interfa
es expli
itly, so that we 
an retrieve them at runtime and
he
k 
onsisten
y. Before/After Inter
eptors 
an be applied for adapting interfa
esand for 
oping with di�erent 
omponent versions. Moreover, powerful debugging features 
anbe implemented rapidly.These elements of our 
omponent ar
hite
ture are 
on
eptually integrated into an Obje
tSystem Layer with a Message Redire
tor. Thus we de�ne a new little obje
t-orientedlanguage on top of the base language that 
ontains abstra
tions satisfying domain-spe
i�
requirements in the given system.In a �rst step, we use the distin
t C written subsystems, forming the pro
esses of the lega
ysystem, as 
omponents. Then we will re�ne these 
omponents in a pie
emeal e�ort. We haveto 
hoose an obje
t system (in order to apply Obje
t System Layer). Then we have towrap the 
omponents with this obje
t system. We have the following 
hoi
es:� We 
an use a mainstream obje
t-oriented language, su
h as C++ or Java with JNI, andintegrate the C 
omponents.� We 
an build an obje
t system as a library in C, as dis
ussed in [10℄.� We 
an use an existing Obje
t System Layer implementation, as for instan
e theobje
t-oriented s
ripting language XOT
l [24℄.Here, we propose to use an obje
t-oriented s
ripting language, su
h as XOT
l, be
ausethis language supports several of the patterns: It is itself an Obje
t System Layer, itimplements aMessage Redire
tor, and it o�ers language 
onstru
ts (�lters [22℄ and mixinsCopyright 
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24 M. GOEDICKE, U. ZDUN[21℄) implementing Before/After Inter
eptors. Moreover, as we will see, a full-
edgeds
ripting engine is a good 
hoi
e for many 
on�guration tasks.Note that a simple implementation of an Obje
t System Layer only takes a few hundredlines of 
ode. A full-
edged s
ripting engine is far more implementation e�ort and takes a
onsiderable learning e�ort for the developers to learn a new language. Those issues have tobe 
arefully 
onsidered. Usually, we 
an only �nd the proper solution system- and domain-spe
i�
ally.In this arti
le we present the reengineering 
ase study with the pattern languageindependent of the used obje
t system. XOT
l itself is a C library implementing an obje
tsystem. Therefore, the usefulness of the pattern language is independent of the used obje
tsystem/programming language. We 
ould use another C library, implementing an Obje
tSystem Layer, in the same way.After 
hoosing the obje
t system, we provide all existing 
omponents with an export interfa
ein the obje
t system (whi
h resemble mainly the existing header �les). Afterwards we 
onne
tthe export interfa
es with the existing implementations, as in the Component Wrapperpattern (the wrappers initially simply forward to the implementations). Now we have a �rst
lass representation of all 
omponents in the obje
t system. The 
omponent representationsde�ne their export parts for the Expli
it Export/Import pattern. The ComponentWrapper 
an be used to apply 
hanges and adaptations, while the 
omponents are usedas independent bla
k-boxes.These 
omponents are initially just plugged together again. A minimal implementation inthe obje
t system 
ontrols the 
omponents with the Message Redire
tor. Now we 
anextra
t the hot spots [26℄ of the appli
ation, that is, the parts whi
h are likely to 
hangeoften, and integrate them stepwise into the implementation in the obje
t system. In the nextse
tions, we present three su
h hot spots and their migration: the 
ommuni
ation subsystem,the database integration, and the 
on�guration and 
ustomization framework.Copyright 
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PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 257. PIECEMEAL INTEGRATION OF A CORBA COMMUNICATIONSUBSYSTEMFor 
ommuni
ation within the system and with the 
lient layer a proprietary proto
ol basedon so
kets was used. For 
ommuni
ation with the storage devi
es it was partially repla
edby an RPC me
hanism that de�nes some interfa
es. But all used 
ommuni
ation proto
olswere hard-wired into the 
ode. Therefore, the 
ommuni
ation subsystem was hard to repla
e,
hange, or extend.Moreover, expli
it interfa
es were only partially given. Support for other programminglanguages, as for instan
e a Java 
lient, had to be programmed by hand. There was no
omponent- or obje
t-model for 
ommuni
ation and only a few basi
 servi
es. Therefore,several servi
es that are known from popular middleware systems, su
h as messaging servi
eor transa
tion servi
e, were partially programmed and maintained by the development team.It was nearly impossible to ex
hange the 
ommuni
ation subsystem of the system itself withanother te
hnology.The task for reengineering of the do
ument ar
hive and retrieval system's 
ommuni
ationwas to �nd an ar
hite
ture, enabling the use of modern middleware te
hnologies and to bene�tfrom their reusable servi
e implementations. Furthermore, the resulting system should notdepend on one te
hnology. The 
ommuni
ation subsystem itself should be ex
hangeable asa 
omponent. But sin
e the existing system is well-fun
tioning, we should �nd a way forpie
emeal migration to the new 
ommuni
ation te
hnology.There were several possible solutions to these problems: The proprietary RPC me
hanism
ould be used for the whole system and 
ombined with a 
omponent model. Or one of thedi�erent middleware te
hnologies 
ould be used with its 
omponent model, servi
es, et
. Ora web-based solution on top of HTTP 
ould be used. Note that none of these solutions isabsolutely superior and ea
h has 
ertain problems.For instan
e, in the 
on
rete proje
t a CORBA middleware solution was imposed bythe 
ompany. It should serve as a framework for development, integration, and extensionof distributed appli
ations. It provides interoperability through platform and programminglanguage independen
e. Most middleware approa
hes 
ome with a 
omponent-model and
on
epts for lega
y integration. Moreover, they provide a 
omprehensive set of servi
es, su
has messaging servi
e, naming and dire
tory servi
e, transa
tion servi
e, se
urity servi
e, et
.Copyright 
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26 M. GOEDICKE, U. ZDUNHowever, a monolithi
 middleware platform is relatively 
omplex and implementations areoften rather vendor dependent.Here, we do not want to further reason why CORBA is used, but explain how the patternspresented 
an be used to implement a CORBA 
ommuni
ation servi
e in a way su
h that itis easily ex
hangeable with other 
ommuni
ation 
omponents. The primary reasons for thisdesign are (a) to be able to 
ope with future 
ommuni
ation requirements and (b) to supportdi�erent 
ommuni
ation 
hannels as well. For instan
e, during the proje
t it was alreadyforeseeable that a web-based representation will be required soon.Through the existing appli
ation we already know the required 
ommuni
ation fa
ilitiesof the system. Thus we 
an extra
t the 
alls to the 
ommuni
ation subsystem thatare s
attered a
ross the 
ode. And we 
an build an equal, generi
 import interfa
ewith Expli
it Export/Import. Firstly, the 
ommuni
ation 
lasses, su
h as AdminComm,Ar
hiveComm, RetrievalComm, and SQLComm, are nearly identi
al to the stru
ture of theproprietary 
ommuni
ation proto
ol. Later on we will re�ne the implementations to moregeneri
 interfa
es. E.g., the ar
hive and retrieval 
ommuni
ation 
lasses are uni�ed to one
lass, but the Ar
hiveComm and RetrievalComm 
lasses are maintained as Adapters [7℄ to this
lass for pie
emeal lega
y migration.For ea
h type of 
ommuni
ation fun
tionality we simply build an abstra
t method in theinterfa
e 
lasses. Afterwards we have an abstra
t view onto the 
ommuni
ation of the systemin the Obje
t System Layer. We 
an repla
e 
alls to the proprietary proto
ol stepwise with
alls to the import interfa
es of the ar
hive/retrieval system's 
ommuni
ation 
omponent. Butstill we have to realize the 
ommuni
ation 
omponent with the middleware of 
hoi
e (here:CORBA).To obtain a pie
emeal migration we have to 
reate an IDL interfa
e and stub/skeleton 
lassesin the CORBA implementation language (here: C++) several times until the reengineeringe�ort is 
ompleted. Besides the IDL, we require import and export interfa
es for ea
h
omponent in order to bene�t from ar
hite
tures as indu
ed by the Expli
it Export/Importpattern. At this point in our reengineering proje
t import, export, and IDL interfa
e 
arry thesame information. Therefore, we propose to use an automati
 generation of export interfa
eand IDL from the import, as in shown Figure 7. Later on, in many 
ase further evolution ofthe system will lead to di�eren
es in export and import interfa
es.Copyright 
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to C/C++ implementations

Figure 7. Automati
 Generation of the IDL from Interfa
e Class
The import interfa
e is written by hand. A generation tool produ
es 
orrespondingexport and IDL interfa
es. With an introspe
tive s
ripting language, su
h as XOT
l,we 
an use the introspe
tion fa
ilities to retrieve the interfa
e from the import interfa
eimplementation automati
ally. Otherwise we have to write a small parser. Then the C++CORBA 
ommuni
ation implementations are adapted to the 
hanges, if ne
essary.Finally, we have to integrate the slightly di�erent obje
t system of CORBA with the obje
tsystem of the 
hosenObje
t System Layer. Su
h paradigm integration tasks 
an be ful�lledin the Component Wrapper obje
t. Most often a set of De
orators and Adapters on aComponent Wrapper, only forwarding messages, are suÆ
ient. A more 
onvenient way forsu
h interfa
e adaptations is to register a Before/After Inter
eptor on the ComponentWrapper obje
t. The export implementations of these 
omponents in the Obje
t SystemLayer, therefore, are Component Wrappers to the C++ implementations of CORBAstubs/skeletons.Copyright 

 2001 John Wiley & Sons, Ltd. J. Softw. Maint: Res. Pra
t. 2001; 00:1{7Prepared using smrauth.
ls



28 M. GOEDICKE, U. ZDUN8. GENERIC DATABASE INTERFACEThe database management system integration fa
ed similar problems as the 
ommuni
ationsubsystem. The 
ode for DBMS a

ess of the two used DBMSs was s
attered a
ross the 
ode.A re-
ompilation of the system was ne
essary in order to ex
hange the used DBMS. Centraladaptations, e.g. in the used SQL diale
ts, were nearly impossible, but had to be propagatedthrough the 
ode. Therefore, the system was not independent of implementation details of theDBMS.In addition to these problems, it is expli
itly required that di�erent database produ
tsand espe
ially di�erent versions of the same produ
ts have to be supported. Often 
ustomersalready have a DBMS installation. Sin
e the 
osts of DBMS are quite high in 
omparison tothe do
ument ar
hive/retrieval system, it is undesirable that 
ustomers have to buy anotherversion of the DBMS just be
ause the ar
hive/retrieval system 
annot work with the existingversion. This imposes the maintenan
e requirement that new DBMS versions have to be rapidlyadopted by the ar
hive/retrieval system. Thus the 
onne
tion to a database has to be extremely
exible.The existing solution 
onsists mainly of ifdef pre-pro
essor dire
tives of the following stylethat were s
attered a
ross the 
ode:#ifdef INFSQL$SELECT 
lu_name...#endif /* INFSQL */#ifdef ANSISQLreturnValue = ar
hiveSele
t(&sql_
ode, ...#endif /* ANSISQL */This solution was inelegant, hard to read, and hard to 
hange. Changes 
ould not be made
entrally, but had to be propagated through the 
ode. Therefore, errors were hard to tra
e.In Figure 8 we 
an see the ar
hite
ture with the pattern language. Again we build ageneri
 interfa
e to database a

ess. Then we build Component Wrappers to C/C++implementations of di�erent DBMS produ
ts/versions in the Obje
t System Layer. TheComponent Wrappers seamlessly integrate and adapt the relational paradigm to the obje
t-oriented paradigm. The di�erent SQL styles of di�erent DBMS produ
ts/versions 
an behandled on the Component Wrappers with Before/After Inter
eptors that modifyCopyright 
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Figure 8. Database Interfa
e With an Obje
t System Layerthe 
alls, if ne
essary. Thus we have to pass all 
alls through a Message Redire
tor thatinvokes the Before/After Inter
eptors.The database interfa
e is mainly used by the C 
omponents. Therefore, we write importinterfa
es for the C 
lients that are 
alled through a C API (as if the Obje
t System Layerwould be a native C library). The Message Redire
tor maps these string-based 
alls tothe export of the database interfa
e. The 
lients 
an rely on these interfa
es despite 
hangesin the realization. Before/After Inter
eptors in the Message Redire
tor 
an adaptthe 
alls to the 
hanges.Note that the primary a
hievement of the work, dis
ussed in this se
tion, was fa
toringout the 
onditional 
ode and 
omponentizing the database a

ess. Through the layering in theObje
t System Layer we did a
hieve a better stru
turing of the database a

ess layer. Here,we did only dis
uss a quite simple and straightforward mapping to obje
ts of the Obje
tSystem Layer. Further evolution steps to a \real" obje
t/relational a

ess layer are stillrequired. The 
exibility of the Obje
t System Layer ar
hite
ture should ease su
h steps,but it does not make them obsolete.Copyright 
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30 M. GOEDICKE, U. ZDUNHowever, other patterns for obje
t/relational a

ess have to be applied in order to reengineerthe simple a

ess form presented to a more sophisti
ated solution. Our solution is mainly
hara
terized by providing an obje
t- and 
omponent-based a

ess form whi
h is relatively
ompatible to the original system (what eases, for instan
e, migration of regression tests).Additionally, a new obje
t/relational a

ess layer 
an be added in further reengineering steps.The interested reader 
an �nd a good summary of obje
t/relational a

ess layer patterns in[15℄. However, a deeper dis
ussion of su
h obje
t/relational a

ess layers goes beyond the s
opeof this 
ase study be
ause (a) it 
an rather be 
onsidered as a future enhan
ement and (b) itis relatively independent of the pattern language presented. The important 
ontribution of thepatterns applied is that they allow for pie
emeal integration of more sophisti
ated solutionson top of the solution presented. This is be
ause the new solution is 
entralizing, abstra
tingover, and 
omponentizing the DBMS a

ess.9. CONFIGURATION AND CUSTOMIZATION FRAMEWORKAn important task for the do
ument ar
hive and retrieval system is the 
on�guration and
ustomization of the system with re
urring tasks. E.g., some 
ustomers have to ar
hive a
ertain dire
tory from time to time. Some of these tasks 
an be laun
hed automati
ally, e.g.,every 24 hours. Moreover, the system has to be adapted to spe
i�
s of the 
ustomer's ISinfrastru
ture and of the ar
hived do
uments.For su
h tasks a small language extension for the korn shell to embed appli
ations as plug-ins into the system was originally introdu
ed. In a �rst implementation these s
ripts have just
alled a binary that exe
utes in a forked pro
ess. But the korn shell was not expressive enoughfor all requirements of plug-in initialization, exe
ution, and termination. Therefore, a set ofnew key words was added and a small parser/
ompiler was implemented to evaluate them.Su
h a s
ript 
ontained the following se
tions to de�ne a 
on�guration s
ript:� head { Comments, version labels, a
tions before plug-in exe
ution.� var { Global Variables.� fun
 { Callable Fun
tions.� begin { Plug-in initialization.� loop { Looping body of the plug-in exe
ution.Copyright 
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Impl
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Object System LayerFigure 9. Con�guration with Template Method Framework� end { Termination of the plug-in.All in all, a small s
ripting language for plug-in exe
ution was implemented. What seemedin �rst pla
e as a small e�ort of implementation and maintenan
e has evolved over the timeinto a 
omplex language. Sin
e the underlying korn shell language is not designed for languageextension, it was rather diÆ
ult to add quite simple additions and it resulted in an obfus
atedsyntax. Moreover, the solution was neither dynami
 nor introspe
tive at runtime. Thus onlylimited 
hangeability during runtime is o�ered by this solution. To add an extensible s
riptinglanguage as an Obje
t System Layer to the plug-in loader, would have meant less e�ortsand a far better design of the extension.Again, we wrap the C plug-in 
omponent with a Component Wrapper. Thus, we 
anstepwise migrate ea
h plug-in in the existing repository to a solution in the Obje
t SystemLayer. In the export interfa
e of the plug-in 
omponent we implement the little languagethat is required for 
on�guration of the plug-in with a Template Method framework.Spe
ial plug-ins are derived from the plug-in 
lasses and do only spe
ialize the abstra
tmethods. Clients import the 
ustomized plug-ins with an Expli
it Export/Import andonly use the exe
 method to exe
ute the 
ustomized plug-in 
lasses. Customizations 
aneither be introdu
ed in the plug-in 
lasses or with Before/After Inter
eptors. We 
anCopyright 
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32 M. GOEDICKE, U. ZDUNprogram generi
 plug-in types, that are re
urring for many 
ustomers, in C and reuse theseimplementations, instead of 
hanging the C 
ode for every installation.10. OVERVIEW OF THE RESULTSIn the previous se
tions, we have presented four 
ru
ial ex
erpts of a larger reengineeringproje
t: the introdu
tion of 
omponent-oriented 
on
epts, the integration of CORBA
ommuni
ation 
omponent, the integration of a generi
 DBMS interfa
e, and a 
exible
on�guration framework. In the 
ase of the do
ument ar
hive system there were several other\hot spot" areas of the system that were ta
kled by the reengineering proje
t, in
luding 
a
hestrategies, distributed ar
hiving, integration of storage devi
es, automated 
lients, integratingweb servi
es, et
.In this se
tion, we will �rstly dis
uss the general sequen
es used to apply the patterns andsummarize the results. Se
ondly, sin
e our work is a 
ase study, we will dis
uss the generalityof the results.10.1. Reengineering E�ort SummaryAll sub-systems, in fo
us of the reengineering proje
t, were treated in a similar manner,following a simple s
heme: First, extra
t the targeted 
omponent's implementation into adistin
t 
omponent. Provide a simple indire
tion through the Obje
t System Layer usingthe old interfa
e. Then extra
t system hot spots, stepwise into the Obje
t System Layer,as ar
hite
tural problems appear. Evolve the 
omponent interfa
es in
rementally.In the 
ase study presented, we have used the named ex
erpts as typi
al examples for thedemonstration of a pattern-based approa
h of pie
emeal ar
hite
ture evolution. The patternsbase on 
on
epts known from obje
t-oriented s
ripting, 
omponent glueing, ar
hite
turespe
i�
ation, and so-
alled meta-programming te
hniques. In general, the Before/AfterInter
eptor 
an be used to implement di�erent meta-programming te
hniques 
onveniently,su
h as aspe
ts [18℄, roles [19℄, �lters [22℄, and mixins [21℄.We have seen that the pattern-based approa
h enables us to integrate su
h approa
heswith mainstream programming languages and environments, su
h as C, C++, and Java inthe presented 
ase study. Moreover, through abstra
tion from the 
on
rete realization ofCopyright 
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PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 33the patterns, we 
an dis
uss \high-level" issues, su
h as 
omponent integration, 
omponentadaptation, or 
omponent export/import, even in early proje
t phases in detail.The dis
ussion presented should mainly demonstrate the ability of the pattern language tobuild ar
hite
tural evolution in a pie
emeal way. Through 
omponent wrapping in the Obje
tSystem Layer we 
an implement (and dis
uss) ea
h new 
omponent on its own, withoutviolating an existing design. Thus we 
an a
hieve stru
ture preserving transformations of agiven software system towards a 
omponent-oriented ar
hite
ture. The resulting ar
hite
tureenables a

ess to ar
hite
ture hot spots in the fashion of obje
t-oriented s
ripting languages.Ar
hite
tural problems 
an be treated lo
al to the problem. The 
hange is transparent to 
lientsof the 
omponent in whi
h the ar
hite
tural problem is situated. Interfa
es are representedexpli
itly and 
an be tra
ed at runtime.10.2. Dis
ussion of Generality of the ResultsThis arti
le has given an overview of a pattern-based approa
h towards improving designand maintainability of large existing software systems. We have brie
y sket
hed the 
orepatterns used. They are dis
ussed in more detail in [10, 11℄. In our experien
e, the patternlanguage has shown its usability in various proje
ts. The problems identi�ed for the do
umentar
hive/retrieval system are typi
al in many lega
y systems. Thus, the 
ase study presentedand the general outlined approa
h for stepwise lega
y evolution 
an be seen as appli
able tomost lega
y systems with a similar history. However, for large s
ale design de
isions, as theones in the proje
t presented, the for
es and 
onsequen
es have to be 
arefully 
onsideredbefore applying the pattern language.Of 
ourse, there is a set of limitations regarding the general appli
ability of the patternlanguage. The pattern language represents a 
ore of patterns for the purpose of gainingar
hite
tural 
exibility and evolvability. Many more spe
ialized patterns still have to bemined in several sub-domains. For instan
e, as we have seen in the 
ase study presented, thepattern language works for integrating the 
ore 
on
epts of 
omponent glueing into a given Csystem. However, there are important building blo
ks missing in the pattern language to gosubstantially beyond that, say, for the purpose of implementing a 
omplete domain-spe
i�
glueing language on top of Obje
t System Layer from s
rat
h.Copyright 
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34 M. GOEDICKE, U. ZDUNWe have dis
ussed three prototypi
al example subsystems. These were only a small partof the 
ase study presented. However, the diversity of domains and problems in these threesubsystems, on the one hand, and the similarity of the sequen
es in whi
h we have appliedthe pattern language, on the other hand, should have shown that the general approa
h isappli
able to many di�erent domains. The pattern-based approa
h is relatively independentof the used te
hnologies and implementation 
hoi
es. For instan
e, if SOAP should be usedinstead of CORBA, the pattern-based ar
hite
ture does not have to be 
hanged mu
h. Infa
t, this is not only a ni
e side-e�e
t but an intrinsi
 feature of the language: the patternsaim at 
omponent-based en
apsulation of subsystems and servi
es whi
h are glued by theObje
t System Layer and Message Redire
tor patterns. Thus, 
omponents be
omeex
hangeable with only little e�ort.Other general prin
iples enfor
ed by the pattern language are to apply one 
hange at a timeand to perform transformations that preserve the (interfa
e) stru
ture of the given system. Aswe have seen, this was possible to a high degree for the 
ase study presented here, be
ausethe original system had already supported almost orthogonal library interfa
es. In many lesswell engineered systems (e.g. with only one monolithi
 interfa
e) there may be 
onsiderablee�orts required for restru
turing. Here, the pattern language 
an help to a
hieve a stepwisemigration.For any interfa
e migration e�ort, there is a risk that the resulting system does not workas expe
ted. In our experien
e, only a rigorous regression test suite that should be in pla
ebefore the reengineering e�ort starts (and that should be 
onstantly evolved) 
an help to ensure
omplian
e to the expe
ted behavior.Even though the patterns abstra
t from used te
hnologies and implementation details, thegeneral appli
ability of the pattern language in a proje
t does rely on su
h \environmental"details. The patterns propose runtime indire
tion ar
hite
tures. Thus new runtime stru
tureshave to be added and 
alls have to be dispat
hed dynami
ally. Therefore, there might slightlymore memory 
onsumption and a weaker performan
e. However, both properties 
annot beobserved in all domains, sin
e alternative hand-built solutions to 
exibility problems mighthave an even more severe impa
t on performan
e and memory 
onsumption.Another issue is the resulting 
omplexity of the system and the ne
essaryimplementation/design e�ort. In general, the indire
tion ar
hite
tures presented are moreCopyright 
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PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 35
omplex than simplisti
, less 
exible hand-built solutions. Thus it might be too mu
h animplementation/design e�ort for a smaller proje
t to implement a variant of the patternlanguage from s
rat
h. An option is to use an existing implementation, say, of an obje
t-oriented s
ripting language. This option imposes the ne
essity for the developers to learn anew language. Su
h 
onsiderations have to be made per proje
t and per domain and are thushard to generalize.A major purpose of the proje
t was knowledge transfer from the domain experts to theauthors and vi
e versa. In our experien
e, the patterns form a good way to transport 
omplexdesign de
isions in a semi-te
hni
al way. However, in general, we believe that su
h a knowledgetransfer requires te
hni
al experts in the system's domain and in the 
omponent glueingdomain.11. RELATED WORKIn the �rst part of this se
tion we sket
h some approa
hes that are known uses of the patternlanguage. They have in 
ommon that they only partially implement the pattern language.Though patterns have be
ome a popular software engineering approa
h only a few 
asestudies showing the interplay of several patterns exist. These mainly demonstrate (smaller)obje
t-oriented software patterns and are often 
onstru
ted textbook examples and not real-world (industrial) 
ases. We will dis
uss 
urrent pattern language 
ase studies in the se
ondpart of this se
tion.11.1. Some Known Uses of the PatternsIn [31℄ the (mainly bla
k-box) 
omponent models of 
urrent middleware standards, su
h asCORBA, COM, or Java Beans are dis
ussed. As dis
ussed before, these approa
hes o�er thebene�ts of bla
k-box 
omponent reuse, but have problems, when the internals of a 
omponenthave to be 
hanged or adapted. Most approa
hes have enhan
ements in the dire
tion of thepattern language presented. The IDLs 
an be seen as a variant of Expli
it Export/Import.Stub and skeleton are a spe
ial form of Component Wrappers. Several approa
hes, su
has COM inter
eptors [12℄ or Orbix Filters [13℄, implement Before/After Inter
eptor fordistributed obje
t systems.Copyright 

 2001 John Wiley & Sons, Ltd. J. Softw. Maint: Res. Pra
t. 2001; 00:1{7Prepared using smrauth.
ls



36 M. GOEDICKE, U. ZDUNA more general form of su
h obje
t-oriented abstra
tions of the message passing me
hanismsin distributed systems are 
omposition �lters [1℄. Abstra
t 
ommuni
ation types are used as�rst-
lass obje
ts that represent abstra
tions over the intera
tion of obje
ts. They en
apsulateand enfor
e invariant behavior in obje
t 
ommuni
ations, 
an a
hieve the redu
tion of
omplexity of obje
t intera
tions, and 
an a
hieve reusability of obje
t intera
tion types.Besides being a variant of Before/After Inter
eptor, the abstra
t 
ommuni
ate typesare Component Wrappers and implement a form of Expli
it Export/Import.The new CORBA 3.0 standard spe
i�es the CORBA 
omponent model that is based inpart on the Java EJB 
omponent 
on
epts, but goes beyond that by providing the 
omponentmodel to work with the heterogeneous language lands
ape supported by CORBA. The newCORBA standard in
ludes the CORBA s
ripting language spe
i�
ation, whi
h is a frameworkto integrate any s
ripting language with a CORBA mapping. Thus the spe
i�
ation also
ombines glueing with 
omponent approa
hes. It 
an { but does not have to { use an Obje
tSystem Layer for the glueing task.Roles, as in [19℄, meta-obje
t proto
ols [17℄, and several similar approa
hes to expressmultiple 
on
erns, impose meta-level behavior over an obje
t. Therefore, these approa
hes
an be used to implement Before/After Inter
eptor. In [2℄ a 
omponent adaptionte
hnique based on layers is proposed, whi
h is a variant of Before/After Inter
eptor: itis transparent, 
omposable and reusable, but it is not introspe
tive, not dynami
, and a purebla
k-box approa
h. The approa
h does not support runtime dynami
s.The ar
hite
ture des
ription language � [8℄ o�ers support for Expli
it Export/Importand 
omponent 
onne
tions. An obje
t 
an des
ribe the expe
ted environment in anylevel of detail. In a pro
ess of 
omponent 
on�guration the imports 
an be mappedto exports. A system 
an be assembled in di�erent 
on�gurations. The approa
h 
anadapt pro
edure/argument names, but 
annot spe
ify behavior for adaptation, su
h asBefore/After Inter
eptors. Con�gurations 
annot be 
hanged at runtime.11.2. Related Work On Pattern Case StudiesIn [7, 
hapter 2℄ we 
an �nd a 
ase study of simple do
ument editor, built with the patternsfrom the same book. The 
ase demonstrates pretty well the usage of the used patterns. Butsin
e the patterns in [7℄ do not form a pattern language, the ar
hite
ture generation aspe
ts ofCopyright 
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PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 37pattern languages are only impli
itly tou
hed by this early 
ase study. We believe this is dueto the absen
e of patterns of larger granularity that 
ontain/integrate the smaller patterns. In[6℄ subje
ts mostly identi
al are 
overed and the design of ET++ is dis
ussed.There is a 
ase study of the JAWS web server in [29, 
hapter 1℄, built with the patternsfrom the same book. These patterns form a pattern language for 
on
urrent and networkedobje
ts appli
ations. We 
an see a similar e�e
t of strong pattern dependen
ies as in ourwork: the pattern usages generate open issues, that are resolved by other patterns of thepattern language. E.g., the Half-Syn
/Half-Asyn
 pattern requires a request queue. Butnaive request queue implementations will in
ur ra
e 
onditions. This problem is resolved bythe Monitor Obje
t pattern. Similar strong dependen
ies 
an be observed in our work, asdis
ussed in Se
tion 5.In [32℄ we 
an �nd several smaller \stories" of pattern usage in various produ
ts, in
ludingJava AWT, Swing, HotDraw, VisualWorks, et
. Here, mainly patterns from [7℄ are dis
ussed.In [16℄ a 
ase studies of several patterns to get around platform independen
e problemswith Java AWT is presented. These patterns are used in several appli
ations of the 
ompanyIndustrial Logi
. TheMi
rokernel pattern [3℄ is used as a more 
ourse-grained solution, thatintegrates the smaller patterns. That is, it makes appli
ations extensible with Commands thatare used on Interpreters and Composites. Here, we 
an observe a small pattern languageto handle platform independen
e problems of user interfa
es, su
h as adding new behavior,bandwidth issue, integration, et
.In [4℄ a 
ase study of a reengineering proje
t of a parallel program generation environmentfrom the C language to a solution based on several patterns from [7℄ is presented. However,besides the patterns themselves there is no further ar
hite
turally integrating solution, as forinstan
e a pattern language, used. In our point of view this makes it rather hard to understandthe te
hni
al evolution of the system and thus it hinders 
ommuni
ation of the results.Moreover, it seems that a pie
emeal approa
h (in a 
omponent-oriented sense) is rather hard toa

omplish by repla
ing small patterns with loosely-
oupled pattern-based implementations inanother language (here: Java). In our experien
e its rather unrealisti
 that a reengineering e�ortof a large-s
ale appli
ation 
an be performed in one big step. The 
ode example presented seemsto be rather 
ompli
ated 
ompared to the original solution. In 
ontrast, our work expli
itlyaims at simpli�
ation of 
ode and ar
hite
ture during reengineering.Copyright 
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38 M. GOEDICKE, U. ZDUN12. CONCLUSIONWe have presented an approa
h for pie
emeal migration of large existing software systemsto 
omponent te
hnology and a more 
exible ar
hite
ture. An ar
hite
tural pattern languagewas used to migrate the existing C implementations to 
omponents in an obje
t system. Ina pie
emeal pro
ess the existing C implementation is split into bla
k-box 
omponents. Theseare 
ustomizable through an expli
it representation in the obje
t system with a ComponentWrapper. Before/After Inter
eptors let us introdu
e 
ustomizations de
omposed andtransparent to the 
omponent and its 
lients.AnObje
t System Layer with an expli
itMessage Redire
tor provides a suitable wayto implement and maintain the 
ombination of Component Wrapper and Before/AfterInter
eptors. Through Expli
it Export/Import 
omponents de�ne their requiredenvironment. Thus it be
omes easy to ex
hange implementations without interferen
e with
lients or imported 
omponents.Often the pattern language generates pattern usages. E.g., using an Obje
t SystemLayer generates the requirement to integrate foreign language/paradigm 
omponents.This task is solved by Component Wrapper. But Component Wrappers haveto be 
ustomized. Su
h tasks 
an be ful�lled by Adapters [7℄, De
orators [7℄, orBefore/After Inter
eptors. Before/After Inter
eptors are espe
ially valuable, ifthey are automated and transparent. TheObje
t System Layer requires a method dispat
hme
hanism. Both tasks are ful�lled by aMessage Redire
tor. Expli
it Export/Import
an be used to wrap a system implemented with anObje
t System Layer, so that it appearsas a base language 
omponent. Usually the export is a Fa
ade [7℄ to the 
omponent, whilethe imports are Component Wrappers. There are several other popular obje
t-orientedsoftware patterns from [7, 3℄ that are indu
ed by the pattern language (see [10, 11℄).All 
hanges indu
ed by the patterns 
an be applied in a pie
emeal pro
ess, and existingimplementations 
an be reused. The patterns are well known 
omputational stru
tures, andthere are many su

essful approa
hes whi
h are known uses of the patterns (as dis
ussedin the related work se
tion). Instead of dire
tly presenting a detailed te
hni
al solution, thepresentation with a pattern language should foster trust in the solution presented amongthe stakeholders, sin
e no \unknown" te
hnologies are imposed during presentation. TheCopyright 

 2001 John Wiley & Sons, Ltd. J. Softw. Maint: Res. Pra
t. 2001; 00:1{7Prepared using smrauth.
ls



PIECEMEAL LEGACY MIGRATING WITH A PATTERN LANGUAGE 39te
hnologies and languages a
tually used 
an still be 
hanged after initial dis
ussion, withoutviolating the ar
hite
tural solution.The patterns are applied in the 
on
rete 
ontext of reengineering a large-s
ale C appli
ationin a pie
emeal way. The pattern language eases the initial 
ommuni
ation of the results to thestakeholders, whi
h were the management and te
hnologi
al sta� of the 
ompany. In 
ontrastto a more 
on
rete design (whi
h was provided in a 
ombination of C, C++, and XOT
l [24℄to the 
ompany), the pattern language enables 
ommuni
ation a
ross di�erent stakeholders.The patterns are abstra
t, but not vague in the te
hni
al realm. E.g., they leave te
hnologi
al
hoi
es open, su
h as whi
h 
ommuni
ation te
hnology is to be used, but do neverthelessenable a suitable te
hni
al dis
ussion. However, the 
on
rete, detailed design is more suitableto demonstrate the a
tual te
hni
al realization.Of 
ourse, the ar
hite
tures generated by the pattern language 
ome not for free. If we donot use an existing Obje
t System Layer implementation, su
h as XOT
l [24℄, it has tobe programmed by hand. This adds more 
omplexity and higher maintenan
e e�orts to thesystem. Performan
e 
an be de
reased through the additional indire
tions in the patterns andthrough 
allba
k methods, but { as we show, for instan
e, in [23℄ { the te
hniques presented
an also be implemented in a very eÆ
ient manner. The Obje
t System Layers 
onventionsand interfa
es have to learned by the developers. If the Obje
t System Layers is a wholes
ripting language, a new language has to be learned.The presented pattern language is language-supported in the s
ripting language XOT
l.In this arti
le, we have presented a 
ase study for the pattern language in language-neutralway. That is, the presented 
ase study 
ould also be implemented in any other language thatintegrates well with C. For many industrial 
ase studies language-neutral presentation is animportant asset, be
ause the 
ompany wants to have the last 
hoi
e on implementation detailsin the a
tual produ
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