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tAspe
t-oriented domain engineering is a promising extension to the domain engineering pro
ess. Wepresent several lines of inquiry that demonstrate how domain engineering bene�ts from adopting aspe
t-oriented software development 
on
epts.1 Introdu
tionThe produ
t line approa
h[9℄ to software development is gaining some popularity as organizations re
-ognize the fa
t that they are oftentimes 
reating similar appli
ations or implementing similar featuresover and over. For example, in tele
ommuni
ation swit
hes used to route telephone 
alls from one partyto another, di�erent tele
ommuni
ations servi
e providers often have di�erent, yet similar needs. Theyneed to get 
alls from A to B, and, sometimes, to C. They need fun
tionalities to add, remove and bill
ustomers. On the other hand, they di�er due to 
ountry-spe
i�
 regulations, required feature sets, aswell as in the existing environments that need to intera
t with the swit
hes. The swit
hing equipmentprovider 
an bene�t from produ
ing the same swt
hing hardware with multiple 
ustomizations of thesoftware. Through an analysis of the e
onomies of s
ope, it 
an be shown that a produ
t line approa
h toprodu
ing and maintaining swit
hing software is a 
ost-e�e
tive way of managing the needs of multiple
ustomers.A major problem of software design and development is e�e
ting separation of 
on
erns, espe
iallywhen some 
on
erns 
ut a
ross other 
on
erns. Taking the same example from the tele
ommuni
ationsdomain, subs
ribers are o�ered a variety of features su
h as 
aller ID, 
all waiting, voi
e mail, busyline transfer, 3-way 
alling, emergen
y servi
es, et
. These features are required to work on traditionalphones, newer pa
ket-based phones, and mobile phones, whi
h use di�erent signalling proto
ols to setup the 
all. There are also more basi
 features su
h as digit-analysis whi
h determine when 
ertainfeatures are a
tivited and when, depending on the state of the 
all when 
ertain digits are pressed.These features are all somehow expe
ted to work independently and transparently of the a
tual typeof phone. Billing adds another dimension, requiring in some instan
es, knowledge of the 
all type, 
allmedium, 
all duration, feature usage, et
. On top of these, are so-
alled non-fun
tional requirements su
has 
apa
ity, performan
e, syn
hronization, reliability, high availability, and 
exibility. These 
on
ernsare usually spelled out as di�erent poli
ies in high level do
uments, but end up being interspersed into
all pro
essing 
ode during implementation. We 
an imagine that the problems are 
ompounded whendi�erent members of the swit
hing software produ
t line share these 
ross-
utting 
on
erns in varyingdegrees. Clearly, me
hanisms that 
an e�e
t separation of 
on
erns are of great value in this broaddomain.In this paper, we examine how domain engineering te
hnology 
an be extended with aspe
t-orientedsoftware development te
hnology to address the issues of software produ
t line development and sepera-tion of 
on
erns. We also dis
uss the 
reation of a 
on
ern 
lassi�
ation s
heme.�This work is supported by the UNO Center for Aspe
t-Oriented Design and Development
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2 Domain EngineeringOne of the earliest steps in software produ
t line development is domain engineering. Domain engineer-ing is a methodology for building a domain-spe
i�
 appli
ation development environment for an entiresoftware produ
t line. A domain is de�ned to be the spa
e of all possible appli
ations for that produ
tline, as spe
i�ed by their 
ommonalities and all the ways in whi
h they 
ould vary. It provides formalismsfor strategi
 reuse of designs and implementations by providing a development environment based onthe spe
i�ed 
ommonalities and variabilities of the domain. This leads to fast and eÆ
ient 
reation ofprodu
t line member appli
ations.3 Aspe
t-Oriented Software DevelopmentAspe
t-oriented programming[4℄ addresses the problem of separation of 
on
erns using the me
hanismsof obliviousness and quanti�
ation[6℄. Quanti�
ation is the ability to spe
ify properties of the moduleson whi
h to apply a parti
ular aspe
t. Obliviousness refers to the notion that the modules themselvesare not aware of the aspe
ts being applied to them. This is also known as impli
it invo
ation. In anaspe
t-oriented language su
h as Aspe
tJ[7℄, quanti�
ation and obliviousness are realized through the
onstru
ts of join points, advi
es and point
uts. Advi
es are methods that de�ne behaviors that need tobe inserted as part of a 
on
ern. Join points spe
ify where advi
es 
an be inserted. Point
uts de�newhen an advi
e 
an be 
omposed to a module at its spe
i�
 join point.4 Aspe
ts and Domain EngineeringMu
h resear
h has gone into aspe
t-oriented programming and programming languages[1℄[5℄. Re
entlyit has been realized that these 
on
epts 
an also be applied earlier in the development life 
y
le[3℄[2℄.These are 
alled Early Aspe
ts.Synergies have been re
ognized in the domain engineering phase of produ
t line development. Aspe
t-oriented 
on
epts extend the power of domain engineering in many ways. For instan
e:1. As an enabling te
hnology for realizing the appli
ation engineering environment. Do-main engineering does not deal spe
i�
ally with separation of 
on
erns in the implementation ofthe appli
ation environment or the 
reation of instan
es of appli
ations. This is left as an imple-mentation detail. In this 
ontext, aspe
t-oriented software development �t in ni
ely as an enablingte
hnology for enfor
ing separation of 
on
erns in the implementation of the appli
ation engineeringenvironment. In parti
ular, a more pre
ise implementation of aspe
t quanti�
ation 
an be realizedwith domain-spe
i�
 
onstru
ts for spe
ifying the analogues of advi
es, join points and point
uts.2. As a 
ontributor to maintainability of produ
t line members. A key advantage of aspe
t-oriented programming is the ability to lo
alize 
hanges, thus preserving modularity of the design.As is the 
ase with all su

essful software produ
ts, software produ
t line members need to evolveas well. One option 
ommonly employed is to simply regenerate the appli
ation member with thenew requirements. However there are 
ases where this is not feasible espe
ially if the appli
ationgenerator is not equipped to handle su
h 
hanges, but the 
hanges 
an be implemented dire
tlyon the sour
e 
ode. Thus, the intrinsi
 advantage of aspe
t-oriented developement in lo
alizing
hanges makes these 
hanges easier.3. As a 
ontributor to maintainability of the produ
t line de�nition. As new appli
ationsare 
reated, it is almost inevitable that an appli
ation will 
ome along whose requirements put itjust outside the 
urrently de�ned domain spa
e. This happens due to an in
omplete understandingof the real domain. In any 
ase, the 
ommonality and variabilitiy analysis needs to be re�nedto 
over this new understanding of the domain. The 
hange 
ould 
ut a
ross several 
on
erns.Without expli
it separation of 
on
erns, the ne
essary modi�
ations 
ould turn out to be messy,with many s
attered 
hanges. By expli
itly for
ing the separation of 
on
erns during the originaldomain analysis, the 
han
es are improved that future 
hanges are lo
alized to one 
on
ern.4. As an integration me
hanism for domain analysis. Domain analysis is useful for de
om-posing requirements into seprate 
on
erns. However it provides little support to spe
ifying howthe environment or appli
ation is to be put together while satisfying all these 
on
erns. Throughdomain analysis, 
on
erns 
an be identi�ed as independent poli
ies, and 
ommonalities and vari-abilities 
an be de�ned within ea
h poli
y. An integration strategy 
an be de�ned using the aspe
t
on
epts of join points and point 
uts. 2



Spe
i�
ness Usage Fun
tionalStability PotentialClassi�
ation ExampleDomain Multiple Stable domain-spe
i�
,
ross-
utting,stable 
on
ern Spe
i�
 se
urity
he
king of on-linetransa
tionDomain Multiple Variable domain-spe
i�
,
ross-
utting,varying 
on
ern Se
urity 
he
king ofon-line transa
tionusing di�erent �eldsDomain Single Stable domain-spe
i�
,lo
alized, stable
on
ernDomain Single Variable domain-spe
i�
,lo
alized, vary-ing 
on
ernGeneri
 Multiple Stable generi
, 
ross-
utting, stable
on
ern Log inGeneri
 Multiple Variable generi
, 
ross-
utting, varying
on
ern Log in using di�er-ent identi�ersGeneri
 Single Stable generi
, lo
al-ized, stable
on
ern En
ryption algo-rithmGeneri
 Single Variable generi
, lo
al-ized, varying
on
ern Authenti
ationlibraryTable 1: Con
ern Classi�
ation S
heme5. As a notation for reasoning about variabilities in the integration pro
ess. An additionaldimension of 
omplexity with produ
t line development o

urs when 
ross-
utting 
on
erns havevarying requirements from member to member. By having an integration me
hanism, we than havea notation for des
ribing the 
ommonalities and variabilities of the integration strategy iteself.6. As a means of understanding 
ross-
utting \non-fun
tional" requirements in a produ
tline. Non-fun
tional requirements, su
h as performan
e, are often left to be veri�ed after theimplementation is �nished[10℄. This is partly be
ause these requirements are de�ned very vaguelyin the domain analysis and partly be
ause we don't know how to work with them ex
ept to say,\keep an eye on the performan
e issue." Further work is needed to examine these non-fun
tionalrequirements individually and disu
ussing what it means to de�ne it as an aspe
t. For example, inbuilding a produ
t line of routing software for 
ore network routers, what does it mean to de�nequality of servi
e as a 
on
ern?5 Dis
ussionThe last question highlights a need to better understand what 
onstitutes a 
on
ern. Identi�
ation andseparation of 
on
erns is at the 
entral part of domain engineering for su

essful produ
t line development.In its most general form, it refers to the ability to identify and en
apsulate those parts of software thatare pertinent to a parti
ular 
on
ept, goal, task, or purpose[8℄.One of the main bene�ts of identi�
ation of 
on
erns in these phases is help tag those that maybe
ome asset of a produ
t line. We are working on a framework to identify and 
lassify early aspe
ts indomain analysis phase.A simpli�ed version of this s
hema is presented in Table 1. This s
hema examines the 
on
erns againstthree 
riteria. They are spe
i�
ness, s
ope of usage, and stability.Spe
i�
ness refers to whether the 
on
ern is a generi
 one or is domain-spe
i�
. This di
tates whether3



the solution warrants the 
reation of a domain-spe
i�
 language. Take, for example, the ability to log in.In this 
ase, it is a generi
 
on
ern shared by many di�erent types of software appli
ations in di�erentindustries. However, some industries require a higher level of se
urity, like e-
ommer
e. Hen
e, se
urity
he
king of online transa
tions is a domain-spe
i�
 
on
ern.S
ope of usage refers to the ease of lo
alizing a 
on
ern. Cross-
utting 
on
erns a�e
t multiple
on
epts, tasks or fun
tional areas. This determines the need for an aspe
t-oriented solution. Takingthe same example, the ability to log in 
an 
ut a
ross many fun
tionalities, as in the 
ase when repeatedauthenti
ations are required due to session timeouts.Stability refers to the 
on
ern's potential for variability. If the 
on
ern has the same 
hara
teristi
sa
ross multiple produ
ts or appli
ations, it 
an be developed as a single appli
ation or library. Otherwise,additional investment in e�ort is needed to go to the produ
t line approa
h.Using the out
ome of this s
hema the 
on
erns are temporarily do
umented as potentially beingone of the given 
lassi�
ations and further de
isions 
an be made regading the need for produ
t linedevelopment and/or aspe
t-oriented te
hnology.This table only provides a few examples and we are working to add additional 
riteria to the table tosmooth the progress of identifying and 
lassifying 
on
erns. Among other 
riteria that we are 
onsideringto in
lude to this table are fun
tional vs. non-fun
tional, intera
ting vs. orthogonal, et
.6 SummaryCon
erns 
an arise at any point during software life
y
le and are not only limited to implementationand programming. The early phases of software life-
y
le are domain analysis, requirement analysis, andar
hite
ture. Con
erns identi�ed in these phases are 
alled Early Aspe
ts. One of the main bene�ts ofidenti�
ation of 
on
erns in these phases is help tag those that may be
ome asset of a produ
t line. Weare working on a framework to identify and 
lassify early aspe
ts in domain analysis phase.Referen
es[1℄ AOSD.net. http://www.aosd.net.[2℄ J. Ara�ujo, E. Baniassad, P. Clements, A. Moreira, A. Rashid, and B. Tekinerdo�gan. Earlyaspe
ts: The 
urrent lands
ape. Te
hni
al Report CMU-SEI-2005-TN-xxx, Carnegie MellonUniversity, Pittsburg, PA, 2005. Also available as http://trese.
s.utwente.nl/workshops/early-aspe
ts-AOSD2005/Papers/EarlyAspe
ts-Lands
apePaper-FirstDraft-2005.pdf.[3℄ Early Aspe
ts.net. http://www.early-aspe
ts.net.[4℄ T. Elrad, R. E. Filman, and A. Bader. Aspe
t-oriented programming. Communi
ations of the ACM,44(10):29{32, O
tober 2001.[5℄ R. E. Filman, T. Elrad, S. Clarke, and M. Ak�sit, editors. Aspe
t-Oriented Software Development.Addison-Wesley, 2005.[6℄ R. E. Filman and D. P. Friedman. Aspe
t-oriented programming is quanti�
ation and obliviousness.In R. E. Filman, T. Elrad, S. Clarke, and M. Ak�sit, editors, Aspe
t-Oriented Software Development,
hapter 2. Addison-Wesley, 2005.[7℄ G. Ki
zales, E. Hilsdale, J. Hugunin, M. Kersten, J. Palm, and W. G. Griswold. An overview ofAspe
tJ. In Pro
eedings of the European Conferen
e on Obje
t-Oriented Programming (ECOOP),Budapest, Hungary, 2001.[8℄ P. Tarr and H. Ossher, editors. Workshop on Advan
ed Separation of Con
erns in Software Engi-neering at ICSE 2001, Toronto, Ontario, May 2001.[9℄ D. M. Weiss and C. T. R. Lai. Software Produ
t-Line Engineering: A Family-Based SoftwareDevelopment Pro
ess. Addison Wesley, 1999.[10℄ L. Xu, H. Ziv, D. Ri
hardson, and Z. Liu. Towards modeling non-fun
tional requirements in softwarear
hite
ture. In Early Aspe
ts 2005: Aspe
t-Oriented Requirements Engineering and Ar
hite
tureDesign Workshop, Chi
ago, IL, Mar
h 2005.
4


