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Currently, software architectures are regarded as very domain or system spe-
cific. As a result, the majority of effort that is spent on developing an archi-

tecture focuses on system details.

However, this leaves very little room or no

room at all to deal with more fundamental quality criteria for architectures like
layering, coupling, and cohesion. Also, documenting an architecture is often
neglected, leading to many problems during the remainder of the project. This
article describes why these quality criteria are of great importance to the archi-
tecture and the software development process.

I ntroduction

Architecturein generalis analreadyancientnotion

thatmostpeopleassociatevith theart of construct-
ing buildings. An importantaspectof architecture
in this respectis shape pecausaét is the first thing

that people notice when they look at a building.

However, architecturealsoplaysanimportantrole

in mary otherdisciplinesand althoughthe defini-

tion will notalwaysbethe same shapewill always
play animportantrole.

Within thedisciplineof softwareengineeringshape
indeedplays an importantrole. A crucial part of

a software architectureis the decompositionof a

large and comple systeminto a suitablenumber
of smallersubsystemsThis decompositiorhasto

be describecandmotivatedclearlyandcompletely
The descriptionof the decompositiondepictsthe

shapeof the software architecturevia entitieslike

subsystemsgbstractionsandrelations.

Why is anarchitectureso important? Systemghat
have to be realisedin software nowadayscan no
longerbe developedby a small numberof people.
Mostly, large software projectsrequirean effort of
aboulffifty to sixty manyear Thismeanghatalarge
teamof peopleis requiredto finishthejob within an
acceptableamountof time. Sucha teamcanonly
function when eachpersoncanwork on a limited

andwell definedpartof the entireproject. This can
only be realisedby having an architecturethat de-
composeshe completesysteminto subsystemthat
canbebuilt by asmallnumberof teammembers.

Another advantageof decompositionis a reduc-
tion of the complity for theresultingsubsystems.
Eachsubsystenhasto realisea smallerpart of the
entire problem and the decompositionitself will
tacklea numberof difficulties. Thisway eachteam
membewill beassigned portionof work thatcan
be realisedand managedeasierand more reliably.
Also, theoversightandcontrollability of theoverall
compleity will improve asa resultof the decom-
position.

Oncea systemis in use,it will not stayunchanged.
At forehand,usersdo not always know what they
want or can expect, but also influencesfrom out-
side the systemmay resultin a needto changeit.
Again,thearchitectureglaysanimportantrole here,
becausé givesaglobalinsightin theway of work-
ing of the system. By inspectingthe architecture
closely theentrypointsto make changego thesys-
temcanbefoundrelatively easy

Apart from the advantagesnentionecbefore,more
reasonsxist to have an architecture. One exam-
pleis thereductionof thelearningcurve for people
thatareaddedo a projectduringits ramp-up.How-
ever, the mostbasicreasonto have an architecture
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is mong! It is the goal of eachcompaly to make
reliablesoftwarewith theleastpossiblesffort. Reli-

ablesoftwarebecauséehis reduceghe maintenance

costandlittle effort becausehis reduceghe devel-
opmentcost. Dueto the sizeandcompleity of the
systemsthat have to be realisednovadays,this is
only possiblewhen a systemis basedon a sound
andwell documentedrchitecture.

Quality of software architectures

Having anarchitecturds onething, having a sound
architectureanother The betterthe quality of the
architecture the more likely the systemwill be a
successHowever, how doesonemeasurg¢hatqual-
ity? Or evenmoreimportant,howv doesonecreatea
soundinitial architecture?

First, thecriteriathatdeterminghequality of anar
chitecturehave to befound. As discussedminimal
costand effort while realisinga reliable systemis
the main goal. This meanghatwe have to be able
to build andtesta systenrapidly, find andsolve er
rors in the systemquickly, and extend the system
easily Thisresultsin the following generalquality
criteriafor anarchitectureclarity, testability main-
tainability, andextendibility.

Surprisingly thesecriteriaarenotspecificto aprob-
lemthatmustbesolvedby asystemwhile architec-
turesin generalare consideredo be very problem
specific.It is certainlytrue thata significantpart of
an architecturedealswith problemspecificissues,
for examplemodellingsystembehaiour. However,
the generalquality criteria also require attention,
which is often forgotten. Mostly, all time is spent
on solving the problemspecificissueswhile these
only contrikute partially to the quality of an archi-
tecture.

Measurable quality criteria for ar-
chitectures

The four previously mentionedgeneralquality cri-
teriaof anarchitecturehave a somevhatglobalna-
ture andthey arehardto measure.Therefore,it is
importantto find other measurablequality criteria
of anarchitecturehataffect the four generalones.

XOOTIC MAGAZINE

Five of thesemeasurableriteriaare: layering,cou-
pling, cohesiondocumentationandviews.

Layering

Layeringis a suitableway to hide for examplethe
hardware of a systemfrom anend-usewia various
coherentlevels of abstraction. Layeringis hierar

chical by nature,which meansthat layersare lo-

catedabove andbelow eachother

The conceptof layering in software architectures
is generallyacceptecandapplied,see[POSA] and
[SA]. Therulesfor usingservicedrom otherlayers
oftenvary significantlyandaresubjecto discussion
mary times. Thestrictestsetof ruleslookslik e this:

e It is not permittedto useservicesfrom layers
locatedhigherin the hierarchy

e Whenservicedrom alayerlocatediowerin the
hierarchyare used, this layer must be directly
belav thelayerusingthe services.

The numberof variationson theserulesis not only
in theory large, but alsoin practice. This is not
necessarilypad,but it is importantthatrelaxingthe
rulesis notdonetoo mary timesandonly for a pur
pose,for example performance. Furthermore all
exceptiongo therulesshouldbewell documented.

The mostsuitablenumberof layersdependson the
sizeof thesystenthathasto berealised.Thelarger
the system,the morelayersarerequiredin the ar
chitecture. However, it is importantto limit the
maximumnumberof layersto seven or eight, be-
causemorelayersintroducetoo muchimplementa-
tion andperformanceoverhead.An exampleis the
OSI model,thatis sometimeslescribecasunman-
ageablewith its sevenlayers.To obtainthe optimal
numberof layers,superfluousayershave to bere-
moved andmissinglayershave to beadded.Super
fluouslayersarecharacterisetdy alarge numberof
serviceghatdo no morethanpasson information.
Suchservicesand the layerscontainingthem will
oftenbeskippedn designandimplementationthus
violating therulesfor layering.Missinglayershave
to be addedwhenthe purposeof a serviceandthe
layer containingit differ. Also, whensomelayers
containsignificantly more serviceshanthe restof
thelayers,they have to besplit.



Coupling

Decomposinga systemis an importantrole of an
architectureand layering can be a first stepin the
decompositiorprocess.The next logical stepis to
decomposeéhe layersfound and so on. The final
result hasto be a numberof services,also called
modules,that have to be implemented. The goal
is to find modules,that canbe realisedby a small
numberof teammembers.

A module will not be an autonomouspart in an
architecture put will have relationsto other mod-
ules. The numberof relationsandthe type of rela-
tion betweertwo modulesdeterminehow muchthe
modulesdependon eachother This dependencis
called coupling and plays an importantrole when
trying to determinethe quality of a softwarearchi-
tecture.Thewealerthecouplingbetweertwo mod-
ules,the more beneficialthis is to the architecture,
becausdhe impact of changego weakly coupled
modulesis smallerthanto strongly coupledones.
Furthermore,moduleswith few dependenciesre
easierto testandre-use. The total amountof cou-
pling is determinedy its type andsize. Weakcou-
pling is achisvedwhenthetypeis weak,seebelow,
andthesizeis small. Thedependencbetweerntwo
modulesincreasesvhentheamountof couplingin-
creases.

Threetypesof coupling can be distinguished see
[SD]:

e datacoupling: a moduledoesnot influencethe
behaiour of amoduleit is relatedto, but merely
passe®ndata.

e control coupling: a moduleinfluencesthe be-
haviour of adependentoduleby sendingasig-
nal; no datais communicated.

¢ hybridcoupling:theintegrationof dataandcon-
trol coupling,i.e.,onemoduleusesdatato con-
trol the behaiour of anothemodule.

Thewealesttypeis datacoupling,becausea mod-
ule sendsinformation to anotherone without be-
ing concernechow this datais manipulated. The
strongestypeis hybrid coupling,becausdt is mis-
leading. A modulesendsdatato anotherone and
is concernechow the datais manipulated. How-

couplingis strongerthandatacouplingbecausg¢he

influencingnature seeFigurel andFigure2. This

doesnot meanthat control coupling is inherently
bad, but it hasto be appliedonly whennecessaty
For exampletriggersto a device driver canbestbe

modelledvia controlcoupling. However, whencon-

trol couplingis chosenthe reasonfor usingit has

to bevalid andwell documented.

B —= yl=Bxl

x1
A
X2
C — y2 = C.x2
Figurel: Datacoupling
wl
ctl - If ctrl then
D y E E.v=wl
- —= else
w2 Ev=w2

Figure2: Controlcoupling

Whentheresultof B is y1 while y2 is expectedthe
causeof the problemwill probablybefoundin A.
When E resultsin w1l insteadof w2, the causeof
the problemcanbein eitherD or E. D cansendthe
wrong control signal, but it is alsopossiblethat E
containsanerrorin theif-statementAn evenworse
scenariads thatboth D andE containthe error de-
scribed. This will resultin a systemthat functions
correctly but containgwo errors.Only whenD and
E areusedseparatelythe errorswill surface.

Thesizeof thecouplingbetweertwo moduless de-
terminedby the numberof relationsbetweenthem
andthe sizesof theserelations. The size of a re-
lation is determinedoy the amountof information
thatis exchangedia thatrelation.Keepingthesize
of the couplingsmallis beneficialto the quality of
anarchitecture.

Sincecouplingis often depicted the numberof re-
lations can be determinedbut not the size of the

ever, the othermoduleis not awareof this, because relations. Therefore,the interface descriptionfor

it recevves dataand not a control signal. Control

eachrelationalsohasto be part of the architecture
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in orderto determingthe sizeof the coupling. This
descriptioncontainsa detailedexplanationof all in-
formationthatis communicated/ia arelation. Via
the numberof relationsbetweentwo modulesand
thesizesof theserelations thetotal sizeof thecou-
pling canbedetermined.

Decreasinghe amountof couplingcanberealised
in thefollowing ways:

e try avoiding hybrid coupling,

e usecontrolcouplingonly whenneeded,

e donotsendinformationfrom moduleA to mod-
ule B via moduleC whenthis information can
alsobe sentdirectly from A to B anda depen-
dengy alreadyexistsbetweerthem,

e do not exchangeinformation that can also be
calculatedfrom data that is already receved
(unlesgthisis necessarfor exampleto increase
the performance),

e memge small modulescontainingfunctionality
thatis stronglyrelated seenext section.

Cohesion

Cohesioris anotionthatappliesto individual mod-
uleswithin anarchitectureEachmoduleoffers ser

vices that are in someway relatedto eachother

The type of this relation determineshowv coher

entthe servicesarewithin a module. Servicesco-
herestrongly whenthe relation betweenthem has
a functional nature,this is called functional cohe-
sion. Functionallycoherenserviceswill oftenhave
a lot of interaction,so distributing them over mul-

tiple moduleswill increasethe couplingwithin an
architecture Apart from functionalcohesionpther
typesexist, see[SD]. A type thatis often usedis

logical cohesionpecausét depictsthe way people
think. An exampleof logical cohesionis doing all

initialisationin onemodule. Using a type of cohe-
siondifferentfrom functionalis notnecessarilyad,
but thereasondor its introductionhave to bevalid

andwell documented.

Thefollowing exampleshavs why functionalcohe-
sion is mostly preferableover for examplelogical
cohesion:

XOOTIC MAGAZINE

Input A Proc A Output A
Input B » ProcB »| OutputB
Input C Proc C OutputC

Figure3: Logical cohesion

| Input A; Proc A; Output A
| Input B; Proc B; Output lfS
| Input C; Proc C; Output [C

Figure4: Functionalcohesion

Supposdunction A representaddition,functionB
multiplication, and function C division. Whenan
erroris found in the outcomeof the division, the
solutionof Figure3 hasthreeeligible modulesthat
cancontainthe error Possibly threemoduleshave
to beinspected¢changedandreviewedasaresultof
theerror In thesolutionof Figure4, theerroris lo-
catedn thelowermodule whichis theonly onethat
hasto be inspectedchanged.andreviewed. Fur
thermore,the modulesin Figure 3 have coupling,
whichis notthecasefor theonesin Figuer4. There-
fore, thesolutionin Figure4 is easierto testandits
modulesaremoresuitablefor re-use.

Documentation

Not only creatingan architecturds important,also
describingits shapeis crucial and often getstoo
little attention. The descriptionof an architecture
shouldbe partof thatarchitectureTheinitial archi-
tectureis commonlydevelopedby a group of sys-
tem architectsafter which it hasto be deplo/ed to
the restof the projectteam. This is only feasible
when the architectureis well documented pther
wise the teammemberscannotrealisethe software
in theway thearchitecturantended.

Thefollowing issuesareimportantwhendescribing
anarchitecture:

e use clear and unambiguoussentenceor use
mathematicaéxpressionsvhenpossible,

e distinguishvariousviews, seealsothe next sec-
tion,

e usesuitableandknown modellingtechniques.

Measuringthe quality of documentatioris perhaps
oneof the mostdifficult exercises.No documenta-



tion is obviously a sign of badquality, but anakun-

danceis alsounwanted.Whentoo muchdocumen-
tationis generatedt will bereadbadlyor notatall.

Furthermore the review time will increaseexpo-

nentiallywhentheamountof documentatiomgrows.

Having gooddocumentatiomeanghatall planned
documentsare written and that they conciselyde-
scribeall relevantissuesusingthe appropriateand
agreeddiagrammingechniques.

Finally, it is importantto realisethatthe description
of an architectureis primarily madefor the team
membersthat have to develop the system. They
have to be able to understandhe architectureby
readingits description.Thereforeijt is importantto
pay attentionto this whenreviewing the documen-
tation, possiblyby involving a numberof engineers
in thereviews of thearchitecture.

Views

To keepanarchitecturadescriptioncleat it is use-
ful to describethe differentissuedreatedby the ar-
chitectureseparatelyin so-calledviews, for exam-
ple theviews asusedin the SONI model. Thisway,
every issuecanbetreatedin the mostsuitableway
makingit easierto understandfor example mod-
elling anobject-orienteanoduleinterconnecarchi-
tecturevia objectdiagrams.Furthermoreyiews al-
low the architectureto be reviewed in parts,sothe
attentionof areview canfocuson the essential®f
thatparticularview.

The numberof views that have to be distinguished
in the descriptionof an architecturestrongly de-
pendson the systemthat hasto be realised. The
morecomple a systemfor examplereal-timeem-
beddedor parallelapplicationsthe moreviews are
necessaryin the architecturaldescription. Nor-
mally, theinitial numberof views will never betoo
big, becausepeopletend to describetoo little in-
steadof too much. Missing views are causedby
not describingcertainissuesof the architectureor
by describingmultiple issuesin oneview. Finding
missingviews canbe doneby looking at architec-
turesof comparablesystemsand by checkingthat
all partsof a view's descriptionsene that view's
purpose. Whenthe latter is not the case,the part
thatdoesnotfit the purposeeitherhasto belocated

in anothemexisting view orin acompletelynew one.

Whenusingmultiple views to describeanarchitec-
ture,thereis boundto beduplicationof information,
for examplethenamesof modulesandrelationsthat
arerelevantin morethanoneview. Duplicationof
information canleadto inconsistenciesvithin the
architecturaldescription. To avoid duplicationas
much as possible,the maximumnumberof views
hasto be limited to four or five. Furthermorejn-
consistenciesanbe avoided by reviewing and us-
ing tools.

From measurable to general quality
criteria

Theeffectsof themeasurablguality criteria(layer
ing, coupling,cohesiondocumentationandviews)
are directly proportional and strongly related to
eachother A layeris in facta specialkind of mod-
ule, dueto its hierarchicalnature.Furthermoreus-
ing functionalcohesiorwithin moduleswill mostly
reducethe couplingbetweermodules.Documenta-
tion andviews arerelatedto all other criteria, be-
causethey are usedto describethem and provide
a meangto deploy the architecture.Whenan opti-
malnumberof layers weakcouplingbetweermod-
ules,functionalcohesiorwithin modules sufiicient
views, and good documentatiorcan be achieved,
thegeneraljuality criteria(clarity, testability main-
tainability, andextendibility) of anarchitecturewill
benefit.

Testability is a criterion that deseres somemore
attention. Not only becauset is often negglected,
but also becausewveak coupling, functional cohe-
sion, and good documentatioraloneare not suffi-

cientto increasedt. In orderto testefficiently and
effectively, it is necessaryo have facilitiesfor auto-
matictesting.Incorporatinghesefacilitiesin asys-
temafterits architecturéhasbeendeplo/ed mostly
creategproblems becauseseriouschangedave to
bemadeto thearchitectureThereforefacilitiesfor

automatictestinghave to be built into theinitial ar

chitecture.

Re-usabilityis a generalquality criterion that was
mentionedut notelaboratean. Creatingre-usable
modulesor layersin an architectures not directly
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beneficialto thecurrentproject,but it maybeto the
compan. Re-usablenodulescandecreasé¢he de-
velopmeneffort in futureprojectsthatrequirethese
module thusdecreasinghe costfor thoseprojects.
Fortunatelythe measurablguality criteriahave the
sameeffectonre-usabilityasthey have ontheother
generaluality criteria.

Conclusion

Despite the fact that an architectureis partially
problemspecific,it is possibleto constructgeneral
guidelinesto assesghe quality of an architecture
This article proposesa numberof suchguidelines,
but a moredetailedsetof rulesanddomainknowl-

edgeis requiredfor anactualassessment.

In essenca soundarchitecturds onethathasfunc-
tional coherentmodules, has weak coupling be-
tween modules, and is well documented. This

makesanarchitectureclear testable maintainable, [SD]

andextendible.
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The measurablayuality criteria mentionedin this

article are not solely suitablefor assessin@n ex-

isting architectureput canalsobe usedto createan
initial architecture Many times,aninitial architec-
tureis constructedreviewed, anddeplo/ed. How-

ever, why notasses# beforeit is deplog/ed? Such
anassessmeianbemadepartof thereview phase.
By assessin@ninitial architecturen a numberof

iterationsbeforedeplging it, thequality canbeim-

provedsignificantly
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