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Abstract

The authors offer a catalogue of problemserienced by developers, usiagrious object
modelling techniquedrought into prominence by thecurrent widespread adoption of UML
standard notations. The problemscountered have differestuses,ncluding: ambiguous
semantics in thenodelling notations, cognitive misdirection during tltkevelopmentprocess,
inadequate capture of saliesystem properties, lack ddppropriate supporting tools and
developer inexperience. Some of the problears be addressed by increased guidance on the
consistent interpretation of diagrams and the most helpful sequencing of techniques. Others
require a revision of UML and its supporting tools. Most problems can be traced to the awkward
transitionbetweenanalysis and desigmhereUML's eclectic philosophy (the same notation for
everything) comesinstuck. Modelling techniqueshat were appropriate foinformal elicitation

are being used to documdrarddesign decisions; the satd®L modelsare subject talifferent
interpretations in analysis and design; developsrencouraged to follovanalytical procedures

which do notranslate straightforwardly into clean designs. UML is itself newithl respect to

good orbad designs; but the consequences of allowing UML doive the developmentrocess

are: inadequate object conceptualisation, poor control structures and poorly-coupled subsystems.

1. Introduction

The following catalogue of problemaroseout of discussions thahe authors had at the UK
Object Technology '98 conference in April. Thage drawnfrom the experience of real
developers working on real projectsaicademia and in industrynitially, we had expected to
compare different design notatiofts their clarity and discusthe semantics of UML. Later,

we found that it was not just that UML contained semantic ambiguities and inconsistencies, but
rather that the increas@dominence given to particulanodellingnotations had in turplaced

a premium on carryingut certain kinds ofanalysisand design activity. Our analgts were
enthusiasticallyadopting new approaches to conceptualising their systeentually becoming
trapped in unproductive arguments over the objects populatingytem andhe proper
representation of the control structure of #ystem. Our designers were therefusing to
implementthe modelsproduced by thanalysts, since ivas oftenimpossible to map from use

case models and sequence diagrams onto anything that a conventional software engineer would
recognise. We decided then that fmblem of cognitive misdirectionwas at least as
important an issue agmantic inconsistency



1.1 The context of our critique

An earlier draft of this article was madeailable tointerested colleagues in academia and
industry; and we also received feedback ftbe ECOOP refereedMany replied insupport

of our observationsespeciallythe industrial contacts, who foundur practical experiences in
using UML more valuablethan abstract debates omdel semantics. Fromie comments
received, it was also clear that some readers wevang our remarks through amagined
filter, supposing that we had a prior position on UMIhich we donot have. In particular,
we would like at the outset to address the following questions:

e "Aren't the authorassuming that UML isnly usefulfor design (analysis) when it is also
intended to be used fanalysis(design)?" No. Beingaware of thesclectic ambition of
UML to modelboth analysisand designmany ofour criticisms impact athe point where
analytical techniquesire being pressed into service in documenting designs, hence the
impression that we concentrate on the design perspective.

e "Aren't the authors unildy assuming thaUML is a processwhen in fact itonly claims to
be a notationplus a semantics?’No. At thetime of writing, the Rational Objectory
Procesdhas yet to be published. However, the existence of UML sets the agenda: it puts a
premium on developing certain modelshich in turn promotes the use afertain
conceptuamodelling techniquesver others.Somelinking process wil inevitably form in
the minds of developers; and we focus on places where this misdirects.

We want to make clear that we are not against diLse indeed, we appreciate the benefits
that a standaranodelling naation may bring, allowingdevelopers to communicate in an
unambiguous way. Howevehe UML standards currently definedRational, 1997] is open
to some rather subtldifferences innterpretation)eading to serious problend®wnstream, as
we have discovered withur developers in practice. To thextent, UML just happens to be
the modelling approach that is under the spotlight.

1.2 The critical framework

The body of this article ibasically anenumeration of thgroblems experienced by our
developers as they embradbd UML notations and engaged in whia¢y considered was the

most appropriate sequenceaativitiesfor building UML models. For convenience, we have
discussed each problem under the heading of the most relevant UML model; the order of these
major headings iaot intended to be significanbut simplyfollows the flow of argument. We
assume that the reader is already familiar with UML notations and, for reasons of space, we do
not develop example diagranvghere theproblem description isdequate intself. Mostly,

each problem speaks fiself and needs nfurther comment. Each problemakssified by

type; this is shown by #hree-letter codesuch asADQ or MIS in the subheading. The
classificationsvere decided retrospectively, after collection ofvasyproblem-cases dsne
allowed. A key to these is given below:

INC - inconsistency, meaning thparts of UML modelsare in contradiction witlother
parts, or with commonly accepted definitions of terms in object technology;



AMB - ambiguity, meaning thatsome UML modelsare under-spéted, allowing
developers to interpret them in more than one way;

ADQ - adequacymeaning thasome importanénalysisand desigrconcepts couleshot be
captured using UML notations and CASE tools;

MIS - misleading, meaning thahe natural development pagitomoted by adesire to
build UML models actually misdirects the developer.

Each problem cited below was placed imiee of these categories, representing rttegor
perceived underlyingause of the fault. The categories ac intended to bemutually
exclusive, nor necessarily exhaustilgat merely indicative. Irour conclusions, we discuss the
significance of the numbers of problems in each category.

2. Use-Cases and Use-Case Models

Use casesvereoriginally intended, in Jacobsor@bjectoryandOOSEmethods [Jacobson, et

al., 1992] as aneans of elicitingiser requirements. Each case wasmatanceof some user-
interaction, described as a whole. The development of use cases was seen as an investigative,
rather than documentary approaaimerebythe developer collectegetherinstances of user
interactions untithe set of caseseemed complete enough fmoperdesign structuring to be
imposed. Thewo developments to thieasiscase wergrobably intendednerely as a means

to avoid excessive duplication the analyst'snotes. In their adoption by UM[Rational,

1997], use cases have acquired a hgveperspectivewhich has also establishdéte «uses»

and «extends» relationships more formally as a kind of novel control structure. Our developers
have experienced multiple conflicts of interpretation with use cases, as a result of this change.

2.1 Use-cases have two conflicting interpretations (AMB)

There is aconflict betweenthe original "for instance” andhe more recent "prototypical”
interpretationgiven touse-cases. In the formeew (more oftenuseful during analysis), the
developer iseliciting sample ugeinteractions. In the latteriew (more oftenuseful during
design), the developer is attemptingsfecifythe typical course ofall interactions of this type.

The analysis-centredew belongs with single-threaded non-branching sequence diagrams (cf
Jacobson's origin®bject Interaction Diagramflacobson, et al., 1992]), whereas dlesign-
centredview hasproduced a need to incorporate multi-threadi®aping and branching syntax

in sequence diagrams. The former interpretation happens to sit rsiyemdd some of the
proposed solutions to further problems of interpretation, which we discuss belawy dase,

one or other interpretation should be taken, consistently.

2.2 Developers don't understand what «extends» means (INC)

The «extends» relationship between use-cases is misunderstood because developers compare
this with the extendsrelationship in Java, where it htétee meaning ofinherits. In the latter
sense, developers expect the extended use-casealbdbehe original case, plughe extra
information. Instead, an extension casdypscally analternative or exceptiondtack that



replacegart of theoriginal. This isnot somuch a problem athe inadequatespecification of
the semantics of «extends», as the unhetpfatioadingof the term withconflicting semantics
of (genuine)extensionin Java andselectionin UML. We can illustrate theonflict by
consideringhe semantics implicit irthe choice of use case nesn extension casese named
after the alternative history, rather than after the combination of both histanieb,would be
more consistent with inheritance. Compardass OrderedSet extends ,Sstth: use case
AbortTransaction extends CreditPurchas@rderedSeincludesthe notion of eéSet whereas
AbortTransactiondoes notinclude the notion of aCreditPurchase instead it ispart of an
aborted credit purchase. To be consistgtit inheritance, an extension use-case should stand
for the whole adapted casaz. AbortedCreditPurchase extends CreditPurchageich then
only works if the"for-instance" view oluse-cases is adopted (see 2.1 abowdiernatively, if
the "prototypical"view of use-cases is adoptemhheritance isthe wrong mechanism for
modelling alternative tracks (see 2.5, 2.7 below).

2.3 Developers don't understand what «uses» means (INC)

The «uses» relationship between use-cases is misunderstood because developersht®mpare
with the usesrelationship between classeg) in the Booch method [Booch, 1994], where it
hasthe meaning of a simplelient-server dependency. In the latter sense, developers expect a
«uses» relationship to work in the same way as a subroutine call: they thitlietiising case
invokesthe used case as a whole, in an encapsulated way. Howasesy is defined as a
stereotype of aeneralisation relationship [Rational, 1997]; oither words, it is &ind of
inheritance between use-caseef akind of composition. Jacobson's original definition of
«uses» [Jacobson, et 8092] supportshis inheritance-like viewthe "used" cases are known

as "abstract" use-cases; and these are obtained by facotipgpcedural elements that are
common to several "concrete" use-casesh@same way that you woulcreate an abstract
base class. Furthermore, thising case'mayuse procedural elementstbke "used case" out

of order (sed-igure 1); whergwo or more cases are so usetements of eacmayeven be
interleaved bythe usingcase. It is clear that thfactored-out "abstract" use-cases are not
components to be used as a whole,iblerited base cases, whose (therefore unencapsulated)
procedural elementsreactuallyordered by theising cases. To avoid this confusion between
use-case inheritance and compositiontie minds of developers, the<uses» relationship
should perhaps be redefinedtime sense of straightforward procedural decomposition, for
which noobject-orientednodelling notation currentlgxists. There isnerelythe suggestion,

in the UML semantics document [Rational, 1997] that "component” use cases may exist.

/\

<<uses>>

Execution order: A, B, C, D Execution order: A,B,C,D,E, F, G

<<uses>> <<uses>>

Figure 1: Execution order in «uses» relationships



2.4 Return of control from an «extends» case is under-determined (AMB)

An «extends» use case has thpessible interpretations asg@mal control structure: either,
it is a single-branch conditional; or it is an exception; or itis an alterneanle CASE-tools
typically have totake one or other interpretatioleading to inconsistencies the way they
generate code. In tHiest interpretationthe «extends» casetigeated as th&hen"-branch of

a single-branch "if'statement - if the condition or guardsatisfied,the extension igmvoked
and afterwards control returns to the pointalf. The nain use-case continues uninterrupted
thereafter. In the second interpretation, the «extends» casatisd as a set ekception-
handling procedures, and the extension is deemed to termatmiermally. Control is not
therefore transferred back to thaimuse-case. In the third interpretation, the «extends» case
is treated as aalternativetrack to the rainuse-case. The extensioray continue forever as
an alternative history, corresponding to an alternative timeline on a sequence diagram;
may atsome point re-enter theain use-case.This point has to bespecified explicitly and
corresponds to an arbitragoto intstruction. Extension cases gvebably not onesingle
concept, but several concepts conflated into one.

The most straightforward reading of the UMemantics document [RationaB97] gives the
first interpretation abovéhe extension is "inserted into" the normal case). Howevehave
seenmany examplewvhere this interpretation cannot beth intended andorrect. Consider
the use caséoriginally due to Cockburn) for purchasirgjock goodsshown in Figure 2.
Instead ofsigning for the order, the customemnay choose topay direct by creditcard.
PayDirectis modelled as an extension tize SignForOrdercase. Interpreted assingle-
branch if, this means that an invoicél still be sent and have to be paieshich is clearly not
intended. Some of the subsequent partsraemded(the delivery of goods) but not others
(sending and payment of the invoice), requiring a peculiar re-entrant flow of control.

1. Place Order
2. Make up Order

3a. Pay Direct > 3. Sign for Order

<<extends>> 4. Deliver Goods
5. Send Invoice
6a. Return Goods 6. Pay Invoice
<<extends>>

Figure 2: Control flow problems in «extends» relationships

2.5 The «uses» and «extends» conceptual model leads to poor control structure (MIS)

The conceptual modelling fostered by use-cases seems initially attraativerces developers
down paths which leaidevitably tobadly-structured code. Instead of proper block-structured
designs with sequences, selections, and iterattbesyse-casenodelling approach leads to
code which is strongly interdependent and interleaved. In the case of«extends»



relationshipthe point of dispatclfrom the main case must be specified tine extensiorcase;

and there are thregossible ways in whiclthe return of contromay behandled(see 2.4
above), which must all be specified inthe extension-cases.Likewise, with the «uses»
relationship it isthe "using" casewhich must specify to wat part of the'used" case to
dispatch, how tmrder the proceduralements othe "used" case and whetheribterleave
them withany ofits ownelements, or elements other "used'cases (se2.3 above). There
are no longer single points of dispatch and return; in faafydevelopers have commented
on howsimilar this is to writing arbitrarygoto instructions. The apparesimplicity of use-
case modelling, based orthe notion of adaptation througheneralisation relationships,
thereforehides a huge complexity aebntrol-flow. Our developers concluded tkases» and
«extends» werdaux amisduring analysis, leading theaown unhelpful pathswhich later
proved difficult, if not impossible, to implement. Returning to Figure 2, consider that a
customemay later ReturnGoodsas an extension to thaylnvoicecase. This works locally

as an alternativirack, butfails to make sense the customehas already paid direct by credit
card (he would therhave totake additional steps to recovehis money; thiswas not
documented in thexample). Even simple examples like this exhibit unpleasant interactions
between different extensions to the normal use case.

2.6 The «uses» and «extends» generalisations are mutually inconsistent (INC)

If both «uses» and «extendsse to be understood as stereotypegesferalisation, which is
how they are currently defined in the UML metamodel [Rational, 1997], theratbaytually
inconsistent kinds of generalisation. The "using" cas¢hatinitiating end of a «uses»
relationship stands for a complete, whole use-edseh incorporates the "used” case, in the
usual manner of a child class that iseatension of its parent clas$his is consistent with the
idea thatthe "using" case inheritthe elements othe "used" case (see 2.3 abovéjgainst
this, the"extending" case atheinitiating end of an «extends» relationskipndsonly for the
alternativetrack, not thecombination ofthe normal caselusthe alternativerack (see 2.2
above). Consider:CreditPurchase uses GiveReceipbmpared with: AbortTransaction
extends CreditPurchaseA consistenview canonly betaken if the recommendatiomsade
above forharmonisingthe «extends»elationship with normal notions of generalisation are
accepted.

2.7 The «uses» and «extends» generalisations are inappropriate (ADQ)

Alternatively,the branching logic currentlgncoded with «extends» shouldt bedefined as a
stereotype of generalisatiomput as somekind of selection, or alternative composition
relationship. Similarly, «uses»may perhaps be better defined as some kind of sequential
composition relationship (s&3 above). According toour developers, generalisation is best
applied to "prototypical”" cases which genuinely extend (add monotonically to) the behaviour of
existing cases. Such cases exist, they are far outweighed by theumber of cases where
simple composition of behaviours is required, with selection, sequence or iteration.
Generalisation ishe wrongkind of relationshigfor modelling alternativéracks; and also the
wrong kind of relationship for expressing subroutine calls. Control-flow abstraetiensich

better if theyare encapsulated with single points of call aetlirn, like the oldfashioned
block-structured approach to control with sequences, selections and iterations.



3. Sequence Diagrams

Sequence diagranase UML's adoption of Jacobsonibject interaction diagramglacobson,

et al., 1992]. Originally, these were introduced during thesign ("construction”) phase of
OOSE, after objecinodels had been built. A single sequence diagram was doaveach
use-case, showintpe objects affected by eaclause ofthe case. Testefgmve remarked on
how useful this isfor ensuring thatevery system requirement is handled by some object
[McGregor, 1997]. As a result, sequemsedelling hagypically beenntroduced as ararlier
development activity, after use casmodelling. Our developershave sufferedmultiple
problems of interpretation herbpth as a result of the type/instancenflicts transferred
forward from use casmodelling, and also asrasult of the inadequate conceptualisation of
objects at thigarly stage. This isone of the occasions where iamplicit procesgorms in the
mind ofthe developersthey followthe order of presentation ML models inthe literature
[Fowler, 1997], despit&owler's explicit injunctiomot to dothis. In fact, it would benuch
more appropriate to concentrate on declarative specifications of each use case, than to proceed
to concrete sequence diagrams.

3.1 Sequence diagrams have two conflicting interpretations (AMB)

There is aconflict betweenthe original "for instance" andthe more recent "procedural®
interpretationsgiven to sequence diagrams. thre formerview (more oftenuseful during
analysis)the developer igescribingthe sequence of interactions for a single thread and for a
single branchithrough themany possible alternativ@aths in thesystem. Inthe latterview
(more oftenuseful during designthe developer is attempting specifythe typical course of

all interactions of this type. The analysis-centwgelv sits well with single-threaded non-
branching sequence diagrams (cf Jacobson's origiatt interaction diagramswhereas the
design-centred view requires multi-threaded, looping and branching syntax in sequence
diagrams, as introduced in UML 1.1 [Rational, 1997], in order to account for the viandas

of branching logic necessary jprocedural descriptions. Our developers hauéfered
occasions of misunderstanding becaus¢hefimplicit switch between thes®vo viewpoints
when moving from analysis tdesign. Theyfind reasons to criticiséoth applications of
sequence diagrams, as wgplain below, butfeel that theysuit better the "forinstance"
analysis viewpoint.

3.2 Sequence diagrams are considered too early by developers (MIS)

Our developersiave suffered repeatedly from anability to translate directly from use-case
descriptions into properly-constituted sequence diagrams, that is, whesieathsarrow is
genuinely arequestrom one object to anotheinvoking amethod. We think this is because
the kinds of object-conceptavailable at this earlystage of development relat@most
exclusively to humaractorsand to passivelatastore conceptsuch as letters, formgrice
records andtock records. There is a temptatiomtodelthe nouns in the description of the
use-case as the objects in the sequence diagranmaiiveone-to-one \ay. Sentencebke:

the warehouse manager looks up the price and the stockri=sdt in messages between the
external actor (th#VarehouseManaggrand object concepts representingreceRecordand a
StockLevelRecordecause this isow theclient perceiveshe system (or, because this is how



the legacy systenoperates). Insteadyrice and stock-level should molitely be access
methods of &oodsltenpbject. Likewise, we have seen sentences like:account executive
sends the rejection letter to the customesult in arrows between #tcountExecutivactor
and aRejectionLetterobject,which in turn has anarrow to aCustomerobject, intended to
illustrate how the letter somehow forwaitielf there. Here, the developers ackearly being
fooled into drawing something more like a workflow, or dataflow diagram, instead of a
properly constituted object-stimulus diagram. Wae found thamostexisting descriptions
of businessprocesses (such as ISO 90DB0sinessprocedure forms) are phrased tims
workflow-like manner and lead tall kinds of confusion with developers. To combat this, we
have forbidderour developers to draw sequendgrams untilafter all the object concepts
have been established usimgher techniques, such as CRC-candodelling [Beck and
Cunningham1989; Wirfs-Brock et al.1990], which is muchmore productive and has the
right behavioural focus for generating object abstractions.

3.3 The "main track" plus "exceptional tracks" model is a fiction (ADQ)

Sequence diagramgork from the premise that you cadraw a"main track” for thenormal
course and thesupplement this with "alternativieacks" for alternative courses of events.
This is a reasonable modfdr the handling of exceptions, bunhot particularly good for
handling ordinary decision logic.Our developersave great problems in identifyingwhat
should constitute thémain track”. This is becausenany businessprocedures are in fact
multibranching and each branch has equal importaneesight. One obur example systems
underanalysis is &redit reinsurance application, developed feubsidiary oBTR [Hung, et
al., 1998]. Inthis applicationthere are fouways aCredit Limit Applicationcan succeed and
four ways in which it carfail. The business logic istructuredsuch that early rejection or
acceptance cases are smfihthe "continue tanvestigate creditworthiness” cas&gich in
turn may lead to acceptance or rejection. lingossible to decide which t¢iese should be
considered thénormal course",sinceacceptance and rejectimccur with equal likelihood.
Giventhe constraints of use-casemantics anthe modelling naation (see 3.4 below), the
only feasibleapproach is to choose the "continuarteestigate” case ake "normal course”
and spin off earlyaccept and reject cases; howevbis strikesboth ourdevelopers and the
client as highly artificial. From the analysis point of view, it emphasisedarge use-case (the
“continue to investigate" caseyhich in all probability is a fairlynlikely pathway through the
system; the client tends to reject this as an inappropriate modethefway he views his
business. Frorthedesign point of view, it ipoor because it produces one large "continue to
investigate" use-case and lots aidlls out to the small "accept” and "reject" cases; the
designers consider this to Ip@or system modularisation. There are alternativevays of
breakingdown thebusiness logic into sequence diagramg, theseall tend to violate one or
other principle of the modelling notation. We discuss some of these below.

3.4 Use-case granularity conflicts with logical units needed in sequence diagrams (INC)

A use-case iglefined as some sequence of interactions thatupesdan observableenefit to

the participatingactor [Jacobson, ef., 1992]. The'observable benefittonstraint is intended

to ensure that use-cases havesudficiently large granularity to beworth representing.
However, we find our developers wanting to truncate use-cases at points where conditions and



branchingare introduced, because of the wesalpportgiven to branching anderation in
sequence diagrams (UMLO had no support; UMLL.1 has somesupport in theform of
"alternative timelinesfor objects - see also 3.8,8 below). Using the example otthe Credit
Limit Applicationintroduced in 3.3 above,different way of representirtipe cases is to write
a single case up to tHest early rejection point;then tospin off an alternativease if the
application isnot rejected, up to the point where it succeeddy. Ifthe applicationdoes not
succeed at this point, a new case can be effiuio represent its further investigatiamtil a
second rejection point is reached; andoso From thedesigners' point of view, this is a
habitable alternative, because each sequence diagygports a single branch of tlogiic and
is of a comparable modular size. Howeu&e granularity principlefor use-cases is now
broken,sincethere aremany cases spun-ofivhich donot correspond to aingle, complete
interaction of a user with th&gystem. The cases also acquindikely-sounding names in this
approach - considerEarly Credit Limit Acceptance that was Previously Not Rejected Early

b:B c.C b:B aA

[true]

[false] [false]

[false]

@ T () T ©T

Figure 3: Simple and pathological sequence diagram branching

3.5 Branching timelines in sequence diagrams can only handle simple cases (ADQ)

UML 1.1 introduced a branching logic whereby the timeline of an object can split at a decision-
point. This is shown by a forking tfe timeline intawo parallel timelines, which may or may
not besubsequently merged again later aymmetrical joinpoint. This increasethe power

of the "procedural” interpretation of sequence diagrams and removes the need tordamglop
small alternative sequence diagrarfr each case. Examples onthe Rationalwebsite
[Rational, 1997] illustrate a simple case, shown in Fid@{ed, inwhich alternative messages
are sent todifferent server objects; and rmoderate case, shown in Figure 3(b), where
alternative messagese sent to theameserver,which enters a different timelineor each.
These cases are batimple, becausall timelinesare mergedrom the viewpoint ofthe client,
after thedifferent branches have terminate@ur developersiave found a mucharder and
fairly common case, shown in FiguB¢c), inwhich the client objectenters an alternative
timeline as a result of a testypically, each such tiglinerepresents enutually-exclusivepath
through thebusiness decision logic; attiereforeall subsequent processing after this branch-
point is conditional ofeing in that particular branch. Ituslikely that timelinesnerge after
this point, or if theydo, then it is in a manner mucahore asily illustrated using a flowchart
than using a sequence diagram. This is becthesbusiness logidends to producenany
parallel timelinesepresenting alternative ways of reachihg same atcome, butwhich are
contingent onhaving passed througldifferent histories. To join thesgmelines usually



requires crossing over the pathsotiiervariant timelines, makinghe sequencdiagram very
cluttered.

In the Credit Limit Applicationexample(see 3.3, 3.4), onmodelling approach resulted in
eight parallel timelines runnindor an AccountExecutivebject. In a flowchart, thearallel
histories aremplicit and can be induced by following differgudths through the flowchart; it
is also much easier how themerging ofoutcomes aftedifferent decision paths havween
traversed. Our developers concluded that sequ#iageamsare notnearly asggood avehicle
for representing business logic.

3.6 Exemplar use-cases produce too many sequence diagrams (ADQ)

Taking the opposite "fonstance” interpretation of use-cases, masially adoptedduring
analysis,removes the need to shovanching,but forces thedevelopment oftoo many
exemplar sequence diagrams, eaolk corresponding to a single path through lihginess
logic. Our developers weraitially more comfortable with this interpretation of sequence
diagrams, since it did not require use of the inadequate branching logic, descalseabiove.
For anything other thantrivial businessprocesses, they founthemselves again coming up
against the use-case granularity principle &Gdeabove) irwhich ause-case wasot complete
unless it delivered an observable benefittiie participatingactor. In order tcensure the
completeness of each case in thee of multibranching business logibe developersound
themselves writingnanysequence diagranvghich had a large commaart, representing the
shared decision patltaken up to thdinal branch-point in théusiness logic. The amount of
effort required in generating the duplicated information was judged very unsatisfactory, despite
the fact that some developers were cutting and paBbng previous examples using CASE
tools. Many developers wanted tsplit use-cases dhe decision points, preferring modular
units that break at sequence, selection and iteration pbutit)is also breakghe granularity
principle for use-cases. Oulesigners recommended that we discardgtheularity principle
for use cases.

3.7 Developers put non-logical threads of control into sequence diagrams (MIS)

The kinds of problem described so far abowere elicited by our more experienced
developers, who understood thHexemplar® (analysis) versusprototypical® (design)
interpretation of sequence diagrams and tnasterstood théogical reasons foinitiating and
terminating alternativéimelines inobjects. It was far more often observed, amonglake
experienced developers, that sequence diagreene used inways that emphasized object
interactions at the expense pfoper decision logic. For example,one of themodels
developed for th€redit Limit Applicationexample(see 3.3, 3.4, 3.5 above) showesirgle
timeline in which a rejectiopoint was reachedyhich shouldlogically haveresulted in the
termination of the case; however, because of the CASE itoalhity to supportbranching
and alternative timelineshe developer had continuessing the very same timelindor the
“continue to investigate" cas&hich waslogically inconsistent. We have since emphasised to
our developers that a timeline must conclude where a logiatl terminates. CASBboI
problems aside (se&8 below), weconsider that sequence diagraare problematic where
they suppress the developer's perceptions of proper decision logic.



3.8 The CASE tools do not support alternative timelines (ADQ)

Some ofour developers considered that they were forced emtphasizingbject interactions
at the expense groperdecision logic, because tfe inability of the CASE tools to support
alternative timelines. We experimented wRhtional Rose '98vhich still onlysupportssingle
objecttimelines, and fountivo possible solutions tthe branching problem. Ione approach,
it is possible to illustratéwo alternative branches in a simple sequence-diagramlazyng
mutually exclusiveguards (conditional expressions) over tagows which initiate the
alternative processing streams. In thjgproach, shown in Figuré(a), thealternative
timelinesare describedequentiallypne after the other, but it isgically impossible to resume
or continue with a merged timelingast the endpoint odach branch. The timeline must
terminate at the end of @ecision paththe only thing whichmay follow at the end of a
completed decision path is the initiation of a different (alternative) decision path.

Those of our developers who favoured the "for instaeneélysis) viewpoint raised objections
to this solution. They didhot like thefact that alternative track@&vhich logically would
execute during theame time-periodjvere placedsequentially andvanted to have them run
concurrently. The second solution we developed was to alloliplawcopies of thesame
essential object tappear in a single sequence diagram, shown in Figure 4(b). Each copy of
the object represented an alternativeetine for that object. If ever an alternativieneline
merges with a master timeline, this is shown using a (dotédddn arrowwhich haghe sense
of a synchronisation or rendezvous (8€EL below). Some ajur developers didhot like this
duplication of objects; however one conceded advantage wabélthfferent messages sent
to themanycopies of an object were nonethelastomatically collectetbgether asnethods
in a single class, in the corresponding class diagram.

aA b:B c.C al:A az2:A b:B c.C

1 1

[true] [true] [false]
M |

T

[false]
no contirjuation alternative versions

€)) | past this |point (b)

Figure 4: Simulating timelines in CASE tools without them

3.9 Sequence diagram alternative timelines are easily misread (MIS)

One of the associated problems with branching was that timelines could be misread. In the first
of the two approaches suggested abovewlimch two alternative brancheare enumerated
sequentially, developers found it easy enoughvisnalise the alternativebranches in the
timeline whichcontained themutually exclusiveguards (see 3.8 above), kbey wereless

clear when followinghe history ofother objects in theame diagram. In sequence diagrams
which describe a "for instance” (analysis) viewpoint, rtdamally possible to follovthe thread



of processing irany singleobject by reading down itsmeline; but this isnot possible in the
"prototypical” (design) viewpoint. Developers transferring framalysis to desigriend,
accidentally, to merge the alternative processing streams cauti@dobjecttimelines that are

at several removes frothe object tireline in whichthe original branchingook place. We
emphasise that this is a problem of interpretation relatinigetdifferent semantics dhe same

UML model when it is used for analysis and design. It arises from taking a tecbngjoally
developed for elicitation purposes and then pressing it into service in a different design context.
We advised appropriate training to overcome this misperception.

3.10 Return arrows are indistinguishable from call-back arrows (AMB)

UML 1.0did not distinguish betweethe "return arrow" and the standdnadvocationarrow",
making it possible to confuse a call-back invocation whth termination of a methodThis
problem was discussed by Fowlerhis book [Fowler, 1997hnd was subsequently addressed
in UML 1.1. Here, a "returnalue” is indicated using @otted linefor the shaft of therrow,

to contrast with theolid line usedor a"call-back” invocation. Nonethelessiostpublished
UML textbooks andill the available CASEools do notyet supportthis refinement, making it
impossible to distinguisthe two in practice. Vith proper use of focubars (see below), it
would be possible to dispense witteturn arrows" altogether in synchronous computation,
since an answer is alwaymsplicit in the original message-send-However, wehave found it
extremely hard to dissuadeur developers from usinghe return arrow inthis sense,
particularly if they have a dataflow-based mindset. This is a conceptiadll acting against
the interests of object modelling and allowing developers to produce dataflow diagrams.

3.11 Return arrows are indistinguishable from rendezvous arrows (AMB)

A different problem, which hasot beenreported before, is the fact that itsidl impossible in
UML 1.1 todistinguish aendezvou$rom a simplesynchronouseturn. A rendezvous occurs
where a process hagseviously forked, using the "half arrowhead" asynchronousessage
notation to indicate that the remote focus bar is deemed to exeqaeailel withthe local
focus bar. At some future point, the spun-off concurrent process retvatigeato itscaller
and thecaller must synchronize witky in order toreceivethe returnvalue. We considethat
this rendezvous case is important to illustrateceotherwise the diagram-reader couter
that the spun-off process continuadefinitely without returning to itscaller. We use the
dotted-shaft arrow to indite a rendezvous, showitige point atwhich the spun-off process
must synchronize with its caller. This, however, creates confusion with the ughgsaaow
in the sense of a simpteturnvalue. Eventually, we had to recommendota developers
NOT to use thalotted arrow in thesense of a siple returnvalue, since thisnay beindicated
implicitly in the sending of messagésee 3.10 above) and thesting of focus bars (s&e12
below), whereas a rendezvous must always be indicated explicitly.

3.12 Focus bars have several conflicting interpretations (AMB)

Our developeriave complained repeatedipout themeaning ofthe focus barsin sequence
diagrams. A focus bar is a thin rectangle that is plam®d anobject tineline during the
period inwhich thatobject is active. However, thmeaning of "being active" is undefined and



ranges from: "executing a concurrent thread" to "activating a Stacle". Inthe available
examples from Rational [Rational, 199There are cases where the focus bar is used to
indicate, stylised here in Figurg(a) a concurrently-executing thread in each sdveral
distributed objects; 5(b) the collapsing of several stack-frames corresponding (probably) to the
time an object isctivated, that is, receives its first messageaungd it yields its last return
value; and5(c) a stack-framevhich is created anew for each method invocation. The
meaning of(a) could bemplicitly distinguished fronthe othertwo, provided thatll message-
sends were indicatedsing the asynchronous arrowhead astirendezvous indicatedsing
dotted-shaft arrows. WHhink thatthe usage in Figure 5(layises from developersot being
careful enoughabout the stack-frame semantics of Figu®(c), which would require
overlapping focus barboth for self-delegatiorand call-back invocation, as illustrated (see
3.13 below). The usage (b) sloppy" and ofteroccurswhen sequence diagrarase used
during analysis, to indicate that abject is somehow ftsy" without wanting to draw
attention to thenumber of levels of invocation it hasuffered. When such models are
transferred into design, it becomegossible toput any sensiblenterpretation on the use of
the focus bar.

aA b:B aA b:B aA b:B
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Figure 5: Thread, activation and stack-frame semantics of focus bars

3.13 Focus bars are used inconsistently in sequence diagrams (INC)

In Jacobson's original intentigdacobson et al., 1992], focus bars were used to demonstrate
graphicallywhether a centralised (comb-like) or decentralised (stair-like) cattradture had
been designed intthe model. Irthis contextthe mostikely interpretation of a focus bar is a
stack frame In UML 1.0, focus bars are optional amay beswitched on or off byhe CASE
tools. Inthis case, theyare considered redundanthen in fact they do bear important
information about methodermination. Without focus bars, it becomes imperative to use
return-arrows to indicate the termination of processing in one object apddsiag otontrol

back to the caller (but see 3.10, 3.11 above for problems with return arrovés)fodMs bars,

the simple return-valuarrow is nolonger necessary, sintiee stacking of invoked methods is
made cleawisually from the lengths ofthe focus bars. In UML 1.1this idea was taken
further, using overlapping focus bars tenoteself-delegationor the fact that an object may
send a message to itself to caoyt some sub-process aart of the current process it is
executing. Unfortunately, this principle of overldatus bars wasot extended (as ghould

have been) to call-back messaging. Where an object sends a message to an already-activated
object, then this should be shown by an overlapping focus bar, as shown inSt@labove.



Against this, UML1.1 does noimandate such overlapping bars for nested invocations for any
case other than self-delegation, which is an inconsistency.

4. Collaboration Diagrams

In UML, both sequence diagramandcollaboration diagramsare considered to dends of
interaction diagram showing alternative views othe same sequence of messages sent
between a group of objectsThis reinterprets the notion of a collaboration iway that is
inconsistent with theriginal literature on collaborators [Beck a@inningham1989; Wirfs-
Brock and Wilkerson, 1989; Wirfs-Brock, et al., 1990]. In particular, UML has no nioalel
exactly corresponds to theollaboration graphfrom Responsibility-Driven Desig(RDD), a
design-levelconcept with astrong client-server flavour. As a result, UMdoes not, and
cannot currentlysupport the importargubsystem identification and design-level optimisation
stages of methodsfluenced byRDD, such aOPEN [Firesmith, et al., 1997; Henderson-
Sellers, et al.1998]. We consider thahis weakness idue to UML's heritagérom OMT
[Rumbaugh, et al1991]. It is strong omodelling alstract relationships between concepts in
the analysis domainyhere these relationshipsay havemanydifferent semantics. It is weak
on isolatingthe important client-server dependencies, motivated by thecoeaihunication
requirements of theystem, whichbear strongly on the modulatructure ofsystem-level
design. Our criticisms in this section focus on the inadequacy of UML for system-level design.

4.1 The term "collaboration" has lost its proper distinctiveness (AMB)

In the original CRCapproach [Beck an@€unningham1989] and theResponsibility-Driven
Designmethod [Wirfs-Brock, et al., 1990], the term "collaborator" had a partiowdaning as
the server-class owhich some client-clasdepended, for th&ulfilment of its responsibilities.
A "responsibility” was a terse statement of purpose, corresponplgntially to several
methods. A "collaboration” was a static client-server relationship, represerfumgtional
dependency, and supporting potentiathany message interactions witthe collaborator.
Unfortunately, in UML the term "collaboration" isot differentiated sufficiently from
“interaction”, meaning a single messagiergent between a client and a server instance. A
distinct notion of "collaboration” is a prerequisite for reasorahgut tinctional dependency
and system coupling. A "collaboration" is (should be) a type-lesakept, whereas an
“interaction” is an instance-level concept.

4.2 A collaboration diagram is not an interaction diagram (INC)

A collaboration graphin RDD [Wirfs-Brock, et al., 1990] wasriginally a static directed
graph of client-server class couplings, whereamow represents aifictional dependency of
oneclassupon another. The collaboration graph wdaithful measure of system coupling,
being derived fronthe inter-class references neededupport actuainessaging between their
instances. The collaboration graph was an essentiafdoahvestigating system coupling:
mutually-linked classes or classes linked in ringald be esily identified. The system could
then be transformed toninimize contracts” (i.eminimizethe number of distinct client-server
interfaces, in [Wirfs-Brock, et al., 1990]) attiereby reduce "reabystem coupling. Against
this, the so-called "collaboratiahagram” of UML ismerelyanothemamefor akind of object



interaction diagramillustrating actual message sequences between instances, rather than static
relationships between classes. In its canonical ftine,UML "collaborationdiagram” is a
portion of an objectdiagram (instantiatingpart of aclass diagram) with undirectdihks
(instantiating static associations) which are superimposed arrows representingstraling

of messages. A single UML "collaboration diagram™ typically follbiesconsequences of one
external message-send, related to a single use-case, and so conlgesaome of the objects

in the system.

4.3 An interaction diagram cannot be coerced into a collaboration diagram (ADQ)

The UML semantics document [Ration2B97] claims to allow arRDD-style collaboration
diagram as an additionalption. Howeverthis is supposed to be obtained i®moving
messagearrows andreplacing instances by classes in a canonical UML "collaboration
diagram”. This guideline imadequate. Such a transformation wayfacally resultonly in a
partial model ofthe system andhot give atrue measure of coupling; more importantly,
without themessagearrows, it would bempossible to determinghe direction ofclient-server
dependency betweehe classessince UML associationare undirected; furthermortbey
correspond tosemantic relation®ther thanfunctional dependency (sek4 below). We
consider it a failure of UML to havaisunderstood the nature and purpose of a collaboration
diagram. To rectify this, we should have to say that an RDD-style class collaboration diagram
is constructed byonsideringall object interaction diagranfer a systemgdiscardinglinks
which do not supportmessagingput convertingall others into a single directed arc for
unidirectional messaging and two reciprocal arcs for bidirectional messaging.

4.4 A class diagram cannot be coerced into a collaboration diagram (ADQ)

Some ofour developers askeahy theycouldnot use a UMLclass diagramo represent the
same inter-class dependencgptured in an RDD-style collaboration graph. There are
significant differencedetween thawo kinds of diagram: in particulathe connectionfrom
class to collaborator in RDD are derived from a full knowledge of real communication between
their instances, and correspond tfuactional dependenayf theclient classupon the server,
rather than some imagined association between entities @ntigsis domain, as WML.
Furthermore,all client-server connections arBrected in RDD; mutual coupling must be
indicated usingwo arrows. This is quite different from UML associationshich can be
interpreted either in anndirected or bidirectionalway, depending on whether role-names are
attached at the association ends. Associations represent abstract connectioasatygise
domain,rather than reatlass references e design domairfsee 6.2, 6.3, 6.5 below). The
RDD collaboration graph corresponds moktsely to a class diagram containiagly uni-
directional associations, eachaving only the semantics of a client-server functional
dependency. To achieve thatherkinds of association and dependendgté dependency
existence dependencwyould have to beletected and removdtom a UML class diagram.
Furthermore, there is no guarantee thaflass diagranbrought forwardfrom the analysis
phase would contairall the eventual client-server collaborations neededsupport real
messaging. Basically, a (genuirm)laboration diagram caonly bereverse-engineered from
full messaging information and cannot be forward-engineered from a class diagram.



4.5 A duplicate interaction model is not required (ADQ)

Our developersiave occasionally questionélte purpose ohavingtwo kinds of interaction
diagram in UML (the "sequencealiagram” andthe "collaboration diagram™). These two
modelsarenearly equivalent, ademonstrated by the Rose @®l, which cantransformfrom

one to the other. The "collaboratidiagram"may contain additional informatioaboutinter-
objectlinks, but otherwise it is a cosmetic transformation of the "sequdrag¥am"”. Our
developers were familiar witthe idea of building complementary system modéte so-called
"orthogonalviews" of a system) and found that UML was counter-intuitive by providing two
versions of exactly the same model.

4.6 A genuine collaboration diagram is still required (ADQ)

Instead, it would be moreseful to have a genuine collaboration diagram. We have explored
the use of the RDD collaboration grapi$imons andSnoeck, 1998]Jfinding it a necessary

tool to identifysituations wheraystem-level design transformatiomsy beapplied to reduce
cross-coupling and interdependenciwo main kinds of design transformaticere possible.
Faced with a closed ring of collaborators, a superordinate entity is introduced, corresponding
to aMediator patternf[Gamma, et al.1995], which aggregates over threembers othering.
These therefore no longer need rt@intain collaborations with each other. Instead, the
collaborations supportethdividually by the members ofthe ring migrate tothe aggregate
entity, which mediatesany residual communicatiobetween themembers. The second
transformation involves identifying groups of clients which collaborate with the same server. If
the servelinterface used by eaatlient overlaps taany degree, then generalized entity is
introduced as the parent of tbkents. Thendividual collaborations between each client and
the server are merged as a single collaboration between the parent and theTssmy@ate
Method andCommandpatterns aréypically generated by thiprocess. This kind of system-

level design modellingpresent in RDD andiscovery[Simons, 1998] is abseifitom most
object-oriented methods, and cannot yet be suppolgady by UML. Thiscould befixed if

UML were toadopt thekind of RDD collaboration diagram outlined above, in 4.2, 4.3,

This could besyntactically similar to a clasgiagram,but with directedarrow connections
representing client-server relationships.

5. State and Activity Diagrams

UML's state diagranderives fronthe dynamic modebf OMT [Rumbaugh, et al., 1991] and
ultimately from Harel'statecharts It is an extension of a finits&tatemachine in which each
state at ondevel of descriptionmay beexpanded to a substateachine at a finer level of
granularity. Entering a superstate corresponds to entering a subatdtme; arcsleading
from the superstate indicate exit transiticm@nmon toall substates. The standard event-
driven model of computation is also augmentecekira program conditions restricting arc-
traversal.

Statecharts are weery good formalism for representing aystem which hagontrol states.
Such a system has various functievigch areenabled and disabled during lifetime. This
kind of systemcontrastswith a standard hrarchical menu-driven system, wheaBy system



operation iszqually likely to beselected aany time. UML'sactivity diagramis a variant of a
state diagramin whichthe states are "action statesigeaningsome mode of systenperation

in which aparticular computation is enabled aexkcuted. The term "action state" contrasts
with "datastate”,such as "stackull’, andmayeven be compared witie "action” box of a
traditional flowchart. An activity diagram is otherwise likérate statemachine withprogram
conditions on its arcs, rather than events. Concurremy berepresentedising Petri-net
style transition-bars to indicate concurrent dispatch and synchronisation points.

5.1 Statecharts were originally for system-level control modelling (MIS)

Most object-orientedmethods seem to assume traate diagrams arenly useful for
modelling the life history of single objects. This smaller-scale modelling is disekpecifying
class designs and later testing the behaviour of individual objects. Howewaretkemphasis
on object statebas tended to obscutiee original intention behindtatechartsywhich was to
model whole systems in terms of their states, or modes of operatiosLsydtems have either
a hierarchical control structure (representalsimgeg JSP structure charts), omade-based
control structure (representable using a Harel statechart).

5.2 Activity diagrams are considered too late by developers (MIS)

The lack ofproper control-flowsemantics in use-case and sequence diagrams (see above) is
quite adequately addressed in the UMddttivity diagram [Rationall997]. However this
diagram hasot received the attention it deserves, and is often relegated to a late stage in the
presentation of objeatodelling techniques. It igypically ignored by developers, despite
Fowler's recommendation to consider it earlier [Fowl®&97]. We have found uiseful to
analyse systertasks in theearly stagesusingthe logical equivalent of activity diagrams (see

the precedesandinvokesrelationships betweersksin the OMLtask model[Firesmith et al.,
1997]), to order the tasksd show how some are consequent on others. Howevéguee
found it hard to persuadeur developers to go direct from use case modelsadivity
diagrams in UML. Instead, théyave been misled ke prominence given tother nodelling
approaches in thpublishedliterature to proceedirectly to sequence diagramshich we
showed above were introductab early. Activity diagramsretypically consideredoo late,

on the other hand.

5.3 Activity diagrams are not supported by CASE tools (ADQ)

Unfortunately, Rose '98 anather CASE tools do noget supportactivity diagrams. This
means that there is moechanism t@ompensate for thgoor control flow mechanisms ofise-
cases and sequence diagrams in most tools, which support UML 1.0 only.

5.4 Use-cases compete with state diagrams for control modelling (MIS)

We have experienced, amoagr developers, occurrences of the "use ¢asdar" syndrome,
in whichthe developer tries to programo much ofthe system logic into hisise-cases, where
it would be more appropriate teave this refinement tthe laterdesignstage. Ann-Flight
Shoppingsystem was developed withany exceptional use-cases for eaeghe the "abort"



button was pressedThis was a considerable expenditureeffbrt, which could havebeen

saved if the developer had not attempted to capture so much detail initially in the use cases, but
instead had producedstatemachinefor each shopping transaction. In each such transaction,
there wereonly two kinds of"abort" state, one iwhich nofurther action had to be taken and

one in which the transaction had to be "undone”. We biznee advisedur developersiot to

proceed to the finest level of detail in use case descriptions. Instead, they are advitad to

the broadlines of each businessransaction, ignoringhe ways in whichthese may be
interrupted or abortedntil later on in the developmemycle, whenthese concerns are

addressed in state models.
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Figure 6: Exposing events and states concealed by conditional transitions
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5.5 Conditional transitions conceal a duplication of control states (MIS)

State diagraméave been extended wittonditional transitionswhich, if useduncritically,
completely undermine the purpose of statemachine formalism.The assumptiobehind any
statemachine model is thahe states and arcs somehow capélirthe salientaspects of the
flow of control in a system. What happens next is determined uniquely by the stateahd
the nextevent(input, messagestc.) thatarrives from outside.However, once you introduce
an additionalcondition onto an arcthis spoilsthe simple assumption above. Ts$tates no
longer capturall the salientaspects of control. To seehyw considerthe threeequivalent
heating systems in Figure &tatechanges ir6(a) are governed by temperature eventt)
extra timing conditions. In 6(b)statechanges are governed kiyning events, with extra
temperature conditions (showing how you can falrselfabout thereal events in a system).
In 6(c) theconditions are revealed for whheyare: extrehiddencontrol states. Because of
this possible self-deception usiegtra conditions, wéave trainedur developers to explore
the full statemachinesobtained by expandingut conditional transitions, so that theye at
least aware of the number of real states in the system.

5.6 History icons conceal a multiplication of state machines (MIS)

The normal interpretation of a substatechine is thatraversal always begins from an
identified defaulistarting state Harel allowsthe placement of a "history icon" teignify that a
superstateemembershe last occupied substatehenthe superstate is exited. Upon reentry
to the superstate, the substatachine resumewhere it last left off. This enrichment was
adopted in OMTRumbaugh, et al., 1991] and Boof@ooch, 1994], but noyet explicitly in
UML. We hope that UMLdeclines this enrichment, since dbrresponds to a repeated



duplication ofthe entire supestate machine, once feach alternative remembered substate.
(Unfortunately, we have just heard that the draft UMLaln2s toincorporte history markers).
We have shown our developers how state machines with history icons corresputiiptied
state machines, as a means of discouraging them from using the history icon.

6. Class Diagrams

Class diagramare perhaps the best-known and best-undergitaddof UML, sincethe "class
boxes" in the diagrams translate in a straightforweasl into program classes. Thereliitle
doubt as to what the notatiomeans. For this reason, developefsel theyare onfirm ground
when confronted with alass diagram. Paradoxically, this can lead to overconfiddterethe
analysis stage and inadequate object modellitigedesignstage. Theeal strength oUML's
class diagram is itability to capture a wde variety of semantic associationghich are the
perceived relationships between entitiesthe analysis domain. UML is more like OMT
[Rumbaugh, et al., 1991] in its treatment of associations as abstract connections, léed less
Booch [Booch, 1994]which is clearer about the structurdlas and functionaluses
relationships, wherthe latter are based on real client-server dependency. The associations in
UML may correspond to anticipated, but as yet uninterpreted connections, ttegatadency
and multiplicity relationships, asised in traditional entity-relationshipodelling, to existence
dependency relationshigshe derived association of OMT, which indicated an existence-
dependent property or entity), and ats@ntually to client-server dependencies. Thisverg

rich representatiowhich franklyconfuses developers. Itm®t somuch thathe semantics of

the associations are poorly specified (they are among thecleady specifiegparts of UML),

but thatany one of these perspectives takiadividually would drive the designstage in a
different direction, based on whettike number ofdatafiles, inter-module communication, or
object creation order were being optimised.

6.1 Class diagrams tend to fix object abstractions too early (MIS)

Class diagramaretypically developed to modé¢he analysis domairhefore alternative object
conceptshave been explored. We have found that developers tend to propose the most
obvious domain nouns #se object abstractions in the application, whereas a more considered
approachmight experiment with differentibstractions, testing them for thdinctional
salience irthe context of thapplication. The objects gposed by oudevelopers correspond
typically to passivedatastore conceptsthis is not surprising, consideringhe influence of
entity-relationship modelling 0®MT [Rumbaugh, et al., 1991] and so on UML. Ih&t that
concepts such amvoice and Paymentare wrong, but rather that once thdseve been
identified, therour developers tend to want &scribeall remainingmethods to these objects.
The gestalt of thanalysis class diagram inhibitsore productivehinking about moreactive,
"agent'-like abstractions. We have seexample class diagranfer a Lending Library
application in whichborrow is attachedariously as a method @&orrower (accepting @8ook

as its argument), or as a methodobk (accepting &8orrower), when in fact it should be the
constructor for doan owned andnitiated by alLenderabstractionywhich hascontrol over (is
responsiblgor) the resources lent out. #sponsibility-driven perspective [Wirfs-Brock, et
al., 1990] would capturehis idea atthe outset. Again, in the Credit Limit Application
example (see 3.3, 3.4, 3.5), wdave seen a majority of methods assigned to the



AccountExecutivebject,which has god-likestatus, compared to tlpassiveRiskAssessment
andCountryAssessmefdrms. This is inadequate objenbdelling: insteadthe behaviour of
the AccountExecutiveeeds to be distributed over a societynainager-like abstractions, each
of which handles part of the real executive's job. AbeountExecutivéself could become an
instance ofthe Command pattern [Gamma, et al.,1995]. Eventually, the form-like
abstractions should be replaced by searching-agemnth take onsome of theexecutive's
tasks and record the results of searches in their state.

6.2 Associations in analysis obscure real connections in design (AMB)

Associations between classa® undirectedtypically labelledwith the role-nameplayed by
each entity at the ends of the association. The rolassaadly symmetricadnd correspond to
perceived relationships ithe analysis domainand donot alwaystranslate into necessary
connections in theadesign domain. Associationsorrespond tomany different kinds of
semantic dependency, such data dependengywith its multiplicity and optionality
constraints; existence dependencyith its connascent creation and deletion semantics; and
functional dependengyvith its client/server invocation semantics. As a resuit,developers
become confused overich associations tonplement as inter-class referenceshiedesign.

In particular, we have seen examples of class diagramkigh perceived associations in the
analysis domain dichot eventuallycorrespond taany usefulclient-server connection in the
design domain, and the opposite case, functional dependency relationships implieddadthe

of message-sending whielere not capturednywhere as static association<liass designs.
Our developerseport thatthey find too many possible associations in thenalysis; they
would prefer some more constrained approachmtodelling. This problem concerns
identifying the real client-server connectioftem the total set of associationshich could be
addressed by a propggmantic characterisation of collaborations, as discussed in section 4. A
different problem concerns the divergent pressures on design (see 6.4 below).

6.3 Automatic translation of associations can lead to poor design coupling (MIS)

Recently, various articles have appeared discussing the possibility of automatic translation from
UML analysis diagrams into designs which implentéetse models.While this is a clever

idea, we wish tgoint out thatthis abrogates theesponsibility ofthe designer to ensugood
coupling characteristics ihis system. We have seen examples of undirected associations
which our developers have implemented as bidirectional class referehees,the connection

is only ever traversed in one direction. Associations with rhuftiplicity are usediniversally

to justify set-valued attributes and mutual interdependency relationships betlesses,
corresponding to something likkbe Observerpattern, where a mogadicious analysis might
suggest the appropriaggplication ofthe Mediator pattern[Gamma, et al., 1995]. InReal

Estate Agenexamplethe Property being soldvasmutually connected both to theurchaser

and to thevendoras a result of direct translation framalysis. The developer wasnhappy

about the fact that every house in his database had to have attributes for a buyer and seller. He
was advised to béess literal in histrust of analysisdiagrams. Instead, §aleContract
mediator aggregates ov&urchaser, Vendoland Property and these damot have any
connections to each other.



6.4 A class diagram and a data model are different things (AMB)

Because UML capturasanydifferent kinds of semantic relationshiptine same analysis class
diagram, competing divergent pressusémt toapply inthe designstage. If weassumehat
the function of alassis eventually to define some kind of collaborataggentwithin a system,
then thefunction of aclass diagramshould be more like thend of RDD-style collaboration
graph described in section 4 above. We encounagelevelopers to takéhis client-server
perspective only, if they wish to produce class diagrams in which directed associations translate
into real references used in the desighhis is quite different fronthe data dependency
perspective,which is appropriate wheroptimising the independence oflata files for a
database. Then, we amet concerned aboutlient/server relationshipfut only M:N data
dependency. In theystem desigrstage ofany method, one strives to reduce inter-module
coupling, essentiallyminimising the number of connections betwegrarts of thesystem.
Entity-relationship modelling ithe appropriatelesign techniquéor minimising associations.
This technique is intended to remothe direct connections between entitvesich can be
reachedindirectly through others (generating tlse-calledaccess path The result (up to
3NF) is a set ofiles whichare optimised for independent access amodification, suclhthat
changes are picked dproughout thesystem, no matter wh#te initial point of access.This

is quite different fronthe design pressures operating whaimimising the number of distinct
client-server interfaces between collaborating objéitte "minimising contracts" phase of
RDD [Wirfs-Brock, et al., 1990]). Tdandlethe needs of inter-objeatommunication,
connections areecessary which violat8NF from the datamodelling perspective. Instead,
Mediatorpattern aggregations are created different locations tharthe linker-entities
mandated by ERM. Thesenplications of the difference between functional arghta
dependencyre notreally recognised in UML; but are recognised in Offliresmith, et al.,
1997], which asserts that dataodellingand classnodelling are different activities, therefore
class diagrams should be less influenced by data modelling techniques.

6.5 Fine semantic labelling of associations may be a waste of time (MIS)

Many notations,including UML [Rational, 1997] and OMLFiresmith, et al. 1997] make a
greatdealout of the semantic labelling oflifferent kinds of association. Wae naturally in
favour of improved semantimodelling in general;but have come taloubt whethesll the
effort initially invested in analysis diagrams is eventually worth it. Our developers agonise over
whether a particular association ic@ntainment or anaggregation or someotherkind of
using or dependencyelationship. Aggregationsin UML are then eitheexclusive(black
diamond) orshared (white diamond); the notion ofdependencymay correspond either to
existence or functional dependency. Othéinds of semantic characterisatiane possible,
such as whether a generalisation relationship formexalusive/overlappingr exhaustive/
extensibleset of partitions. How many ofthese characterisatiorventually impact on the
design? So far, we have oriyund that the 1:Mmnultiplicity/optionality constraint inanalysis
(which mapsonto decisionsabout set-valued objectahd thecombination ofexclusiveand
connascentownership (which map®nto decisionsabout objectembedding and object
database clustering) have any significant impact in later design. There may be others.

We have found thatour developers investtoo much effort in the initial semantic
characterisation of thanalysis domain, thinking that thisliwhelp inlater design. In fact,



many of these characterisations are irrelevant later. Considéiethiatortransformation (see
4.6, 6.3),which is applied toreduce inter-object coupling. It matteigle whether the
Mediatoris a true composite aggregationRactanglewith its Point origin andInteger sides

a shared aggregation: VdordProcessoand aSpreadSheewhich both share &pellChecker
and a GrammarChecker or simply some kind of coordinatingbstraction, such as a
SaleContractwith its Purchaser,Vendor andProperty What mattergventually is that the
system design is layered properly and unnecessary cross-connections between objects are
removed. The only relevant concern in design is whether élrergually has to be a reference
from oneclass toanother. Noticeagainhow a singledesign transformationyhichintroduces
new object abstractionmay completely invalidate or removhe sets of connections between
objects onwhich the fine semantic labelsvere placed. On thether hand, there areases
where thekinds of semantic labellingdvocated iranalysis fail tocapturecommon properties
of designs. The combination ekclusive(having onlyone owner) andonnascen{born and
die atthe same time) ownership means thia life of one objectwholly depends on another,
so the dependent objectay be erbedded (by value) ithe master object in C++This is
irrespective of whether the association waginally marked as @omposite aggregatiqror
simply adependenéssociation witlexclusivesemantics.

Although we recognise this is a potentially contentious point of viewealeghat aot of the
effort spent inabelling initial analysis diagrams isveaste oftime, distracting developefeom
the more important, bubo often neglected, creative amt/entive objectmodelling aspects.
Investing effort inearly labellingacts as a@lisincentive to making radicetansformations to the
structure ofsystems, something which is usually badgeded. In théiscovery method
[Simons,1998], semantic labelling oflient-server connections it performed untilafter the
system design has stabilised; and fewer bipaoperties are needed to characterise the space
of possible implementations. Inther respects, the focus of effort dabelling and
distinguishing different kinds o&ggregationand containmentto identify these aparfrom
normal associations is probably misplaced. Asneted above (see section 6, introduction),
more important semantic characterisations of associatiotiseinlass diagranare whether
these correspond talata functionalor existencalependency relationships.

Conclusions

We emphasise that sometbé problems describedre notunique to UML - forexample, the
class diagrams ahanymethods allowsimilar ambiguous shifts ointerpretation between the
data-dependency and client-server views; and Harel statechasidopted byseveralother
methods. However, we used UML as the exemplar model notation wioiiment; and good
many problems had their origins in inconsistency amabiguity in UML. Weare aware of
several other surveys of UML in preparation thadre due to report on theemantic
inconsistencies and ambiguitipsesent in the notation. It is nomidely appreciated that the
so-called "UML semantics document"nst in fact aformal semanticstather it is a meta-
syntax description. The meta-model is, if yaill, the BNF forwell-formed UML models, but
does notinterpret these. We expect that forthcoming surveys address theformal
semantics issues properlyOur survey here is different, in that we have considéehredway
developers embrace and use UML, irrespectiveh@is well or badly defined it is. The
cognitive issues surroundinipe focus of developers' attention, hdls is engaged and



directed, are at least as important as the stasiges of model semantics. By problem
category, we identified the following counts (totalling 37):

INC (inconsistency) @&ounts
AMB (ambiguity) 9counts
ADQ (adequacy) 10 counts
MIS  (misdirection) 1Zounts

When analysing these counts, we decided to let the AMB and MIS scores reflect equally on the
inexperience othe developers and on thehelpfulness othe notation. Considering first the
problems of ambiguity (AMB), it would be possible to train developers to interpret models in a
particular way,but thenagain,the models should be better defined and showd permit
developers t@et the wrongdea. Thehigh level of misdirection$MIS) encountered in our
survey was quite worrying. One thfe ECOOP reviewelseptraisingthe issue that surely all

of theproblems with UML could béxed by insisting on a better declarative semaribcghe
analysis modelsand thatgooddesign is surely a atter of arbitrary choice in theay in which

the semantics othe analysis modelsreimplemented. We disagree time basis ofthe MIS
scores,which indicatethe number of times developemsere "led up the garden path" by
particularanalyticalapproaches. It should be obvious from Gestalt psychdlogyimportant

initial conceptualisations are; and hawch they influencesubsequent concept formation. If
the initial view of a system is a semi-normalisgdtamodel, and if communications between
entities are conceivenitially as workflows (dataflow byany other name), then substantial
effort has to be invested to untlte effects of these first perceptionghis isnot simply an

issue of selectingne designapproach from amonmany, it involves going againghe tide,
fighting against the conceptual clutter in the minds of developers.

The INC scores reflected gmoblems withthe consistencyf UML, whereas the ADQ scores
reflected on problems witthe completenessf UML. These counts suggested that further
revisions to UML were necessary. In particular, the autidergified manyproblems with the
controlflow logic in use cases and sequence diagrams;thembsence of aropermodel to
illustrate client-server coupling fosystem design optimisation. The interestedder is
referred to alternative treatments of these topics in the methods SOMA [Graham, 1995],
Discovery[Simons, 1998] and OPEN [Firesmith, et al, 1997; Henderson-Sellers,1&94],

Here, taskanalysisreplaces use cases; and tdlationship betweetasks corresponds tear
sequence, selection and iteration compositions. Class diagmnmespond to proper client-
server graphs, allowing the system design stage to proceed smoothly.

We have frequently highlightetie problems in using UMlfor design,not because we assume

it is only useful for design, but because the conceptual activities and techniques assahiated
building UML modelsare not asvell adapted fodesign as thewere foranalysis. Use cases,
sequence diagrams and association-based class diageamariginally intended asnformal
techniques to help elicit information the analysis domain. These same modetre now
pressed into service as desigrefacts, documenting contrstructures andlata structures
which, frankly, fail to make sense. Paradoxicallh)e successive revisions to UMhave
emphasisednore and more thelesign-levelusage of these same models, with increased
support for direct code generatiom UML casetools, such as Rose '98This canonly lead



to further problems, as developers discover how thiial analysisconcepts do naransfer
well to designs that generate quality code.
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