
Towards Healthy Conceptual Modeling: the Remedy 
of Formalization 
 
There’s something bizarre in the state of conceptual modeling (CM)1. In 1977, CACM 
published article [1], now considered classic, where the benefits of using aggregation were 
clearly demonstrated. By the end of the nineties, UML accepted the construct into its arsenal 
and enriched it with a synonymous name “weak composition”.  In 2004, CACM returned to 
the issue and published article [2], where basically the same thesis about aggregation (now 
under the name of composition) was claimed again.  This time, however, the argumentation 
was quite disorderly.  
 
First of all, the reference to composites in [2]’s title is misleading. No aspects of composite 
semantics apart from multiplicities are taken into account, and composite links are thus 
reduced to ordinary links. The real content of [2] is a comparative analysis of associations vs. 
reified associations rather than compositions. Yet even in this simplified setting, [2]’s analysis 
is full of ambiguities. The first reading of the article makes a vague impression that something 
is wrong with their argumentation. It tempts the reader to look closer at the arguments and try 
to make them formal. Fortunately, in our case formalization is easy and at once brings the 
flaws of  [2]’s analysis to light.   
 
Indeed, formalized description of examples considered in [2] shows that their analysis in [2] 
does not clearly distinguish between a real world fragment W and its model M. Nor does it 
articulate relations between the models themselves.  For example, the authors consider 
questions that make sense for W and its possible model M2, but have nothing to do with a 
poorer model M1, presenting only a view to M2.  Posing such questions against model M1 
leads, of course, to strange conclusions, which the authors interpret as M1’s fault. However, 
M1 is merely not intended to answer these questions.  In another fragment of their reasoning, 
while analyzing a model M, the authors turn to the analysis of another model M*, without 
noticing it, and then apply the results back to M. Not surprisingly, this argumentation leaves 
the reader seriously  puzzled.  
 
Unfortunately, such an ambiguous style of reasoning is not an attribute of just one paper. 
Rather, it is a common feature of the writing style accepted in contemporary CM, which 
seems to be loosing the high standards of clarity set by classics like [1] or [3].  One cause of 
the phenomenon is, of course, that the area of modern conceptual modeling is much wider 
than that familiar territory, where the lights of relational model could help. On one hand, CM 
now tries to manage complex ontological phenomena like aggregation or composition, and 
comes close to ontology engineering. On the other hand, modern CM is merging with OO 
visual modeling aimed at program rather than database design. This necessarily adds the 
dynamic (behavioral) component to semantics so that even well established classical 
constructs, like relationship, need to be reconsidered in the dynamic setting [4. The new 

                                                 
1 What I have in mind is a citation  from Hamlet “Something is rotten in the state of Denmark”. But it seems it  
would be too strong wording… 

 1



interpretations of CM-constructs still lack commonly accepted formal semantics (see, 
however, an attempt in [5,6]), which makes precise reasoning in modern CM really hard.   
 
Nevertheless, since only the simplest aspects of aggregation related to multiplicities are 
considered in [2], the material can be treated in a quite unambiguous exact way, yet it wasn’t. 
It appears that lack of clarity in CM is a dangerous virus, spreading to otherwise healthy parts 
of the body, where precision and formalization are almost evident (yet neglected).2  The 
present notes aim to explicate some symptoms of the malady by analyzing the case exposed 
in [2]. Technicalities are presented in the Appendix while the following analogy explains the 
issue.  
 
Let us suppose that a piece of reality to be modeled is a complex spatial figure (with holes, 
twists, folds, etc), W.  We consider three models of W. The most detailed, model M3, is a 
3D-representation of the figure. Less detailed is model M2, which consists of a plane 
projection of M3 together with its “height”. Finally, model M1 is just the plane projection  
without the height. 
 
Evidently, in passing from model M3 to model M2 and then to M1 we are losing some 
information about the original.  There are questions about W, which make no sense in a 
model M but reasonable for a richer model M*. For example, questions about the height are 
senseless in M1, fine for M2 and may have sense in M3. Unfortunately, in the framework of 
this analogy, [2]’s analysis tries to consider such questions for all the models involved, 
including M1.   
 
There are also questions about W, which can make sense for two models yet get different 
answers in them. For example, we may define a volume estimation V for a spatial figure as 
the product of its base area and the height. Then, in model M2, such distinct spatial figures as 
a cone, sphere and cylinder can well have the same V-volume. We may also introduce 
another formula for volume estimation, V*, using 3D-parameters of a figure. Then our cone, 
sphere and cylinder, still having equal V-volumes, will have different V*-volumes.  As far as 
we clearly distinguish between V and V*, nothing is wrong. However, a mess will occur in 
our analysis, if we carelessly use the same term “volume” for both notions, V and V*. Just 
this sort of confusion occurs in [2]’s analysis of different models  (see Appendix for the 
details). 
 
The [2]’s concluding sentiments on the topic can be expressed, within the present analogy, as 
a statement that many questions about spatial figures are much easier to answer with their 
3D-representations than with plane projections where “the logic is often lengthy and 
involved”.    It’s difficult to restrain oneself from quoting Dickens’ Sam Weller, “… ‘vether 
it's worth while goin' through so much, to learn so little’, as the charity-boy said ven he got to 
the end of the alphabet,  is a matter o' taste.”  
 
                                                 
2 Very likely, this passing to medical terminology is not quite accidental, compare with an entirely medically-
termed survey [7]  
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All in all, the goal of the present notes is not to criticize article [2] specifically. It is just a 
typical case of a general malady of  imprecise and ambiguous reasoning, which  is  spreading  
in CM3.  Formal models of conceptual models, along with their mutual relationships, could 
greatly help in validating the consistency of analysis, and keeping it on track.   Of course, for 
some constructs, e.g., composition, formalization is itself a problem. However, for many 
constructs their formal models are well known or easy to build. For example, binary 
associations in the static setting accepted in [2] are nothing but familiar binary relations. In 
such cases, the use of formal models in the analysis is both fairly easy and definitely useful.  
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3 It seems that in some aspects UML has only contributed to the mess rather than helped to correct it.  Due to 
the absence of formal semantics,  UML  just redresses the same problems into a new terminology and notation;  
see [6,7] for some details.  
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Appendix. Nine reasons why 2 × 2 is not 5. 
 
The analysis in [2] is based on comparison of two models presented on Figure 2 of the article 
(reproduced below).  Model M1 views a concept of Team as a binary association teamed-
_with over an object class Employee.  Model M2 views the concept as a separate object class 
Team related to class Employee with two composite associations, members and leader.  The 
authors then pose a series of nine questions to the piece of reality modeled by the models and 
argue that while model M2 allows for clear answering of these questions, M1 gives either 
different or much less clear answers.   
 

 
 
However, this observation is an evident consequence of the following. It’s easy to see that 
the data presented by M1 can be derived from that of M2 but not vice versa. Namely, in the 
relational language, the binary relations member and leader in model M2 can be composed 
(joined) into a new binary relation over the class Employee. It is easy to see from the authors’ 
analysis, that this new relation is nothing but the association teamed_with of model M1. 
Thus, model M1 is what is usually called a view to model M2, and in moving from M2 to M1 
we lose some information. The latter cannot be recovered in M1 (in general, it’s impossible 
to restore the original relations from their composition), and so questions regarding this lost 
information cannot be answered in M1. In brief, there are no Team-objects in model M1 and 
it is simply incorrect to pose questions about Team-objects against M1.   

In both models we can define a concept of Leader, but their extents will be, of course, 
different. In model M1 (Team-as-association), an employee is called a Leader (let’s say 
Leader_1) , if she is teamed with at least one other employee in the role of team member. In 
model M2 (Team-as-separate-class), an employee is called a Leader (let’s say Leader_2), if 
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she is assigned to at least one team in the role of its leader. Since model M2 admits teams 
without members, an employee could be Leader_2 but not Leader_1. Note, in model M1 the 
notion of Leader_2 cannot be defined at all. In contrast, in  M2 the notion of Leader_1 can be 
well defined and we have the following chain of set inclusions:   
 (1)                                               Leader_1 ⊆  Leader_2  ⊆ Employee. 
Similarly, since model M2 admits also teams without leaders,  we have a similar chain of 
Member concepts (their extents):  
(2)                                               Member_1 ⊆  Member_2  ⊆ Employee. 
Nothing else can be said on this topic within the models M1 and M2, and  statements (1), (2) 
entirely exhaust the reasonable part of [2]’s sentiments around Questions 1-5,8 and 9.  
 
Question 6, Must a leader be assigned to a team?,  is different.  The article says that in model 
M1, “It seems likely that the answer to Question 6 is No.” However, Question 6 is simply 
incorrect (senseless) with respect to model M1 since there are no Team-objects in  M1.  
Question 6 is also senseless w.r.t. model M2 since the notion of Leader_2  presupposes the 
leader’s association with a team by definition!  Evidently, this holds for Leader_1  as well 
because of inclusion (1). However, the article says, “The answer to the question based on 
model M2 is clear. A leader does not have to be assigned to a team.”   ???  
 
The authors justify their strange conclusion in the following way. “Consider the possibility 
that employees might be required to undertake a course in project management before they 
are permitted to be team leaders. An employee who has successfully completed the project 
management course is then considered a qualified leader, but may not yet be assigned to a 
team”. Well, it’s a reasonable idea but note that it has nothing to do with model M2. To 
model this consideration, we need to enrich M2 with a new class QLeader, subclass of 
Employee, consisting of those employee who are “qualified for being a leader”, and redirect 
the association leader from class Team  to class QLeader. In this way we get a new model, 
M3, where we have the following chain of set inclusions: 
(3)                                        Leader_1 ⊆  Leader_2  ⊆  QLeader ⊆Employee. 
In model M3, Question 6 can be made reasonable if we reformulate it as Question 6*: Must a 
QLeader be assigned to a team?   The answer, in  M3, is No,  and  most probably it’s just 
what the authors wanted to say when they intermixed model M2 and M3 and Question 6 with 
Question 6*.  
 
The authors’ intentions with Question 7: Must a member be assigned to a team?, are 
probably quite similar to those with Question 6. We need to introduce another new subclass 
of employees, who are qualified for being team members, QMember, and redirect the 
association member  from class Team to QMember.  
 
To summarize, the analysis undertaken in [2] can be cleaned, refined and made reasonable. 
In this sense, it’s not the worst case of the illness we are discussing. However, the results 
extracted from [2] after such  “post-processing” appear to be trivial enough. What we have 
learned is, in essence, not much more than a well-known fact that composing (joining) binary 
relations can lead to loss of information.  It remains to recall Sam Weller again.   
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