Most methodologies are short
on “method” and long on
“ology.” When writing this article about the UML, I remembered this quote from the good
old Yourdon days of structured
methods. With UML, we now
have an approach that is very
short on method and long only
on notation. This article discusses the advantages, disadvantages, experience, joy, and anger
of and with the (still incomplete)

UML and its predecessors.1 The
opinions I present are based on
20 years of experience in teaching and applying methods, from
the first structured ideas onward
to all the new object-oriented approaches. They also come from
more than 15 years in the CASE
tool business.

DOES THE WORLD NEED
UML?
Depending on whom I talk to, I
either curse or praise UML. In
general, though, I am very positive about it. To understand
why, we have to look back at the
history of methods. In the ’70s
and ’80s, we experienced the
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The points I make are based on all UML publications up to Version 0.91, as well as
background material found in dozens of papers of our Rational amigos.
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method wars between data
modelers and function modelers.
For a long time, people believed
in either data flow diagrams or
entity-relationship diagrams, but
seldom both. Finally, toward the
end of the ’80s, people began
talking to each other. Even the
method gurus started to agree
that using data models and function models and behavior models
(or so-called real-time extensions) was a good idea for most
projects. I call this approach “integrated structured methods,”
and it was (and is) good.
But just when we seemed to
reach a consensus on the analysis
and design approaches, some of
the old — and many new —
gurus started to preach the gospel of OO methods. The first reaction of the market and the CASE
vendors was puzzlement, followed
by chaos. It was not clear whom to
follow. Dozens of notations, dozens of different explanations of
what an object is and isn’t, no stability, no trends visible.
It was only when Grady
Booch and Jim Rumbaugh
joined forces in late 1994 and announced a “unified method” that
the average user saw light at the
end of the OO tunnel. This unification effort is why I praise
UML. The time is right to define strict semantics for the basic
OO concepts and agree on definitions and notations. OO is no
longer in its pioneer days. We
have tried out basic principles
long enough to have a deep understanding. A couple of years
ago it was fine to experiment
with different notations and different concepts, but now we
need to settle on a few of them.
I sometimes curse UML, because in some aspects it seems to
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be a compromise between the interests of the methodologists and
commercial interests. UML was
not started from scratch but
from competing methods, and
every so often one can still see
the compromises made in order
to please the disciples (and the
grand master) of one or the
other school of thought.

THE BEST OF ALL POSSIBLE
METHODS?
Will UML be a cure-all for every
application area, the one and only
approach to solving all our software problems? Will the other
OO methods go away quickly?
Certainly not! Nevertheless,
UML will be one major notation.
Two or three other methods will
be available for a long time. I expect UML to be the COBOL of
the OO methods, with an overwhelming market share. But as
with programming languages,
there is room for a few others.

UML FEATURES I LOVE
There are too many good features in UML to enumerate. So
let me just mention some global
concepts that I consider to be
real steps forward:
★ The UML metamodel with

clearly described semantical
concepts and suggestions for
standard notations. Let us
hope that this will stop the invention of more and more undefined symbols and terms.
★ Class models (formerly “ob-

ject models”); that is, classes
with attributes and operations.
★ Associations between classes

(finally with interpretable in-
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scriptions, thanks to the little
black arrowhead).
★ Special associations, such as in-

heritance and aggregation, denoted by special symbols.
You really need them often,
and therefore it is good to
have symbols for them.
★ Readable multiplicity notation

(numbers and wildcards) instead of coded symbols; rolenames, association classes, and
many other good ideas from
data modeling. The only minor detail that confuses many
of my customers is the qualifiers, since they move good attributes of a class to the
“wrong side” of the association
(see “Navigation,” below).
★ Explicit dynamic models:

sometimes it is much easier to
express parts of the requirements and design thoughts
with such models.
★ Use cases as a starting point.

Experience over the last few
years has shown that customers are afraid of more formal
models, but they love the informal use cases.
★ Explicit inclusion of distribu-

tion aspects in the deployment diagrams (formerly
“platform diagrams”). This
makes UML one of the few
methods that take into account that our systems are
more than structured pieces
of code. It also opens up opportunities for extending the
method for system engineering, including nodes that are
not computers or devices but
human operators, subsystems

using different technologies,
and so on.

UML FEATURES THAT GIVE
ME HEADACHES
Navigation
In the class model, I dislike one
trend: the interpretation of associations. UML moves from seeing them as static, nondirectional
relationships more and more toward (directional) navigation
paths. By thinking too “directional” too early, you are losing
some advantages that OO claims
(extensibility, maintainability, etc.).
In Rumbaugh’s OMT approach, they were still more symmetric. The more recent the
UML document, the more directional they get, which is fine for
an easy link with the final code in
many cases. Still, it takes away
some flexibility. A process for using UML should encourage analysts to achieve the higher level
of abstraction with directionless
associations, while only designers
should add the navigability (including frequencies of usage, access rights, priorities, and the
like). I have seen too many projects where missing the “backward direction” of an association
in the analysis models led to expensive changes in the evolution
or maintenance of systems.

A Surfeit of Diagrams
Dynamic models are a wonderful
thing, as I mentioned above.
But too many of them can make
life hard. Think back to the days
of real-time analysis. We had a
process model (i.e., data flow diagrams) to express the functionality of the system and the causal

dependencies (i.e., functions
needing data as input from other
functions and producing new
data as output). Whenever this
causality was not sufficient, we
could add decision tables, process activation tables, or state diagrams to influence the execution
of functions. That was sufficient
to express behavior. Now we
have got use cases, interaction
diagrams in the form of either sequence diagrams or collaboration
diagrams (formerly called event
traces and object communication
diagrams), state diagrams, and activity diagrams.
This means five diagrams to
express dynamic behavior of the
system instead of two. Of course
these five diagrams have different
uses: use cases are, among other
things, a very informal starting
point; both forms of interaction
diagrams concentrate on special
scenarios to model concrete sequences of messages between objects; state diagrams show the formal behavior of a single class; and
activity diagrams show the detailed
behavior of a single operation.
Nevertheless, five seems too
much, as I explain in the following.

location of operations, it turns
out that most operations are really simple and small, if not trivial. They do not require a graphical model to be understandable.
More complex operations may
be found for “control objects”
(Ivar Jacobson’s term), where sequencing, fork and join, alternatives, and loops could be
needed.2 A good process for
UML would suggest starving the
control object operations and
delegating much of the work to
entity objects, thus making operations of the control object simpler, too.
I can only imagine that the introduction of activity diagrams
has been made to please Jim
Odell or others, and I am afraid
that the availability of these diagrams will lead to controloriented models. Analysts and
designers will be tempted to use
them not for a single operation,
but for the overall flow of the system. This brings us back to the
days of flowcharts. I can already
see the first extension suggested
being the “goto,” because some
designers will surely miss that.

Superfluous Activity Diagrams

No Guidance for Allocating
Messages to Objects

The last ones, the activity diagrams, are needed as much as a
goiter. When we were using assembly languages, it was helpful
to describe a single algorithm
with pseudocode or Nassi/
Shneiderman charts. This was a
higher level of abstraction than
the language code. With the advent of higher languages, the usefulness of such detailed design
notations declined.
When we decompose a system
into proper objects with proper al-
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With the interaction diagrams,
my experience shows a preference for sequence diagrams over
collaboration diagrams. Most
people still find it easier to think
in terms of sequences than object
communications.
The easy part of creating a sequence diagram is writing down
2

The example used in Version 0.91 of preparing a beverage is such an operation involving multiple objects.
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the special sequence of messages
in a scenario; the hard part is assigning the messages to candidate objects. But that boils
down to matching function view
and data view, which was never
easy. Beginners tend to introduce the “big master control object” or “user interface object”
that handles most of the scenario, delegating little work to
other objects. Good heuristics
are needed in a process supplementing UML to help with the
allocation of messages to objects.

Cluttered Diagrams, Blurred
Distinctions
With the introduction of graphical
elements for object creation, object
deletion, (simple) alternatives, and
recursion in these diagrams, it will
be even more complicated to
come up with readable interaction
diagrams. My preference would
have been to avoid some of these
things in the graphics, leaving
them for underlying textual message descriptions.3
Up to Version 0.8, one could
teach that use cases are an abstraction of many related scenarios,
while interaction diagrams precisely concentrate on one scenario
with fixed decisions and fixed values in order to not miss the obvious cases. Now the scenarios allow for simple alternative paths,
blurring the distinction between
what should be modeled as a use
case and what as a scenario.
I sincerely hope that the final
definition of UML will be seman-

tically precise on the relationship
between sequence diagrams and
collaboration diagrams, making
these two just different views of
the same thing, so that a CASE
tool can automatically create one
out of the other. I also hope it
will specify what level of abstraction is appropriate for interaction
diagrams to be used for analysis
purposes and those to be used
for design or coding purposes.
Otherwise, it is left to methodologists designing a proper
process for UML to tell users to
avoid certain features at certain
stages of a project.

Unnecessary Extensions to
State Diagrams
Jim Rumbaugh has extended
state-transition diagrams with
many new concepts, and most of
them seem to have made it into
UML.4 Some of the concepts
(especially those taken from
David Harel) are very useful,
such as the nesting of states and
concurrent substates, or the history construct. Some others are
nice shortcuts but are not really
necessary, such as the distinction
between (long) activities and
(short) actions. What is long
and what is short? Or the entry
and exit operations. Experience
has shown that such extensions
can create useless discussions instead of progress with the models. One should carefully examine where the line between
necessary concepts and useful extension should be drawn. My
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I can hear Grady’s reply to this: “Nobody forces you to use all these things.
They are included in UML for those who
want to show these aspects graphically.”
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Note, however, that the metamodel
does not yet include everything used in
the examples in Version 0.8.
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feeling is that reducing the notation would be helpful.

No Structure for Use Case
Descriptions
Use cases are a wonderful enrichment of the method. As soon as
Ivar Jacobson’s book was out
[1], many users took up this
idea. In addition, many competing methodologists adopted it
when they found they could not
kill it. Instead of saying that use
cases are not object oriented, it
was finally accepted that they are
orthogonal to the class (or object) model. One criticism has remained: the way use cases are described is pretty informal. End
users like this because it is their
natural language and they can
read and understand it (or even
write it). Others miss certain
style patterns that would distinguish the description of use cases
from totally unstructured texts.
Before Jacobson joined the
UML team, Jim Rumbaugh published some good papers suggesting more structure for use cases.
Now we are back to, “Do what
you like in a use case description.”
In Version 0.91, this reads like
“can be . . . ,” “several other
means . . . ,” “for example . . . ,”
instead of suggesting a way that it
should be done. Furthermore,
use cases are only superficially tied
to the other modeling elements.
A precise traceability definition is
not yet given (see “Language vs.
Method,” below).
Experience in a large project
(estimated to be around 1,000
person-years) has shown that the
500 use cases were much easier to
write and check for quality once
we introduced a description skeleton with headers such as: short de-

scription, starting event, preconditions, normal flow (with exceptions mentioned), exceptions, results, and postconditions. This
did not reduce readability for normal mortals, but it improved the
overall quality. It would be helpful
for UML to strongly suggest such
a description pattern, or even multiple patterns for the different applications of use cases over the
life cycle.

UNDERESTIMATED AND
DANGEROUS FEATURES OF
UML

units, and so on. I think it will
take a while to sort out all these
terms for packaging, add more semantics to them, and clearly state
which should be used for what
purpose. This area was a weak
point in Version 0.8; it has improved in Version 0.91, but we
are not yet finished. While we
had different terms for different
concepts in the past, packages
now try to unify many of them.
I believe that we need some distinctions between packaging concepts, and these should clearly be
extended into the notation.

Packages

Stereotypes

Packages were introduced in Version 0.91 as a means for grouping all the things you ever
wanted to group for any reason.
They are now replacing many
other terms such as categories,
subsystems, and the like. Version
0.91 recommends using stereotypes to indicate the different usages of the package construct
(e.g., packaging classes, processors, nodes, or use cases). Since
I consider the various reasons for
packaging to be very different
(e.g., packaging a group of use
cases to allow for better project
management, or packaging
classes for logical reasons, or
packaging modules for deployment), it may not be effective to
make the distinction solely
through stereotypes without suggesting symbols for them. I like
the idea of packages, but I think
this is still a weak point in UML.
The semantics of packages includes grouping, naming, and
configuration control. UML
also includes other forms of clusters, such as nodes, tasks (which
are processes and threads), composite objects for distribution

Stereotypes are a wonderful concept for making the semantic
definition easier, but when overused as they are for packages,
they may be confusing. The purpose of UML is to standardize
something. With the introduction of stereotypes, this goal is
somewhat endangered. The
authors of UML already show an
example in which CASE tool vendors can show an actor as (1) a
normal class symbol of stereotype <actor> (as Rumbaugh
would draw it), (2) a class symbol with a stick figure inside, or
(3) only a stick figure, similar to
Ivar Jacobson’s notation. Now
imagine creative users being allowed to design their own stereotype symbols for predefined concepts. This limits the portability
of the notation. Why is it possible for an electrical engineer in
China to interpret a plan drawn
in Brazil? Because electrical engineers are not allowed to change
the symbols for a transistor or a
resistor ad lib.
Let’s take another example
from programming languages:
Why was PL/I criticized a lot?
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Because the language allowed
programmers to express identical
things in many different ways,
thus making it difficult to settle
on one style and to exchange programs between programmers.
Stereotypes with new symbols
are acceptable for those situations in which one wants to extend the concepts beyond the
predefined ones. For the predefined concepts, however, the notation should not be so liberal.5

LANGUAGE VS. METHOD
Having discussed some pros and
cons of concepts and notational
elements in UML, let us focus
on the missing process part of
UML. For many years, I have
taught in my courses that a
method is much more than just
the notation you see. It includes
guidelines and rules specifying
how to think and work with the
notation, and it includes management practices (e.g., guidelines
concerning when to do what,
when to stop, when to switch to
another part of the approach,
and so forth). I also teach that a
good method needs time to
ripen; just inventing a new notation is the easy part of the job.
When the UML project
started, the goal was to come up
with a “real, complete method”
in the sense I have just described
it. When you can’t reach a goal
in time, you have two possibilities: extend the schedule (UML
has already extended its schedule
and is still extending it) and/or
lower the expectations about the
result. Well, between Versions
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Even if this means that some of the amigos’ older books would not be quite in
agreement with UML anymore.
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0.8 and 0.91, the latter also happened. Now we only get a notation, with more or less semantical underpinning. For applying
the notation, we are to follow
the motto, “As you like it.”
I simply consider this chickenhearted. Of course, we have
learned that developing a system
is more complicated than most of
the methods in the ’70s and ’80s
supposed. Development is not
as simple as the waterfall model
suggested. With concurrent engineering, component use and
reuse, standardized interfaces for
parts of the system architecture,
integration of legacy systems,
and iterative and evolutionary life
cycles, it is much harder to define
processes nowadays. But certain
rules, patterns, guidelines, and
heuristics of processes can and
should be defined.
Well, UML has deliberately left
the process open. Nevertheless,
the suggested standard could be
more precise on the relationship
between various parts of the notation, since they can be statically defined without looking at processes.
Whenever it comes to mappings
and traceability, the current version of UML flees into vague
terms like “could be . . . ,” “may
be . . . ,” or “sometimes it is useful . . . .” I hope the final version will be clear, for example, on
the relationships between:
★ Use cases and scenarios
★ Scenarios and state diagrams
★ Logical class models and the

various forms of packaging
★ Component diagrams and

deployment diagrams
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Either balancing rules or traceability rules should be established
instead of blaming everything on
a yet-undefined process.

CONCLUSION
UML has unified some of the existing OO notations, thus creating a single point of reference for
many important concepts. While
the OMT approach and the Jacobson method were simple in
their notations, the Booch
method could be called semantically rich or overly complex —
depending on whether you liked
it or not. If you watch the evolution of UML, you will notice
that it becomes more complex
from month to month, with
more and more concepts being
added to the graphical notation.
As long as new and needed concepts are added this is OK, but we
also see many alternative notations
for the same concepts. This is understandable, since UML tries to
please as many methodologists as
possible. It is, however, a dangerous trend, as UML runs the risk
of becoming another PL/I.
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