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UML & SDL

Scaleable Model Management
for UML Models

The increasing popularity of UML, and the extended range of its supporting modeling tools, has led to
increased modeling awareness throughout the development life-cycle from early requirements analysis
to detailed design and coding. One of the consequences of this awareness is that project managers
are demanding that models should receive a similar level of management to other project assets. The
benefits of modeling tend to be greater as teams grow larger. This is because the advantages of a uni-
form description, a shared specification and a single blueprint have greater value as a team becomes
less able to remain synchronized through simple word of mouth and ad hoc documentation. Ironically,
many of the modeling tools available for UML today do not scale to large teams, particularly large
teams working on a single model. This article talks about the management needs of large modeling
teams and the features that a modeling tool needs in order to support them.

MODEL MANAGEMENT

odel management is to models what config-

M uration management (CM) is to files. Models
may contain many hundreds of often fine-

grained items, with a complex web of dependencies,

and so in order to control them the familiar concepts
of configuration management have to be extended.

In the remainder of this article we explore the key
issues of working with models, and discuss how the
concepts of configuration management need to be
extended to deal with models. In order to do this we
loosely follow a standard development process, start-
ing with analysis, through design to coding.

THE EARLY STAGES

During analysis and early design, the model is evolv-
ing from many different viewpoints. There are frequent
significant structural changes and the boundaries
between modellers change as the model structure is
evolved towards a shared view of the problem and its
solution. For example, the UML technique of decom-
posing use cases using interaction diagrams results in
an object model whose classes evolve as each use
case is explored. Frequently, use case exploration is
handled in parallel by different domain experts whose
principle area of interaction therefore is the object
model.

This type of collaborative approach enhances the
power of many modeling techniques supported by
UML, but it imposes on the modeling tool a require-
ment to provide support for multi-user collaboration.

Packages

As a model grows, the class/use-case/actor level of
granularity quickly gets confusing without some orga-
nizing principle. Fortunately UML provides the package
for exactly this purpose. From UML [1]

"A package is a grouping of model elements.
Packages themselves may be nested within other
packages. A package may contain subordinate pack-
ages as well as other kinds of model elements. All

kinds of UML model elements can be organized into
packages. Note that packages own model elements
and are the basis for configuration control, storage, and
access control. Each element can be directly owned
by a single package, so the package hierarchy is a
strict tree”

There are various techniques for organizing models
into packages, which is a topic beyond the scope of
this article, but the package concept has proven very
powerful as the basis for model management.

Figure 1 shows a stylised view of a candidate package
hierarchy for the analysis activity. A number of domain
experts work on their own detailed functional areas,
and have organized the structure of the 'Function’
package accordingly, but all are contributing to the
‘Object’ sub-package of the "Architecture’. The 'System
Engineer is interested in the whole of the architecture
section, whereas the 'Client’ representative is only inter-
ested in the top-level functional definitions.
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Figure 1. A multi-user team collaborating on a model.

Model Access
The traditional paradigms for multi-user software devel-
opment (the ones supported by traditional configura-
tion management) either:
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« Serialize changes by sharing a single locked copy
of a model, which is frustrating and can elongate
the analysis/design process;

- Develop in parallel on several separate copies of a
model, and then reconcile conflicting changes,
either frequently or occasionally. Of the two:

Reconciling frequently is time-consuming and
error prone.

Reconciling occasionally results in a lot of mis-
communication.

If the team is using these paradigms, then performing
multi-user collaboration is inefficient. Shared access to
packages and the consequent interaction between
modellers is an inherent and important part of collab-
orative techniques, but with either of the approaches
described above, this is costly to manage.

Multi-user collaboration is far more efficient when all
users are provided with simultaneous on-line access
to a single centralized model. This requires an active
model repository that automatically propagates
changes made by one user to all others who are
accessing the same model.

Multi-user Access Control

Given the complex structure of models and the col-
laborative nature of many modeling activities, sharing a
simple lock on a package is often too coarse, because
it doesn't allow controlled access for more than one
user. Access control for packages needs to be multi-
user/group to allow a set of (approved) users to have
simultaneous access, and to restrict the access of oth-
ers. Each user working on the model will then have a
set of access privileges that is valid for their needs.

Architecture
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Figure 2. Access to packages for Domain Expert 1.

Figure 2 shows the view of the analysis package hier-
archy seen by Domain Expert 1; she has write access
to the 'Factory domain, the high-level function defini-
tions and the object architecture. A helpful tool User
Interface (U) will indicate the current user's access
rights, perhaps by greying read-only packages as in
this example. Each user will see their own version of
the hierarchy depending on their access permissions.

CM Integration
It is neither necessary, nor desirable, for a modeling
tool to provide their own model management facilities,
where these are similar to those offered by well-estab-

lished Configuration Management (CM) tools. CM tools
are used by many projects as the centralized reposito-
ry for their project assets, including code, test cases,
documents and models. They offer robust version con-
trol, access control and often configuration control of
the assets (represented as files) under their control.
Integration with CM tools is part of a complete and
integrated model management solution.

Version Control

In CM, each asset is called a configuration item (Cl for
shor). A CM tool will store successive versions or
snapshots of a Cl, often using some efficient form of
storage, such as storing just the changes (or deltas).
This process happens when checking in a Cl. The
most significant advantage of this approach is that
later on this version can be recovered, for example if a
later version has gone awry and needs to be discard-
ed.

Access Control

CM tools allow specified users to gain exclusive
access to configuration items by locking them. This
process is called checking out a Cl. Once checked
out, a Cl is locked and cannot be checked out by any-
one else, so multiple updates to that Cl are prevented.
A check-in will typically unlock a Cl, so that someone
else can subsequently check it out.

Configuration Control

A configuration links together all configuration items
used to create some significant project deliverable,
such as a customer build of the system. If later in the
project work needs to be done against that specific
configuration (often called a baseline), then the CM tool
can restore it from the appropriate Cl versions.

A project configuration will contain much more than
just model data, and so a CM tool is required to main-
tain a baseline of all the project assets that contributed
to a deliverable.

Placing a Model Under Configuration
Management

Standard CM tools can be used to provide model ver-
sion control and to integrate model assets into the
overall project configuration. However, unlike CM tools
where the unit of configuration is a file, it is less clear
what the equivalent for models should be. An entire
model is too large to be a Cl, because every time
someone wished to record a version of anything, the
whole model would be versioned. The other extreme
would be to make every element - every class and use
case - a separate Cl. This does not scale well, because
for larger problems, the number of individual items to
check in and out would become unmanageable. The
UML package turns out to be the right organizational
unit for a Cl, because it can own any number of any
model elements, and so provides a flexible container.

In order to manage a model's content using a file-
based configuration management tool, each package
needs to be exported as a file and checked in to the
CM repository. The locking provided by the CM tool
then provides added protection, checked-out pack-
ages are accessible in the model to which they were
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Figure 3. The model under Configuration Management.

checked out, but not elsewhere. Subsequently, check-
ing in a package will create a new version of the pack-
age file in the CM repository. Within, the modeling envi-
ronment however, the model access control should
still allow multi-user access to checked-out package,
or the potential for multi-user collaboration on that
package is lost.

Figure 3 shows the model at a later point in the devel-
opment cycle, with each package now under configu-
ration management. The model still contains all of the
packages, but they are now 'mastered’ by the CM
repository. The tool Ul should offer menu choices to
perform standard CM operations and indicate which
packages are checked out (for example a red tick) and
which are not (a red cross).

UML & SDL

LATER DEVELOPMENT

During the early stages of modeling (and depending
on project preferences at later stages as well) the most
effective way of working is for the entire team to share
a single centralized model. Administration, such as
backup, is straightforward, data integrity is not compro-
mised by problems with client machines, and the ease
of communicating changes will be greater. However,
even early on, and certainly as development proceeds,
there are situations where the ability to distribute
and/or isolate a model is important. This section will
look at two cases and show how integration with a CM
tool will help in each case.

Distributed Models

Although in an ideal world, everyone who wishes
should be able to work from the central repository
there will be cases where this is not possible, or
desired. For example, the repository may not be acces-
sible from sites outside of a WAN or VPN, or an indi-
vidual may wish to work on a model while not con-
nected to any sort of network, necessitating a local
copy to be made.

The integration with the CM tool can help here, either
directly if the CM tool is capable of supporting distrib-
ution, or indirectly by passing controlled files (in this
case representing a condensed form of the package)
to remote sites but maintaining a centralized lock.

Figure 4 shows a hypothetical case where the cus-
tomer has a separate site from the development orga-
nization; the CM Repository is now effectively the mas-
ter for both, providing control across the distributed
model. The 'System Engineer periodically travels to the
customer site where they both work on the functional
definition; hence the ‘Function’ package is often

CM Repository l
< Customer —~  —  Main
v

Client System
engineer
Engineer A I-g;%rgr Engineer B
{ CM Repository J

Figure 4 Users at two sites share a single distributed model.
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Figure 5 An engineer working in a remote copy of the model.

checked-out to the 'Customer’ copy (sometimes called
a replica) of the model, preventing users on the 'Main’
replica from updating it.

Note that several users are still sharing each model|,
with access control at the package level. For example,
the Team Leader may need access to the whole of
the 'Design’ and the 'Architecture’, whereas individual
engineers may only need access to individual design
packages.

Often, a given site may only require a partial replica of
the configured model, i.e. with only some of the pack-
ages available. Partial replicas take up less space, are
quicker to construct, have less clutter, and allow certain
operations, such as searches, to complete more quick-
ly.
Merging

Unlike source files, which when retrieved from the CM
repository simply overwrite the current one, a package
when used to update a model needs to update the
web of interconnections from its model elements to
those of existing packages. It is important that a
‘'merge’ feature is available to do this, although if there
is just a single source of update, as in the shared sin-
gle lock approach shown previously, then the process
is completely automatable. In reality of course, there
are interconnections between source files, it's just that
CM tools dont manage or recognise them, and it's
only during compilation and linking that you find out
any '‘connectivity’ problems.

Isolated Models

As the design proceeds, stable boundaries between
groups, and even individuals, will result in more auton-
omy and a lower degree of coupling. This stability is
more easily achievable if the interaction between pack-
ages is understood and controlled.

Three techniques can be employed to support stable
interaction:

- Controlled access to model elements, via model
element visibility.

- Explicitly defined package dependencies so that
package usage can be traced in the event of
changes to publicly visible elements.

- Isolated (sandbox) models so that any changes to
required package interfaces need only be accepted
when the isolated team is ready to take them.

Dependencies and Visibility

In UML, packages can reference other packages,
modelled by using an access dependency. This
allows the owner of a package to know which pack-
ages (and hence which users) will be effected by
changes to the contents of their package. To further
tighten control, items in packages all have a visibility
property; the two principle visibility levels are:

- Public - any package with a dependency may use

these items

- Private - only items within the package may use
these items;

In practise the package owner therefore need only be
concerned about changes to public items, allowing
them complete freedom to amend the private items.
This in a sense defines a package interface.

Consistent use of dependencies and visibility can limit
the number of times that conflicts take place and
ensure that when they do all interested parties are
made aware of them.

Sandbox

The sandbox option is often used when an engineer is
working in a dedicated edit/compile/debug cycle, and
they do not want to be distracted by changes from
other sources. Code needs to be syntactically correct
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in order to compile, and changes to required elements
in other packages can destabilize the code base,
especially with languages that do not separate inter-
face from implementation. This distraction is especial-
ly acute when code is generated from the model.

In this case the engineer will create a separate repos-
itory (either locally or on a server) and replicate the rel-
evant parts of the model, checking out the piece that
they are modifying. Periodically they will update their
model from the CM tool to pick up changes and inte-
grate them.

In Figure 5 Engineer B has checked out the 'Drivers’
package to his own 'Sandbox repository, thus insulat-
ing it from any changes in the main model; it cannot
therefore be altered in the main model. Periodically the
contents of other packages, such as the 'Plant Control
package, can be refreshed from the CM Repository
using a 'Get Latest' operation.

Visual Difference

Differencing is a technique for identifying the differ-
ences between two versions’ of the same thing. This is
very useful to allow a user of an isolated model to
compare their current model with that in the CM repos-
itory, in case anything useful has been changed or
added. In more formal change-control environments
this feature can be used as an audit trail of the
changes made to a package.

Parallel Development

Sometimes it happens that a parallel build of the sys-
tem is needed, either to create a true variant (perhaps
for some special customer), or to proceed with target-
specific testing while the main team continues with the
main functionality of the system. CM tools often sup-
port this by branching the configuration (project) and
allowing some files to have multiple copies proceed-
ing independently. The model management features
described previously, when integrated to a CM tool,
can be used to handle these situations for models.
However, merging the changes from multiple variants
does require manual intervention, and so parallel
development is not recommended unless absolutely
necessary. In the absence of a multi-user modeling
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tool parallel development is often effectively the norm,
which can significantly and unnecessarily increase
model management overhead.

Shared Componenis

A centralized CM tool makes an excellent place to
store common components and their specifications. A
package can be used to document a component -
public items comprise the interface, with the imple-
mentation being private to the component builders.
This package can then be used in many different
applications by sharing it into many different models,
with the CM tool keeping track of all its users. Good
examples of components are RTOS's or standard
Board interfaces.

CONCLUSION

Models are important project assets, whose relevance
and value cover the entire project lifecycle from early
analysis through to coding and to maintenance, and
so they need the same degree of configuration man-
agement as other project assets. However, not only are
models more complex than simple files, modeling is
also a team activity, which means that more sophisti-
cated configuration management is needed; this is
termed model management.

At an early stage, modeling is a collaborative activity
requiring shared access to models and instant propa-
gation of model changes to all users. During later
development, stability is key with defined team/individ-
ual boundaries and explicit dependencies.

Model Management is an Extension of
Configuration Management

Model management extends and adds to the tradi-
tional CM feature-set. Integration with a CM tool is very
important when it comes to integrating model assets
with the rest of the project configuration, and will also
provide version control and distributed development
support. In addition, the following extensions to CM
paradigms are needed in the modeling tools them-
selves to provide adequate model management:

- The UML package artifact replaces the standard file
as a configuration item (it needs to be converted
to/from a file for integration with traditional CM
tools).

- Multi-user rather than single-user access control is
needed to support collaborative modeling tech-
niques.

- Visibility and package dependencies enable stable

‘component-based’”  development during later
stages of the project.

L - Model-specific merging and visual differencing pro-
3 — e et vide support for distributed development.

= o e In Figure 6, a snapshot of the Real-time Studio Ul
shows many of the additional features required to
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s = —— = CATE extend configuration management into the model
e . domain.

N e The leftmost pane shows an obvious graphical

metaphor for the package concept, a hierarchy of fold-
ers. These folders have very similar properties to

Figure 6. Model Management Features.
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Windows™ folders, in that they can contain any type of
element, including diagrams, and can be nested. The
bottom right pane shows the access control status for
the 'Function’ package; the 'System Engineer in this
case has Owner access, ‘Client and 'Domain Expert
have Write access. The bottom left pane shows the
contents of the 'Function” package, while the diagram
in the main pane shows dependencies between
design packages. Visibility is indicated by a + or - in the
Package Explorer view, or by the keywords public/pri-
vate in the Contents view.

Multi-User Access is Key

The addition of the model management features
described above can significantly enhance the suc-
cess of large modeling projects, but the key scalability
feature as models and teams grow is the manage-
ment of multi-user access to models. This may be, at
one extreme, on-line collaboration in a 'war-room’ set-
ting, or at the other extreme, isolated 'sandbox’ devel-
opment.

Today's modeling teams need an active object repos-
itory to provide instantaneity of communication, over-
laid with a package-based architecture to provide firm
boundaries and secure access control. Such a pack-
age-based object repository is a natural basis for both
centralised and distributed development, fumishing
flexible multi-user support throughout the project life-
cycle =
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