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Abstract
Multi-level modeling (MLM) is typically characterized as minimiz-
ing accidental complexity. We observe that MLM levels also aid in
managing essential model complexity by separating and organizing
model content based on the domain classification level it represents.
Building on this insight, we generalize the notion of a level—and
previously recognized pluralities of elements, e.g., those contained
in packages—to that of a model segment. In addition to solution-
based segments, we recognize domain-induced segments, such as
domain diversity, allowing semantic information to be represented
in models that was previously lost to mapping different modeler
intents to the same modeling constructs. These new, semantically
relevant, model segments support better model navigability and
aid model understanding by facilitating the isolation of particular
model aspects. Crucially, all model segments are subject to being
represented by proxies, thus enabling a significant reduction of first-
contact model complexity. We posit that introducing segments for
managing model complexity has the potential to lower the thresh-
old of MLM adoption due to its ability to counteract the often-held
perception of MLM models being complex.

CCS Concepts
• Software and its engineering→ Software design engineer-
ing; • Computing methodologies→Modeling methodologies.

Keywords
multi-level, complexity, model management, model segments

ACM Reference Format:
Thomas Kühne and Pierre Maier. 2026. Managing Model Complexity: A
Segment-Based Approach. In ACM/IEEE 29th International Conference on
Model Driven Engineering Languages and Systems (MODELS Companion
2026), October 04–09, 2026, Málaga, Spain.ACM,NewYork, NY, USA, 10 pages.
https://doi.org/10.1145/3837062.3838697

1 Introduction
Model complexity is commonly encountered in real-world models
and represents a threat to model usability since complex models can
be hard to understand, quality-control, and maintain. Contributing
factors to model complexity are large element counts and ostensibly
intractable relationship networks between those elements. Adverse
effects of overly complex models include:
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• users are facing information overload, making it difficult to
identify relevant parts of the model.

• important structure is difficult to recognize, inviting model
changes that inadvertently harm model integrity.

• navigation becomes unwieldy, imposing significant traversal
efforts on users.

One kind of complexity is accidental in the sense that it can be
eliminated by employing technological means [5]. For instance, the
impedance mismatch between domains featuring multiple levels of
classification and two-level technologies can be addressed by using
multi-level modeling (MLM) [22]. Complexity that is not amenable
to such remedies – i.e., is inherent to the subject under study – is
referred to as essential [5]. While this kind of complexity cannot be
eliminated, it can be managed by model decomposition, introducing
abstractions, and using complexity-hiding model views.

We observe that MLM not only addresses accidental complexity
but also supports managing essential model complexity by

• supporting the introduction of higher-level abstractions (like
class diagrams extract and document the structure underly-
ing complex object diagrams), and by

• distributing elements that would cohabit the same technical
space when using two-level technologies, to multiple lev-
els (in the same manner as layered architectures separate
elements of a functionality stack into distinct layers).

Self [32] represents a language design which does not aim at either
of the above. By adopting a prototype-based approach, i.e., entirely
forgoing the explicit notion of classes, Self deemphasizes the differ-
ence between classes and objects, and while some structure (objects
playing the role of classes) may be extractable by identifying par-
ticular types of cloning and delegation usages, that structure is not
as explicit as it is in an MLM model.

Despite being undeniably more expressive, e.g., by affording
more control [23], MLM models are often perceived as being more
complex than two-level models, partly due to their use of richer
notation. Any means for reducing the apparent complexity of MLM
models and/or facilitating the management of their complexity
would therefore be much welcome with respect to increasing the
adoption of MLM in academia and industry.

In this paper, we introduce model segments in order to improve
model complexity management and thus facilitate model under-
standing and maintainability. We first elaborate on what we mean
by “model complexity” (Section 2), then introduce “model segments,”
including their causal origin and their representation (Section 3),
and follow with proposals how to leverage model segments to im-
prove complexity management (Section 4). We discuss the expected
positive impact of adding segmentation to MLM (Section 5) before
we conclude (Section 6).
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2 Model Complexity
There is no single commonly accepted definition of model complex-
ity. Typically, model size and the number of inter-dependencies
between elements are considered to be contributing factors tomodel
complexity [17, 26]. It is not straightforward to design a complexity
metric, since neither the nodes nor the edges in a graph represent-
ing a model are of the same kind and, as such, produce different
amounts of cognitive load.

2.1 Characterization
In this paper, we informally assume model complexity to be anal-
ogous to software complexity, i.e., as being related to the level of
difficulty to maintain a model [33, p. 1], noting that the latter re-
quires understanding the model and the ability to change a model
without unintentionally breaking it. In particular, we are not con-
sidering subjective model complexity, i.e., factors that depend on
the model recipient, such as the level of familiarity with MLM con-
structs or MLM notation. Rather, we are concerned about modelers
being overwhelmed with information overload, missing important
structural constraints, and not seeing the “big picture” in general,
e.g., due to unrealized opportunities for model decomposition [7].

In the following, we assume that model complexity can be tamed
by supporting the modeler to focus on a reduced number of ele-
ments and/or relationships.

2.2 Common Management Approaches
There are numerous approaches intended to address essential com-
plexity in one way or another. In this section we first look at com-
monly used approaches to then make the case formodel segments as
a foundational concept that is suitable to capture the management
approach of MLM (see Section 1) andmany other related complexity
management techniques.

Commonly appearing complexity management approaches that
often are supported at the language level include packages, subsys-
tems, components, modules, layers, swimlanes, aspects, views, and
design patterns. Oftentimes elements are

• hidden by some kind of container
(e.g., packages, subsystems, components, modules),

• separated using a useful segregation principle
(e.g., layers, aspects, swimlanes),

• filtered to provide a specific focus (e.g., views), or
• recognized to form a regular solution structure
(e.g., design patterns [12]).

In each case, a reduction of many elements is achieved, thus helping
to abstract away from a plurality of elements when either refer-
ring to what allows them to be grouped together is sufficient, or
grouping them aids focusing on the elements in one group at a time,
disregarding all elements in other groups.

Beyond the aforementioned, there are several further related ap-
proaches that propose solutions to reduce the number of elements
in a model in order to improve the extensibility and reusability
of models. Heinrich et al. [16] propose “metamodel modules” that
can be organized in ordered “layers,” where a lower layer serves
to extend a higher layer. COLD (concern-oriented language devel-
opment) [8], is based on a “concern” notion to manage language
complexity. Unlike components, concerns account for variability

by including a feature model. De Lara et al. [10] similarly sug-
gest modeling language families through feature models. Language
components are also supported by language workbenches such as
MontiCore [29]. None of these approaches, however, account for
multiple classification levels and they do not intend to provide a
more generalized notion of groupings of model elements, nor do
they attempt to distinguish various kinds thereof and relate them
to the original modeling domain.

3 Model Segments
We posit it is useful to generalize the aforementioned complexity
management approaches to a unified concept, identify what moti-
vates incarnations of this concept, and separate the identification
principle used to ascertain concept membership from how and
when concepts are presented to a modeler (see Section 4).

We refer to this unified concept as a model segment. A segment
(1) includes elements that can bemeaningfully grouped together

according to some criterion.
(2) usually has sibling segments, i.e., it segments (divides up)

many elements into multiple segments.
(3) typically allows its members to be confined to a convex

spatial region in a diagram layout.
This general characterization not only captures the notions men-
tioned in Section 2.2, but also many more ways of carving up a large
model into more manageable parts, e.g., MLM levels, generalization
hierarchies (where subtypes can be represented by their respective
supertypes), whole-part aggregations (where the aggregate can
represent all its parts), classification dimensions [21], etc.

In the following, we identify segment kinds (Section 3.1), analyze
what in the domain or solution structure may give rise to useful
segmentation (Section 3.2), and finally discuss options for defining
segments (Section 3.3).

3.1 Segment Kinds
AnMLM hierarchy (see Figure 1; the dashed horizontal lines denote
level boundaries) naturally achieves segmentation – the totality of
elements in a model is divided up, often based on their classification
order (cf. order-synchronization [20]) – and defines an orientation
in the sense that model elements are divided up into vertically
stacked areas, commonly referred to as levels. Segmentation may
also occur horizontally, though. For instance, the three colored areas
in Figure 1 (one of them containing two distinct shades of yellow)
can be regarded as horizontally dividing the middle classification
layer. There is no single partitioning principle governing all three
areas at play here though, hence the use of different colors. The
green segment, for instance, is based on aggregation, capturing all
elements belonging to a particular whole-part structure.

Note that not every intra-level segmentation needs to result in
horizontal division. The two shades of yellow in the middle level
in Figure 1, for instance, show a vertical segmentation between
a generalization and its specializations. The yellow segment (in-
cluding both shades of yellow) is therefore subdivided vertically in
the same orientation as the tall blue slice in Figure 1 is subdivided.
However, unlike the latter, which is subdivided based on the degree
of element order, it is subdivided based on the degree of generality.
Note that both blue and yellow segments have a vertical as well



Managing Model Complexity: A Segment-Based Approach MODELS Companion 2026, October 04–09, 2026, Málaga, Spain

O2

O1

O0
Class

Segment

Figure 1: Outline of Prospective Segment Kinds in MLM

as a horizontal extent. Some segment kinds may be hierarchical
in nature, i.e., support recursive nesting of the same segmentation
principle. For instance, the green aggregation-motivated segment in
Figure 1 could organize parts of parts into respective subsegments.

After having considered the general geometry of segments in
MLM, we now turn our attention to potential sources of segmenta-
tion.

3.2 Segment Formation Sources
Motivation for model segmentation originates from two different
source categories:

Domain-induced The modeling domain often implies ways
to structure a model. Respective sources are language-inde-
pendent, i.e., induce the samemodel segmentation regardless
of the modeling language used.

Solution-induced Modeling languages often provide struc-
turing mechanisms that aim at decomposing models for the
purpose of obtaining manageable subdivisions, modulariza-
tion, untangling responsibilities, etc.

Since modeling languages commonly provide aids for capturing
domain-induced segmentation, characterizing a particular segmen-
tation source is not always straightforward. We nevertheless think
it is useful to distinguish between segmentation sources induced
by the domain and language mechanisms that support model seg-
mentation.

3.2.1 Domain-Induced Sources. Domains, or subjects under study,
generally feature a rich internal structure that could be explicitly
captured by respective segment kinds in models. We assume that
modeling is a two-step process that starts with reality, proceeds
to a conceptualization of said reality (which is colored by one’s
world-view) and then ends with a representation of said concep-
tualization in the form of a model which is expressed in some
modeling language (see Figure 2).

For the purpose of this paper we assume that models target an
object-oriented conceptualization of reality, which we refer to as
the (modeling) domain, and that domains include abstractions, such
as types, generalizations, aggregates and their parts, etc. While
other definitions of domain are possible and other world views may
be preferable in some applications, we maintain that it is justifiable
to view classification, generalization, and aggregation as explicitly
occurring in domains.

(a) reality (b) domain (c) model

Figure 2: Domains as Conceptualized Reality

In general, we recognize the following domain-induced segment
sources:

Time. Dynamic domains give rise to model elements that vary
over time, inducing segments that capture time-stamped scenarios.

Abstraction Level. It is often useful to segregate model elements
according to which domain abstraction level they correspond to,
according to a particular world-view or conceptualization para-
digm (cf. Figure 2). MLM exploits this for classification levels, but
analogous segments could be used for generalization (cf. the yellow
shades in Figure 1), or aggregation depth.

Note that depending on the level-organization principle used
by an MLM language, domain-induced abstraction segments may
or may not align with model level boundaries. For instance, with
respect to all domain individuals, the corresponding segment would
match the bottom level in an order-synchronized level hierarchy,
but may not in a merely order-aligned hierarchy [20].

Figure 3 depicts three “classification level” segments in an MLM
level hierarchy, using the same color coding for all three levels
(rather than changing luminance depending on the level) to empha-
size that they all belong to the same level hierarchy segment group.
Figure 3 also shows an example of an aggregation segment at the
bottom right. We based our examples on the MULTI Collaborative
Comparison Challenge [27] and are using deep connectors [1] (cf. the
black-diamond composition relationships) and deep fields [25] (cf.
the color field in all three levels) for notational brevity.

Abstraction levels may include classification levels occupying
differentmodeling dimensions [21]. See Figure 3 in [24], for instance,
for how color coding segments and supporting layouting could
meaningfully separate not only different classification levels, but
also different classification dimensions, resulting in a model with
constituting parts that are easy to parse on their own.

Diversity. Element diversity is observed when elements at the
same abstraction level are conceptually related but differ in one way
or another. For instance, the various phone or car models offered by
manufacturers constitute domain diversity. The latter is a source of
considerable complexity for “Industry 4.0” models [11], with their
abundance of functionally similar but slightly varied components.
High diversity typically manifests in models as specialization hier-
archies that feature numerous subtype siblings. See Figure 3 for an
example of a diversity segment.

Variance. A domain element exhibits variance when it may oc-
cur in different configurations while maintaining its identity. For
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Figure 3: Segment Examples

instance, a particular car may be equipped with certain features,
like heated seats, that may or may not be present.

In modeling, variance is often addressed via feature modeling [6],
but it may just refer to the optionality of parts. In Figure 3, we
identified two instances of phone model S400, which offers a certain
set of configurations, as examples of variance (cf. the variance
segment).

Subdomain. Complex domains can often usefully be divided up
into thematically distinct subdomains. For example, in process mod-
eling one may usefully separate activities from artifacts, or in man-
ufacturing one may consider products separately from factories and
customers respectively. Figure 3 shows the top of an elided Owner
hierarchy, comprising Person, Company, etc., that can be considered
to be a subdomain which is distinct to the “phone” subdomain
referenced by the rest of the model elements in Figure 3.

In models, subdomains may explicitly manifest as packages,
models that are part of a megamodel, or as dimensions in multi-
dimensional MLM (MDMLM) [21]. Each subdomain may be repre-
sented with its own domain-specific modeling language.

Substructure. Complex domain scenarios often contain identi-
fiable structures such as a subsystem or a semantic fragment. An

example for the latter is the notion of a movie that requires multi-
ple concepts to be comprehensively represented, including script,
director, cast, etc.

We treat the notion of substructure as an umbrella term that
should be further differentiated, e.g., into categories like semantic
fragment, subsystem, etc., in order to capture modeler intent and
further model element explainability.

3.2.2 Solution-Induced Sources. In contrast to the domain-induced
segmentation sources listed in the previous section, solution-in-
duced sources are motivated by the desire to structure designs
or solution artifacts in general. They are hence not germane to
domains and depend on solution choices, e.g., which technology
or approach is employed. Segmentation sources solely driven by
solution technology include:

Versions. Time does not only separate events on a timeline in
the domain (cf. Section 3.2.1), it also gives rise to different model
versions in the solution space. The latter are typically managed by
using version control.

Design Patterns. Patterns in general, have been recognized in all
phases of system development; design patterns specifically are used
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to capture reoccurring best-practice solutionmini-architectures [12].
Due to their structural regularity, it is possible to abstract away
from their implementation details and replace them with named
placeholders that reference the design pattern participants [13].

Aspects. It is oftentimes possible to identify so-called concerns
in a model, e.g., score keeping and fuel modeling in a lunar lander
game, that cross-cut through the chosen predominant decompo-
sition strategy. Aspects provide a means to modularize such con-
cerns into locally-defined descriptions that are woven into the, now
aspect-free base model, whenever one wants to see the complete
model (cf. “aspect-oriented programming” [18] and “aspect-oriented
modeling” [19]). Similar to modules (see below), aspects can be rep-
resented using package-like structures and/or representatives that
can be opened to reveal the internal structure.

Swimlanes. Sometimes behavior or structure is the Cartesian
product of multiple contributing simple behavior/structures. In
this case, one can factorize a complex description (the product)
into multiple swimlanes (the factors), with the understanding that
the latter need to be recombined in order to obtain the intended
behavior/structure. For example, the UML uses swimlanes to fac-
torize complex behavior into simpler sub-behavior for activity- and
state-diagrams [28].

Modules. Compartmentalizing separable specification parts into
encapsulated modules is a key strategy to decrease coupling in
specifications, including models. The principle of a module, as it is
directly supported in languages like Modula, may appear in various
degrees of granularity and some segment-inducing sources, such as
aspects or components, contribute to modularization. In the absence
of more dedicated support, modules might manifest as packages in
a module.

Stakeholders. Some approaches structure a model into parts ac-
cording to the engineers/experts/modelers – in general stakehold-
ers – that are responsible for these parts. Such a partitioning into
stakeholder-induced segments may cross-cut through any other
model language construct usages [15].

Other segmentation sources – while still typically being more
relevant to a solution-oriented design phase rather than a problem-
oriented analysis phase – may well be alignable with domain struc-
ture. These include:

Layers. A well-known example for using layers as a means to
separate concepts at a different abstraction level is the OSI seven-
layermodel for system interconnection. The inter-layer relationship
may be refinement and/or specialization.

Refinement. Many specification or modeling approaches, like
the B method [30] or SySML, support refinement as a formal re-
lationship that links an abstract concept with its concretizations.
Depending on the definition of refinement, it may involve elements
of instantiation and/or specialization, but may also just refer to
notions of completion and/or narrowing that need not comply to
regular instantiation/specialization.

Specificity. The difference between general-purpose languages
and domain-specific languages is their level of specificity [3]. It is
often possible to identify universal modeling concepts in models

(cf. “upper ontologies”) on the one hand, and domain/application-
specific concepts on the other hand. Specificity may, but need not
solely be, expressed using specialization. It may also be introduced
by instantiating specific concepts from universal, or at least less-
specific, types. Degrees of specificity can therefore often be found
being distributed over multiple levels in an MLM model, providing
a fine-structure to each level respectively.

Components. Similar to classes, components may correspond to
respective domain entities, but they may also be purely solution-
motivated. They form units of composition with explicit interfaces
that provide behavior beyond the level of classes [31]. They are thus
a prime candidate to be shown in a collapsed form that hides their
internal structure, or in dedicated diagram types (cf. “component
diagrams” in the UML).

3.3 Segment Representation
Model segments need to be represented in models either implicitly
or explicitly. Some segment kinds straightforwardly map to exist-
ing model structuring mechanisms, e.g., domain classification levels
directly map to classification levels in MLM models. Some segment
kinds may be supported using specific language constructs, such
as particular element relationships. For example, domain special-
ization typically maps to specialization relationships in an object-
oriented model. Segment kinds without such explicit language sup-
port could be supported by dedicated segment-supporting language-
structuring mechanisms. Failing all the above, it is always possible
to let modelers manually tag elements to designate which model
segment they should be considered to be a member of.

Table 1 provides an overview of typical segmentation support.
Language support is contingent on the chosen modeling language
while manually designation is always an option. However, in col-
umn “Manually Assigned” of Table 1 we only named manually
tagged member elements, if manual management would not imply
a loss of functionality. For instance, modules are predicated on
some encapsulation support, hence merely tagging module mem-
bers would not result in the normally desired effect.

The empty cells in column “Language Support” of Table 1 hint at
potentially useful language support that, to the best of our knowl-
edge, has not been explored yet. Regarding column “Head Types”,
we only included organic head types, in the sense that respective
head elements are already part of the model. Of course, it is possi-
ble, for all segment kinds without a respective “head type” entry in
Table 1, to let segments be represented by a dedicated segment rep-
resentative, e.g., a named layer representative for a layer segment.

Figure 4 organizes the segment kinds listed in Table 1 (with
the exception of the temporal time and version segment kinds)
according to key properties: In addition to distinguishing between
segments that have in-model heads and those who do not, we
identify some segment kinds that lend themselves to be recursively
nested (cf. Recursive Segment in Figure 4).

We furthermore recognize that some segment kinds can be
grouped to form a cohesive entity (cf. Constituent Segment in Fig-
ure 4). Respective segments, e.g., levels that aggregate to a level
hierarchy, have siblings, i.e., are related to elements in the same
group. These segment kinds support efficient focusing since they
allow all sibling segments to be temporarily hidden (see Section 4).
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Figure 4: Segment Kinds

Note that Figure 4 is only meant to convey conceptual structure;
it is not meant to detail a linguistic type model suitable for rep-
resenting segments. Concepts like Representative and Head would
have to be designed so that they can reference model elements.

Moreover, it may make sense to introduce dedicated variants of
CompoundSegment, depending on which specific constituent seg-
ments are to be aggregated. Finally, there are a number of well-
formedness constraints that could be expressed, which we do not
cover here for brevity.

Finally, we do not claim Figure 4 is comprehensive. For instance,
we neither included “manually assigned”-segment nor “modeling
dimension”-segment. The former could be very flexible, e.g., allow-
ing a head to be optionally chosen, or rather restrictive, and the
details of the latter depend on particular assumptions which we do
not want to commit to.

4 Segment Management
Independently from the segmentation sources and/or particular
representation choices, various options exist to leverage the seg-
mentation structure in a model to manage model complexity. In
particular the notion of segment siblings, i.e., segments belonging
to the same segment group, significantly enhances and extends
traditional approaches to managing model complexity.

4.1 Spatial Separation
As illustrated by Figure 3, segments may be used to highlight model
parts according to the segment kind they represent, thus helping
to structure the model and provide hints to the model recipient as
to the semantic role of a model part.

Segments are furthermore useful for both manual and automated
layouting. Modelers may manually arrange whole segments to

achieve an overall cleaner and more meaningful layout and tools
may use segments as layouting hints.

As noted before, some segment kinds support hierarchical navi-
gation (cf. Figure 4), i.e., allow entire model regions to be absent
from the overall presentation, until their contents become relevant.

Since segments represent spatially localized entities, they also
lend themselves to support model navigation. A model browser
could support the targeting of individual segments by filtering for
segment kinds, and or specific segments, e.g., via textual input such
as “Phone diversity”.

4.2 Substitution
Segments open up the possibility to substitute a subset of the seg-
ment members or even the whole segment with a suitable repre-
sentative. Options include

• replacing a subset of the members with one of them or a
placeholder element.

• replacing all of the segment members with one of them or a
placeholder element.

• replacing the entire segment with a proxy element.
For example, imagine reducing the diversity segment in Figure 3 to
be replaced by a box that states “Phone models...”. The aggregation
segment in Figure 3 could be replaced by a single element S500-001
aggregate that acts as a proxy for the actual whole-part structure.

Representatives could be
• picked manually, via respective tool support.
• selected based on being “typical”, e.g., based on a position
within a calculated distribution, avoiding extreme values,
lack of features, or degenerated elements in general.

• generated, e.g., by computing a prototype based on some
combination strategy.
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Segment Kind Language Support Manually Assigned Head Type

time potential support, e.g., via timestamps time-aligned world line
level language-defined level
classification language-defined classification type
generalization language-defined generalization generalization
aggregation language-defined aggregation/composition aggregate
diversity language-defined one-to-many relationships base
variance feature modeling template and variants template
subdomain MDMLM dimensions subdomain members
subsystem language-defined subsystem constituents
semantic fragment semantically related elements
version normally external to the language version members
design pattern collaboration pattern participants
aspect pointcuts concern contributions
swimlane language-defined swimlane
module language-defined module
stakeholder package stakeholder remits
layer layer members
refinement language-defined refinement/concretization abstraction
specificity equal-specificity elements
component language-defined component component constituents

Table 1: Segment Support

Such placeholders and proxies support so-called chunking, i.e., re-
coding model content with richer elements that condense detailed
information using fewer symbols [9].

4.3 Temporal Filtering
Rathe than replacing elements or segments with placeholders one
may also hide them. This will be evenmore effective for avoiding the
effect of not being able to see the forest for the trees. For instance,
it would be conducive to the purpose of understanding the phone
variety design employed by the model in Figure 3, to entirely hide
the variance segment. The latter does not add anything that cannot
already be gathered by considering the aggregation segment. As a
matter of fact, reducing the diversity segment to only show S500
would automatically remove segment variance and further simplify
the model without taking anything away that would be needed to
understand the phone variety design.

Figure 5 depicts how a modeler may focus on a specific part of
the model by temporarily hiding all content in the segment siblings
top-classification-level and bottom-level-classification level, and
furthermore hiding a subdomain within the middle-classification
level. Hidden parts are indicated by the use of a gray outline and
ellipses in Figure 5. This scenario is an example of achieving focus
by isolating an area of interest. Table 2 lists a number of operations
that could be supported when segments are explicitly represented
in models.

Figure 5: Segment Management

4.4 Customizable Views
It should be noted that segment operations, such as those suggested
in Table 2, effectively allow modelers to create custom model views.
In general, views are designed to project certain parts of a model
and thus support focusing on aspects of interest, but do so in a fixed
manner [4]. Dynamically configuring segment visibility is akin to
creating a certain type of views on the fly.

As mentioned before, a segment navigator, as part of a model
browser, could enable modelers to jump to a relevant part in the
model and then hide other segments on a per-need basis. Such
support would significantly expand the set of typically available
navigation anchors, such as packages, classes, etc.
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4.5 Collaboration Management
A useful side effect of a segmented model is that one may use the
segments to lock certain segments for exclusive editing to support
collaborative development, similar in spirit to the “Lock and Commit
Concept” offered by Vector’s PREEvision development tool [14].
Concurrent non-interference editing is supported by all segment
kinds and one may even introduce a dedicated segment kind that
is soley meant to delineate a lockable region (cf. Section 3.2.2).

5 Multi-Level Modeling and Segmentation
While model segmentation is applicable to two-level and multi-level
technologies alike, its application to MLM is particularly interesting.
MLM’s contribution to reducing model complexity historically has
been characterized as addressing accidental complexity only. In this
paper, we pointed out that MLM also helps managing essential com-
plexity by allowing the domain segmentation source “classification
level” to be mapped to segments in the form of levels.

Furthermore, the thus implied level hierarchy results in inter-
actions with other segmentation sources. For instance, specificity
segments are necessarily distributed to multiple classification lev-
els [2, 3], whereas others like diversity segments are confined to
single classification segments. A comprehensive systematic explo-
ration into the topology of segment kind intersections remains
future work, as is the extension of modeling languages with con-
structs that acknowledge domain-induced segments. The existence
of certain modeling elements, e.g., subtypes in a generalization
hierarchy, would then become explainable, in the sense of allow-
ing the recipient of a model to understand modeling choices. For
instance, the use of specialization could then be understood as aris-
ing from domain diversity or be the result of providing different
solution-oriented realization strategies.

Two observations are particularly pertinent regarding adding
segmentation to an MLM language: First, MLM may contribute to
model complexity by allowing many hitherto unconnected models
to be understood as variations of each other and thus bring them
together in one model. Arguably, however, this amounts to an
increase of single model complexity while the overall complexity
of the totality of all (previously separated models) is not increased.
Be that as it may, even for the increased single-model complexity,
the use of subdomain or variance segmentation is a way to manage
complexity by focusing at one previously isolated model at a time,
thus effectively allowing the original level of individual complexity
to be recreated on demand.

Second, whether deservedly or not, MLM has been associated
with increased complexity. Despite the argument that MLM untan-
gles bottom-level complexity—created by employing two-level tech-
nologies to represent multi-level domains—into explicit, language-
supported modeling levels, the perception remains that MLM is a
more complex technology, giving rise to more complex models.

Moreover, while it could be argued that the additional notation
required for MLM models to support ideas like deep characteriza-
tion is far offset by the respective gains, it remains the case that
MLM notation is richer than most two-level modeling notations.
Employing segments in MLM would allow MLM models to look
more approachable due to the ability to explicitly recognize model

Mode Effect

isolate selects segment and hides all other segments

focus selects segment and hides all sibling segments

hide removes segment from view

fold replace segment with a proxy

show brings hidden segment into view

unfold replace proxy with segment

Table 2: Segment Operations

substructures, introduce explainability, and replace detailed struc-
tures with semantic proxies. As a result, the model content that is
shared with two-level technologies—within the level that contains
order-1 concepts—would appear to be simpler and easier to manage
in a segment-supported MLM model, compared to the respective
content in a two-level model without segment support. We there-
fore maintain that enriching MLM languages with segment support
would create a powerful antidote to the aforementioned issues.

6 Conclusion
Essential model complexity cannot be eliminated but can only be
managed, e.g., with approaches like decomposition, abstraction,
layouting, element elision, and the use of views. Decomposition
has limits because there are element clusters that cannot be di-
vided up without paying an untenable price for depriving modelers
from seeing them in combination and for expressing how the parts
would have to be composed. Abstraction can be useful to provide
higher-level views on more detailed parts of the model, however,
the respective elements add to the overall complexity, especially
in case it is not self-evident that they are meant to provide a con-
densed view on more detailed parts. In the absence of view support,
model layout is typically required to do the heavy lifting of making
model content accessible. There are limits, though, as to how well
a strategic 2D-arrangement of model elements can tame the com-
plexity of substructures and relationship networks. Moreover, only
a few model substructures are amenable to be treated as containers
that can hide their inner structure. As a result, several modeling
tools support element elision, but limit this support to elements
and structures that are part of the modeling language.

In this paper, we proposed a way of elevating the aforementioned
elision practices, to hide entire model segments and/or use the lat-
ter to yield both improved model navigation and more structured
model presentation. We identified model segments as being rep-
resentable by regular language constructs, dedicated segment rep-
resentations, and manual user-designation. We argued that model
segments can be implied by the domain but may also be motivated
by solution structures. In other words, we argued the case for both
analysis and design segments, both of which need to be represented
within models, by leveraging existing constructs of the modeling
language, and/or by extending the latter to support segments, based
on notions like diversity or subdomain, to name just two examples.
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We argued that model segments support a simplified view on
models without adding to overall model complexity, as adding
abstraction levels/layers to the model would. The respective simpli-
fication is not only achieved by supporting focus through dynamic
navigation and filtering, but also by using segments in the presenta-
tion of models. As a matter of fact, segments not only break down
big models into more manageable parts, but they also enrich model
semantics by documenting the underlying cause for certain model
structures. For instance, the plurality of elements caused by domain
diversity, or domain variance can be explicitly recognized. Implied
but hitherto invisible structures, such as those emerging from ac-
knowledging different levels of specificity within the model, can be
effectively communicated, using particular presentation strategies,
e.g., involving segment labels and/or coloring schemes.

In contrast to previously recognized targets for model substruc-
tures, model segments occurring within coherent groups give rise
to the notion of segment siblings. For instance, the classification
levels in an MLM model are siblings and thus support hiding all
levels except the one in focus. Color coding can communicate mem-
bership to the overall group (e.g., by using the same hue), while
spatial separation and/or the use of different luminance values can
be employed to differentiate siblings from each other.

The group character of segments is also crucial for supporting
chunking, i.e., replacing a plurality of elements with proxies. The
respective removal of proverbial “trees” significantly allows one
to recognize the “forest”, i.e., important model structures that are
otherwise hidden in the noise of a myriad of model elements. This
is important for models featuring overwhelming diversity, such
as “Industry 4.0” applications. Previous model complexity manage-
ment techniques only addressed container-like substructures, like
packages, subsystems, and substates, while our generalization of
such substructures to both solution- and domain-induced model
segments can also manage diversity, variance, specificity, etc.

Furthermore, since many, in particular domain-induced, seg-
ments inject explicit structure into models that was previously not
represented, they enable the efficient location of relevant model
parts that otherwise could not be identified explicitly. A segment-
supporting tool could not only allow modelers to browse concepts
such as packages and classes, but also semantic entities like “diver-
sity sources for phones” or “whole-part structures for phone instances.”

We effectively extended the notion of using segregation and
cohesion principles that have been used to leverage solution-based
structures like layers, aspects, and swimlanes, to a much wider
class of solution-based structures and even extended it to domain-
induced structures. We have identified a wide range of segment
kinds that far exceeds the kinds currently supported by tools for
model substructure management, meaning that there is currently a
significant untapped potential for improving complexity manage-
ment by explicitly supporting further segment kinds.

Finally, we argued that segmentation gels very well with MLM,
not only because MLM levels achieve a specific kind of segmen-
tation already. Rather, the perception of MLM leading to more
complex models can be counteracted by adding segmentation to
MLM languages. We therefore hope that the contributions in this
paper will prove to be useful in removing barriers to the more
widespread adoption of MLM.
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