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Design, architects, and
complex communication systems:
painting the bigger picture
The task of building, maintaining and developing communication systems is complex. The level of
complexity rises as the number of stakeholders involved in creating these systems increases. As a
result, vendors, system integrators, operators – and increasingly their business partners – need to
communicate more. And so, besides understanding how their own systems work, modern designers
and business developers need to grasp how other stakeholder systems work, and to have an
appreciation of the various possible approaches to architecture design.
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The ability to grasp complex
structures can be greatly
facilitated by using visualization
tools. A common illustration
approach enables modern
system architects to share
design concepts. Support tools
that help designers to maintain,
communicate and discuss
structures are a fundamental part
of modern systems architecture.
This article presents Ericsson’s
methodology for developing such
support tools.
Designing the best system
Experts who build and maintain very
large systems are continuously looking
for ways to increase productivity and
improve quality. Raising the level of
abstraction involved in system design is
one way of doing this. It releases designers (and others) from the need to keep
track of an ever-increasing number of

details and dependencies – a number
that rises exponentially with system
size and complexity, product range and
stakeholder count.
Model-based engineering has been
used successfully for many years to
achieve the best combination of compute power and design knowledge. To
capture the structure of a system, this
methodology uses a logical model of
aggregation and dependencies – which
are visualized in a graphical format.
In this way, proposed models can be
validated and modified easily.
Owing to the complexity of modern
communication networks, systems
architecture is often split into various
domains, each with an assigned group
of architects. In addition to designing
and modeling their respective domains,
these architects are responsible for
ensuring that all of their peers have a
common understanding of the domain
interfaces and functional allocations.

BOX A  Terms and abbreviations

CSS
DSL
DSML
EGit
EMF
Git
GMF
NWA DSL

Cascading Style Sheets
domain-specific language
domain-specific modeling language
Git with Eclipse
Eclipse Modeling Framework
open source control model
Graphical Modeling Framework
network architecture DSL
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OCL
PaaS
SVG
SysML
UI
UML
Xtext

Object Constraint Language
platform as a service
Scalable Vector Graphics
Systems Modeling Language
user interface
Unified Modeling Language
framework for developing
programming languages

Model-based engineering offers
the level of person-to-person information transfer needed to design large,
modern, complex systems efficiently.
However, designing modern systems
requires a toolset: one that is capable
of being adapted to a wide range of constantly evolving demands, posed by
many different stakeholders – including producers, systems maintainers,
and the actual users of the designs.
The wanted output is a complete,
coherent, consistent and revisable network description – one that enables the
network to evolve in a controlled manner, address new challenges, and absorb
new technologies.
But to create the best system, facilitating a mutual understanding among
architects is only one key ingredient.
Architects also need a set of companion tools – tools that can, for example,
help them to validate proposed models, analyze the potential impact of suggested changes, detect inconsistencies,
and ease the implementation process.
Support tools for software and hardware design have existed for decades,
but, unfortunately, they do not address
how to bridge the gap between the
abstract representations used by designers to model the real world, and detailed
ones, where every aspect of a process or
a structure must be described in full to
enable automation.
In the context of network programmability, the ability to bridge this
gap becomes even more significant.
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Identifying the capabilities that can
be invoked, and determining how to
control them from outside the network
proper, becomes more challenging as
the level of automation rises.
The approach we took to develop
the Ericsson toolset demonstrates how
open-source technology enables developments in modeling technology to
be added as they become available.
Collaboration – within the telecom
industry, and with other industries
faced with similar system design challenges – has been crucial factor in developing a toolset that can serve modern
multi-stakeholder environments.

FIGURE 1  Top-level network diagram

Primary use case: modeling network architectures
But what is network architecture? One
definition might be: the sum of all
the components needed for operators
to produce their services. Such a definition includes a number of aspects:
functional descriptions, implementation components, products, topological architecture, as well as business and
responsibility relationships.
Functional descriptions
A system comprises a set of logical functions and how they interrelate through
logical interfaces. Deconstructing a system into its various elements facilitates
an understanding of how the system
works. Modern models use recursion to
simplify systems into network elements
and component parts to a point where
a person with some system knowledge
understands them.
Ideally, architecture design should
be decoupled from implementation.
In practice, variants of a system tend
to exist to address the needs of different deployment contexts. Systems can,
for example, be provided on a dedicated
platform, through a cloud infrastructure, or using PaaS. In a sense, the high
level architecture is the variant that is
still valid after a system has been significantly re-implemented (for instance,
after a change of platform technology).
Implementation components
Logical functions are a great way to
explain what a system does, and to
some degree how it does it. However,
to deliver actual products, implementation components that correspond

to logical functions are needed.
Implementation components can be
combined and reused to produce the
behavior described by the logical functions. Sometimes, a direct correlation
exists between logical functions and
implementation components, but this
relationship is typically many-to-many.
A logical function can be executed by
several implementation components,
although reusability goals suggest that
this should only be the case when certain constraints, such as choice of execution environment, create a need for
several implementations. An implementation component can be responsible for
implementing several logical functions,
and again, sound design principles suggest that this should be the case only
when functions are tightly coupled.
Products
Products are aggregates of hardware and/or software components.
Extending the model from logical functions through implementation components links the logical architecture
– which does not change if the functional requirements are stable – to product life cycle management (including
market adaptations), with its processes

and tools. In a virtualized environment, products will, to a large degree,
be implemented as prepackaged virtual machines (or increasingly using
the container concept, as exemplified
by Docker containers1), although optimized hardware and software components used in high-performance
elements of a radio base station, for
example, will continue to play a significant role in designing the best system.
Topological architecture
In telecoms, system topology – the ability to understand where functionality
is best deployed – is vital for creating
the best system. Telecoms is essentially
motivated by the need to connect
devices separated by distance. Mobile
networks need to connect devices as
they move about, and so systems need
to be designed to cope with a range
of traffic patterns. As a result, topology becomes highly relevant, especially when design parameters include
latency, resilience, interconnect points,
compute power or cost.
For virtualized scenarios, the location of a software component is not
set at deployment time, but is instead
a dynamic parameter determined
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Perhaps the most important benefit
of a formal model behind the graphical representation of a system is that it
allows the architecture to evolve in a
controlled way. The ability to analyze
a model for completeness and consistency, and the capability to carry out
impact analysis on proposed changes,
are key factors in the need for modelbased engineering.

FIGURE 2  Exploring a function

by the operational system.
Determining location is a complex
cloud-management process, one that
requires rapid system response and a
high degree of automation. Modeling
such system processes is essential to
ensure realistic automation. For example, to meet low latency requirements,
some network components may need to
be deployed close to each other, while
redundancy requirements may dictate
that certain network components be
kept apart.
Responsibility relationships
Systems need to be described in terms
of the functionality each business entity
(operator, partner, platform provider,
device manufacturer, content provider
or user) is responsible for. Such division of responsibilities is not necessarily limited to the relationships between
separate legal entities, but can also be
applied to units within the same legal
entity or company. Key resources like
access and core networks, computing
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infrastructure and databases must be
protected. At the same time, the pace
of business requires that new services
can be developed and launched without having to wait for traditional system integration to be completed or for
the massive amount of testing to be concluded. Network architecture modeling
plays a key role in identifying the key
interconnection points, highlighting
the interfaces that can be defined and
thus protected as exposable services.
Business relationships
The business relationship includes how
workflows and commercial processes
are described, how they touch, and how
they help to define the logical functions
in the system.
All aspects, from functional descriptions to business relationships, are
linked. The complex job of establishing
and maintaining these links is a critical
factor behind the need for formal modeling and abstraction capabilities.

Graphical representation
of the system
Figure 1 shows a typical network
architecture illustration. It conveys the
main purpose of a system through a
set of interconnected logical functions.
Each function is portrayed as an icon,
which conveys the function’s primary
purpose. Color-coding helps to support
the association of functions to network
areas, but color is also used to shift the
viewer’s focus to specific parts of the system. The elements shown in Figure 1
are examples of network areas – main
groupings of functionality.
Besides functional elements, connections are a significant feature of
network-architecture diagrams, as
they illustrate the direct relationships
between functional elements.
Figure 2 illustrates how a network
element/function can be described in
detail. The bounding box represents
the function at a higher level of abstraction. Even though the elements outside
the box are functions defined by other
network areas, they are included as the
information carried over the interface
helps the reader understand the role of
the function, and its relationships with
the rest of the system. By adhering to the
principle of need-to-know, context is not
lost as the viewer drills down from one
level to the next.
This need-to-know principle is fundamental to Ericsson’s toolset, which
can create a hierarchy of diagrams
that show just what the reader needs
to understand: in other words, a system that renders illustrations with the
main structures and the correct level
of detail without being cluttered with
unnecessary information.
Details are conveyed through recursive decomposition of the logical functions into sub-functions – a concept
that is illustrated in Figures 1 and 2.
To illustrate the principle of recursive
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architecture descent, Figure 3 shows
how a logical function can be rendered.
These architecture diagrams are the
toolset’s graphical description of the
logical, multilevel structure of the network area (being described). However,
formal representation is also required.
Figure 4 shows a formal, tree, representation of (a part of) the same model.
The formal model may contain protocol definitions, which consist of signals
and their parameters. Functional components can be associated with such
protocols, and detail how they interact
with each other. Sequence diagrams,
like the one shown in Figure 5, are created using the sets of signals available in
the protocols, and aid the understanding of how a system works by adding
behavior to the architecture.
In line with good design principles –
simplification where possible – recursive descent is also applied to sequences,
so that several subsequences can be
abstracted into a block, which can then
be reused in higher-order sequences.
The goal is to create a toolset that provides a single, consistent and maintainable system description that captures
the system’s logical functionality, its
hierarchical structure, its internal and
external relations, and ultimately how
it relates to implementation and deployment. In other words, the aim is to build
a toolset that supports both human
understanding and formal stringency.
The fundamental enablers
The open source community Eclipse2
is a good example of how collaboration across industries succeeds today.
Initially, the aim for Eclipse was to create a platform for software tool developers. But the platform has since evolved
into a sophisticated software system
with a specialized support environment
for creating a broad range of artifacts.
Eclipse
A basic framework for creating initial
workbenches, Eclipse can be tailored,
providing network architects with the
right support to describe a system.
Eclipse Modeling Framework (EMF)
This framework includes a set of software tools that enable logical model
structures to be created and managed.
In other words, contained elements,

FIGURE 3  Drilling down into a logical function

their properties and their relationships
can be modeled.
Graphical Modeling Framework (GMF)
This framework includes functionality
that renders a model as a customizable
graphic.
Papyrus
A standard-based modeling tool,
Papyrus supports languages like UML
and SysML, and is based on a set of
Eclipse components, including UML2,
GMF, EMF, OCL and Xtext. Designed
from the ground up, Papyrus is an
attractive implementation solution
for the toolset, as it can be extended,
specialized, and adapted to appear to
the user as a domain-specific language
(DSL), or more accurately as a domainspecific modeling language (DSML).
This capability enables architects to
work using modeling concepts that are
natural to the context at hand.
Generic modeling languages – like
UML – are powerful and flexible, as they

can be applied to a wide range of modeling tasks. However, that flexibility
is also one of their drawbacks, as the
responsibility lies with the user to perform the mental translation from contextual to generic modeling concepts.
By instead using a DSL, this responsibility can be shifted to the toolset, allowing
architects to focus on the job at hand:
creating the best architecture.
A key component of any design toolset
is the ability to share modeling information across a large, and geographically
distributed, team. One candidate open
source toolset for managing versions,
parallel development threads and distributed development is Git. While this
toolset is included in the Ericsson solution, Git was primarily developed to
support code development, and as such
was initially text focused. Fortunately,
significant work has been carried out
over the past couple of years to make
the compare-and-merge functionality
model-aware, which is a vital component in the bigger picture.
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significantly, will continue to benefit as
enhancements become available.

FIGURE 4  The formal model

A domain-specific toolset
The Ericsson toolset for evolving network architecture – network architecture domain specific language (NWA
DSL) – is based on Papyrus and supports
key aspects of architecture design, such
as advanced model validation, model
and tool integrations, deployment analysis and validation, architectural exploration, variation points, and product
line management. Essentially, the toolset includes the following components:
UML2 profile – tailored to the network
architecture (NWA) graphical modeling
language (originally defined
independently of tool implementation);
style sheets (CSS files) – to govern how
customized diagrams are rendered;
graphics library – customized SVG
shapes for visualizing different network
functions in diagrams;
palettes – showing the user what
elements are available for building
network architectures; and
software – to implement the associated
logic, including the additional UI menus
needed for the NWA DSL.

However, providing the logic and rendering information is still not enough.
To describe the perfect system,
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domain-specific properties that do not
break the fundamental assumptions
of Papyrus and UML are needed. This
is where the stereotype mechanism of
UML comes into play. By extending UML
Components (defined in the UML standard) with stereotype designators, the
CSS-based graphics rendering process
picks up the stereotype and its associated properties to produce the graphical
representation. The resulting diagrams
that architects use to validate their ideas
focus on essential information and use
a graphical syntax that is meaningful,
rather than the kind of generic syntax
used by standard models like UML.
The Ericsson toolset could have been
developed from scratch. However, by
building directly on the semantic
richness of UML, the resulting toolset
benefits from years of development
conducted by experts in the fields of
modeling and tool implementation. In
addition, integration with other DSLs
based on UML2 profiles – both existing and future releases – becomes easier. In other words, the Ericsson toolset
not only benefits from developments
already delivered by the Eclipse modeling community, but, and perhaps more

The open source approach:
how and why?
Large software organizations, like
Ericsson, have used model-based engineering as a key business differentiator in many different contexts. Today,
modeling is used in a wide range of
tasks, including software design, system design, information structure, network architecture, and the mapping of
business processes. However, there are
a few issues limiting the wider adoption
of this approach by industry.
This lack of adoption by industry is mainly tool related. For example, model-based engineering has no
proper support for DSML development
and customization, and no capabilities to support key development areas
like model-based collaborative development, testing, deployment on multicore, and model/tool integrations. These
issues, together with the lack of evolution of commercial tools, lead to the conclusion that the traditional approach,
based on proprietary technologies, has
failed, and that a new solution based on
open source is needed.
In light of this failure, Papyrus – an
industrial-grade open-source modeling
tool – provides the necessary basis to
establish a new foundation for modelbased engineering; a foundation based
on collaboration among users, suppliers, and the research community.
Papyrus (and other related open
source technologies such as EGit, EMF
Compare, and UML2) has evolved to
a new level of maturity, one that has
enabled its use at industrial level.
Collaboration is the key factor to ensure
its continued development and more
widespread adoption – not just with suppliers and independent developers but
also with other companies.
Interestingly, the needs and requirements of many different companies,
with different technology domains, are
similar to the telecom domain – underlining the fact that large system development is highly generic. For example, the
architecture design characteristics for
person-to-person interaction are more
or less the same for a telecoms application as they are in the control of electricity grids or remote patient monitoring.
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Future development possibilities
Fundamentally, building the best network first requires the capability to
model many different aspects of network architecture, and secondly, the
ability to capture and maintain relationships among network elements.
The compelling aspect of building
comprehensive system models is the
ability to rapidly create a functional
model of a customer system, with proposals for evolution and transformation
paths. As such, the benefits of modern
architecture modeling not only apply
to a given technology domain, but are
a fundamental enabler of collaboration
with customers and partners.
To ensure the long-term evolution of
the open source modeling solution and
the development of a vibrant support
community, Ericsson is actively supporting and developing industrial cooperation initiatives in this area. Ultimately,
the ability to share ideas and solutions,
and contribute to the open source community, are the key factors for successful open source modeling.
Conclusion
The model-based engineering strategy illustrated by the NWA DSL example lays the groundwork to fulfill the
needs of network architecture modeling, which are:
flexibility in graphical representation –
to achieve the right level of abstraction;
integration potential – efficiency across
the development and integration chains;
a basis in an open source strategy –
promoting a community approach that
can not only provide benefit to the
telecoms industry, but also to adjacent
industries experiencing similar
architectural challenges;
ease of use – to lower the threshold for
architecture-level users; and
efficient collaboration – to support the
entire organization.

FIGURE 5  Simple sequence diagram
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Applying a model-based engineering approach to network architecture
design results in increased productivity and enhances the ability of all parties
to understand the target system. The
model-based approach ensures that the
level of consistency, performance and
adaptability needed by Ericsson and its
customers is safeguarded as we progress
deeper into the Networked Society.
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