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Abstract: Informal diagrams created in general-purpose diagramming tools are widely used in software architecture be-
cause they are quick to produce and easy to share. However, the lack of constraints in such tools often yields
inconsistent notations and ad-hoc conventions, which in turn invite misinterpretation when diagrams are read
outside their original context. Dedicated modeling languages and environments can mitigate these issues but
are frequently resisted due to steep learning curves and disruptive adoption costs. Building on the flexible
modeling paradigm, this paper proposes an approach to the lightweight formalization of informal diagrams.
Grounded in observed industrial challenges and prior work on flexible modeling, we derive a set of design
principles and instantiate them in an approach realized as a Draw.io plugin. We propose an approach that
addresses challenges from industrial settings by enabling practitioners to introduce structure incrementally
into the informal diagrams they already create, thereby helping resolve notational inconsistency and clarify
meaning. Moreover, we show how our approach satisfies the guiding flexible modeling principles by introduc-
ing these model-like benefits without compromising the accessibility and speed of informal diagramming as
valued in practice. The contribution enhances clarity and consistency within familiar workflows and lays the
groundwork for subsequent capabilities such as rapid dissemination of conventions, enterprise-level aggrega-
tion, and additional quality checks should organizations choose to adopt them.

1 INTRODUCTION

In the early stages of software design, architects find
informal diagrams useful for exploring architectural
alternatives, investigating emerging design concepts,
and facilitating collaborative discussions (Jongeling
et al., 2024; Hasselbring, 2018; Wüest and Glinz,
2011). Their inherent flexibility and minimal over-
head, make them particularly well-suited for the rapid
ideation and negotiation that characterize initial ex-
ploration. The utility of these diagrams, however, of-
ten extends beyond this phase. Subsequently, they
may be used later in development by a wider audi-
ence and for different purposes than initially fore-
seen (Baltes and Diehl, 2014). Because these di-
agrams are often created in unconstrained, general-
purpose diagramming tools, valued for their flexibil-
ity, but where no standard or convention is enforced,
authors freely shape them according to personal pref-
erences and interpretations. While this freedom sup-
ports quick exploration, it also leads to ambiguity
when the diagrams are later read or reused by others.
As these diagrams travel beyond their original con-
text, the flexibility valued during brainstorming must
be balanced with the clarity required for long-term

communication.
To impose rigor, organizations might turn to for-

mal or semi-formal modeling languages and model-
ing environments. Although these languages can offer
precise syntax and semantics, their adoption is often
hindered by significant barriers: a substantial learning
curve, considerable modeling effort, and strict confor-
mance demands are frequently perceived as incom-
patible with the iterative nature of modern agile devel-
opment (Hutchinson et al., 2014; Whittle et al., 2013;
France and Rumpe, 2007), leading practitioners to re-
sist them or underutilize them.

To bridge the gap between informal diagramming
and formal modeling, the flexible modeling paradigm
seeks to balance the expressive freedom inherent in
informal diagrams with mechanisms for incremental
formalization as a design matures (Jongeling and Ci-
ccozzi, 2024; Guerra and de Lara, 2018). This idea
is also highlighted in recent discussions, which assert
that postponing structural constraints is critical for
the success of informal methods (Bucchiarone et al.,
2021).

While flexible modeling provides a strong foun-
dation, practical challenges still exist. Existing solu-



tions require the adoption of tools that pull architects
away from their preferred, general-purpose diagram-
ming environments (Di Rocco et al., 2023; Guerra
and de Lara, 2018; Izquierdo et al., 2013; Wüest et al.,
2013; Cho et al., 2012). However, this requirement
reintroduces the very workflow disruptions and adop-
tion hurdles that cause practitioners to resist formal
modeling languages and environments. The key chal-
lenge, therefore, is to enhance rather than replace the
established, informal tools and workflows that archi-
tects use in their daily practice. The goal is to intro-
duce just enough incremental formalization to infor-
mal diagramming, in order to yield tangible modeling
benefits, without imposing the rigidity of strict con-
formance or metamodel commitments.

To this end, we engage with software architecture
teams at a partner company that make frequent use
of informal software architecture diagrams. Through
this partnership, we elicit a set of core challenges,
which we then enrich with our cumulative insights
from other industrial experiences and the existing lit-
erature on flexible modeling. This analysis forms the
basis for this paper’s two main contributions: (i) an
approach to lightweight formalization of informal di-
agramming that provides model-like benefits without
sacrificing flexibility, and (ii) a practical implemen-
tation of this approach as a Draw.io plugin designed
for seamless integration into existing tools and work-
flows. The reader is encouraged to have a look at
our replication package1 including the implementa-
tion and a demo video.

The remainder of this paper is organized as fol-
lows. Section 2 presents the industrial context, the
challenges elicited, and the resulting principles that
guided our solution’s design. Section 3 introduces the
proposed approach, and Section 4 details its imple-
mentation. Section 5 details how the principles and
features of our approach resolve the identified chal-
lenges, and Section 6 discusses the implications and
limitations of the approach. Section 7 reviews related
work and Section 8 concludes the article.

2 INDUSTRIAL CONTEXT

We investigate software architecture practices
through a collaboration with a large, European
Original Equipment Manufacturer (OEM). Through
five working sessions with two principal architects,
we analyze a set of informal diagrams and docu-
mentation workflows from various teams to identify
their recurring challenges. The findings highlight that

1https://github.com/MLJworkspace/Drawio_Formaliza
tion_Plugin/tree/main

their architectural practices are fundamentally shaped
by two key factors: i) organizational heterogeneity,
with documentation responsibility distributed across
diverse teams, and ii) a preference for lightweight
tooling, such as Draw.io, that favors expressive
freedom over rigorous modeling governance. The
interplay of these factors creates three main chal-
lenges, which in turn serve as the foundation for a set
of guiding principles that a successful solution must
embody.

2.1 Challenges in Current Architectural
Practice

The context outlined in the previous section (i.e., or-
ganizational heterogeneity coupled with a reliance on
unconstrained diagramming tools) defines the land-
scape of challenges faced by architects at our partner
company. We detail them below.

C1. Conceptual ambiguity. In the studied indus-
trial setting, we observe that teams sometimes lack a
shared understanding of what diagram elements rep-
resent. Element names are often informal or over-
loaded, and a shared vocabulary of concepts such as
component, service, or database is not always avail-
able, which could leave an element’s role unspecified.
Where a vocabulary exists, it occasionally becomes a
source of confusion when it is outdated, incomplete,
or applied inconsistently, which leads to differing in-
terpretations. Relationships between elements are an-
other area where intent is not always explicit. Con-
nectors often lack a clear description of what they rep-
resent, and intended direction is sometimes absent, so
readers infer the nature of the interaction from con-
text. We also note that this issue of meaning can per-
sist even when visuals are consistent. A diagram may
present a uniform appearance for its elements, yet
readers may still be uncertain about what those items
are meant to be. The practical effect is that identity
and role are inferred on a case-by-case basis, which
increases cognitive load, slows reviews, and can lead
to divergent readings across teams.

C2. Notational variability. Beyond conceptual
ambiguity, we also notice notational variability, which
concerns how elements are shown and how appear-
ance relates to concepts. Notational variability stems
from a work culture that prioritizes speed and imme-
diate communicative intent over strict adherence to a
shared visual standard. We observe that architects,
under delivery pressure, often select notations based
on convenience or personal preference, using them as

https://github.com/MLJworkspace/Drawio_Formalization_Plugin/tree/main
https://github.com/MLJworkspace/Drawio_Formalization_Plugin/tree/main


they see fit to make a point in the moment. This prac-
tice leads to a highly ad-hoc and inconsistent visual
syntax across diagrams, worsened by the frequent ab-
sence of a shared legend to map concepts to their vi-
sual representation, which makes interpretation a mat-
ter of guesswork. As an architect quotes “...notation
leaves too much to interpretation, which will result in
a different outcome from what is expected”. This no-
tational issue is distinct from conceptual ambiguity as
even when a team’s concepts are well-defined, repre-
senting them inconsistently makes the diagrams diffi-
cult to read and recognize. In practice, this imposes a
significant cognitive load that impedes the efficiency
of reviews and analysis.

C3. Adoption friction. Despite recognizing the
need for improvement, teams are hesitant to adopt
new tools or practices. Architects are motivated
to reduce notational variability and conceptual
ambiguity so that diagrams are clearer and less
open to misinterpretation. They also see that greater
consistency could enable useful capabilities such
as automated checks and impact analysis. At the
same time, past experiences with cyclical adoption
and abandonment of tools have created skepticism
toward solutions that promised long term benefits
but add workflow overhead. Architects valued the
expressive freedom and low overhead of their current
diagramming tools, which they view as essential for
meeting delivery commitments. As a result, proposed
changes are more likely to gain traction when they
work inside existing environments and allow teams
to adopt improvements gradually and on their own
terms.

Collectively, these challenges undermine the util-
ity of informal diagrams at scale. They impede
the construction of a cohesive enterprise view, as
source diagrams are often incomplete, contradictory,
or incompatible. This uncertainty hinders reason-
ing about system-wide dependencies and decision-
making. Furthermore, the reliance on tacit knowledge
creates barriers for newcomers, prolonging onboard-
ing and increasing the risk of design errors.

2.2 Guiding Principles

Building on the observed challenges, insights from
discussions with other industrial partners, and prior
work on flexible modeling (Jongeling and Ciccozzi,
2024; Guerra and de Lara, 2018), we sought to define
a set of principles to guide the design of the solution.
Informed especially by the third challenge (i.e., adop-
tion friction), we introduce a cross-cutting constraint

on everything that follows. The mechanisms we pro-
pose, must preserve the flexibility and low overhead
that practitioners already have. This constraint is
not a separate principle. Rather, it conditions how all
principles are realized and how their supporting fea-
tures behave. With this constraint in mind, we define
the following principles.

P1. Incremental formalization. The solution must
support the incremental formalization of informal di-
agrams.

This principle recognizes that architectural design
often begins with informal diagrams to facilitate rapid
communication and iteration. Imposing strict for-
malism at this early stage can impede progress and
creative discourse. A more effective approach intro-
duces clarity selectively and incrementally as deci-
sions solidify, thereby helping to counteract concep-
tual ambiguity and notational variability over time.
Well-understood elements can be formalized early,
while evolving ones may remain informal until clarity
emerges or a specific need for precision arises. Any
imposed formalism must be malleable, allowing for
easy modification or removal to prevent premature
commitment. This incremental pathway aligns with
the natural evolution of design thinking, supporting
rapid sketching when ideas are fluid and enabling in-
cremental formalization as they stabilize.

P2. Informative conformance checking. The so-
lution must provide conformance checks that point
out deviations from agreed conventions and inform
authors without interrupting their work.

The purpose of this principle is to balance flex-
ibility with guidance. Without consistency checks
against agreed conventions – the outcomes of incre-
mental formalization – notational inconsistency and
conceptual ambiguity will persist. Yet strict, inter-
ruptive enforcement deters adoption. The approach
should therefore offer informative, non-blocking
feedback that flags departures from the conventions
and allows architects to defer, prioritize, or dismiss
fixes at their discretion. Feedback should identify the
exact element or relation involved and explain the is-
sue plainly, so authors get useful guidance without
sacrificing productivity or autonomy.

P3. Convention sharing and reuse. The solution
must enable the capture, distribution, and reuse of de-
fined conventions.

To extend consistency beyond a single diagram,
the solution must enable reusable convention sets.
Teams need a way to define, once, the shared choices
about element types, their standard visual forms, and



basic constraints, and then propagate these choices
across other diagrams. For this to be practical, these
conventions must be simple to package, import, and
apply, both to new diagrams and to existing ones for
alignment. Such capability can reduce variation in vi-
sual notation and uncertainty about element meaning
at scale, while saving architects time and lowering the
cognitive effort required to interpret diverse diagrams.

3 APPROACH OVERVIEW

Grounded in the defined principles, this section
presents our proposed approach, which supports two
workflows. First, for existing diagrams, our approach
acts as a repair tool. It allows teams to retrospectively
standardize how diagrams are defined and used with-
out having to recreate them from scratch. Second, for
new diagrams, previously defined conventions can be
applied from the outset, so diagrams are consistent
and coherent from the start. The following subsec-
tions describe the approach’s features.

3.1 Incremental Formalization

What typing means in our setting. Our goal is to
enable incremental formalization of otherwise infor-
mal diagrams. In formal modeling, an abstract syn-
tax defines a metamodel of concepts and their con-
nections, a concrete syntax specifies the visual nota-
tion, a mapping links concepts to their visual forms,
and semantics supplies well-formedness rules and
constraints (Kleppe, 2007). We operationalize this
through a lightweight, user-driven typing process. A
type acts as a minimal meta-element representing an
architectural concept and is linked to a specific vi-
sual representation. Each type captures three essen-
tials: (i) a name that identifies the concept, (ii) a fixed
visual representation that ensures notational consis-
tency, and (iii) a set of constraints currently applicable
to connections.

F1. Defining types from examples. In contrast to
traditional meta elements defined upfront, our types
emerge bottom up from concrete elements in the dia-
gram. The definition is intentionally manual because
user intent is the primary source of truth in informal
diagrams and visual cues alone are often too ambigu-
ous for reliable automated inference. To define a type,
the author selects an exemplar element that carries
the visual properties expected to be shared by all in-
stances of the intended type. The author then specifies
the type name and two further specifications:

• A matching rule that identifies other elements to
be treated as instances of the type based on visual
attributes such as shape, fill color, or line style.

• A propagation profile that defines the exemplar’s
visual attributes that are transferred to matched el-
ements when visual alignment is applied.

To keep the vocabulary of types visible, the link
between each type and its visual representation must
be explicit. The approach ensures this by automati-
cally creating and maintaining a legend that lists every
defined type together with its visual representation.

F2. Automatic typing by example. Once a type is
defined, the user can apply it to other elements by au-
tomatic propagation. The two specifications created
at definition time drive this process. The matching
rule selects the elements that qualify as instances of
the type. The propagation profile enforces type as-
signment and restricts visual propagation to the sub-
set of the exemplar’s appearance attributes marked for
propagation in the profile. Propagation can be run for
the entire diagram to ensure consistency at scale or in-
voked for a single or a set of elements when a targeted
update is needed. The system does not infer types on
its own. Automation executes only the rules that the
user has declared and these rules can be refined at any
time.

F3. Typed instantiation. After types have been
defined, authors can create new elements that are
already typed. The legend remains the declarative
record of the type vocabulary, while a separate ac-
tionable library mirrors its contents as an interactive
palette. Users select a type from the library and place
a correctly styled and typed element directly onto
the diagram. New instances immediately adopt the
recorded appearance of the chosen type, similar to
palettes in modeling environments.

F4. Dynamic typing. As understanding evolves, an
element may need a different type. Retyping replaces
the previous type without recreating the element. The
element keeps its identity and connections and im-
mediately adopts the appearance defined by the new
type’s propagation profile. Each element holds ex-
actly one type at a time. Retyping occurs in two ways.
First, a user can reassign a typed element to another
existing type. Only that element changes. Second, a
typed element can serve as an exemplar to define a
new type. The exemplar is reclassified, and the new
type can then be propagated to all other elements that
satisfy its matching rule.



F5. Type modification. Over time, types them-
selves may need revision. The approach supports
changing a type’s name, appearance, and constraints.
To avoid confusion, local edits to typed instances are
separated from changes to the type definition. A vi-
sual change made directly on an instance is treated as
a local deviation when it affects a property governed
by the type’s propagation profile. In contrast, gen-
uine modifications to a type are performed centrally
in the legend. Updates made in the legend, such as
renaming a type or adjusting its appearance, are then
propagated to all instances. This ensures that changes
are applied consistently while local deviations remain
visible.

3.2 Informative Conformance Checking

What conformance means in our setting. In our
approach, conformance is the degree to which a di-
agram follows the shared choices a team has made
about the set of existing types, their visual appear-
ance, and constraints. Conformance is assessed
against three criteria: (i) the local vocabulary and
recorded visual notation, (ii) type-specific constraints
that state which connections are allowed, and (iii) a
set of predefined, generic rules that apply to all di-
agrams. Validation is on demand and non-intrusive.
Architects run checks when they choose, and draw-
ing, editing, and saving continue uninterrupted. Find-
ings appear as pointers on the relevant elements or
connections, each with a brief explanation, so users
decide what to address and what to defer.

F6. Conformance checking. For targeted and non-
blocking feedback, the approach carries a confor-
mance check, evaluating whether elements apply the
local vocabulary and the recorded visual notation.
When an element’s visual appearance diverges from
the recorded notation, the approach permits the drift,
but issues a warning. Second, it checks connections
between elements against their assigned types, clar-
ifying which pairings are allowed or disallowed and
flagging any that contradict the intended structure.
Third, it applies generic rules that improve consis-
tency across all diagrams. Typical findings include
untyped elements, missing descriptive labels, and iso-
lated nodes that are not connected to the rest of the
diagram. Findings point to the affected element and
briefly explain why it was flagged.

F7. Statistics. While the aforementioned confor-
mance checks identify issues for individual elements,
a holistic perspective helps teams assess the over-
all state of a diagram and guide subsequent develop-

ment. To facilitate this, the approach provides a statis-
tics dashboard that provides a quantitative, aggregate
overview of the entire diagram. This view updates
dynamically as the diagram is modified and reports
on key metrics, including total element and concept
counts, the ratio of typed to untyped elements, the
number of orphan nodes, and instance totals for each
concept. These metrics provide quantitative insights
into the diagram’s structure and maturity, helping to
direct refactoring and design efforts. For example, a
low proportion of typed elements may serve as an in-
dicator for an early stage, exploratory design. Sim-
ilarly, a heavily unbalanced distribution of elements
across concepts can highlight a need for a focused ar-
chitectural discussion.

3.3 Convention Sharing and Reuse

F8. Convention bundle. Within a single diagram,
local conventions can keep types and notation consis-
tent. When work spans multiple diagrams or teams,
that clarity depends on a portable convention bun-
dle that can be shared and adopted. In essence, the
bundle records the common ground: agreed vocab-
ulary, visual conventions, permissible relations, and
any scoped restrictions, and it can evolve through ver-
sioned updated as teams refine their practice. Adopt-
ing the bundle in a new diagram provides a shared
starting point where teams can begin with the same
vocabulary and conventions, avoiding one-off defini-
tions and reducing setup friction. Adopting it in an
existing diagram enables on-demand validation and
optional alignment to the shared conventions, so users
can reconcile unintended inconsistencies.

4 IMPLEMENTATION

We implemented our approach as a plugin for the
Draw.io diagramming tool, which is used for architec-
ture description by our industrial partner and, presum-
ably, other organizations. To support adoption and re-
producibility, the plugin and a demonstration video
are available in an anonymized repository 1. Figure 1
summarizes the plugin’s architecture which the fol-
lowing sections detail.

4.1 Draw.io Diagram Files

A Draw.io file is serialized as an XML document
where each diagram is encoded as an mxGraphModel.
The fundamental unit is the mxCell element, which
represents all graphical entities. Geometric proper-
ties such as position and dimensions are specified in



Figure 1: Workflow of technical steps underlying the implementation

a child mxGeometry element. An element’s visual
appearance is defined by a semicolon-delimited style
string of key=value tokens, while its value attribute
stores either a visible label or a user object for arbi-
trary metadata.

At runtime, the editor deserializes this XML into
an in-memory mxGraphModel that is bound to an
mxGraph view. The editor’s user interface operates
by issuing edits to this model. The model then emits
change and undo events that ensure the visual canvas
and the underlying XML data remain synchronized.
Our plugin integrates into this process by operating
exclusively on the native mxGraphModel, traversing
it to read and write the properties of mxCells, such
as their styles, geometry, and connectivity references.
Because we only store information in places the editor
already supports (cells, styles, geometry, and optional
user-object attributes), one can open, edit, and save
the file in plain Draw.io and everything remains in-
tact across both the XML on disk and the interactive

editor UI.

4.2 Type Definition and Propagation

To define a type, the user can invoke Generate Type
on an existing element (Figure 1;1a). At this point, the
dialog requires defining the type name and two spec-
ifications: the matching rule (visual attributes that
qualify other elements as instances), and the propa-
gation profile (styling attributes enforced on those in-
stances when applying the type). Upon Save, that ele-
ment becomes the exemplar of a named type (1b), and
the workflow proceeds as follows:

• The Legend Manager writes a type entry in what
we refer to as a recipe that is embedded in the
same mxGraphModel file (1c). At a high level,
the recipe functions as a map from type names to
their visual definitions. It records the type’s name,
its kind (shape or edge), the specifications, and a



serialized appearance.

• It creates or updates a visible exemplar in the di-
agram’s legend in the EditorUI. If a legend does
not exist, it creates one. The exemplar is a stan-
dard cell with the type’s style applied and a type-
identity attribute stored as a metadata.

Save and Propagate command hands over work to
the Propagation Engine (1d), which (i) resolves the
chosen scope, (ii) matches instances of the type (i.e.,
matching rule), and (iii) applies delta updates as only
attributes marked as propagable by the user in the di-
alog (i.e., propagation profile) are written key-by-key,
while non-propagable fields are preserved. All ed-
its are batched in a single mxGraphModel transaction
(1e) and can be reversed with a single undo step.

The Type As command can be invoked on one or
more selected elements. It allows typing only those
selected elements by presenting the user with a list
of all existing types. Once a type is chosen, the sys-
tem assigns it to the selected elements and applies its
propagation profile. Any local styling that conflicts
with the type’s properties is overridden, while non-
conflicting properties are preserved. The command
can be used both to assign a type to previously un-
typed elements and to retype already typed ones.

4.3 Legend-driven Type Management

Once a type is defined and added to the legend, the
legend becomes the single point of control for refin-
ing that type and distributing changes. Modifying a
type in the legend (e.g., changing name, fill color,
line styling) (2a), updates its details in the recipe (2b),
and, when propagated, applies those updates to all el-
ements of that type(2c:2d). The legend supports the
following actions:

• Rename type. Change the type’s name. The cor-
responding recipe entry and the typeName meta-
data on all affected elements are updated.

• Remove type. Delete the type from the leg-
end. The recipe entry is removed and any element
bound to it has its typeName cleared. The dia-
gram’s current appearance is preserved and local
styling remains.

• Propagate. Apply the type’s current name and
visual appearance from the legend to all instances
in the diagram, according to its propagation pro-
file. Text labels, positions, and non-propagable
attributes are preserved.

• Configure propagation profile. Open the prop-
agation panel to (re)select which attributes are
propagable. The selected flags are saved in the

recipe. Future propagation only applies those at-
tributes to matching instances.

• Export legend as library. On export (3a), the
Library Exporter queries the Legend Manager’s
recipe catalog (3b) and converts each recipe to a
minimal mxGraphModel snippet packaged as an
<mxlibrary> XML file (3c). The resulting li-
brary mirrors the legend and can be imported into
this or other Draw.io files to enable reuse.

4.4 Conformance Checking

Conformance checking is implemented as an on-
demand, non-blocking process. In step (4a), users de-
fine conformance rules in the validation dialog. At
present, the user-defined rules focus on constraints
that specify the elements that the connectors are al-
lowed to connect, specifically the allowedSources
and allowedTargets for each connector type. These
rules are then serialized together with the type defini-
tions in the recipe (4b). When a conformance check
is invoked, the validation engine loads the relevant
rules from the recipe and the built-in generic checks
implemented in the plugin (4c). It then performs a
single pass over the diagram, evaluating each ele-
ment and connection. First, the engine verifies adher-
ence to the recipe by checking that every element’s
typeName is defined and that its visual appearance
matches the recorded notation. Untyped elements are
flagged, and visual drift is reported. Second, it vali-
dates type-specific connection constraints by inspect-
ing each typed connector, retrieving the applicable
allowedSources and allowedTargets, and com-
paring these with the actual source and target node
types. Disallowed connections are reported. Third,
the engine applies generic rules that support readabil-
ity and reuse, including checks for missing labels, iso-
lated nodes, and duplicate type names. Findings are
displayed directly in the editor as temporary visual
markers with explanatory tooltips (4d). When check-
ing is deactivated, the diagram is restored to its origi-
nal state. The process never blocks editing or saving,
allowing users to continue working regardless of any
unresolved findings.

4.5 Recipe Bundle Portability

The plugin keeps the recipe (i.e., two JSON maps
for node and edge types) embedded in the diagram
as attributes (nodeTypeRecipes, edgeTypeRecipes)
on the value of the root model cell. The legend is
a synchronized view over this recipe, hence edits to
legend elements update the recipe, but both export
and import operate directly on the latter. When the



Export/Import Bundle (5a) is invoked, the exporter
reads the recipe from the document root (5b), ex-
tracts the JSON text from its wrapping XML struc-
ture, and generates a JSON bundle (5c). The bun-
dle contains shapes and edges maps keyed by
type name. Each type entry carries the selected
propagation flags props that govern updates to in-
stances, basis flags used for peer auto-binding, a
styleSnapshot for visual appearance, and only for
shapes, a geometrySnapshot with width and height.
Edge types may declare connection constraints via
allowedSources and allowedTargets. The ex-
porter does not traverse the drawing but it serializes
the recipe only, so the cost is linear in the number
of types and independent of diagram size. In import
(also 5a), the provided JSON bundle (5c) is parsed
and written back into the document recipe (5b). The
legend is rebuilt from the updated recipe, and im-
ported edge constraints take effect immediately in
subsequent validations.

4.6 Statistics

The statistics panel provides a live snapshot of the di-
agram. An event listener triggers a function that per-
forms a single pass over all graph cells (6a). This
process first filters out the entire legend subtree, lay-
out swimlanes, node and edge labels, and text-only
shapes. For each remaining cell, the engine inspects
the typeName attribute to calculate instances for each
type and to count any untyped elements. It also iden-
tifies orphan nodes by finding vertices with zero con-
nected edges. The results are displayed in a sidebar
panel that summarizes the total number of elements,
distinct types, untyped elements, and orphans, with
an expandable view for per-type instance counts (6b).
These statistics are recalculated on each change.

5 ADDRESSING THE
CHALLENGES

This section outlines how the proposed approach ad-
dresses the observed challenges. We map each chal-
lenge to the principles that guide the approach and
indicate the features that operationalize those princi-
ples. Table 1 presents this mapping. The first two
challenges are closely related, so we address both us-
ing the same set of features under the same princi-
ples. The third challenge follows a similar pattern,
since every design choice is constrained by the need
to preserve flexibility and avoid workflow disruption.
Although the same sets of features apply across chal-
lenges, their contribution differs in focus. The fol-

lowing subsections explain each cell in more detail,
showing how specific features defined under a princi-
ple contribute to overcoming a particular challenge.

5.1 Conceptual Ambiguity

C1 × P1. To resolve ambiguity and uncertainty
about element identity, the approach makes implicit
knowledge explicit as shared types. An architect de-
fines a named type from an exemplar element (F1), es-
tablishing an identity, and assigning it to that element.
That identity is then applied to all visually match-
ing elements (F2), ensuring consistent interpretation
rather than ad-hoc readings. During ongoing work,
conceptual clarity is maintained by creating new ele-
ments as typed from the start (F3), allowing elements
to adopt a new identity when their type changes (F4),
and editing the type definitions centrally, so that all
elements reflect the clarified conceptual intent (F5).

C1 × P2. The approach surfaces issues that obscure
meaning through on-demand conformance checks
(F6). These checks flag untyped or unlabeled ele-
ments, because without a declared type or label, the
intended semantics remain ambiguous, and they re-
port connections that break allowed source and target
policies, because those links misrepresent relation-
ships. A statistics view (F7) highlights areas where
clarity is low, for example a high count of untyped el-
ements, so users can focus where disambiguation is
most needed.

C1 × P3. To keep a shared understanding beyond a
single diagram, the convention bundle (F8) packages
concept-related information including the established
types and constraints into a reusable vocabulary. By
importing this bundle, teams reuse the same set of
types and constraints, ensuring that elements are in-
terpreted consistently across diagrams.

5.2 Notation Variability

C2 × P1. To reduce variation in the way elements
are shown, the approach establishes a corresponding
notation per type by using an existing element as an
exemplar (F1). The recorded notation is propagated to
all matching elements to avoid inconsistencies (F2),
applied automatically to newly created instances to
prevent future drift (F3), updated when an element’s
type is changed (F4), and modified and propagated
centrally via the legend so updates reach all instances
at once (F5).



P1. Incremental formalization P2. Informative
conformance checking

P3. Convention
sharing and reuse

C1. Conceptual ambiguity F1–F5 F6, F7 F8
C2. Notational variability F1–F5 F6, F7 F8
C3. Adoption friction F1–F5 F6, F7 F8

Table 1: Mapping of challenges to principles, showing the features through which each principle is realized to address the
corresponding challenge (F1 - defining types from examples; F2 - automatic typing by example; F3 - typed instantiation; F4
- dynamic typing; F5 - type modification; F6 - conformance checking; F7 - statistics; F8 - convention bundle).

C2 × P2. To help architects identify and resolve no-
tational drift, on-demand conformance checks (F6)
compare each element’s styling with the notation
recorded for its type and flag mismatches. The statis-
tics view (F7) provides an aggregate picture, such as
the ratio of typed to untyped elements and counts per
type, so teams can track progress and verify that vi-
sual alignment is being restored.

C2 × P3. To carry consistent notation across dia-
grams and over time, the convention bundle (F8) ex-
ports the full notational setup including visual appear-
ances, matching rules, and propagation profiles so
other teams can import and apply the same notation
without redefining it.

5.3 Adoption Friction

C3 × P1. To ensure adoption is frictionless, the so-
lution is built for incremental formalization that re-
spects existing workflows. Teams can apply types
to existing elements, create new typed elements, and
refactor them non-destructively (F1-F5). This model
avoids rigid, upfront commitments and allows struc-
ture to be introduced incrementally as its value be-
comes clear.

C3 × P2. Feedback is informative rather than in-
terruptive. Conformance checks (F6) can be turned
on and off on demand and appear as advisory mark-
ers with short explanations. The statistics view (F7)
offers a non-intrusive progress overview. Architects
choose when to check, what to fix, and what to defer.

C3 × P3. To accelerate adoption, F8 reduces setup
costs by allowing teams to import reusable convention
bundles. This provides immediate access to a shared
convetions, offering the benefits of a structured ap-
proach with near-zero initial configuration.

How the design honors the constraint. The ap-
proach is designed so that each feature is optional and
non-blocking, operates directly on existing diagrams,
and keeps outputs as standard .drawio files. Formal

and informal content can coexist, adoption can be in-
cremental and partial, and if teams decide to stop us-
ing the approach, there is no penalty or lock-in. The
diagrams remain intact and usable in the same work-
flow.

6 DISCUSSION

In this section, we discuss on the study’s outcomes
and future potential. We first address the practical
limitations, and then outline the envisioned modeling
extensions and advanced architectural capabilities en-
abled by the proposed approach.

6.1 Practical Limitations

Our approach has several inherent limitations that
stem from its user-centric, flexible design. The clarity
of the resulting diagrams is directly dependent on how
carefully teams define and maintain their conventions.
Because formalization is optional and incremental,
diagrams may remain partially typed, leading to un-
even precision across an artifact set. Similarly, since
conventions are shared on demand rather than en-
forced globally, cross-team uniformity relies on vol-
untary adoption. Finally, our on-demand checks are
advisory by design. They minimize disruption but
do not guarantee full compliance. These character-
istics are a deliberate trade-off, accepted to preserve
the agility and low overhead of the team’s existing
practices. We have also deliberately excluded cer-
tain capabilities from our scope. The approach does
not support rich formal semantics or heavyweight
governance mechanisms. This is a conscious design
choice reflecting the contexts we target, where archi-
tects choose general-purpose tools precisely for their
speed and accessibility. Adding the complexity of
full-fledged modeling capabilities would directly un-
dercut these core priorities. In situations where such
rigor is required, practitioners are better served by
dedicated modeling tools. Finally, the generalizabil-
ity (Runeson and Höst, 2009) of our findings should
be interpreted with care. Our approach was designed



and motivated by observations within a specific indus-
trial setting. Its successful adoption in other contexts
will likely vary depending on organizational culture,
existing governance models, and documentation ma-
turity. The approach should therefore be viewed as a
transferable design proposition rather than a universal
solution, and readers are encouraged to assess fit and
calibrate conventions to their own context.

6.2 Future Directions

While the approach and implementation presented in
this paper focuses on the core typing infrastructure,
we envision expanding this baseline to support richer
modeling mechanisms and deeper architectural rea-
soning.

In terms of extending the modeling approach, our
future work will focus on enhancing how users define
and interact with system abstractions. We aim to in-
troduce semantic zooming, which utilizes hierarchical
rules to allow users to navigate varying levels of de-
tail, similar to the C4 model, without needing to main-
tain separate artifacts. We also plan to explore projec-
tive multi-view modeling, which would utilize over-
lays to filter elements based on their type. Further-
more, we intend to investigate multi-level modeling
to resolve conflicts between stakeholders. By defining
a generic baseline vocabulary that can be specialized
by different teams, we can maintain a single source of
truth that supports distinct domain concerns.

The explicit typing system also opens significant
opportunities for automated validation. We intend to
leverage this metadata to perform fine-grained change
impact analysis, evolving from generic connectivity
checks to precise, rule-based impact assessment. Fur-
thermore, we will investigate automated architectural
analysis, where fitness functions could continuously
detect structural drift or forbidden connections. Fi-
nally, we aim to support traceability through typed
contracts. By defining schemas for expected links
to external artifacts, the system could enforce con-
sistency between the as-designed diagram and the as-
built implementation.

7 RELATED WORK

Our work is situated within the broader field of i) for-
malizing informal diagrams and ii) introducing flexi-
bility to formal modeling.

On one side of the spectrum, research fo-
cuses on example-driven, bottom-up (meta)modeling
(Izquierdo et al., 2013; Cho et al., 2012; López-
Fernández et al., 2019; Wüest et al., 2013). These ap-

proaches typically engage domain experts as language
designers, using small, clean example sets to infer a
metamodel. This process often relies on explicit, per-
instance bindings (Zolotas et al., 2014) to define the
language. Our objective is fundamentally different.
While possible, we do not seek to elicit a metamodel
as the end product, nor do we require to push practi-
tioners towards modeling environments. Instead, we
aim to bring lightweight modeling benefits into the
large-scale, often inconsistent artifacts that teams al-
ready use and have accumulated over time, augment-
ing their work directly in their current tools.

Other efforts focus on automatic type infer-
ence or full migration to formal models. For in-
stance, some work automatically infers formal mod-
els from domain-specific diagrams (e.g., business pro-
cesses) (Mukherjee et al., 2010). Similarly, other
methods aim to reduce annotation effort by resolving
type omissions via inference (Zolotas et al., 2019).
While we acknowledge the utility of type inference
as an optional, assistive feature, the variable accuracy
reported in the literature (e.g., 23% to 100% (Zolotas
et al., 2019)) reinforces our focus on user-guided typ-
ing as the core mechanism.

The approach in (Jongeling et al., 2022) partially
formalizes diagrams by synchronizing visual content
with a textual model. Its primary limitation is the re-
quired introduction of a textual syntax, creating over-
head for visual-first stakeholders. Furthermore, it re-
lies on static properties and lacks in-editor support
like validation or style propagation. In complemen-
tary work, (Kaplan and Rabelo, 2024) focus on an ex-
traction and conversion pipeline to prepare artifacts
for external analysis (e.g., in NetworkX), rather than
supporting flexible modeling like our approach.

On the other side of the spectrum, research in-
troduces flexibility to relax the constraints of formal
modeling. Tools like Jjodel (Di Rocco et al., 2023;
Bucchiarone et al., 2025) (a cloud platform) and
Kite (Guerra and de Lara, 2018) (in an Eclipse/EMF
environment) enhance flexibility, e.g., via shapeless
objects or phased conformance checks, but operate
entirely within their dedicated modeling toolchains.
Our approach differs by extending the everyday prac-
tice of informal diagramming with incremental types
and constraints, bringing lightweight formalization
benefits directly to the existing tools where practition-
ers already draw.

In summary, our work focuses on the incremen-
tal formalization of diagrams directly within the tools
practitioners already use, bypassing the need for com-
plex solutions like metamodel inference or dedicated
modeling environments. Rather than disrupting exist-
ing practices, we augment artifacts with lightweight



modeling benefits, achieving clarity and consistency
while maintaining the essential accessibility and flex-
ibility of informal diagramming.

8 CONCLUSIONS

This paper presents a lightweight approach to the in-
cremental formalization of informal architectural di-
agrams, realized as a Draw.io plugin. Our work tar-
gets three challenges common in industrial practice
where informal diagrams are a primary design arti-
fact: conceptual ambiguity, notational variability, and
adoption friction. The first two arise from working in
unconstrained, general-purpose tools, where visuals
and meanings are not governed by a shared standard.
The third is a contextual barrier rooted in experi-
ence with heavyweight modeling tools, where the per-
ceived near-term costs of adoption outweigh uncer-
tain long-term benefits. Our approach addresses these
challenges through lightweight typing. The latter
makes element types explicit and links each type to a
standard visual appearance, which reduces conceptual
ambiguity and stabilizes notation. Automatic propa-
gation and on-demand conformance checks keep di-
agrams aligned without interrupting work. Because
everything runs in the familiar tool and formaliza-
tion is optional, incremental, and reversible, adoption
friction is minimized. Looking forward, we plan to
empirically validate our approach in industrial set-
tings. We will focus on user studies to measure the
effort required for adoption, analyze usage patterns,
and quantify the impact of our approach on concep-
tual clarity and notational consistency. Based on
the evidence gathered, we will extend the approach
where it demonstrably helps. Possible directions in-
clude LLM-assisted support (for example, natural-
language querying or guided updates), multi-level or
multi-view modeling, and targeted analyses such as
change-impact assessment. To broaden participation
and gather community feedback, we make the plugin
publicly available on GitHub and invite issues, sug-
gestions, and contributions.
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