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ABSTRACT

Research software developed by domain experts enables scientific
research by addressing domain-specific problems tailored to the
domains and constraints of their respective fields. As such software
evolves and its functional and quality requirements increase, apply-
ing software engineering practices becomes essential to manage the
software system. An example of such research software is OptiGob,
a decision-support tool to project COze emissions among other
properties for Ireland’s agriculture, forestry, and other land use
(AFOLU) sector. In this paper, we present the software engineering
practices applied during the evolution of OptiGob to handle newly
emerging requirements and a model-driven approach to establish a
foundation for future extensions such as additional AFOLU systems
and characteristics in the dataset and new application features. Our
solution is based on MontiGem, a code generator for data-centric
applications. This new version of OptiGob enables users to build
and evaluate more complex AFOLU scenario configurations while
managing the growing complexity of the software through model-
driven engineering.
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1 INTRODUCTION

Across diverse scientific research domains, domain experts develop
research software tailored to their specific demands and constraints
to solve domain-specific problems. Advances in the field of large
language models (LLMs) [22] assist them in the democratization of
building software. This way, researchers can use their competencies
in their respective fields to implement first prototypes. However,
when requirements increase, the complexity of research software
can become unmanageable with respect to extensibility, maintain-
ability, and validation if software engineering practices are not
applied [16].

An example for research software developed by domain experts
is OptiGob [15], a decision support tool to assess AFOLU projections
based on user-configured assumptions called scenarios. Soon after
implementing the first prototype, domain experts discussed how to
allow more detailed scenarios and enhance the evaluation options.
This rise in complexity due to the newly introduced requirements
elevates the need for software engineering principles to answer the
research question:

RQ1 How can software engineering principles be applied to address
evolving research software?

While the research software OptiGob started as a small research
software project, over time, it has developed to a complex soft-
ware system already with plans for the next extensions in terms of
dataset and parameters, as well as additional features. This poses
challenges to the maintainability and validity of the system over
time. Thus, we aim to build a solid foundation for OptiGob’s future
development with model-driven engineering (MDE) methods to
answer the research question:

RQ2 How can model-driven engineering support the sustainable
evolution of research software under continuously changing
domain requirements?

Our main contributions are:

(1) systematic refactoring of the OptiGob research software
using established software engineering principles to address
increasing functional complexity;

(2) are-engineering process that derives an MDE-based imple-
mentation from the existing software

(3) insights into the benefits and challenges of applying MDE
to improve the long-term maintainability and extensibility
of evolving research software.

This paper is structured as follows. Section 2 provides an intro-

duction to (i) the problem domain AFOLU and the new requirements
for OptiGob, and (ii) the MDE techniques that we use in this work.
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In Section 3, we describe the challenges for a new Optigob version,
the applied principles of software engineering, and the resulting
architecture. We follow with a description of the re-engineering
process to transform OptiGob into a model-driven system in Sec-
tion 4 and a specification of the developed system in Section 5.
We discuss the main findings in Section 6, provide an overview of
related work in Section 7, and conclude in Section 8.

2 BACKGROUND

To better understand the research software in focus, we first provide
a rationale behind OptiGob in context of its application domain of
AFOLU, and give an overview of MDE with the MontiGem code
generator.
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Figure 1: Overview of AFOLU systems and their output within
the scope for OptiGob.

2.1 AFOLU and OptiGob

In climate sciences, AFOLU refers to the human use of and influence
on land areas. Smith et al. identified this sector to be in a unique
position due to its mitigation potential from (i) an enhancement of
greenhouse gas removals, and (ii) a reduction of emissions through
land and livestock management [32].

There are many projects centering around projecting parts of
AFOLU. The food, agriculture, biodiversity, land-use and energy
(FABLE) consortium [2] is a global network of researchers who
develop national-scale food and land-use strategies to comply with
global emissions and biodiversity goals. All-AFOLU models that
operate at sufficient resolution to reflect national farming and land-
use, land-use change, and forestry (LULUCF) systems and mitiga-
tion measures at a resolution useful for national policy making are
sparse [23].

A pioneering model for assessing current land-use and evaluat-
ing land-use change scenarios was developed in New Zealand [7].
This model produces land-use maps but doesn’t calculate green-
house gas emissions itself where OptiGob does not map the land-use
to specific locations, but does calculate emissions. Another related
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AFOLU scenario projecting model was presented for Brazil [17].
In contrast with mapping models or economically-driven models,
OptiGob’s goal is to enable users to explore wide range of bio-
physically feasible AFOLU pathways through time, in terms of sus-
tainability performance. This can underpin wide ranging foresight
analysis that is particularly relevant to support decision making in
the context of a deeply uncertain future.

OptiGob 1.0 [15] was conceptually based upon research under-
taken to explore specific land use scenarios for Ireland’s policy-
driven land use review process. Figure 1 provides a brief overview
of all the systems included in these land use scenarios. The model
enabled combinations of farming system types and configurations
to be combined with other land uses, including forestry - and down-
stream value chain carbon storage in the case of forestry and bioen-
ergy — and cattle activity to be scaled to a level compatible with pre-
determined climate targets in 2050 [34]. Subsequent engagement
with policy stakeholders highlighted a need for more flexibility, to
explore:

(i) wider combinations of land use options (e.g. the full scale of
organic soil rewetting and afforestation rates possible), and;

(if) multiple time way points representing sequential and sub-
sectoral policy targets.

For example, national carbon budgets and EU LULUCF regula-
tions [1] establish emission ceilings for agriculture [5] and LULUCEF,
respectively, in 2030. The EU Climate Law was revised in 2026 to
include a target for a 90% reduction in greenhouse gas emissions
across the bloc by 2040 [3]. Member states will put forward pro-
posals to the European Commission on appropriate effort-sharing
contributions to this target. In the case of Ireland, this requires
evidence on greenhouse gas emissions from individual sectors out
to 2040. Policymakers are also to understand the implications of
possible separate targets and/or trading for short-lived climate pol-
lutants such as methane and long-lived pollutants such as COs,.
Meanwhile, there is increasing attention on co-benefits and trade-
offs between climate change mitigation and other objectives for
land use, such as food production, reduced water and air pollution,
increased biodiversity and resilience to climate and other shocks.
Thus, there is a need to expand the flexibility of OptiGob to enable
users to explore subsector activity levels based on multiple objec-
tives over different time scales. OptiGob 2.0 needs to address this
need.
The added requirements for a second version of OptiGob are:

(R1) Maintainable and expandable AFOLU systems management.
Until now, the number of systems modeled in OptiGob was
fixed. In the future, more AFOLU systems could be integrated
into OptiGob, and the user should have the choice to limit
the projections to selected systems to have a customizable
scope in the scenario evaluation.

(R2) Integrate dynamic configuration options to agricultural and
organic soil systems. Until now, the user has limited config-
uration options to decide one static timeline for individual
AFOLU systems, this timeline was implicitly assumed to be
linear changes between the baseline year 2020 and the target
year 2050, and result in a new static equilibrium post 2050.
Instead, the user should gain more control over construct-
ing the scenario, and select way points with a user-defined
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target year and system-specific properties (e.g., rewetting
ratio for organic soils, and abatement type, and area, emis-
sion, or protein goals for agricultural systems). Similarly, the
user should have more control over the timeline and scale
of implementing the biomethane strategy.

(R3) Complex scenario configurations should be storable. Until now,
configurations were simple enough to configure by hand
at every run. With raising complexity of the scenarios, the
user needs to be able to save and load complex configura-
tions. This feature will also be useful for future requirements
when optimization algorithms will be introduced to discover
scenarios.

(R4) Scenarios should be evaluated based on timelines. Until now,
the evaluation of configurations is limited to a comparison
of the baseline year, and a target year. There is no data for
the process in between. There is a need for a more detailed
visualization of the projections to assess what actions need
to be taken to achieve the goals set in the scenario and make
assumptions on how realistic the scenario is.

(R5) Introduction of more detailed AFOLU area modeling. Until
now, there is an area estimation for the individual systems
in the scenario. There is, however, a need for understanding
how areas affect each other in the timeline, and introduce ad-
ditional AFOLU elements such as land use change emissions
for cropland which was previously neglected.

2.2 MDE with MontiGem

Our aim in using a model-driven method in this approach is to better
manage complexity through abstraction, improve software quality,
and eliminate redundancies [33]. In particular, we use MontiGem,
a generator framework specifically designed to build data-centric
web applications [9].

Developing Software with MontiGem. MontiGem generates code
from class diagrams and Graphical User Interface (GUI) models
(see Figure 2). The software engineer provides (i) a class diagram
to describe the domain-specific data structure, and (i) GUI models
in Montigem’s domain-specific language (DSL) [19] to describe
page layouts and handle the navigation within the frontend. Using
these inputs, MontiGem generates a complex web application with
a Spring Boot backend and an Angular frontend.

From here, the developer uses the TOP mechanism to add hand-
written code for business logic, commands, controllers, etc. This
mechanism means that MontiGem generates TOP classes for fron-
tend and backend entities where hand-written code is already exist-
ing. The hand-written code can extend and override the TOP classes.
This way, the software engineer not only reduces the volume of
hand-written code by approximately 90%, they can also benefit
from an intertwined frontend and backend. When an action from
the frontend calls a service that modifies an object in the database
(that MontiGem generates according to the domain class diagram),
generated observers notify the frontend automatically to re-render
the current Angular page. That way, the developer can focus on
complex domain-specific logic instead of database management or
communication between frontend and backend.

Retrofitting Software Systems with MontiGem. While most of the
research surrounding MDE with MontiGem focuses on greenfield
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development, i.e., building a system from scratch, the case for this
work, however, presents the problem of transferring an already
running system into a model-driven software system. This pro-
cess is called brownfield development [21]. Drave et al. proposed
a methodology for retrofitting model-generated code into exist-
ing applications [14]. They suggest 16 activities in three phases,
namely (i) problem analysis and decomposition, (ii) domain-specific
language engineering and (iii) application engineering and operation,
in a divide-and-conquer strategy. This breaks down the problem
domain of an enterprise information system into smaller problems,
and address those systematically with appropriate modeling lan-
guages and code generators. By using MontiGem, we already have
a generator and several modeling languages in place to be reused.
The current approach extends the work from [14] by discussing
how GenAlI additionally helps in this transformation.

3 IMPROVING RESEARCH SOFTWARE WITH
SOFTWARE ENGINEERING PRINCIPLES

Addressing RQ1, we used software engineering principles to im-
prove the evolving research software OptiGob. Below, we describe
the process by, first, addressing the underlying challenges caused by
the additional requirements stated in Section 2.1, then, by naming
the applied principles, followed by a description of the resulting
architecture.
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Figure 3: Visual representation of the data structure in OptiGob 2.0.

3.1 Challenges

The first version of OptiGob [15] already fulfills requirements such
as setting up static AFOLU scenarios and automating CO,e calcula-
tions. In terms of architecture, it uses an SQLite database to organize
and store data produced with the land balance model GOBLIN [28],
Streamlit [4] to build a user interface, and Pyomo [10] to calculate
the number of cattle based on COe budgets.

For the second version of OptiGob, we assessed the newly intro-
duced requirements stated in Section 2.1 and formulated a technical
challenge for each requirement to solve in OptiGob 2.0:

(C1) Provide a maintainable and extensible data structure to pre-
pare OptiGob for future changes in requirements to address
(R1)

(C2) Provide a dynamic and complex scenario configuration to
maximize flexibility for a user-controlled scenario to address
(R2)

(C3) Provide gateways to the user through (i) the interface to
enable download and upload of scenario configurations, and
(ii) an APT to allow the use of OptiGob through optimization
algorithms to address (R3)

(C4) Provide more details in the scenario evaluation through pro-
jecting timelines for each parameter in every AFOLU system
to address (R4)

(C5) Provide additional details within AFOLU projections by in-
cluding area balancing to address (R5)

3.2 Applied Principles

The main focus was on allowing for more flexibility in OptiGob,
both in designing an AFOLU scenario, but also in evaluating numer-
ous parameters and goals over time while setting it up in a way to

facilitate future expansions into OptiGob in terms of more AFOLU
systems and/or parameters.

Upon analyzing the code base, it became clear that the code in
the logic layer was not following software engineering practices
when it comes to principles such as the Open/Closed principle, as the
addition of new AFOLU systems required modifications to existing
budget modules and database schema rather than isolated exten-
sions. The Single Responsibility principle was also not followed, as
the central data manager and orchestrator classes conflated data ac-
cess, validation, and output formatting, as well as the Don’t Repeat
Yourself principle, as structurally similar scaler-lookup and aggre-
gation logic was duplicated across independent sector modules.
Followed by this analysis, we decided to re-structure the system
entirely, so that we have a solid foundation to further extend on
later on.

3.3 Resulting Architecture

While we retained the basic architecture of SQLite, Streamlit and
Python for the domain logic, we identified the abstract factory
pattern as the best option for modeling the application domain to
address (C1). We divided the different AFOLU areas into fields (i.e.,
forestry, cattle agriculture, non-cattle agriculture, organic soils, and
anaerobic digestion (AD)) and systems within those fields (e.g., pigs,
poultry, sheep, and crops for non-cattle agriculture). Figure 3 shows
a class diagram of the application domain. With this design, we have
substantial flexibility when it comes to the different constraints of
projecting different systems, while maintaining a high degree of
extensibility when more systems or even fields are introduced into
OptiGob.

For organic soils and agricultural systems, we restructured the
database from static timelines to individual way points to address
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(C2). One way point consists of a number of conditions (e.g., abate-
ment type and productivity for an agricultural way point) and a
number of parameters such as greenhouse gas emissions, area, or
produced protein. In the scenario configuration, the user can select
not only the conditions for a specific target year, but also scale
the data up or down by different parameters. This way, a user can
configure multiple way points for each system individually, and
the OptiGob engine connects those way points.

While transferring the database for those systems from static
timelines to way points was feasible in the fields of agriculture and
organic soils, the data for systems in forestry and AD remain static.
For forestry, the required simulations for dynamic configurations
would exceed computational restraints, and for AD, the AD strat-
egy does per definition already have a specific timeline. The user
still has some configuration options, e.g. setting the harvest rate,
afforestation rate or setting a target year when to implementing
the AD strategy.

With respect to (C3), OptiGob 2.0 configurations are stored in
JSON format. This enables extensibility, as well as an interface for
the OptiGob engine from both the graphical user interface and
optimization algorithms.

To address (C4), OptiGob version 2.0 creates timelines for each
parameter in every system. That way, the user may evaluate not
only the difference for each parameter between the baseline and
the target year, but also how the scenario got to that point.

Another newly introduced feature in OptiGob 2.0 to address (C5)
concerns area balancing. In a nutshell, when systems are scaled up
and they need more area, the engine ensures that this additional
area is taken from another system so that the overall area does not
change. The engine follows a set of rules and re-adjusts projections
where needed. We explain this rule set at the end of Section 5.2. The
change in the architecture to a timeline-based evaluation enables
the flexibility to include area balancing into the projections and
evaluations.

4 REVERSE ENGINEERING HAND-WRITTEN
SOFTWARE WITH MDE

At this stage, the research software OptiGob 2.0 has already grown
to a considerable size. As OptiGob will have to evolve further to
include more entity classes, the complexity of adapting frontend,
and handling a growing database schema will also increase. This
motivates the use of model-driven techniques to decrease complex-
ity through abstraction and therefore guarantee maintainability
and extensibility in the future. In this project, we chose to use the
code generator MontiGem in the re-engineering process.

In the following, we describe this re-engineering process, i.e.,
how we moved from a hand-written OptiGob implementation to a
model-driven approach, to answer RQ2. Afterwards, we discuss the
maintainability and extensibility of this model-driven approach.

4.1 Re-Engineering Process

Since we already had the hand-written implementation of
OptiGob 2.0 as a description of the data structure, requirements,
and design, we were able to keep the analysis stage of the
re-engineering process rather short, and focus on these three steps:
(i) transforming the data structure for the model-driven approach,
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(if) model the GUI, and (iii) add the domain logic to perform AFOLU
projections. In all three of these steps, we included Anthropic’s
Claude model Sonnet 4.6 [6] into the process for various tasks. In
the discussion section, we provide insights on the use of LLMs in
model-driven re-engineering processes.

Data Structure Transformation. The hand-written OptiGob
version introduced in Section 3 was the start point of our re-
engineering process. Here, we extracted a class diagram on paper
from the data structure, and used Claude to transform that into
CD4A [20, 27], MontiGem’s DSL for class diagrams. Afterwards,
it took several adaptations from there: For the timelines in each
AFOLU system, we introduced the TimeSeriesEntry class instead
of a Map object since MontiGem does not support them, yet.
MontiGem is still under development and new functionality is
constantly incorporated. Second, we added a configuration and
evaluation class to facilitate the connection between frontend and
backend.

GUI Modelling. For the frontend, we provided Claude with the
Streamlit implementations of the hand-written version, and the
documentation of MontiGem’s GUI DSL [18, 19]. Based on this
input and the guidance of the software engineer, Claude generated
GUI models for each page step by step as well as a CSS file to imitate
the appearance of the hand-written user interface.

Domain Logic. While MontiGem facilitates and accelerates the
engineering process by generating a majority of the system based
on GUI models and class diagrams, there are still backend services,
that are domain-specific, and cannot be automatically generated.
In case of OptiGob, the most crucial backend service concerns the
calculation of AFOLU predictions. Here, Claude was able under
proper guidance to translate these calculations step by step from
the hand-written Python version into a Java backend service.

4.2 Maintainability and Extensibility with MDE

MontiGem generates a full-stack reactive web application with all
the components listed in Figure 2, including a Spring Boot backend
and an Angular frontend with two-way binding. When require-
ments change in the future, e.g., additional AFOLU systems are
added or modified, we adjust the textual class diagram notation,
and another run of the code generator adjusts the data structure of
the entire web application while keeping the hand-written parts
untouched.

Of course, when calculations in the AFOLU projections change,
we need to modify hand-written code, but generating the entire
database structure and frontend files based on models lets the soft-
ware engineer focus on domain-specific problems in the software
system rather than repetitive and error-prone tasks such as up-
dating database-related components after a change in the data
structure. The software engineer, however, stays in full control over
the system due to the TOP class-mechanism that lets engineers
extend or even overwrite any generated file. While extending Java
files is used to add functionality to the frontend or domain logic to
the backend, overwriting was used in this project to customize the
CSS file in the frontend.
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5 THE SOFTWARE OPTIGOB 2.0

OptiGob 2.0, the first MDE version, supports a complex scenario
configuration, a detailed calculation of AFOLU projections, and a
comprehensive evaluation of those projections. In the following,
we describe each of those components in detail.

5.1 Scenario Configuration

The central expansion in terms of functionality from OptiGob 1.0 [15]
is the transformation from static configurations to a dynamic way
point-based scenario configuration and evaluation.

Way point-based systems. Figure 5 shows one section of the con-
figuration screen where we can see a selection of two way points
for cattle. For each way point, we select a target year, the abate-
ment type, a scaler value, a selection whether this scaler is used
directly as a multiplier from the baseline value or as an absolute
value, a selection by which parameter OptiGob will scale (i.e., by
CO,e emissions, area, or protein), and a level of productivity for
both dairy cows and beef cows. Comparably, we can select way
point for the other agriculture systems (i.e., pigs, poultry, sheep,
and crops).
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Similarly to agriculture systems, we can set way points for or-
ganic soil systems (i.e., organic soil under grass, industrial peat, and
domestic peat). For each way point, we pick a year, and a rewetting
ratio.

Static systems. Opposed to agriculture and organic soils, we do
not configure way points for forestry and AD. Forestry is divided in
existing forests, and afforestation. For both, users select the harvest
rate (i.e., low or high) and whether we implement carbon capture
and storage (CCS). Additionally, for afforestation, users configure an
afforestation rate, and select ratios for the distribution of broadleaf
and conifer, and organic and mineral soils.

Finally, users configure whether the AD biomethane strategy is
implemented. If so, they can select an implementation year, and
optionally CCS. In the configuration, they can also select additional
grass biomethane as well as CO, removal via bioenergy with re-
spective target years.

5.2 Running Scenarios

After configuration, the users run the OptiGob engine. In this en-
gine, we first project the static systems. For forestry, there are values
in the database according to each configuration that the engine
scales up or down according to the afforestation rate. For AD strate-
gies, there is data provided in the database that engine scales up
or down according to the user input, and moves to the respective
target years.

For organic soils projections, the database provides baseline
parameters for drained and rewetted organic soils. The OptiGob
engine runs iteratively through the way points, changes the pa-
rameters of the different soils according to the rewetting ratio and
linearly connects the parameters in each data point according to the
way point years. Additionally, the OptiGob engine creates a static
timeline for near natural wetlands that are not directly configured
by the user.

In the next step, the OptiGob engine projects non-cattle agri-
culture. The engine runs iteratively through the way points, and
retrieves and scales data from the database according to the way
point configuration. Since cattle has a significant impact on both
greenhouse gas emissions and protein production of the entire
AFOLU sector, the OptiGob engine additionally incorporates pro-
jections of other systems when calculating a cattle emissions budget.
The appropriate dairy-to-beef ratio within cattle systems remains a
subject of ongoing discussion among domain experts. OptiGob 1.0
lets the user set a fixed ratio, while version 2.0 reflects economic
considerations. Afterwards, the engine fills this budget to create a
data point for each way point, and linearly connects the parameters
for each data point.

Finally, the OptiGob engine adjusts the projections in a process
we call area balancing. When scaling systems up or down, we
dedicate a different amount of area to this system. In OptiGob 2.0, we
model these land use changes following this rule set: (i) in organic
soils, we change areas from drained to rewetted areas, however,
drained organic soil under grass areas can also be used for beef
cattle or afforestation, (ii) when scaling cattle and sheep down, those
areas can be dedicated for AD or afforestation, (iii) crop alternates
between croplands and no-crop-croplands, and (iv) within areas,
a subset is referred to as high nature value areas, we use those to
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assess biodiversity goals. So far, these land use changes are only
modeled on a global scale for all of Ireland; future work will be
concerned with mapping these changes from a global to local level
by connecting different land use models.

5.3 Scenario Evaluation

After configuring a scenario and creating the projections with the
OptiGob engine, the user can evaluate the scenario. ?? shows a
part of the configuration screen for an example scenario. In mul-
tiple tabs for greenhouse gas emissions, area-use, protein produc-
tion, bio-energy, harvested wood production, substitution credits,
and biodiversity areas, the user can evaluate the AFOLU scenario
from multiple analytical perspectives using timelines representing
the different systems. Additionally, for greenhouse gas emissions,
OptiGob calculates a timeline for all COze emissions together as
well as split into CO; plus N,O and CHy to assess the performance
for different net-zero goals.

In summary, OptiGob 2.0 enables the user to configure complex
and dynamic AFOLU scenarios. Researchers and policy makers can
set goals and scalers for different AFOLU systems at various points
in time. OptiGob 2.0 produces projections for the various AFOLU
systems and models their interactions to create timelines of the
systems and their numerous parameters that researchers and policy
makers can use to assess, e.g., whether Ireland’s AFOLU sector
achieves the EU carbon-neutrality goal by 2050.

6 DISCUSSION

Our engineering approach enables us to compare the hand-written
and the model-driven engineering methods to create OptiGob 2.0.
After that, we discuss the insights we gained during the develop-
ment process, followed by a description of the maintainability and
extensibility of model-driven OptiGob.

6.1 Differences Between the Hand-Written and
the Model-Driven Software Version

Based on the descriptions of the functionality of both the hand-
written and the MDE-generated software systems in the previous
section, we can conclude that the differences in terms of functional-
ity are mostly negligible. E.g., there are differences in scenario con-
figuration input items due to slightly different mechanics between
Streamlit and MontiGem’s GUI DSL. The most notable difference is
MontiGem’s backend that allows multiple users to work from dif-
ferent clients on the same configuration, thus enabling concurrent
multi-user access akin to collaborative editing environments.

When comparing the complexity of the hand-written and the
model-driven version with respect to the overall hand-written lines
of code, the difference is also only subtle. The hand-written version
consists of 3,900 lines of code, the re-engineered version 3,700 lines
of code before code generation. This near-equivalence reflects that
the complexity of the domain logic itself did not change.

The differences become more clear when we look at the gen-
erated code: while the hand-written version includes a Stream-
lit frontend, domain logic, and a static SQLite database file, the
MontiGem-supported version is a full-stack reactive web app in-
cluding a Spring Boot backend, an Angular frontend with two-way
binding, WebSocket commands, observer pattern, serialization, and
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persistence with around 140,000 generated lines of Java, TypeScript,
and HTML code. The MDE-driven approach improves not only the
code quality, but also maintainability and extensibility.

6.2 Findings from the Engineering Processes

After an initial planning phase to assess the additional requirements
for OptiGob 2.0, we chose an agile approach with regular meet-
ings with domain experts to understand and implement OptiGob
iteratively across individual systems and fields.

LLMs provide a valuable instrument for domain experts, in this
case agri-sustrainability researchers, to build prototypes and es-
tablish shared understanding with software engineers regarding
requirements and design expectations. However, a thorough analy-
sis of the application domain from a software engineering perspective
is necessary to apply software engineering principles. Without ap-
propriate guidance, LLMs are currently not able to accomplish the
appropriate abstractions, as it tends to oversimplify problems and
thus limit extensibility and maintainability.

The agile approach was very valuable for confirming or revising
progress at multiple stages of the development process. In order
to build common ground, discussions were held in which software
engineers explained the domain back to domain experts to vali-
date their domain-specific knowledge; this is a form of knowledge
validation through teach-back [26].

In the transformation process from hand-written code to MDE-
generated code, we included Anthropic’s Claude model Sonnet
4.6 into the process. Combinations of using LLMs with an MDE-
based code generator were previously described as vibe model-
ing by Cabot [11]. We observed that Claude tends to oversim-
plify OptiGob’s data structure from independently analyzing hand-
written code. One example for this oversimplifying was a suggestion
to merge fields and systems and, thus, exacerbating future expan-
sions in the data structure. However, Claude was reliable when it
came to transforming a visual representation of the class diagram
(that was manually extracted from the hand-written version) into
MontiGem’s DSL for class diagrams. For the necessary modifica-
tions, it took regular iterations of exploring the problem with the
Al agent and manually reviews in the progress to control the LLM
support.

For creating the GUI models, Claude was able to follow the
MontiGem GUI DSL documentation to transform the handwritten
Streamlit pages into GUI models, as well as imitating the frontend
design by overwriting the CCS file. For this frontend task, only
little guidance from a human engineer was required.

For translating the domain logic from Python into a backend
service, we followed this protocol iteratively: (i) the software engi-
neer selects a modular section of the domain logic to translate, (ii)
Claude translates the section into the Java backend service, and (iii)
the software engineer reviews and tests the newly added section.

6.3 Maintainability and Further Extensions

Good maintainability of the system will continuously be important:
datasets from sources such as the annually published national in-
ventory report from Ireland’s environmental protection agency will
have to be updated, more AFOLU systems that are not yet included
in OptiGob will be added.
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While OptiGob 2.0 was improved in comparison to version 1.0
in terms of enabling the dynamic configuration of scenarios with
way points and scalers, and a more detailed evaluation using time-
lines, as well as providing a maintainable and extensible foundation,
there is already a need for additional features, e.g., multi-objective
optimization and a connection to other analytical models. In more
detail, it is time-consuming and inefficient for users to optimize
towards various goals by manually changing configurations and
re-running the OptiGob engine. Here, there is a need for an auto-
mated multi-objective optimization to discover scenarios that satisfy
constraints from a diverse set of stakeholders. In addition, OptiGob
operates only on a national level. While OptiGob supports inves-
tigations of how many emissions should be mitigated, it does not
provide any insights on where exactly there could be a reduction of
cattle or an appropriate area for afforestation. One solution could
be a connection to another low-level model that takes geographical
data into account.

Our MDE-based approach will raise the development speed for
changes in the data structure and additional features. To demon-
strate that, we can compare the necessary modifications in the soft-
ware system for a newly introduced feature. In the hand-written
version, we would need to implement a new frontend page, manu-
ally connect that to the also hand-written domain logic, and manu-
ally connect that to an updated database. With our model-driven
approach, we would change the data structure in the class diagram,
add a GUI model, and add domain logic. For the remaining steps,
we would use the code generator. The model-driven code generator
not only accelerates the development process, but also maintains
high code quality. Thus, our new model-driven approach provides
a structurally stable basis for upcoming changes and additions.

7 RELATED WORK

Using model-driven techniques to build research software from
scratch is an established methodology in the literature. Combemale
et al. present a selection of publications in this area [13]. In our
work, however, we focus on a problem where an existing software
system needs to be transformed into a model-driven system.

Various approaches use model-driven reverse engineering
techniques to understand legacy code [29, 31]. The term reverse-
engineering describes the process of analyzing a system, its
components and their relationships, and creating models to
represent them on a higher abstraction level. In this work, however,
we go a step further by applying the stages reverse engineering,
restructuring, and forward engineering (often referred to as
model-based or model-driven re-engineering [12, 30]).

Lano et al. proposed a framework for re-engineering legacy
projects using model-driven techniques [24]. They suggest agile
model-driven re-engineering where they used a process consisting
of (i) abstraction, (ii) quality analysis & restructuring, (iii) extract
specifications, and (iv) generate target platform code & tests to re-
engineer 100 cases. These cases included tasks such as translating
VB6/VBA code to Python 3, translating COBOL code to Java and
C#, or translating Python code to UML for a transformation to
Java. Their findings include significant quality improvements, and a
demonstration of over 80% translation accuracy. In a second paper,
Lano et al. also use grammar-based transformation rules in a MDE
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re-engineering problem on software sustainability (i.e., reducing the
energy consumption) [25]. In comparison to our approach, we were
able to keep the first three stages brief due to the recent development
of the hand-written version, and focus on generating the target
platform code. While Lano et al. used LLMs for documenting their
code and transformation languages for translating their legacy code,
we used LLMs also for translating tasks.

Another example for this category of problems was presented
by Bohm et al. [8] where they migrated a software system at scale
including 1,500 web pages and 3GB of code in a process they called
model-driven migration. They also describe a similar process of (i)
analysis, (ii) enrichment, (iii) synthesis, and (iv) transition to achieve
a fully automated migration of an industry-scale legacy system to a
model-driven software system. In contrast, we focused on domain-
specific research software instead of industry scale, and while we
used LLMs, they only mention it in their future work section.

8 CONCLUSION

In this paper, we present OptiGob 2.0, a model-driven software
system to support agri-sustainability researchers in Ireland to con-
figure AFOLU scenarios and evaluate their projections. Addressing
RQ1, we not only applied software engineering practices to ex-
pand on the first version of OptiGob to include features such as
dynamic way point-based scenario configurations and timelines for
evaluations, but also, addressing RQ2, re-engineered this system to
become a model-driven system.

This new system builds a solid foundation for the future tasks of
OptiGob when it comes to maintainability and extensibility while
simultaneously providing a full-stack reactive web application with-
out raising the complexity from the hand-written Streamlit script.

In summary, we present a case where domain experts build re-
search software using the potential of LLMs in a process of democra-
tizing software development. As requirements grow, the complexity
inherent in the evolution of such systems increases correspondingly.
MDE represents a promising mechanism to support the expansion
of research software development while maintaining high code
quality.
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