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Abstract. Low-code emerged as an evolution of model-driven engineer-
ing to accelerate software delivery, and it continues to gain traction to-
day. However, low-code tools and solutions have primarily focused on
development, often neglecting or offering minimal support for the appli-
cation deployment process, such as lacking capabilities for multi-cloud
deployments. In this paper, we propose an extension of BESSER, an
open-source low-code platform, to address the packaging and deployment
of applications in multi-cloud environments. This extension includes the
definition of a language and a grammar to enable the modeling of the
deployment architecture, also enabling the specification of public and
on-premises clusters. Additionally, we have developed code generators
to automate the application packaging, and cloud provisioning and de-
ployment using Terraform. The complete infrastructure is available in an
open-source repository.
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1 Introduction

In recent years, low-code tools have been expanding both in academia and soft-
ware industry. These tools enable developers to focus more effort on business-
related tasks as development complexity is reduced. Low-code tools aim to re-
duce the amount of manual-coding required to accelerate software delivery by
raising the level of abstraction to facilitate domain specification and ignore irrel-
evant technical details. It can be seen as an evolution or continuation of model-
based approaches [4], whose foundations are based on model-driven engineering
(MDE). However, low-code should not only focus on accelerating application
development, but also on supporting different processes throughout the software
lifecycle such as testing, deployment, monitoring, and adaptation.

Usually, low-code tools omit, or provide little support for modeling other as-
pects such as deployment architecture (also known as hardware architecture[6]),
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i.e., aspects related to infrastructure, clustering, virtualization technology, and
app deployment. For example, the specification of multi-cloud deployments that
use several cloud providers to deploy the different application components or hy-
brid deployments that include on-premises clusters, are usually not supported.

To address this concern, we have developed an extension of the BESSER
low-code platform [2] to (1) enable the specification of the deployment architec-
ture of the target software and (2) automate the packaging, provisioning and
deployment of the system according to that deployment model. This extension
aims to transform BESSER into a low-code platform that can also cover these
final phases of the software development lifecycle.

The remainder of the paper is organized as follows: Section 2 presents an
overview of the low-code tool extension. Details on modeling and code generation
are introduced in Section 3 and 4 respectively. Related work is discussed in
Section 5, and Section 6 concludes the paper.

2 Overview of Extended BESSER Platform

As part of this work, we have extended the BESSER platform (1) by equipping
it with a complete backend generator capable of producing the schema of a
database and a REST API providing an abstraction layer for CRUD operations
that can be packaged as a docker container, and (2) by providing BESSER with
the capability of modeling the software architecture and, based on that model,
deploying applications on a cloud infrastructure, making it available for end users
to use. To perform the latter, we have introduced a new metamodel and grammar
to parse the deployment model in textual form (details in section 3), and a code
generator (see section 4) to generate an Infrastructure as Code definition that
can be directly run to provision and deploy applications on the cloud.

This architectural view is combined with the more "traditional" models defin-
ing the structural and behavioural aspects of the application. Indeed, at the
core of BESSER we have B-UML (BESSER’s Universal Modeling Language), a
foundational language designed for specifying and modeling various aspects of a
system. This language supports the creation of different types of models, includ-
ing structural or data models, object models, graphical user interface models,
and even specifying OCL constraints. B-UML models serve as the input for code
generators that produce application code. BESSER provides code generators for
various technologies such as SQLAlchemy, Django, and Python.

Figure 1 shows the overview of extended BESSER platform combining the
two perspectives. Both types of models are defined using a textual notation
that conforms to their respective grammars. The BESSER platform parses these
models and creates their respective B-UML models. Code generators interpret
these B-UML models to produce various software artifacts, including the scripts
for configuring and deploying the application on the multi-cloud environment,
which is accessible by users.

Internally, BESSER first parses the structural model and generates a B-UML
structural model that conforms to B-UML metamodel. This B-UML metamodel
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Fig. 1. Overview of extended BESSER platform

is then used by code generators to produce the core code for the application
along with the database support. In a second step, the platform generates python
scripts to containerize the application along with the database. BESSER uses
this script to upload the image to the hub automatically. BESSER currently
supports DockerHub for this purpose but can be easily extended for other repos-
itories. In a third step, the platform parses the deployment model and generates
a deployment B-UML model, that conforms to B-UML deployment architecture
metamodel, which is then used by code generators to generate the Terraform3

scripts. Terraform is a state-of-the-art open source tool developed to deploy ap-
plications on the cloud infrastructure. Finally, these Terraform scripts are run
to configure the cloud infrastructure (including nodes, clusters, networks, etc.)
and deploy the containerized application using the image from the hub (created
in step 2). Additionally, a load balancer is also provisioned to distribute the web
traffic between the nodes in the clusters.

3 A Modeling Extension for Specifying a Deployment
Architecture

To deploy application on the cloud, BESSER platform requires two models from
the user: (1) a structural model that contains information about the application
itself and (2) a Deployment model that contains information about the target
cloud-based deployment architecture.

Due to the space limitations, we do not discuss the structural model in this
paper. More details on this model can be found in this previous work [2]. There-
fore, the rest of this section focuses on the deployment model.

Figure 2 shows the metamodel we have introduced for modeling deployment
architecture of cloud infrastructure. The metamodel contains a root Deployment-
Model metaclass, which is the main construct of the model. It comprises all the
information about the cloud infrastructure. A DeploymentModel can have one or

3https://www.terraform.io/
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Fig. 2. Deployment Architecture Metamodel

multiple Cluster(s). Each cluster can be a PublicCluster or an onPremise one.
For a publicCluster, the config_file contains the credentials and other informa-
tion needed to communicate with the public cloud provider. Additionally, the
architect needs to define five items for each cluster: (1) Region, (2) Network,
(3) Node, (4) Deployment, and (5) Services. We discuss these items briefly:

As part of the region information, the architect needs to define the region/s
and zones where the cluster should be created. For the network information,
the architect needs to define networks, subnetworks, and IP ranges for these
networks; in order to make it easier, we have a net_conf boolean variable to
auto-generate the network and subnetworks. Regarding the node information,
the OS, storage, resources, and processor for the nodes of cluster must be de-
fined. Each node can be of CloudNode or EdgeNode. As part of the fine-grained
deployment information, the architect needs to specify the number of replicas of
each Deployment ; each deployment must have a container containing the dock-
erized application, volume and resource information. As for the services infor-
mation, we need to provide all the services that will be attached to the clusters.
Services can be load balancers, ingress or egress. Furthermore, we can also define
the port mappings and security groups for the services.

This information can be entered thanks to the textual notation (i.e. concrete
syntax) we have provided for the above metamodel. We have designed a grammar
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and a parser that converts this textual description into a B-UML model. The
grammar is created using ANTLR [7], a widely used language recognition tool.
We show an example of a deployment model using this grammar below but the
complete grammar is available in the project repository [1].

For the purpose of exemplification throughout this study, we use the Digital
Product Passport (DPP) domain, a European initiative supporting the circular
economy [11]. DPP involves collecting comprehensive information on a product’s
composition, design, condition, and other aspects throughout its life cycle. This
information can be shared with anyone interacting with the product, including
manufacturers, buyers, and repair staff.

Listing 1.1 shows an excerpt of the deployment model for the DPP example,
written using our defined concrete syntax. In this example, the dpp_app applica-
tion is defined (lines 3-5 ) and packaged in the Docker image "dpp/app:latest".
This image is created using the structural model, which defines the DPP do-
main, and is automatically uploaded to DockerHub by the backend generator.
The application runs in the dpp_container (lines 8-11 ), with 2 replicas de-
ployed as defined in dpp_deployment (lines 14-16 ). Finally, two public clusters
(for Google and AWS) are defined (lines 19-28 ) to deploy the application.

Listing 1.1. Deployment model

1 Deployment model{
2 applications {
3 -> name: dpp_app,
4 image: "dpp/app:latest",
5 // Other info omitted for brevity purposes
6 }
7 containers {
8 -> name: dpp_container,
9 app_name: dpp_app,

10 cpu_limit: 500m,
11 memory_limit: 512Mi }
12 deployments {
13 -> name: dpp_deployment,
14 replicas: 2,
15 containers: [dppcontainer] }
16 clusters {
17 -> public_cluster
18 name: cluster_a,
19 provider: google,
20 deployments: [dpp_deployment],
21 // Other info omitted for brevity purposes
22 -> public_cluster
23 name: cluster_b,
24 provider: aws,
25 deployments: [dpp_deployment],
26 }
27 // Other concepts omitted for brevity purposes ...
28 }
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4 Code generation

The code generation for this BESSER extension primarily involves two gen-
erators implemented as M2T transformations using the Jinja4 template-based
engine: one for the backend and one for the Terraform code.

The Backend generator integrates multiple specialized generators from the
BESSER suite (see Figure 1) to create a comprehensive backend. It enables the
creation of dynamic and scalable API endpoints using the REST API Genera-
tor, which leverages the FastAPI framework. Efficient ORM transformations for
database interactions are handled by the SQLAlchemy generator, while robust
data validation is ensured by the Pydantic generator, promoting data integrity
and backend security. Furthermore, this generator can also package the backend
as a container image and upload it to a hub for easy deployment.

On the other hand, the Terraform generator creates infrastructure as code
(IaC) for provisioning and deploying the application generated using the backend
generator. This code encompasses infrastructure configuration such as clusters,
networks, subnets, and load balancers, as well as the deployment of software
containers using Kubernetes management services like EKS5 and GKE6.

Using the same example from the DPP domain (introduced in section 3); Fig-
ure 3 shows the generated code for deploying the multi-cloud environment using
Terraform. A set of files containing the provisioning and deployment configura-
tions is generated for each cloud provider. The deployment process is initiated
by executing the setup.bat file. For a detailed walkthrough and application exe-
cution, you can refer to the demo video accompanying this tool paper.

All files, code, and steps to run this example can be consulted in the BESSER
example repository7.

5 Related work

The deployment of applications in the cloud is a well-researched topic. However,
most studies do not fully integrate their solutions within a software development
workflow. This is particularly true for Infrastructure as Code (IaC) tools, which,
although powerful for configuring deployments, are not designed to support other
phases of the application development lifecyle. Nonetheless, these tools can be
incorporated within a development and deployment framework, as we propose
with our low-code tool.

Some studies, such as [9, 10, 3], propose model-based solutions for specifying
and automating cloud deployments. However, these studies do not address the
modeling of multi-cloud and on-premises environments, nor do they incorporate
containerization as a virtualization technology for application deployment. Other

4https://palletsprojects.com/p/jinja/
5https://aws.amazon.com/eks
6https://cloud.google.com/kubernetes-engine?hl=en
7https://github.com/BESSER-PEARL/BESSER-examples/tree/main/examples/multi-

cloud_deploymen
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Fig. 3. Generated code for Terraform

works (such as [5, 8]) address the modeling and deploying architectures in multi-
cloud environments but do not provide support for application development or
containerized image support to facilitate deployment.

Commercial low-code tools also support cloud application deployment but
have significant limitations in terms of configuration and customization. For in-
stance, PowerApps and Appian typically restrict or suggest deployment to a
single cloud provider, such as Azure and AWS, respectively. While some tools,
like Mendix, OutSystems, and Pega, offer features for multi-cloud deployments,
they limit infrastructure configuration and customization. Additionally, it is of-
ten necessary to install the low-code platform environment on a cloud provider’s
web server before deploying individual applications to that environment. More-
over, these tools are neither free nor open-source.

Despite the capabilities of existing solutions, there remains a gap in integrat-
ing low-code software development and multi-cloud deployment within a single
tool. Our open-source low-code tool aims to bridge this gap by offering a unified
framework for application development, Docker image generation, and deploy-
ment across multi-cloud environments.

6 Conclusions and Further Work

This paper extends the low-code tool, BESSER, with application packaging and
multi-cloud deployment capabilities. This extension comprises several key com-
ponents, including a new grammar and metamodel to specify the deployment
architecture of the system, the generation of a Docker image for applications cre-
ated with BESSER, and a new code generator capable of producing Terraform
code for deployment across multiple cloud environments.
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As part of our future roadmap, we aim to enhance the tool’s usability by
incorporating a new graphical notation, enabling graphical modeling of deploy-
ment architectures (e.g., using AWS Architecture Icons8). Additionally, we plan
to enhance the capabilities of the Terraform code generator to support a wider
range of cloud providers and on-premises clusters. We also plan to integrate a
cloud management solution such as Google Anthos, enabling centralized man-
agement and monitoring of all clusters, including those deployed on-premises.
Finally, we plan to address the continuous updating of models in runtime, en-
abling the integration of our tool into a continuous deployment pipeline.
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