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1 INTRODUCTION

In this bulletin, we summarize the work presented in [7], where
we discussed the rapid development of RAMPVIS service during
the COVID-19 pandemic. The RAMPVIS system encompasses
various components, including its web-based front-end with thou-
sands of plots and dashboards, advanced visualizations, search, and
portal features, among others. Meanwhile, the back-end involves
dynamically updated data streams from multiple modalities, e.g.,
COVID-19, analytical and model data, a search engine, automated
agents, and a knowledge base or ontology [4, 5]. To overcome the
evolving requirements of the RAMPVIS system, its complexity, and
the diverse components involved, a service-oriented architecture
approach was adopted, ensuring agile development, integration, and
deployment. Developing a service-oriented architecture typically
involves a lengthy software life cycle. However, in certain circum-
stances, such as emergency response situations, the need arises for
the development of a service-oriented system within a compressed
time frame of weeks or months. A small group of volunteer re-
sources [1, 3] tackled this challenge by creating a data visualization
service for a group of epidemiologists and modeling scientists.

2 FUNCTIONAL ROLE OF RAMPVIS SERVICE
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Figure 1: The functional role of the RAMPVIS service.

RAMPVIS service was developed for a crucial role in transferring
data from various data infrastructures to multiple plots and dash-
boards, as shown in Fig. 1. The RAMPVIS service also includes
search and personalization features to make it easier for users to
access the most relevant visualizations. And eventually expanded to
support more complex visualization tools.

3 REQUIREMENTS AND METHODOLOGY

The RAMPVIS service was created to effectively visualize COVID-
19 data. However, the absence of prior work on visualization services
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presented a challenge. Traditional visualization system develop-
ment techniques were limited to high-performance computation and
modern visualization libraries like D3.js for easy visualization on
common devices.

While the primary requirement was to visualize COVID-19 data
streams for a group of epidemiologists and modeling scientists, how-
ever, the scale, nature, and modalities of the data were unclear due
to the rapid changes in the underdevelopment Scottish COVID-19
Response Consortium (SCRC) [2]. Hence, the overall requirements,
such as visualizations, tools, and features required to build a us-
able system were also unclear. This made it difficult to determine
the overall requirements such as visualizations, tools, and features
needed for the epidemiologists and modeling scientists to use at the
beginning.

To address this obstacle, service-oriented architecture and prin-
ciples were introduced as a key design choice that can support the
evolutionary nature of the system using an agile software develop-
ment lifecycle cycle. The RAMPVIS service utilized insights from
other web applications, service composition, and service engineering
to overcome these challenges.

1. Provide data visualization through commonly used web tech-
nology, i.e., our service had to meet the standards of services
computing.

2. Additionally, the services needed to be developed and deployed
quickly in conjunction with the SCRC data infrastructure.

3. To ensure effective and efficient maintenance and operation,
i.e., the service also needed to be resilient to changes and easy
to maintain.

To meet the requirements, various design choices were incorpo-
rated into RAMPVIS, such as:

1. The visualizations were made accessible via web browsers for
user convenience.

2. An ontology-centered architecture was developed to manage
data stream relationships and visualization functions.

3. Automatic and semi-automatic agents were developed to han-
dle routine tasks and dynamic changes.

4. Database and search services were used to manage, store, and
search various data quickly and easily.

5. The D3.js library was utilized to maximize visualization devel-
opers’ resources and experiences.

6. A template-based development and propagation agent [6] was
introduced to facilitate semi-automatic and rapid scaling.

7. The agile software engineering lifecycle enabled collaboration
and continuous improvement.

8. All components were developed as open-source software, align-
ing with the SCRC’s requirement for openness and facilitating
cross-team communication and coordination.
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Figure 2: A summary of the service components and engineering strategies created for producing the RAMPVIS visualization service during
the COVID-19 emergency response.

The changing needs of the RAMPVIS system affected the way the
service was composed and engineered (Fig. 2). The requirements,
design, and architecture evolved simultaneously as discussed in [7].

4 PROPOSED TIERED ARCHITECTURE
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Figure 3: A simplified illustration depicting the functionality of each
tier in our n-tier architecture.

The services requirements discussed in Fig. 2 were implemented
using a tiered architecture, as in Fig. 3. The architecture comprises
five tiers (T0—T4).

1. T0 balances incoming HTTP requests across REST API in-
stances.

2. T1 middleware forwards requests to the appropriate controller.

3. T2 manages the flow and operations.

4. T3 services take action and communicate with other services.

5. T4 integrates with external resources for enhanced capabilities.

By employing this tiered architecture, the RAMPVIS service
achieves a modular and scalable structure, enabling efficient request

processing, seamless communication between components, and ef-
fective utilization of external services. A detailed description of this
architecture can be found in [7].

5 REFLECTION

We adopted agile principles in developing the RAMPVIS services
by using a services architectural pattern that allowed for the de-
coupling of our system into smaller, independent services. Our
experience underscores the importance of test-driven development
from the beginning to enhance efficiency. We experienced trade-offs
between using basic and advanced frameworks, both impacting scal-
ability and development speed. Our work can serve as a blueprint
for rapidly developing a scalable data visualization system. Fur-
ther advancements are encouraged in the areas of easily adaptable
or zero-configuration services development, service diagnosis, log
monitoring, and visualization to streamline the development and
maintenance of service-based systems.
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