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Abstract—Research teams often face problems with insufficient
resources to develop and execute their computation algorithms.
This is due to limited access to professional programmers and
High Performance Computing centres. This paper presents a
platform that uses a new visual language to solve these problems.
It uses high-level abstractions to define the flow of data and the
execution of computation modules in a distributed computation
environment. The runtime system follows the rules of low-
code, where the development is on-line and highly simplifies the
deployment of apps. This way, even small research teams can
easily gain access to high-end computation resources and develop
and share their applications.

Index Terms—visual language, HPC, computation applications

I. INTRODUCTION

| Contemporary research teams often need to perform com-
plex computations on large data sets. This poses two main
barriers: insufficient resources to develop computation appli-
cations (skilled programmers) and insufficient resources to run
these applications efficiently (High-Performance Computing
— HPC - centres). This is especially evident in the case of
smaller research teams (in academia and in the industry) that
have limited access to such resources.

To overcome these barriers, we propose an approach that
combines two areas of research: visual programming environ-
ments for HPC and low-code development environments. The
first area is already quite mature [1]], and aims at reducing
the complexity of distributed and parallelised computation
applications through proposing high-level visual languages.
The second area is relatively new [2], and is oriented on the
development of web applications using on-line development
environments, based on visual modelling languages [3].

By combining these areas, we aim at reaching several goals:

« effective development of computation apps — usage of
a visual language suitable for HPC computations, reduces
code size and associated effort,

o development of computation apps directly by the
researchers — high-level abstractions hide all low-level
(HPC-specific) issues, thus increasing accessibility to
“citizen programmers”,

« facilitated reuse of algorithms — composition of applica-
tions into uniform computation modules allows for easy
exchange of algorithms on a common “market”,
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Fig. 1. CAL syntactic elements

« instant deployment and execution of computations —
an integrated, on-line development and runtime environ-
ment removes the effort of installing and running compu-
tations in a complex distributed computing environment,

o easy access to computation resources — the computing
infrastructure is hidden behind a comprehensible visual
language and its on-line execution environment.

These goals lead to the construction of the Baltic Large
Scale Computing (BalticLSC) platform, presented in this pa-
per. The system is based on a visual language called the
Computation Application Language (CAL) and its runtime
environment.

II. LANGUAGE DESIGN

Basic requirements for the new language include ease-of-
use, modularization of computation algorithms, and represen-
tation of parallel processing through clear visualisation of data
flows. This led us to develop the language syntax consisting
of just three types of elements, as presented in Figure [I] Data
Pins represent specific data items - input data, and output
data. We distinguish between “single data” (e.g., single file
or single data item or record in a database), “multiple data”
(e.g., folders of files or database collections) and “multiple
tokens” (sequences of e.g. files) pins. Data Pins are attached
to Module Calls which represent instances of computation
modules. Each module can perform specific computations on
the data items referenced by the attached pins. Finally, Data
Flows visualise the passing of “data tokens” between module
instances. These tokens point to appropriate data items, as
defined by the connected Data Pins.

An example CAL application is presented in Figure
This application solves a real-life problem of microscopic
image processing. The input image is first split into several
smaller images. Then, each of the small images is segmented
and processed in parallel by two different instances of “cell
analysers”. The results produced by these two analysers are
then fed into the module that performs further calculations
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Fig. 2. Example CAL application (slightly simplified)

and produces an output image adorned with markers and
annotations. These images are then joined into a single image
and sent as an output file.

Despite this simple syntax, the language semantics allows
for sophisticated data processing that includes synchronisation
based on data token arrival and parallelisation of processing
based on the distribution of token sequences between module
instances. For example, the application in Figure [2] allows for
the split image fragments to be processed in parallel, and all
Calculator instances are synchronised by waiting for the arrival
of tokens from the respective two Analyser instances.

III. LANGUAGE IMPLEMENTATION AND SYSTEM
ARCHITECTURE

The language syntax was defined through a MOF meta-
model [4]]. The language semantics was defined using a hybrid
(operational and translational) approach [5]]. We have defined
an intermediate language (CALExec) that can be directly
executed (interpreted) in an execution engine. Its semantics
were defined through an abstract machine and an associated
transition system. Finally, the CAL syntax was explained
through supplying its translation rules into CalExec.

The metamodel was used to develop an online CAL editor.
Figure [ in the Appendix shows the editor’s user interface,
implemented as part of the BalticLSC system. Furthermore, we
have developed a CAL-to-CalExec translator and an elaborate
CALExec runtime engine. An overview of the BalticLSC
Platform (see the demo version at www.balticlsc.eu) is pre-
sented in Figure [3] Its central element is the Main Server
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Fig. 3. Physical architecture of the BalticLSC Platform

hosting the CAL Editor (the Frontend), the CAL Translator,
and the CALExec Engine (the Backend). The CalExec En-
gine manages communication with many computation Nodes
(clusters) that can run batches of module instances (CAL jobs).
This communication includes token passing and distribution of
CAL job batches to the nodes. Within the nodes, computation
jobs are executed as encapsulated containers uploaded from
a central container repository. These activities are managed
by dedicated Batch Managers, on top of standard container
management software. Figure 5] in the Appendix shows the
appearance of the computation cockpit, which gathers informa-
tion on the computation tasks. From here, the user can check
the status of the executed tasks regardless of the node on which
they are currently running. In addition, the user at this level can
also specify data sets for processing or abort selected tasks.
Figure [6] in the Appendix presents the user interface of the
development shelf with applications developed by the given
user and available to be executed.

IV. RELATED WORK AND CONTRIBUTION

As a recent study shows, only a small number (5%) of
HPC users use a visual language [6]]. This is despite that
several relevant visual notations were proposed already since
the beginning of the 1990’s [7]], [8]. More recent approaches
are based on the model-driven paradigm [9]] and offer cloud-
based development environments [10]. Still, none of these
approaches offer a comprehensive end-to-end solution, where
HPC applications are developed using a visual language and
instantly executed in a distributed computation environment.

The main contribution of BalticLSC is its coherent inte-
gration of a visual HPC application development language
with a distributed network of HPC computation resources.
BalticLSC serves as a high-level web portal for HPC [11]].
Unlike for other such solutions, it does not necessitate any low-
level constructs associated with application deployment and
execution [12]. Being a low-code system, it hides all technical
complexity behind the semantics of our visual language CAL.
Moreover, by modularising the computation algorithms, the
system facilitates their exchange and reuse.

V. VALIDATION AND FUTURE WORK

Currently, the BalticLSC system is being evaluated through
case studies in research and industry settings. The initial
results show that the visual language and the system are easy
to use by research teams with limited programming experi-
ence. Still, in non-standard cases, traditional programming of
computation modules (basic blocks for CAL applications) is
needed. Thus, our future work will concentrate on facilitating
the development and reuse of modules. This will include
providing easy to follow, standard module templates for tra-
ditional programming and the introduction of an extension to
CAL that would allow to develop module contents visually. In
addition, we plan to extend the capabilities of the platform by
providing an extended library of ready computation modules,
a “market” for module exchange and improved facilities for
connecting external computing centres.
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Fig. 4. Screenshot from BalticLSC, showing the CAL Editor
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APPENDIX

Sample screenshots from the running system are in-
cluded in Figures #HEl The working system is available at
https://www.balticlsc.eu/.
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