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Abstract: The purpose of the SGABU platform is to include various models and datasets in the area of mul-
tiscale modelling. The main aspect of SGABU platform are variousdatasets and multiscale models related to
cancer, cardiovascular, bone and tissue disorders. From the point of view of the dataset integration, a task
requires implementation of the userinterface that includes manipulation with either tabular data, or most of
the datasets requiredfurther tuning carried out by front-end developers employing technologies such as An-
gular,Plotly.js, Paraview Glance, etc. From the point of view of integration of the multiscale models, most
of the simulation modules provided by SGABU platform are implemented as Common Workflow Language
(CWL) workflows. This method is an obvious choice since itmakes use of Docker containerization and a
standardized way of representing inputs, outputs,and intermediate results, giving findability, accessibility,
inter-operability and reusability (FAIR principles). The effort of providing CWL type workflows consists
of two distinct actions: (1) developing CWL implementation on FES (Functional Engine Service) backend
and (2) developing an appropriate UL Such integrated platform demonstrates the use of different modelling

examples and illustrates the learning process from idea to implementation.
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1. INTRODUCTION

Multiscale modeling is a rapidly expanding
scientific field that may be used to solve a variety
of bioengineering challenges. As a result, education
in this field must stay up with the current develop-
ments. Cardiovascular, cancer, tissue and bone dis-
orders impose a major social and economic cost on
Europe, causing great human suffering and, in many
cases, death. Early detection and monitoring of these
disorders can lead to successful patient management
and therapy [1]. The introduction of high-resolution
imaging, computational, and analytical methods into
cancer, arteries, tissue, and bone research, as well as
the rapid growth of multiscale modeling techniques,
have helped to better understand the living systems,

extended understanding of complicated phenomena
that cannot be studied in clinical environments, and
revealed common underlying principles in cancer,
cardiovascular, tissue and bone physiologies [1].
Powerful computers and effective numerical tools
make it possible to solve complex biological issues
in actual geometries and in record speed. In biomed-
ical engineering, multiscale modeling presents a new
paradigm for future clinical diagnostics systems.
Furthermore, integrative informatics, which covers
bioinformatics, imaging informatics, sensor infor-
matics, clinical informatics, and public health infor-
matics, provides a whole new perspective on infor-
matics and computers in healthcare and life sciences.
Globally, education and research in this field are of
considerable interest [1].
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As a result, there have emerged some effec-
tive biomedical research platforms. PANBioRA,
for example, is a modular platform that standard-
izes biomaterial assessment and opens the door
to pre-implantation, individualized diagnostics
for biomaterial-based applications [2]. The SILI-
COFCM platform is a novel in silico clinical trials
solution for the design and functional optimization
of whole cardiac performance as well as monitor-
ing the success of pharmacological therapy that is
cloud-based [3]. The Bioengineering and Technol-
ogy (BET) platform facilitates innovation, supports
research, and federates the larger multidisciplinary
community involved in translational bioengineer-
ing [4]. It is largely focused on the requirements of
the cancer research community.

However, to the best of our knowledge, there is
not a single platform that includes several fields and
combines models from different modelling fields. In
addition, there are no platforms that are dedicated both
to research and education at the same time. Under the
project “Increasing scientific, technological and inno-
vation capacity of Serbia as a Widening country in the
domain of multiscale modelling and medical infor-
matics in biomedical engineering (SGABU)” [5], the
focus is to develop a platform that would include ex-
amples from four different fields: cardiovascular, can-
cer, tissue and bone modeling. The SGABU platform
is a platform for the adaptive knowledge discovery of
multiscale models and datasets. The primary benefit
is the use of fresh, current, and distinct technologies
for different levels of architecture while developing a
platform. These technologies are fully independent of
the hardware, networking, and the operating system,
allowing for the platform to be easily migrated from
the virtual machine to the public cloud if necessary.
There are several benefits for individuals that utilize
the platform. Since the platform is executable within
a web browser, users may utilize it without installing
any new software on their local devices, including
mobile devices thanks to its responsive Ul design.
Although still under development, the platform’s ulti-
mate release will have a significant influence not just
in research, but also in teaching. The platform will
allow universities and faculties to illustrate the usage
of various modeling instances, exhibiting the learn-
ing process from idea to execution and analysis of
the results. The full platform interactivity implies that
modifying the input parameters will reveal how these

parameters impact the result, allowing the user to test
the deduction process as well as perform research in
the SGABU project areas.

2. METHODOLOGY

The purpose of the SGABU platform is to in-
terconnect a number of various tools into repeatable
data- intensive pipelines of workflows. The integra-
tion of the platform is performed according to the
standardized software engineering procedures. The
architecture of the SGABU platform is presented in
Figure 1, with the modules and their corresponding
engines and tools. The SGABU framework can be
described as a hierarchical multilayer schema com-
prising of five layers.

At the bottom lies the hardware layer where
virtual machines are deployed. Just above lays the
security layer which provides mechanisms for user
access management, encrypted communication and
user authentication within the platform. Next layer
corresponds to the workflow tools which providing
core engines to be utilized by the upper layers. The
workflow layer includes the following engines: (i)
workflow engine, (ii) the Docker container engine,
(iii) the data quality control engine and (iv) 3D vi-
sualizer.

Each one of these engines can be invoked di-
rectly by SGABU tools and modules that lie in the
upper, back-end layer. The last is the front-end lay-
er which provides the user interface. In further few
paragraphs, we explain a few structural and imple-
mentation details for each of these layers.

Hardware layer. The hypervisor cluster con-
sists of 3 physical servers with a total of 96 CPU
cores, 376 GB RAM and 1.89 TB SSD, interconnect-
ed with 10 Gbps internal network, separate manage-
ment network and the gigabit uplink. It runs KVM
(Kernel-based Virtual Machine) under ProxmoxVE
7 environment.

Security layer. In SGABU, all outside HTTP
traffic is routed by a central NGINX reverse proxy
and is SSL encrypted. As mentioned, a separate VPN
secured private network was established for develop-
ers and accessing the platform’s internal infrastruc-
ture.

Workflow layer. The most resource-demand-
ing backend component is FunctionalEngineServ-
er (FES), responsible for the execution of the CWL
(Common Workflow Language) [6] compatible scien-
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Figure 1. The architecture of the SGABU platform

tific workflows. The FES (Functional Engine Serv-
er) API is an API developed in Python whose main
purpose is to run and manipulate various workflows.
FES-API implements the required executor for run-
ning workflows. The FES in the background em-
ploys Common Workflow Language (CWL) which
provides portability of the workflows. It is possible
to manage the entire lifecycle of a single workflow
using the functional server interface, including cre-
ation, handling inputs and outputs. FES is in charge
of handling input files, as well as storage where the
workflows store their outputs. The significant advan-
tage of this system is an asynchronous execution of
workflows as background processes, allowing multi-
ple workflows started by multiple users to run simul-
taneously.

The customized Paraview Glance [7] plays
the role of the 3D visualizer. It is tightly coupled
with FES.Its purpose is to perform postprocessing
and transformation tasks on 2D/3D simulation data.
Thanks to this tight coupling, the user is released
from necessity of transporting large workflow output

files. The integrated 3D viewer obtains output files
directly from FES, avoiding large data transfers, un-
less explicitly required, i.e., for offline analysis.

Back-end layer. Laravel [8] is a free and
open-source PHP framework that provides a set of
tools and resources to build modern PHP applica-
tions. It is used as a backend framework for SGA-
BU platform. It follows a model-view-controller
design pattern, which generally makes it signifi-
cantly easier to start creating and after that, main-
taining the functionality of platform. On SGABU
platform it also provides important built-in features
like authentication, sessions, routing, migration
system etc. DBServer provides a standard relational
MySQL (MariaDB) database.

Frontend layer. As one of the most popular
and supported software development tools avail-
able, Angular [9] is used for building single-page
client applications using HTML and TypeScript. This
framework implements core and optional function-
ality as a set of TypeScript libraries that are import-
ed into applications. The core value proposition of
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Angular is to make it possible to build applications
that work for nearly any platform - whether mobile,
web, or desktop. SGABU frontend is developed in
the responsive manner. Some models or datasets in
the SGABU platform will produce outputs intended
for visualization with a goal of better understanding.

2.1. Integration of the datasets

From the point of view of the SGABU in-
tegration, a single dataset integration task usually
starts with interviewing the dataset provider about
the way he/she wants the specific dataset to be pre-
sented in the platform. The subsequent activity is
the implementation of the agreed UI. Then the team
returns to the data provider with the requirement
for testing and iterative Ul tuning until reaching
the provider’s criteria. For some datasets, the ac-
tivity is trivial due to tabular data, while most of
the datasets required further tuning carried out by
front-end developers employing technologies such
as Angular, Plotly.js, Paraview Glance, etc. Angu-
lar is classified between the most popular software
development tools and programmers use this frame-
work for designing dynamic applications. By using
different components, programmers are shortening
code and in such a way, they reduce the time for
changing it. The SGABU platform can be used on
any device, by changing the size of device panels
of platform and forms. Visualization some data is
available by using Plotly.js which is created on base
JavaScript. Advantage to the other tools for visual-
ization is many types of graphs for example maps,
pie charts, bar charts, bubble charts etc. Many of
types are used on the platform SGABU. Plotly.js
provides many possibilities like downloading plot
as a PNG, zoom, pan etc. [10].

2..2. Integration of the CWL workflows

For practical reasons, but also to promote an
open-science approach, all data, analytical tools and
methods developed in SGABU project framework
should be findable, accessible, interoperable and re-
usable (FAIR principles). The FAIR principles serve
as a guideline for data producers and researchers to
be interoperable as much as possible. The individu-
al tools should be organized and interconnected in a
standardized way. This automatically implies pack-
aging software using Linux container technologies,

such as Docker or Singularity, and then orchestrat-
ing workflows and pipelines using domain-specific
workflow language such WDL (Workflow Descrip-
tion Language) and CWL (Common Workflow Lan-
guage).

For the purpose of building SGABU plat-
form backend, we opted for Common Workflow
Language [6] as a specification pathway for all our
workflows. It employs Docker containers as pri-
mary building blocks to provide a straightforward
definition of any scientific workflow. In the follow-
ing sections, we will describe how to build a typical
CWL workflow out of the already available soft-
ware components.

1. Containerization,

2. Creating a CWL tool out of Docker image,
3. Merging the tools into a CWL workflow, and
4. Creating an appropriate frontend UI.

Thanks to established streamlined integration
guidelines, the platform can be easily extended with
new workflows, making it a sustainable, future proof
product. However, one has to take care of the UI, the
task which has to include a certain degree of manual
development.

3. USE CASE EXAMPLES

The first encounter with the platform is login.
As mentioned, besides regular SGABU accounts,
Google accounts are fully supported, significantly
lowering the barrier for new users. The access to
each module on the SGABU platform is provided
through the main dashboard as presented in Fig-
ure 2. For a user with administrative rights, there
are additional options directed towards manag-
ing access rights to the regular users. Upon login,
a regular user is presented a list of datasets and
workflows he/she is allowed to interact with. The
sections of biomedical fields covered by SGABU
(Bone modeling, Cancer modeling, Cardiovascular
disease modeling, Tissue engineering) are marked
with different color. Each section contains datasets
(upper line) and real simulation workflows (bottom
line). SGABU acts as a stateful platform, saving all
user activities and providing read and write access
to all previous experiments (workflow executions).
Thanks to this feature, it is possible to use it for
certain simplistic research tasks, besides its primary
educational purpose.
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Figure 2. Main platform dashboard

3.1. Use case example of a dataset

The example of the dataset is collection of im-
ages of Hip joint with femoral implant dataset, which
belongs to the Bone Modeling module on the SGA-
BU platform. This dataset contains 301 DICOM im-
ages, obtained from a CT scanner [11]. The scans in-
clude one hip joint with artificial femoral prosthesis
(left) and one healthy hip joint (right). User interface
for this dataset is shown in Figure 3.

Figure 3. User Interface for Hip joint
with femoral Implant dataset

A user can move through the dataset by click-
ing on left or right arrows next to the image, or by us-
ing the slider function below the image. The image 0
(default image after dataset is opened) represents the
shaft ofthe femoral bone. As the number of the image
increases the user will be able to see upper segments
of the femoral bone and hip implants as well as the
pelvic region.

3.2. Use case example of a model

One example of cardiovascular field model in-
tegrated into SGABU platform is a parametric heart
modelof the left ventricle is used to simulate the car-
diac cycle with patient-specific dimensions, which
are providedby the user. The model is developed by
[12]. Based on user-provided parameters, the left
ventricle model is generated and finite element sim-
ulation is run with prescribed boundary conditions.
Boundary conditions consist of inlet and outlet ve-
locities and/or pressures, which are prescribed to the
valves of the model. Users are also allowed to change
stiffness of left ventricle wall, and calcium concentra-
tion which controls the muscle contraction.

User Interface for ParametricHeart example
is shown in Figure 4. The window is divided into 2
sections — Workflows and Add new workflow. The ba-
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sic execution unit in SGABU is a workflow. In the up-
persection of the window, users are able to see names
and status of the workflows. Possible statuses of the
workflow are:
— Not yet executed
— Terminated
— Running
— Finished OK
— Finished Error
In the below section of the window, users can
create new workflows for this submodule. Each of
the forms needs to be filled out in order for simula-
tion to run. Users are expected to fill out the follow-
ing forms:
— Workflow name
— Left section:
— Base division
— Connection division
— Aortic division
— Wall division
— Valves division
— Miitral division

— Right section:
— IVS-diastolic [cm]
— LVID-diastolic [cm]
— LVPW-diastolic [cm]
IVS-systolic [cm]
— LVID-systolic [cm]

— Inlet Velocity time function
— Outlet velocity time function

The divisions control the number of finite ele-
ments within the model. Base division controls num-
ber of finite elements along the height of left ven-
tricle base. Connection division controls the number
of finite elements along the height between base and
the valves. Valves division controls the number of fi-
nite elements along the width of valves. Aortic/mi-
tral division controls the number of finite elements
along the height of the aortic/mitral valve. Wall di-
vision controls the number of finite elements along
the width of heart wall. Regarding the dimensions
that need to be filled in, IVS-diastolic/systolic [cm]
represents the interventricular septum (IVS) in dias-
tole/systole, LVID-diastolic/systolic [cm] represents
left ventricular internal diameter (LVID) in diastole/
systole and LVPW-diastolic/systolic [cm] represents
left ventricular posterior wall (LVPW) in diastole/
systole.

All forms except for Workflow name are nu-
merical and value ranges are provided for the users.

Figure 4 shows the velocity functions. Inlet
velocity function is prescribed to the mitral valve
of the left ventricle, while outlet velocity function
is prescribed to the aortic valve. Interactive graphs
with inlet andoutlet velocity time functions are also
shown in Figure 5.

Wordlows
L Harme Status Created
All
1 Tes1_thana FINISHED_GK 24021 135607 @
Acd new workliow
Warkflow name Run
Base divsion IvS-diastaic [om] 1288
Connsction divesion LvID-giastolic [cm] B33
Apric division LVPW-dastolic [cm] kg2
Wall division W3-systolic [om]
Wahies division LVID-gystic [om] A4T35
This preject has sceved fundig from (e Eurcpean Unicn's Honzon 2000 research and innovation programenes
- under grant agreament Mo 852603,
Figure 4. User Interface for ParametricHeart module
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Figure 5. Prescribing inlet and outlet time function for ParametricHeart module
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Figure 6. Running the workflow

The exception handling is integrated into the user
interface (UI) of the SGABU platform (Empty forms,
Non-numerical forms, Out of range values). Once ev-
erything is correctly filled, the workflow can be started.
The user can monitor the current status of the workflow
in the left section of the window (Figure 6).

Results are displayed in the form of tables, data,

video and Paraview [7]. The result of the simulation
consits of velocity, pressure and displacement fields
during full cardiac cycle. Along the physical fields we
also provied the pressure-volume diagrams and dia-
grams of myocardial work during cardiac cycle. Figure
7 shows input divisions, dimensions of the model and
inlet velocity prescribed to the mitral valve.

Figure 7. Inputs tab of the results section

-_—
Ingruts Data Video Paraview

GWE csv 0,563901440E+02 & |
ejectionFraction.csv 50,3B435868117328 s
pvDiagram.csy '-_{'_

time volume det pressure [mmHg] myocard|al wark

00 358 065108 247 1556875 0635087771 1.85368TE6 -2.61240883

0.1 F0. 211705 1091,3816 221831307 §.16544381 1325188

02 380.211706 234345158 345367629 17.621063 -0.249124701

0.4 390211704 475142885 20873738 356360733 125192082

0.5 3562065108 439755066 205737381 32.08139588 116.635863

06 358.065108 430834788 205737381 Janzeaz 119420789

o7 358065108 4185.99754 205737361 31.3952053 111183832

1.10000002 358065108 247 155878 0.GI50ET7TY 1.8538578 98 2644754
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The results can also be downloaded in the  tion fraction and global work efficiency obtained
form of csv files. Figure 8 shows PV diagram, ejec- after executing our finite element simulation.

Workflow test1 results

Inputs Data Video Paraifiew

Base division & |VS-diastolic [cm]
Connection division 3 LVID-ciaslofic [omn]
Anrtic division 10 LVPWediastalic fom]
Wall division 1 IWS-sysioiic [om]
Malves division 5 LVID-sjystolic [om]
Mitral division B LVPW-systalic [om]

L Langth.dizstalic [am]

Figure 8. Data tab of the results section

» 0:00/0:10

Figure 9. Video tab of the results section

Figure 9 presents pressure field within left Clicking on the Paraview tab will open a new
ventricle model. Pressure is the largest during systol- ~ browser tab with results. Figure 10 presents geome-
ic phase of the cycle. try of the left ventricle.
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Figure 10. Paraveiw tab of the results section

= " ParaView

Glance

DATASETS TooLS GLOBAL

G PAKFOO0T. VK O: a
&} Representation ~
S;l.l;ra[‘.e with adges -

Mesh

() colors ~

Color By Velocities -

Default {Cool to Warm}

- .
o I 291 672870266
Interpolate scalar hafore
mapping
(@) Information v
A PAXFOO04 VTR B i v

W OFEN @ SAVESTATE (B SCREENSHOTS (0)

Y avour

Figure 11. Paraview velocities show of PAKF0001.vtk

Figure 11 presents the results section in terms
of velocity field. Inlet velocities rise during diastole
and during systole inlet velocities are equal to zero.
During systole muscles are activated and they push
the blood out of left ventricle. At start of the systole
the velocities are largest at the bottom of the heart. At
the middle of the systole the velocities are the largest
at the aortic valve.

4. CONCLUSIONS

This paper presents a platform for adaptive
knowledge discovery of multiscale models and data-
sets. The primary benefit is the use of fresh, current,
and distinct technologies for different layers of its
architecture. These technologies are fully indepen-
dent of underlying infrastructure, allowing for the
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platform to be easily migrated to any private or pub-
lic cloud if necessary. There are several benefits for
students and researchers who utilize the platform.
Since SGABU platform is executable within any
web browser, users may utilize it without installing
any new software on their local devices.

The platforms such as SGABU are not only
software products with certain specific purpose and
short to medium lifecycle. If the platform aims at
sustainability and long-life cycle, special software
engineering approach has to be carried out. Two im-
portant aspects were covered during SGABU plan-
ning and development. Firstly, all the components
were built using standard, well accepted frameworks
and interfaces.Secondly, FAIR principles were strict-
ly implemented thanks to the usage of well accepted
workflow management technologies. The final result
is a portable and extensible product, ready to serve
students and researchers.
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SGABU IVIAT®OPMA - UHTET'PUCAHA IIVIAT®OPMA 3A CKYIIOBE
BUOMEUINHCKUX IIOJATAKA U MOAEJIE HA BULIE CKAJIA

Cazkerak: CBpxa SGABU mnardopme je 1a yKIbYdr pa3iindauTe MOJEIE U CKyTIOBE IToJjaTaka y 00IacTu
MoJienpama Ha BuLIe ckajia. [J1aBuu aciektr SGABU minardopme jecy pasnudauTi CKyNOBH MojaTaka
Y MOJIeNTM Ha BHIIE CKajla KOjH ce OIHOCE Ha OOJNIacTH paka, KapAuOBacKylapHe OOJECTH, KOIUTaHe
TkuBHe mopemehaje. Ca Tauke IIeIUIITa HHTErpalMje CKyna MojaTaka, 3a/laTak 3axTeBa MMIUICMCH-
TalMjy KOPUCHUYKOT MHTepdejca KOju yKIbydyje MaHUITYJIAlH]y WM ca TabelapHUM IOAAINMA, WIN
NPBEHCTBEHO ca CKYMOBHMA I0/IaTaKa KOjH 3aXTeBajy Aajbe MojeaBame y front-end-y momohy texHo-
noruja kao mro cy Angular, Plotly.js, Paraview Glance, uta. Ca Tauke miienuinTa HHTETrparyje Mojena
Ha BuIIe ckaia, Behuna monyna xoje 00e30ehyje SGABU mnardgopma nmmnementupana je y hopmu
panuux tokoBa Tura Common Workflow Language (CWL). OBaj meron je ouurienaH u30op jep Ko-
puct Docker koHTejHEepe 1 Ha CTaHAapAM30BaH HAYMH MPEJCTaBJba yilase, u3nase u Mehypesynrare,
00e36ehyjyhu mpuctynagroct, uHTeponepaduinHocT U noHoBHy ymnotpedy (FAIR mpuanmmm). O6e3-
oehuBame pamganx TokoBa Tna CWL cactoju ce ox aBe paznmuuTe akiyje: (1) pa3Boj MMIIIEMEHTAIH]e
CWL- a na no3amuackoM neny FES (Functional Engine Service) n (2) pa3Boj oxroBapajyher xopu-
cHUYKOT nHTepdejca. OBakpa miarpopma JeMOHCTPUpa yIoTpeOy pa3IMuuTHX IpHMepa MOCIHpama
U WIYCTPYje NpoLec yuera o] ujeje 10 UMIUIeMEHTalHje.

KibyuHe peun: Momenupame Ha BHIIE CKalla, CKYNOBH MOJATaKa, MHTETrpaluja, miardopma.

Paper received: 23 August 2022 Paper accepted: 05 December 2022

150

Contemporary Materials, Xll1-2 (2022)



