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Abstract

Discrete-Event Simulation (DES) projects are inherently complex, requiring technical rigour in model
development and effective coordination between multidisciplinary teams. Although agile approaches
have expanded beyond software contexts, their integration with DES remains conceptually fragmented
and understructured in the literature. This study investigates the application of DEScrum, a hybrid
framework designed to align the macro-stages of the classical DES life cycle with Scrum iterative cycles.
The research adopted an Action Research approach in a structured academic setting, organised into three
development stages. Quantitative evaluation was conducted using two indicators independent of Scrum
prescriptions: the Planning Compliance Rate, reflecting process stability, and the Deliverable Quality
Index, based on eleven DES methodological dimensions to assess technical completeness. Results show
progressive stabilisation of planning and strong adherence to core simulation stages across Sprints.
These findings indicate that DEScrum supports iterative DES development without compromising
methodological rigour, while improving collaboration, incremental validation, and process transparency.
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1. INTRODUCTION

In recent decades, Discrete-Event Simulation (DES) has become a relevant approach for
supporting decision-making in complex systems characterised by high variability, process
interdependence, and operational uncertainty [1]. Its application has been widely recognised in
sectors such as manufacturing, construction, logistics, and healthcare, where scenario analysis
and the evaluation of alternative decisions are essential to improving system performance and
organisational outcomes [2,3]. In such contexts, stakeholders increasingly employ
management, analytical, optimisation, and process improvement tools to better understand
system behaviour, evaluate alternative scenarios, and support more effective decision-making
[4]. Simulation, in turn, contributes not only to operational efficiency but also to broader
objectives related to industrial innovation and sustainability.

DES projects have traditionally been developed through structured and sequential life
cycles involving problem formulation, conceptual modelling, computer implementation,
verification, validation, and experimentation [5, 6]. Although this logic is firmly established in
both the literature and practice, previous studies have identified important limitations,
particularly process rigidity, difficulties in accommodating scope changes, and communication
challenges among stakeholders, especially in environments marked by uncertainty and
progressively evolving requirements [7, 8].

At the same time, agile methodologies, particularly Scrum, have been increasingly adopted
in project environments that demand incremental learning, short feedback cycles, and
continuous adaptation [9, 10]. The iterative logic of these approaches is conceptually
compatible with simulation projects, in which assumptions, parameters, and model structures
are often progressively refined throughout development [11]. However, despite this conceptual
alignment, the structured integration of agile methods into DES projects remains weakly
supported by systematised empirical evidence.
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DEScrum was proposed as a hybrid framework intended to align Scrum principles with the
macro-stages of the classical DES life cycle while preserving the methodological rigour
required in simulation projects. Nevertheless, relevant questions remain regarding the extent to
which this integration can improve development process control and support the technical
quality of the resulting models.

Accordingly, this study examines the application of DEScrum in a structured academic
setting through an Action Research approach. Specifically, the paper aims to analyse, on a
quantitative basis, the impact of DEScrum on development process control and on the technical
quality of DES models.

2. DESCRUM FRAMEWORK

DEScrum is a hybrid framework designed to structure DES projects by integrating the classical
simulation life cycle with Scrum iterative mechanisms. The proposal organises modelling work
incrementally, while preserving the methodological rigour of DES and incorporating agile
practices of inspection, adaptation, and collaboration.

The framework architecture establishes a correspondence between the traditional stages of
simulation [5] and iterative development cycles structured as Sprints [9]. This organisation
allows model deliverables to be developed, evaluated, and progressively refined throughout the
project.

Based on this logic, DEScrum structures simulation development into three macro-phases:
Conception, Implementation, and Analysis. Each phase may involve one or more Sprints,
according to the complexity of the modelled system, the maturity of the artefacts produced, and
the dynamics of collaborative work among team members. At the end of each Sprint, a technical
increment of the model is presented and evaluated. This enables progressive checking of the
model, timely structural adjustments, and alignment with stakeholder requirements before the
final simulation model is completed. In this way, partial deliverables are not treated merely as
intermediate outputs, but as decision points that support the refinement of the study throughout
its development.

DES activities are organised as Product Backlog items, translating study objectives, system
requirements, and stakeholder needs into verifiable deliverables. The Sprint Backlog
operationalises these activities through technical tasks associated with explicit acceptance
criteria, while the Increment corresponds to the validated technical artefact produced at the end
of each cycle, such as a structured conceptual model, a functional computational module, or
preliminary experimental results.

Scrum events (Sprint Planning, Daily Scrum, Sprint Review, and Sprint Retrospective)
provide mechanisms for coordinating, inspecting, and adapting the work performed. Sprint
Planning defines the scope and priorities of each cycle; Daily Scrum supports short-term
monitoring and obstacle identification; Sprint Review serves as a formal instance for presenting
the technical increment and obtaining feedback; and Sprint Retrospective promotes learning
about the development process itself.

Thus, DEScrum operates as a process architecture that iteratively reorganises the execution
of simulation stages without altering their methodological requirements. It does not seek to add
procedural bureaucracy; instead, it makes the process more dynamic and integrated by
strengthening feedback, follow-up, and shared understanding within the development team and
with stakeholders. Its practical intensity can be adjusted to the project context, avoiding
unnecessary overhead in simpler studies. This structure supports transparency, traceability of
technical progress, and more consistent decision-making during model development. The
operationalisation of this architecture is assessed through the indicators presented in the
following section.

The conceptual structure of the DEScrum framework is presented in Fig. 1.
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Figure 1: DEScrum framework.

3. RESEARCH DESIGN AND QUANTITATIVE EVALUATION

The study adopted an Action Research approach in which the DEScrum framework was
implemented in the development of DES projects. This design enabled empirical observation
of the modelling process during application, with emphasis on its effects on activity
organisation and on the technical quality of the resulting models.

Action Research was structured through iterative cycles of planning, execution,
observation, and reflection, allowing progressive adjustments throughout framework
implementation. Within this structure, each DEScrum Sprint was treated as an analytical unit,
making it possible to monitor the evolution of methodological consistency as the DES process
advanced.

The operational application of DEScrum in the academic case is described in Section 4,
while the present section focuses on the quantitative indicators used to assess the framework
implementation.

3.1 Quantitative validation method

Quantitative indicators are widely used in DES studies to assess modelled system performance
and support the analysis of experimental results. Mehrolhassani et al. [12] used operational
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metrics to evaluate the performance of simulation models applied to healthcare systems.
Similarly, Bazrafshan and Alipour [13] identified different indicators adopted in simulation-
based research to examine efficiency and system performance. From the perspective of
simulation methodological assessment, Herrera-Vidal et al. [14] emphasized the relevance of
structured procedures for verification, validation, and model performance evaluation. In the
same vein, Sevin et al. [15] employed indicators derived from DES experimentation to analyse
the behaviour of production systems and support decision-making.

Based on these foundations, this study adopts specific indicators to monitor development
progress and the methodological quality of simulation models. To evaluate the performance of
simulation projects conducted under DEScrum, two complementary and methodologically
independent indicators were defined: the Planning Compliance Rate (PCR), associated with
monitoring Sprint execution, and the Deliverable Quality Index (DQI), used to assess the
technical quality of the outputs produced at each stage of model development.

PCR was adopted because it objectively measures the consistency between Sprint technical
planning and the execution of model development activities. This indicator makes it possible
to examine the incremental behaviour of the development process by revealing the teams’
ability to organize and complete the planned stages of the simulation project. PCR was
calculated as the ratio between the number of completed tasks (7¢) and the total number of
planned tasks (7p) in each Sprint, as shown in Eq. (1):

T,
PCR = = (1)

Ty

Within DEScrum, model technical quality is assessed incrementally through the
deliverables produced across Sprints. Because each Sprint corresponds to a specific
methodological milestone in the simulation process, the DQI enables the progressive
assessment of model technical consolidation as DES stages advance.

Table I summarizes the incremental DQI assessment logic adopted in this application,
showing the correspondence among Sprints, DES macro-stages, and the technical deliverables
evaluated in each iterative cycle.

Table I: Incremental Assessment of the DO/ in DEScrum.

Sprints DES stage Assessed deliverable
1 Conception Structured conceptual model (IDEF-SIM)
2 Implementation | Verified computational model
3 Analysis Consolidated results report with experimental results

The DQI assessment is grounded in methodological dimensions derived from the simulation
literature that represent essential components for the consistent development of DES models
[5,7, 16, 17]. These dimensions capture key structuring elements of the modelling process and
enable the assessment of the projects’ technical adherence to established simulation practices.
The set of criteria may vary according to the scope, purpose, and context of each DES
application. In this study, eleven criteria were adopted, as presented in Table II.

Each dimension was assessed using a structured technical rubric based on a three-level
ordinal scale (0, 1, or 2), designed to ensure a parsimonious, consistent, and comparable
evaluation across different stages of model development. The scale was defined as follows:

0 — absence or technical inadequacy of the assessed component;

1 — partial development, with methodological gaps or inconsistencies;

2 — complete, consistent, and technically grounded development.
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Table II: Methodological dimensions comprising the DQOI.

NO

Methodological dimension

Description

Problem definition

Clarity of the simulation objectives and of the decision problem to be
analysed.

2 | System delimitation Identification of system boundaries and modelling scope.
Definition of performance . . . .
3 .. p Establishment of the metrics to be used to evaluate simulation results.
indicators
. Logical structuring of the system (processes, entities, resources, and
4 | Conceptual modelling a £ £ Y P
ows).
5 | Data collection and treatment | Identification, statistical analysis, and preparation of model input data.
Computational model . . . .
6 |. P . Construction of the model in the simulation software.
implementation
. . Assessment of the logical consistency of the implemented model in
7 | Model verification . g Y p
relation to the conceptual model.
. Comparison of model behaviour with the real system or with expert
8 | Model validation P M p

expectations.

Definition of scenarios, variables, and experiments to be performed
Statistical and managerial interpretation of simulation results.
Structured recording of the model, assumptions, results, and
recommendations.

9 | Experimental planning
10 | Results analysis

11 | Model documentation

The DQI was computed as the sum of the scores assigned to the assessed dimensions,
normalized by the maximum possible score, as presented in Eq. (2):
_—
pQI = Z=P!

- 2)
where Pi represents the score obtained for each methodological dimension 7, #n denotes the total
number of assessed dimensions, and 2 corresponds to the maximum possible score per
dimension. The number of assessed dimensions may vary according to the scope, purpose, and
context of each DES application; therefore, the denominator is expressed as 2z in the general
formulation. In the present study, eleven criteria were adopted, resulting in a maximum possible
score of 22. This normalisation ensures that the index ranges from 0 to 1, allowing comparisons
across projects or Sprints and supporting percentage-based interpretation. Values closer to 1
indicate stronger methodological adherence to the structuring stages of DES and higher
technical quality of the developed models.

The adoption of the DQI as a central metric is consistent with the aim of this study, which
is to examine the impact of DEScrum on the technical quality of the DES model development
process, thereby shifting the analytical focus from purely organisational aspects to the formal
structuring of modelling and validation activities [7].

The combined use of PCR and DQI makes it possible to assess complementary dimensions
of project development under DEScrum. Whereas PCR captures the performance of the
iterative planning-and-execution process, DQI evaluates the degree of methodological
adherence of the models to the structuring stages of DES.

4. IMPLEMENTATION OF DESCRUM IN DES PROJECTS

The DEScrum framework was implemented in an academic setting within a graduate program
at a Brazilian federal university, involving six student teams developing DES projects. The
application aimed to examine the operationalisation of the framework and its ability to structure
simulation model development through iterative cycles aligned with Scrum principles, events,
and artefacts.

Before implementation, a training phase was conducted to align participants with Scrum
principles, the DEScrum structure, and its integration with the simulation life cycle. This phase
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combined theoretical and practical activities with asynchronous support materials to standardise
understanding and reduce ambiguities in framework application.

The implementation was organised into three main Sprints aligned with the macro-stages
of the classical DES life cycle. Each Sprint comprised technical planning, model development,
and formal evaluation of the produced deliverables.

Six DES projects were developed in the study. The topics addressed by each team, together
with their application contexts and sustainability focus, are presented in Table III.

Table III: Developed project topics.

Team N° Project topic Application context
. Logistics / multi-criteria
1 Package selection problem gIStes .
decision-making
Productivity improvement in the inspection and bearing packagin .
2 Y mp P Ep £me Manufacturing
sector
Operational efficiency in a production process under variable demand .
3 ) . Automotive industry
in the automotive sector
4 Estimation of avoided carbon emissions in public transportation Urban mobility
Industrial layout redesign for productivity maximization and market
5 ey & p Y Industry
expansion
6 Simulation of an electric scooter-sharing system Sustainable mobility

Although the projects addressed different thematic emphases and SDG 9 orientations —
namely operational efficiency (Teams 1, 2, and 3), rational resource use (Team 4), and
combined innovation-oriented approaches associated with either operational efficiency or
rational resource use (Teams 5 and 6) — all of them fully followed the classical DES life cycle.
This diversity of applications made it possible to examine DEScrum across different levels of
structural and analytical complexity, providing a consistent basis for evaluating the behaviour
of the technical indicators adopted in this study.

Students acted as the Development Team, the course instructor assumed the Product Owner
role, and a researcher served as Scrum Master, supporting Sprint execution and adherence to
framework principles.

Microsoft Excel was used to manage activities and organize agile artefacts throughout the
Sprints. This choice reduced operational complexity and allowed the process to remain focused
on simulation model development. Additional tools, including the Burndown Chart and
Planning Poker, supported Sprint monitoring and collaborative task estimation.

The three DEScrum Sprints were structured to reflect the main stages of the classical DES
life cycle, as described in the following subsections:

The first Sprint focused on problem definition and conceptual model development for the
studied system. At this stage, activities involved defining system boundaries, identifying
variables and resources, specifying simulation objectives, and preparing the project Product
Backlog. The resulting artefacts included the initial system documentation, the conceptual
model, and the identification of the main variables and parameters required for simulation
development. Sprint Review was used to validate the IDEF-SIM model, while Sprint
Retrospective supported the documentation of lessons learned and the identification of
improvements for subsequent stages.

The second Sprint concentrated on computational model implementation using FlexSim.
Development was conducted incrementally, with partial model components being continuously
verified and refined. Activities at this stage included computational model construction,
verification of model logic, and adjustments derived from feedback obtained during Sprint
Reviews. Progress was monitored through the Sprint Backlog and the Burndown Chart,
enabling systematic tracking of planned tasks throughout the Sprint.
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The third Sprint focused on simulation experimentation, analysis of results, and formulation
of recommendations derived from the study. Deliverables at this stage included experimental
scenarios, performance analyses, and technical reports interpreting the results. Sprint Reviews
were used to present the final experimental outputs, whereas Sprint Retrospectives supported
evaluation of the development process and the identification of improvements related to the use
of DEScrum. Overall, the implementation of DEScrum enabled simulation projects to be
organised into iterative cycles, improving activity coordination, participant communication,
and progressive model validation. The integration of DES stages with Scrum mechanisms also
supported closer alignment between activity planning and the incremental delivery of technical
results throughout the modelling process. The results obtained from this implementation are
presented in the following section, which analyses the indicators associated with the
performance of the simulation project development process.

S. RESULTS AND DISCUSSION

The results presented in this section examine the behaviour of the simulation project
development process under the DEScrum framework. The analysis is based on the indicators
defined in Section 3 and addresses different dimensions of the modelling process, including the
evolution of estimates, the performance of the iterative process across Sprints, and the technical
quality of the developed models. For this purpose, data from the three completed Sprints were
analysed, considering estimate evolution, the process indicator PCR, and the DQI.

5.1 Evolution of estimates

The first empirical evidence of DEScrum application concerns the evolution of the estimates
produced by the teams during Sprint Planning events. Estimates were initially provided
individually by team members and subsequently consolidated through team consensus. //
represents the estimate provided by the first team member, /2 represents the estimate provided
by the second team member, and Team represents the estimate agreed upon by the team after
discussion. The process was conducted using the Planning Poker technique, making it possible
to observe progressive convergence in the perceived complexity of modelling activities before
the detailed definition of technical tasks. Table IV presents the estimates assigned to user stories
in the analysed projects across the three Sprints.

Table IV: Estimate evolution across Sprints.

Team Sprint 1 Sprint 2 Sprint 3
N° 11 12 Team 11 2 Team 11 2 Team
1 63 38 164 41 80 195 54 61 152
2 32 30 93 31 31 106 400 400 400
3 44 32 61 160 153 92 61 61 108
4 51 71 275 68 65 248 86 76 194
5 41 32 66 80 73 155 140 140 326
6 51 41 136 160 180 446 173 173 251

Observed estimate values vary across projects, reflecting differences in system scope, the
complexity of simulation activities, and the level of granularity adopted in defining user stories.
Therefore, the absolute values should not be used to compare projects directly. Instead, the
estimates should be read horizontally across Sprints to observe the progressive alignment of
participants’ individual perceptions during DEScrum application. For example, Teams 2, 3, 5,
and 6 reached aligned individual estimates (// and /2) in Sprint 3, indicating greater shared
understanding of the expected effort before the consensus estimate was defined. Thus, the
estimates were analysed mainly in terms of their behaviour and convergence across Sprints.
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To complement this analysis, Fig. 2 presents the dispersion of estimates across the three
Sprints, allowing visualisation of the variability in the estimates assigned by the teams
throughout the iterative process.

450 —

400 T
350
300
250 0 o
200

il

Effort estimates

$1 S2 s§3| s1 S2 83| S1 82 83| s1 S2 S§3 3|51 s S3

E1l E2 E3 E4 E6
Teams/Sprints
@ User Stories team member 1 (11) E User Stories team member 2 (12)

@ Technical Tasks team (Team)

Figure 2: Dispersion of estimates across Sprints.

The dispersion analysis indicates greater variability in estimates during Sprint 1, a phase
marked by the initial understanding of the system and the preliminary definition of modelling
activities. In the subsequent Sprints, greater alignment can be observed among team members
regarding the complexity of the activities involved, suggesting incremental learning and
increased maturity in the planning process.

This pattern is consistent with simulation projects conducted under conditions of high initial
uncertainty, in which the progressive decomposition of activities and the deepening
understanding of the system help reduce ambiguities and improve estimate accuracy across
iterative cycles.

In one team, the estimate assigned to a user story in Sprint 3 reached 400 points. This value
reflects the higher complexity perceived by the team after a deeper understanding of the
modelling activities had been achieved. As system understanding evolved across the Sprints,
team members were able to recognize more accurately the effort required for model
development, leading to a higher estimate assigned by consensus. This behaviour is consistent
with agile estimation practices [16, 17], in which story points represent relative measures of
effort within each team and are not intended for direct comparison across different projects.

5.2 Process performance

The performance of the development process was analysed by monitoring activity progress
across Sprints and the degree of alignment between planned and executed work. For this
purpose, two complementary instruments were used: Burndown Charts, which provide a visual
representation of the evolution of remaining work within each Sprint, and the PCR, used to
quantify the relationship between planned and completed activities.

Burndown Charts were constructed for each Sprint based on the tasks recorded in the Sprint
Backlog, enabling the reduction of remaining effort to be tracked throughout each iterative
cycle. Fig. 3 presents the progress pattern of the teams across the three completed Sprints.

Overall, the teams showed greater irregularity in activity progress during Sprint 1, a stage
characterised by the initial understanding of the simulation problem and the definition of the
main modelling activities. In the subsequent Sprints, the charts indicate a more regular
reduction in remaining work, suggesting greater stability in task planning and execution.
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Figure 3: Burndown charts across each Sprint.

To complement this visual analysis, PCR was calculated for each Sprint in order to quantify
the degree of alignment between planned and completed activities. This indicator makes it
possible to assess the performance of the iterative development process by showing the teams’
ability to execute the plan established for each cycle, as presented in Table V.

Table V: PCR across Sprints.

Activities
Sprints | Number Planned PCR
of teams | per Sprint Total Completed
S1 6 22 132 116 0.88
S2 6 13 78 76 0.97
S3 6 12 72 72 1.00

Following the presentation of the PCR values (Table V), it can be observed that the tasks
planned for each Sprint were defined according to the methodological activities of the classical
DES life cycle. These activities were structured equivalently across all six teams, ensuring
comparable planning conditions among projects. By contrast, the number of completed tasks
varied during Sprint execution, reflecting differences in development pace, perceived task
complexity, and prior experience with simulation projects.

Thus, the variation observed in PCR is mainly associated with execution performance rather
than with differences in initial Sprint planning. The results show a progressive improvement in
the alignment between planning and execution across iterative cycles. Whereas Sprint 1
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exhibited a wider gap between planned and completed activities, the subsequent Sprints
revealed closer adherence between the planned work and its execution.

This pattern suggests that organising modelling activities into iterative cycles helped reduce
planning ambiguities and improve control over model development. The use of agile artefacts,
including the Sprint Backlog, Burndown Charts, and follow-up meetings, increased process
transparency and supported progressive adjustments in subsequent Sprints. While PCR captures
the performance of the iterative development process, the technical quality of the resulting
models is examined in the following subsection through the DQI.

5.3 Technical quality of the developed models

The DQI made it possible to assess the degree of technical completeness of the developed
models based on the methodological dimensions defined in Section 3.

The assessment was conducted through a structured technical rubric, in which each
dimension was examined in terms of presence, methodological consistency, and the quality of
the produced artefact. Dimensions were scored on a three-level ordinal scale (0, 1, or 2),
representing, respectively, absence or technical inadequacy, partial development, or complete
and consistent development of the assessed component.

Table VI presents the distribution of scores obtained across the eleven methodological
dimensions considered in the construction of the DQI (see Table II) for the six analysed teams.
The results indicate a progressive improvement in the technical quality of the models across
Sprints, reflecting the incremental consolidation of the methodological stages of simulation.

Table VI: Methodological dimension scores used in the DQI calculation.

Sprint S1 S2 S3

Methodological dimensions | 1|2|3|4|5|6[7]|8|9|10]|11| X212, Pi| DOI
1 211(11211(2]112(2]2]2 18 0.82

2 212(11211(1]1]2(2]2]2 18 0.82

Team 3 21212111 1121212(2(2]2 20 0.92

4 212(11211)2(212]12]1]2 19 0.86

5 2121211 f1)212)111]2 17 0.77

6 Lprprprry2 12y 11]2 14 0.64

The results indicate strong adherence of the projects to the structuring stages of the classical
DES life cycle by the end of Sprint 3. As shown in Fig. 4, four of the six teams achieved DO/
values above 0.8, which indicates a high degree of methodological completeness in the
developed models. At the same time, the distribution of index values reveals variation across
teams, suggesting differences in system complexity and in the maturity achieved during the
modelling process. Taken together, these findings support the interpretation that the iterative
structure of DEScrum did not weaken methodological rigour; rather, it promoted the
progressive consolidation of simulation stages throughout development.

Overall, the findings indicate that DEScrum supported a consistent relationship between
planning, execution, and technical quality in DES projects. The convergence of estimates across
Sprints suggests incremental learning in planning modelling activities, while the PCR results
indicate improved alignment between planned and completed work over successive cycles. In
parallel, the DQI results show the progressive consolidation of simulation artefacts throughout
development. Rather than altering the methodological requirements of the classical DES
process, DEScrum reorganises their execution through recurrent cycles of inspection, feedback,
validation, and refinement. These results support the interpretation that DEScrum can improve
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process control while preserving the methodological rigour required for DES model
development.
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Figure 4: DQI by Team.

6. CONCLUSION

This study demonstrates that the structured integration between agile practices and the classical
DES life cycle is both methodologically consistent and operationally feasible. The application
of DEScrum showed that organising DES macro-stages into iterative cycles can improve
process control, support incremental validation, and strengthen the technical consistency of
simulation model development. The observed evolution of estimates, together with the
progressive stabilisation of PCR and the DQI levels achieved by the teams, indicates that the
iterative structure favoured both planning maturity and methodological consolidation
throughout the project.

As a scientific contribution, DEScrum establishes an explicit correspondence between
Scrum Sprints and the stages of the DES life cycle, offering a structured approach for
integrating agile practices into simulation model development. By incorporating quantitative
indicators of process performance and technical quality, the framework enhances traceability
and supports comparative analysis across application contexts. Methodologically, the empirical
application across multiple DES projects enabled the structured observation of DEScrum
implementation and supported the monitoring of its technical effects during framework
application. From a practical perspective, the approach may assist organisations that use
simulation for decision support by increasing transparency in model development and
improving control over the modelling process.

This study has limitations. The empirical application was conducted in an academic setting
under controlled learning conditions, with student teams developing DES projects as part of
their training process. In addition, the absence of native integration between simulation tools
and agile management platforms may limit higher levels of automation and traceability in more
complex applications.

Future research should extend the empirical validation of DEScrum to different industrial
sectors and examine how the framework performs with a professional team providing
simulation services. Further studies should also explore technological solutions for integrating
simulation tools with iterative project management platforms and deepen the quantitative
assessment of the organisational impacts of this integration. More broadly, such advances may

contribute to strengthening innovation and operational efficiency practices associated with
SDG 9.
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