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ABSTRACT

Parallel programs that require sizeable computational electricity increasingly depend on grid computing
structures. Efficient, helpful resource discovery algorithms are critical for optimizing resource allocation
and minimizing execution time in these environments. This look presents a unique hierarchical and weighted
resource discovery algorithm designed to decorate resource distribution while decreasing communique costs
among grid nodes. A behavioural modelling technique systematically establishes the weighted resource
discovery algorithm’s accuracy and effectiveness. The behavioural model is carried out using StarUML. At
the same time, the NuSMV version checker is hired to verify essential residences along with reachability,
equity, and impasse-free operation of the resource discovery procedure. Critical overall performance
metrics, including the quantity of inspected nodes consistent with request and the frequency of re-discovery
operations, are used to evaluate the rules’ efficiency and flexibility.

The weighted resource discovery algorithm also evaluates the efficiency of finding loose resources with
high-bandwidth connections, optimizing overall grid resource allocation. In addition to enhancing resource
localization, the observation introduces resource facts tables, which store information crucial for powerful,
proper resource allocation. This study aims to develop grid computing competencies by addressing resource
discovery challenges. The hierarchical shape and weighted valid resource selection decorate valid resource
inspection, adaptability, and high-bandwidth utilization. Behavioural modelling and formal verification
verify the algorithm’s accuracy and applicability in grid environments. By using weighted resource discovery
and resource information tables, this study drastically improves resource discovery’s performance and
effectiveness in grid computing, optimizing overall performance and proper resource allocation.

Keywords: Grid Computing; Resource Discovery; Hierarchical Design; Behavioral Modelling; Resource
Information Table.

RESUMEN

Los programas paralelos que requieren una electricidad computacional considerable dependen cada vez mas
de las estructuras de computacion grid. Los algoritmos de descubrimiento de recursos eficientes y utiles
son criticos para optimizar la asignacion de recursos y minimizar el tiempo de ejecucion en estos entornos.
Este trabajo presenta un algoritmo Unico de descubrimiento de recursos jerarquico y ponderado disenado
para adornar la distribucion de recursos a la vez que disminuye los costes de comunicacion entre nodos grid.
Una técnica de modelizacion del comportamiento establece sistematicamente la precision y eficacia del

© 2025; Los autores. Este es un articulo en acceso abierto, distribuido bajo los términos de una licencia Creative Commons (https://
creativecommons.org/licenses/by/4.0) que permite el uso, distribucion y reproduccion en cualquier medio siempre que la obra original
sea correctamente citada


https://crossmark.crossref.org/dialog/?doi=10.62486/latia202597
https://doi.org/10.62486/latia202597
https://orcid.org/0009-0001-9103-2002
mailto:malqaraleh@zu.edu.jo?subject=
https://orcid.org/0000-0002-3522-6689
mailto:malzboon@jadara.edu.jo?subject=
https://orcid.org/0000-0002-9341-1727
mailto:albatah@jadara.edu.jo?subject=
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0002-9697-6942
mailto:malqaraleh@zu.edu.jo?subject=

LatlA. 2025; 3:97 2

algoritmo de descubrimiento de recursos ponderado. El modelo de comportamiento se realiza utilizando
StarUML. Al mismo tiempo, se emplea el comprobador de versiones NuSMV para verificar las residencias
esenciales junto con la alcanzabilidad, la equidad y el funcionamiento sin impasse del procedimiento de
descubrimiento de recursos. Para evaluar la eficacia y flexibilidad de las reglas se utilizan métricas de
rendimiento global criticas, como la cantidad de nodos inspeccionados coherentes con la solicitud y la
frecuencia de las operaciones de redescubrimiento.

El algoritmo de descubrimiento de recursos ponderado también evalla la eficiencia de la busqueda de recursos
sueltos con conexiones de gran ancho de banda, optimizando la asignacion general de recursos de la red.
Ademas de mejorar la localizacion de recursos, la observacion introduce tablas de datos de recursos, que
almacenan informacion crucial para una asignacion de recursos potente y adecuada. Este estudio pretende
desarrollar las competencias de la informatica grid abordando los retos que plantea el descubrimiento de
recursos. La forma jerarquica y la seleccion ponderada de recursos validos adornan la inspeccion de recursos
validos, la adaptabilidad y la utilizacion de gran ancho de banda. El modelado del comportamiento y la
verificacion formal verifican la precision del algoritmo y su aplicabilidad en entornos grid. Mediante el uso
del descubrimiento ponderado de recursos y las tablas de informacion de recursos, este estudio mejora
drasticamente el rendimiento y la eficacia del descubrimiento de recursos en la computacion grid, optimizando
el rendimiento global y la asignacion adecuada de recursos.

Palabras clave: Computacion Grid; Descubrimiento de Recursos; Diseno Jerarquico; Modelado de
Comportamiento; Tabla de Informacion de Recursos.

INTRODUCTION

Grid computing has become an effective technique for executing parallel applications requiring tremendous
computational resources. By harnessing an allotted network of decentralized assets, grid computing enables
the resolution of complex computational duties in an economically possible and scalable manner. This
paradigm leverages an extensive community of sources, every contributing processing energy, reminiscence,
garage, and network accessibility, which together permit the execution of traumatic packages. Central to the
functionality of grid computing is the Resource Discovery technique, which plays a vital position in allocating
resources across applications to maximize performance and reduce execution time.®

Resource discovery includes identifying and locating resources that align with precise software

requirements. However, the complexity of grid environments, marked with proper resource variety and
variable network characteristics, poses an undertaking for effective resource discovery. Existing resource
discovery algorithms offer numerous techniques for finding and allocating resources, yet they frequently fall
brief in phrases of precision, performance, and versatility. This study addresses the barriers by imparting an
advanced hierarchical, weighted resource discovery set of regulations that integrates a based technique to
proper aid prioritization primarily based on crucial factors, network bandwidth, processing potential, and
Resource Availability. The hierarchical format within the weighted resource discovery set of rules gives a
framework that improves beneficial aid organization, management, and allocation. By assigning weighted
values to resources based on vital attributes, the weighted resource discovery set of rules ensures that
applications are matched with first-class sources, improving the overall performance of generic machines.?

This check employs behavioural modelling to cautiously compare the weighted resource discovery set
of policies’ accuracy and efficacy. Behavioural modelling permits the simulation of the set of regulations’s
operations by building a model that captures its purposeful conduct. StarUML, a broadly recognized tool for
modelling and verification, implements and analyses the weighted resource discovery set of rules’ behavioural
version. This model enables the identity of potential bottlenecks inside the resource discovery technique and
highlights regions for optimization. The NuSMV version checker further validates the tips by ensuring they meet
vital requirements, collectively with reachability, equity, and deadlock-free operation. These conditions affirm
that the weighted aid discovery set of guidelines is reliable and appropriate for grid computing environments,
providing a stable foundation for sensible software programs.®

Performance assessment of the weighted aid discovery algorithm hinges on a hard and fast process of
cautiously deciding on average overall performance symptoms. One key metric is the number of nodes inspected
for every beneficial resource request, a trademark of the helpful resource discovery approach’s performance.
A decreased variety of inspected nodes implies a more excellent streamlined resource discovery device, thus
reducing the time required to find sources. Another crucial metric is the frequency of re-discovery operations,
which assesses the suggestions’ adaptability to dynamic changes in beneficial aid Availability. A robust aid
discovery set of guidelines wants to be bendy, taking into account actual-time modifications to applicable
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resource preference as conditions in the grid evolve.®

Additionally, the weighted resource discovery set of tips is tested for its capacity to pick out unoccupied
assets, which can be linked through excessive bandwidth links. This is crucial for applications requiring
significant facts switch. This capability now influences the overall performance and throughput of grid-based
applications, further emphasizing the significance of green resource discovery mechanisms.®

To augment the resource discovery technique, this observation introduces a resource data table, an
established statistics repository that stores information about every resource’s attributes, popularity, and
community traits. This desk enhances the weighted resource discovery algorithm by enabling it to get entry
to and retrieve pertinent facts more correctly, optimizing resource allocation and growing precision in helpful
resource choice.®

In advancing resource discovery abilities, this research aims to decorate the overall performance of grid
computing. By incorporating a hierarchical architecture and weighted resource selection, the weighted
resource discovery set of rules represents a substantial improvement in the precision and adaptableness of
aid allocation processes. Through the mixed use of behavioural modelling and formal verification equipment
like StarUML and NuSMYV, this look offers a complete assessment of the weighted resource discovery algorithm’s
functionality and applicability. Ultimately, the studies seek to overcome current challenges in resource
discovery, contributing to the development of more green, robust, and responsive grid computing structures.?

Additionally, this research explores a unique approach known as the Distributed Quadtree, which integrates
a logical layer to attach comparable valuable resource kinds, for this reason, improving resource discovery
efficiency. By reaching its objectives—addressing price, heterogeneity, and complexity—the proposed self-
resource discovery mechanism and Distributed Quadtree framework offer a promising answer for optimizing
aid usage in huge-scale grid computing environments. This contribution advances grid computing by handing
over a sturdy, high-speed, and self-improving resource discovery algorithm that meets the needs of present-
day computational networks.®

Related work

Grid computing is vital for executing parallel programs requiring sizeable computational energy. This study
proposes a more desirable hierarchical, weighted Resource Discovery algorithm to optimize aid distribution
and lower verbal exchange fees throughout grid nodes. To validate the algorithm’s accuracy and efficiency,
behavioural modelling is conducted using StarUML, and performance is further evaluated with the NuSMV model
checker, focusing on metrics such as reachability, fairness, and deadlock-free operation. The weighted resource
discovery algorithm outperforms traditional resource discovery approaches, particularly in the number of nodes
inspected per request, adaptability to resource Availability changes, and efficient discovery of high-bandwidth
resources. Aresource information table is also introduced to support accurate and quick resource identification.®

Traditional decentralized resource discovery services face high communication overhead, affecting
grid performance. Various decentralized overlay algorithms incorporating semantic solutions have been
proposed to mitigate this issue, enhance resource discovery, and reduce overheads. However, most models
lack consideration for resource proximity, leading to increased latency and inefficiencies. The Unification
of Proximity and Semantic Similarity for Appropriate Resource Selection algorithm has been developed to
address these limitations. By integrating sub-area ontologies, UPSARS selects both semantically applicable and
geographically proximate assets, improving communique performance and alertness overall performance. The
weighted resource discovery and UPSARS algorithms offer promising solutions for extra robust and scalable
grid computing environments, enhancing helpful resource allocation and usual grid performance.®

The unification approach optimizes gridlet consumer jobs by allowing brokers to pick out geographically
proximate and semantically relevant resources. This algorithm reduces latency and communique overheads
by incorporating semantic and proximity criteria. Experiments developed using GridSim and FreePastry
simulation toolkits show that this method drastically reduces communique overhead and enhances aid
allocation performance.("

Resource Discovery is vital in Grid structures, where distributed sources are shared and controlled
throughout complicated, dynamic networks. Effective resource discovery and control are crucial for proper
green resource utilization. To deal with those desires, this look proposes a fuzzy logic-based total resource
discovery technique, more suitable with taboo tables, to enhance the valuable resource process. The resource
discovery method involves community requests for grid resources and helps with efficient and useful resource
control and distribution. Matlab simulations display that this method outperforms other strategies in resource
discovery performance.?

As computational needs grow throughout sectors like generation, finance, and technology, grid computing
offers a price-effective answer that allows businesses to percentage processing power and reduce bottlenecks.
Proper resource control is crucial in these systems, permitting efficient discovery and allocation of assets to
satisfy a person’s wishes. This observation reviews existing grid control answers, highlighting the ability of fact
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mining to enhance resource allocation. Grid computing, a massive digital corporation, permits steady, bendy,
helpful resource sharing among dynamic groups, with peer-to-peer (P2P) technology emerging as a scalable
approach for green resource discovery. (™

Effective Peer-to-Peer (P2P) research packages are crucial for efficient grid aid routing, with Chord commonly
employed as a structural version. This examination explores multi-ring Chord structures with parallel seek
techniques to boost resource discovery in grid computing. Segmenting the Chord ring using techniques like
fuzzy classification and intruder detection drastically reduces research time. (4

Decentralizing Grid Information Services has also gained attention for enhancing resource sharing. The Grid
Resource Management System requires rapid service location identification, which traditional centralized or
hierarchical resource discovery models struggle to provide. Existing models often rely on central index servers,
which limit scalability and fault tolerance. This study proposes a two-layer grid network where gateway nodes
manage resource discovery and routing using Ant Colony Optimization. Results indicate that this decentralized
approach surpasses conventional peer-to-peer resource discovery methods in performance. (319

Scalability, adaptability, security, reliability, Availability, and manageability are critical challenges
in grid computing, leading to rigidity issues in global computational grids. Global grid resources’ dynamic
and localized nature complicates resource management significantly as grid scales increase. The authors
developed a Self-Resource Discovery Mechanism (SRDM) to address these challenges for efficient, hierarchical,
and decentralized resource discovery in grid-based P2P systems. P2P networks offer self-organization, self-
healing, and resilience to failures and attacks. However, traditional P2P overlays using Distributed Hash
Tables (DHT) lack support for range-based attribute searches, which are essential for resource discovery.
SRDM overcomes this by employing a distributed hierarchy using a quadtree structure for spatial indexing
and overlay partitioning. Each node calculates Nodepower, reflecting its computational resources stored in
network links to guide resource allocation. This self-organizing approach supports scalable, decentralized
resource discovery, load balancing, and allocation in large, heterogeneous grid networks, with workloads
dynamically assigned to nodes with the highest resources.

Effective resource utilization is essential in any computing environment, particularly in dynamic grid
environments where resources constantly enter and exit. Traditional centralized registries often fall short
in handling this fluidity. This study introduces an Ant Colony Optimization-based Resource Discovery strategy,
which leverages routing information to enhance resource discovery efficiency. (81920

In grid computing, efficient resource discovery methods are crucial for locating resources required by
user applications. While various resource discovery strategies have emerged, many rely on hierarchical or
centralized information servers, which generally lack scalability and fault tolerance. Peer-to-peer discovery
strategies have been proposed to address these limitations, offering a more resilient and adaptable approach
for grid environments. 2,22

Grid computing combines distributed resources to tackle computationally intensive tasks, making effective
job resource selection essential for optimal scheduling and resource allocation. Traditional Grid systems
typically employ centralized or hierarchical Resource Discovery models, where providers list resources
using standardized schemas for users to access. However, coordination issues between providers and users
often hinder effective resource matching in highly heterogeneous environments. This observation proposes
a semantic-primarily based centralized resource discovery model to improve process completion quotes and
beneficial resource usage. Initial simulations of the usage of GridSim suggest superior success fees and more
green allocation. @24

Grid computing architectures, excellent from consumer-server models, face unique, demanding
situations because of their complexity, geographic distribution, and dynamic aid Availability. Analyzing three
commonplace resource discovery strategies revealed obstacles tied to unique architectures. This research
introduces a unique resource discovery framework stimulated by mobile sellers, bio-ant algorithms, and Ant
Colony Optimization, providing an adaptive approach to beautify valuable resource discovery in complicated
grid environments.®)

METHOD

This method addresses the challenges of valuable resource discovery and allocation in grid computing. It
begins with studying existing resource discovery mechanisms and figuring out the limitations of traditional
techniques in dealing with complex and dynamic grid environments. To overcome these issues, they propose a
self-resource discovery mechanism based on spatial indexing and a Distributed Quadtree structure. By dividing
the community space into quadrants and adding a logical layer, the Distributed Quadtree enables efficient
linking of comparable assets, streamlining aid discovery. This approach leverages neighborhood know-how,
aiming to improve reaction time and overall performance of resource discovery.
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Grid computing environments face difficulties matching job requirements to assets because of the variability
and distribution of gadget assets, which may be static (OS, CPU) or dynamic (CPU load, memory). Traditional
centralized, decentralized, and hierarchical resource discovery models present scalability and fault-tolerance
challenges, especially under heavy load or frequent changes. In contrast, the Distributed Quadtree SRDM builds
a layered, self-organizing distributed structure that maintains network balance and prevents single points of
failure. Nodes use local and logical information to optimize resource allocation and load balancing, with each
node’s power (computed based on its resources) guiding resource discovery and workload distribution.

Root
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Figure 2. Distributed Quadtree Model

The Distributed Quadtree model enables efficient self-discovery and resource allocation through spatial
partitioning, logical and physical node mapping, and dynamic reconfiguration of outgoing edges. Task allocation
is optimized by assigning resources through the least busy network path, while load balancing is achieved by
dynamically adjusting each node’s resource links. The proposed model demonstrates scalability, resilience,
and adaptability for high-demand grid computing environments. (figure 3)

RESULTS

The outcomes of this observation spotlight the blessings of the proposed Weighted Resource Discovery set
of rules for grid computing environments. The WRD set of rules verified massive upgrades in resource discovery
performance by lowering the number of nodes inspected in keeping with request and minimizing re-discovery
operations. This method allowed for an extra streamlined and responsive aid discovery manner, correctly
adapting to dynamic, helpful resource Availability.

Using StarUML and the NuSMV model checker, the WRD algorithm’s accuracy, equity, and impasse-loose
operation were verified, confirming its robustness for grid computing programs. The algorithm’s capability to
prioritize excessive-bandwidth links in resource selection further optimized grid helpful resource allocation,
enhancing overall performance for information-extensive packages.

Incorporating a valuable resource statistics table as part of the WRD system also facilitated green retrieval
and allocation of assets, which is more suitable for both the precision and adaptability of the resource
discovery manner. These enhancements collectively suggest that the hierarchical and weighted structure of
WRD, mixed with behavioural modelling and verification, gives a scalable, dependable, and efficient answer
for contemporary grid computing environments.
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Figure 3. A conceptual model for self-resource discovery mechanism

CONCLUSION

The developing prices, range of software programs and hardware, and complexity of community technology
make resource identity and allocation in grid computing reasonably tricky. This has reviewed cutting-edge
resource discovery techniques, finding that conventional procedures conflict with fulfilling the desires of
present-day technological improvements. This study proposed a singular self-resource discovery mechanism
for grid computing to deal with those boundaries. This mechanism combines essential additives using a spatial
index and partitioning network location into equal quadrants.

Additionally, the proposed version introduces a Distributed Quadtree shape, incorporating an extra
logical layer that connects comparable resources, simplifying the resource discovery technique. Leveraging
neighbourhood information within the grid similarly complements universal overall performance and reaction
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times, making the method extra efficient and responsive. The findings endorse that this technique offers a
promising direction for destiny-beneficial functional resource discovery enhancements in grid environments,
with every detail contributing to a more scalable and effective proper resource identity system.
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