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Abstract 

 

Enterprise systems face primary operational challenges with collision resolution because 

they need to process real-time information and sustain their distributed systems at high volumes. 

The two-phase locking (2PL) system performs poorly when efficiently handling high concurrency 

levels. This research evaluates rest and compares collision detection and mitigation methods using 

Optimistic Concurrency Control (OCC) and decentralized models, machine learning techniques, 

and combination strategies. Examining different solutions takes place according to their ability to 

scale, processing speed, and immediate response times. The proposed framework integrates OCC 

methods with decentralized approaches because it improves system adaptability. The research 

produces findings about the cost-benefit analysis between approaches and recommends new ways 

to develop collision resolution methods for critical applications in the future 

Keywords: Collision Resolution, High-Volume Systems, Optimistic Concurrency Control, 
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Introduction 

 

Complex transaction processing, data warehouses, cloud, and similar applications are 

designed to process many customers ' requests [1]. These systems are becoming more crucial in 

finance, e-commerce, healthcare, and telecommunication industries, where data processing and 

business transactions must be smooth and effective. However, conflict or collision is one of the 

most significant issues in such systems, which happens when two or many transactions/operations 

want to use the same data simultaneously [2]. Such conflicts may result in the replication of data, 

malfunction of the systems, or even a decrease in the quality of the services such systems provide, 

making business-critical systems highly vulnerable. 
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Two key ways to avoid resource-sharing conflicts include two-phase locking (2PL) and 

deadlock-detection techniques [3]. These techniques involve locking the particular resources 

before they can be accessed, which allows only one operation to change the resource. Although 

these approaches have worked well, they fail to meet the requirements of currently highly scalable 

and performing distributed systems [4]. Since the lock-based mechanisms, there have been issues 

with concurrency, wastage of time, and high latency, mainly when large numbers of transactions 

or resources are located in different geographical regions. 

Therefore, more researchers have focused on finding other collision detection and 

prevention techniques that can prevent the drawbacks of locking methods. This paper aims to 

provide more sophisticated collision resolution methods other than locks, as stated in the following 

sections. Notably, it explores such methods as optimistic concurrency control (OCC), which lets 

several transactions run simultaneously with the least effect on one another, and distributed 

algorithms that introduce concurrency control in distributed environments. However, machine 

learning models are also being advocated due to their effectiveness in identifying and preventing 

conflicts as they occur with the help of data collected from previous instances. 

The main goal of this paper is to assess the efficiency of these new approaches in large- 

scale enterprise applications, especially regarding the high number of users, the load on the 

application, and the response time. Thus, using a literature review, the strengths and weaknesses 

of every method under consideration are identified, and they may be effectively utilized for 

improving collision resolution in large-scale systems. Once identified, the paper discusses future 

directions and lines of research in the field, thus giving the reader an outlook on the future of 

conflict management in enterprise settings. Therefore, this analysis will help ascertain a broad 

view of the most advisable approaches towards collision resolution in systems under the highest 

demand with critical missions by outlining possible and highly effective strategies in this case. 

Literature Review 

 

Latching mechanisms have always been central to mediating concurrent activities and 

unifying operational DBMS [5]. Two of the most popular methods for avoiding or handling these 

problems are two-phase locking (2PL) and deadlock detection. The principle behind 2PL is that 

transactions must get all the required locks to manipulate a resource, and the locks are released 
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only when a transaction commits or aborts [6]. On a similar note, the purpose of 2PL is to prevent 

other transactions from accessing the same resources simultaneously. Employees realize that two 

transactions want to write data simultaneously; two-phase locking guarantees that one transaction 

gets an exclusive lock, thus avoiding inconsistencies or errors [7]. However, conventional record- 

locking methods are not without the problems that are inherent to large-scale, multi-tiered systems. 

As transactions and resources grow, the overhead of obtaining and releasing locks can be relatively 

high [8]. Every transaction has to ask for permission to lock the specific resources required, 

resulting in delays and contention. When resources may be located on different servers, the 

problem with the acquisition and release of locks is even magnified [9]. Also, the distribution of 

nodes and required synchronization to handle locks often leads to the point that is a significant 

source of delay that can significantly impact the whole system throughput. 

Another disadvantage of traditional locking is the issue of providing a lower degree of 

concurrency in the system. In another case, when a particular resource is locked, other transactions 

that require this resource must enter a waiting stage and only be granted access once the holder 

releases the resource [10]. This results in reduced parallelism in the system and may lead to 

increased latency, especially when the system is loaded or more transactions require more locks. 

Under high congestion, when a great deal of transactions are being executed, this form of 

concurrency is likely to significantly affect the system's performance and efficiency [11]. 

Moreover, deadlocks are possible when two or more transactions cannot proceed, as each waits 

for the other party to liberate a lock. Intricate detection algorithms solve deadlocks and, sometimes, 

by undoing one or several transactions that may further slowdown performance. 

Optimistic Concurrency Control, or OCC, is another strategy that uses locks [12]. The OCC 

believes that conflicts are the exception rather than the usual situation and that transactions can be 

made without acquiring locks. A conventional lock is not purchased before the transactions, and 

they can perform their operations on the data as desired [13]. However, before the transaction is 

committed, a validation check is done on the system for any possible conflict. If no conflicts are 

identified, the transaction will go through smoothly; however, if conflicts are seen—meaning that 

another transaction has altered its data—it is rolled back and retried. The main benefit of the OCC 

protocol is that it is possible to obtain a much higher degree of concurrency compared to the case 

with the utilization of locks [14]. Since the acquisitions of locks are not required to carry out these 
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transactions, more transactions can occur at once, making the throughput higher. OCC is best 

suited to those systems that do not experience high levels of conflict since no lock requests will be 

granted until the already initiated transactions are complete [15]. This leads to improved system 

efficiency, especially for systems with a high number of read operations compared to write 

operations. 

OCC has specific cons, mostly when several processes require contention for resources; 

hence, the chance of meeting is high [16]. When conflicts are frequent, the cost of having to roll 

back transactions and then retry for a possible solution is usually very high in terms of the system's 

overall performance system's overall performance. This becomes worse when such systems have 

many transactions that might require retrying to complete their process, leading to more extended 

time and low throughputs. However, there are some issues in the traditional design of OCC, as has 

been pointed out by various researchers. Here are some improvements to OCC that have been 

called for in recent years: For instance, a priority mechanism has been proposed where priority- 

based transactions will be preferred in conflict [18]. The drawbacks of pure OCC have also led to 

the development of other hybrid methods of concurrency control that incorporate other algorithms 

in combination with OCC. 

With the increasing complexity of systems, concurrency control methods decentralized in 

their structure have been adopted [19]. Unlike centralized systems, which incorporate a central 

coordinator who is supposed to keep records of locks and which agent to provide the lock, 

decentralized systems divide the jobs of conflict detection among the different nodes or agents. It 

allows each node to maintain an independent list and status of ongoing transactions and decide 

which subsequent transactions can be committed without infringement [20]. Vector clocks are one 

of the oldest decentralized algorithms for maintaining information about causality in the 

distributed environment. Each node in the system has its particular vector of the timestamps that 

are changed every time any transaction is performed. In case of a collision of two transactions, 

their vector clocks help decide between them which will happen first [21]. This facilitates the 

identification of possible conflict and ensures that the transaction takes place to get over the 

probation of the transaction coordinators' two-party system. Secondly, distributed timestamp 

ordering (DTO) is also used to order the transactions according to their timestamps, where every 

node has a single global order, and conflicts are resolved by a single node [22]. 
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This helps avoid bottlenecks and allows the organization to scale out due to increased nodes 

and resources. Also, encrypted systems are more reliable for their scalability, which means that 

each node of the particular system deals with its transactions and does not share responsibility with 

the whole system. As a result, there is no issue with the single point of failure [23]. Although there 

are always some problems with decentralized algorithms, they are also vulnerable. There are 

challenges, one of them being the clock synchronization challenge, where the clocks in the 

different nodes of the system are not always synchronized [24]. This may confuse when conflicts 

are detected, their order in the transaction sequence, and other issues related to system states are 

addressed. Moreover, as discussed above, decentralized systems usually involve the B elements 

and require complex coordination protocols so that the P nodes can exchange the messages or 

transactions processed in the correct order [24]. These coordination requirements could complicate 

and increase the overhead, mainly when many nodes within the system exist. 

For a long time, high-volume systems have posed a significant challenge for engineers due 

to complex collisions, but the development of machine learning has provided a solution to this 

[25]. Machine learning algorithms can also be used to forecast conflict, depending on the 

transaction information, system traits, and other attributes that are seen fit to be used. The 

clientele's machine learning models help identify trends from large databases, which may be 

challenging with regular analysis [26]. After learning, such models can offer responsive conflict 

solution approaches, particularly beneficial with intricate, many-parametric conflict resolution 

processes where conventional methods may prove ineffective [27]. 

For example, using machine learning algorithms, it is possible to estimate at what time two 

transactions may interfere with each other, and therefore, the system corrects its activity and/or 

priorities in the transaction processes [28]. This can decrease the chance of conflict, increase 

system performance, and decrease rollback and retry. Other than that, the system's architecture can 

learn at different instances whenever there is new data or changes in the pattern of transactions 

[29]. However, they also bring some challenges when implementing collision resolution using 

machine learning. Training large sets of databases is often not obtainable, especially if the learning 

formation is in a proprietary or real-time structure [30]. Furthermore, machine learning models can 

be computationally expensive models that take time and a lot of computational power to analyse 

what is given and make a prediction. Last but not least, the interpretability of this type of model 
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can be an issue, especially in critical applications where one needs to understand what is and is not 

happening. 

Based on such considerations, realizing the strengths and weaknesses of individual 

approaches, the latest publications have suggested the use of the combined approach that would 

allow for the inclusion of several techniques into one particular algorithm, which would solve the 

problems of scalability, efficiency, and real-time operation [31]. For instance, hybrid models might 

use optimistic concurrency control associated with decentralized algorithms and vice versa; in this 

way, the system will be able to enjoy the features that are provided by OCC while at the same time 

gaining the advantages of decentralized methods [32]. Likewise, there is an opportunity to apply 

machine learning together with traditional locking mechanisms or OCC to make the priorities of 

the transaction dependent on different conditions. As for the advantages, they are flexible, as 

hybrids can be easily adjusted to the variations in demands and loads of the system. Hybrid models, 

as proposed above, can provide better performance in low and high contentions due to the 

combination of various techniques [33]. Nevertheless, the hybrid models are more complicated, 

and their design is more intricate because all the components must be well-coordinated. It may 

also increase the cost of implementation and maintenance since the system's overall functionality 

improves. 

Table 1: Literature review summary 
 

Study Approach Key Findings Limitations 

Nookala 

(2023) 

Two-Phase Locking 

(2PL) 

Works well for small- 

scale systems 

High latency, scalability 

issues 

Fugkeaw and 

Hak (2024) 

Decentralized Conflict 

Detection 

Effective in distributed 

environments 

High communication 

overhead 

Hassan et al. 

(2023) 

OCC with Priority- 

Based Execution 

Reduces rollback 

overhead in some cases 

Performance degrades 

under high contention 

Eldeeb et al. 

(2023) 

Distributed Timestamp 

Ordering (DTO) 

Ensures transaction 

ordering in distributed 

systems 

Requires precise time 

synchronization 

Xie and Zhang 

(2024) 

Machine Learning- 

Based Conflict 

Resolution 

Predicts and mitigates 

collisions dynamically 

High computational 

requirements 

Azevedo et al. 

(2024) 
Hybrid Approaches 

Combines multiple 

methods for flexibility 

Complex implementation, 

costly to maintain 
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Methodology 

 

In an attempt to assess and compare advanced collision detection and mitigation in high- 

volume, high-end enterprise systems, this paper uses a qualitative review method. The techniques 

discussed in this paperwork are the set of beneficial KPIs that are vital to making large workloads 

functional and optimal. The reason for choosing a qualitative review approach is based on the need 

to identify and categorize the research studies on these advanced procedures. In this regard, 

although each technique has theoretical and practical implications, the review offers a deeper 

insight into the challenges and, therefore, the opportunities that come with each of them. The 

purpose is to evaluate the possible practicality of these strategies and their effects on the efficiency, 

availability, and capability of functioning as an efficient real-time system for more excellent 

platforms. 

Table 2: Performance evaluation criteria 
 

Metric Description Importance 

Scalability Ability to handle increasing transactions efficiently High 

Response Time Time taken to resolve a collision High 

Computational 

Overhead 
Processing power required to implement the method Medium 

Complexity 
Difficulty in integrating the approach into existing 

systems 
Medium 

Consistency Accuracy in maintaining transaction integrity High 

 

 

The above table provides a structured way to evaluate different collision resolution 

methods 

Selection Criteria for Literature 

The papers used in this review are research papers, Academic Journals, Conference Papers, 

Books, and Papers written by professionals. For method comparison, the selection was made based 

on the novelty of the approach presented in the paper concerning collision resolution, advanced 

techniques such as those beyond locking, and the applicability of the proposed ideas to high- 

volume systems. The papers were then vetted to determine shared characteristics and issues and 
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the prevalent strategies in conflict management in distributed systems. The review also dwells 

upon the suitability of such techniques concerning multiple system contexts such as cloud 

environments, distributed databases, and high throughput transactional systems. The research 

adopts a three-stage method which starts with identifying collision resolution methods beyond 

traditional locking techniques followed by performance criteria evaluation and ends with selected 

approach comparison. 

Comparative Analysis 

To evaluate advanced collision detection and collision mitigation, this paper has adopted a 

comparative analysis methodology that aims to determine the relevant solutions depending on the 

high volume of the system requirements. 

Table 3: Comparative analysis of the approaches 

 

 

Approach 

 

Scalability 

Performance in 

High 

Contention 

 

Latency 
Real-Time 

Adaptability 

Implementation 

Complexity 

Two-Phase 

Locking (2PL) 
Low Moderate High Poor Low 

Optimistic 

Concurrency 

Control (OCC) 

 

High 

 

Poor 

 

Low 

 

Good 

 

Moderate 

Decentralized 

Algorithms 
High Moderate Moderate Good High 

Machine 

Learning 

Approaches 

 

High 

 

High 

 

Low 

 

Excellent 

 

Very High 

Hybrid Solutions Very High Very High Low Excellent High 

 

Method Advantages Disadvantages Best Use Case 

Two-Phase Locking 

(2PL) 

Prevents conflicts, 

ensures strict 

serialization 

High contention leads to 

bottlenecks 

Low-concurrency 

environments 
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Method Advantages Disadvantages Best Use Case 

Optimistic 

Concurrency 

Control 

High throughput, 

reduces locking 

overhead 

Frequent rollbacks in 

high-contention scenarios 

Low-contention 

environments 

Decentralized 

Conflict Handling 

Scalable, eliminates 

single points of failure 

Complex synchronization 

required 

Distributed 

databases 

Machine Learning- 

Based Resolution 

Predictive conflict 

detection, adaptive 
High computational cost 

Real-time financial 

transactions 

 

Hybrid Approaches 
Combines benefits of 

multiple methods 

Expensive to implement, 

requires tuning 

High-traffic 

enterprise 

applications 

 

This review shows that strengths and weaknesses reflect how the strategy will work in a 

given environment [34]. However, the decentralized algorithms discussed in this work have their 

advantages with scalability; they may have several problems, such as clock synchronization and 

communication overheads. Artificial intelligence and neural networks always provide intelligent 

and changing procedures for solving conflicts; however, issues of highly powerful computation 

and massive amounts of data [35]. The use of several techniques proves to be more flexible; also, 

it often outperforms the single-technique solutions but comes with more issues involved. It is to 

determine the best practices in addressing the collisions that have been described by defining the 

techniques in light of scalability, complexity, and real-time responsiveness in this paper. Thus, the 

findings from this review will help in three ways: For one, they will assist in the identification of 

best practices to be used in collision resolution, and secondly, they will help identify the emergent 

trends that should be hiked in large-scale environments; and third, can serve in future research and 

development endeavours. 

Results and Discussion 

 

Optimistic Concurrency Control (OCC) 

 

Optimistic Concurrency Control (OCC), another collision resolution strategy, is the 

contrary since resource locking does not occur during transaction processing [36]. Instead of 

obtaining the locks at the start of a transaction, OCC presupposes that concurrency should rarely 

happen, leaving it uncontrolled. At the commit phase alone, the system must check for such merge 

conflicts. In the case of scanning for conflicts, if no conflict is indicated, the transaction is 
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completed; otherwise, the transaction is rolled back and restarted again [37]. Overall, this 

mechanism enhances the capability of the system to handle a large number of transactions with 

more consistency since several transactions can be processed simultaneously without the use of 

locks. OCC is most effectively used in low-contention system environments where the probability 

of transaction contention is very low [38]. They do not involve locks repeatedly to lock or unlock, 

enhancing the system throughput and decreasing latency. Secondly, transactions do not need to 

wait for locks. Therefore, thousands of transactions can be processed simultaneously or many more 

at a given time, and consequently, the system's performance improves [39]. 

The probability of transaction success (P) in OCC can be modeled as follows [40] 
 

 

 

 

Where: 

 

• CCC = Number of concurrent transactions accessing the same resource. 

• TTT = Total transactions executed in a given time frame. 

 

For hybrid approaches, an adaptive weight function can be introduced: 
 

 

 

 

Where α\alphaα and β\betaβ are dynamic adjustment factors based on transaction workload 

and contention level. 

 

In these scenarios, OCC must make many attempts to complete these aborted transactions, 

resulting in longer transaction response time and fewer transactions per a certain amount of time. 

This is especially the case if many transactions abort and retry, if the conflicts are of long duration, 

or if there are many concurrently active transactions. In this respect, various improvements have 

been suggested to develop OCC [41]. One typical type of optimization is priority-based; in best 

practice, the transactions with the highest priority are processed first in case of conflict. This 
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generally means that if a transaction has a higher priority, it will be processed even if it interferes 

with other transactions of lower priority and causes them to commit an abort [42]. It prevents 

certain transactions from being heavily slowed down any time that contention emerges to ensure 

that there will always be a way of resolving it to continue with the computation [43]. They can 

also decrease the number of aborted transactions, specifically in a highly contentious environment, 

since it is possible to prioritize those committed transactions and prioritize those committed 

transactions with a higher probability of success. 

Decentralized Algorithms 

 

Timestamp Ordering (DTO) is more of a collision resolution technique [43]. In 

decentralized systems, there is no sense of a coordinator or lock manager that can identify collision; 

hence, decentralized approaches are considered best because they are more scalable. Instead, it 

means that each node in a distributed system may independently coordinate the concurrency 

management with others when needed [45]. This is the case because decentralized algorithms 

efficiently scale within large operational systems. Unlike centralized solutions, any node can 

decide the conflict between two nodes independently. Thus, the lock manager does not become a 

problem regarding performance and resource utilization [46]. Every node contains local-state 

information and protocols to recognize and work with conflicts that may arise with other nodes in 

the system. Similarly, this approach minimizes the chances of having many constraints that could 

slow down the system and increase the amount of transactions and resources processed. 

For instance, vector clocks are a technique that may be adopted to log the relationship of 

events in a distributed system [47]. Every research centre has a vector of timestamps in the system 

and each time stamp possesses the local time in the node. In this transaction, the vector clock 

shows changes made when the transactions are performed in the system. Suppose the transactions 

interfere with each other; then, the vector clocks are used to decide the order of execution to 

eliminate interference. This approach is vital to ensure that several successive transactions are 

accomplished sequentially; this is mainly applied in a network of nodes where the nodes do not 

necessarily have a standard time [48]. Likewise, Distributed Timestamp Ordering (DTO) imposes 

global ordering of the transactions with the help of timestamps. DTO ensures that transactions are 

executed according to issues to eliminate the risk of concurrent transactions' interference as they 

are processed [49]. In this way, through this global ordering, DTO assists in keeping the 
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consistency of different distributed systems, which means that all nodes recognize the same series 

of transactions. 

However, there is one shortcoming that comes with a decentralized algorithm despite the 

great opportunities it holds. Hence, one of the significant difficulties is clock synchronization. AA 

distributed systems may contain more than one node, and each node may have an individual time 

counter that eventually runs at different rates [42]. This synchronized time drift may cause a 

problem with the order of transactions because the time stamps do not correctly indicate the 

chronological order. To overcome this problem, precise synchronization among different nodes is 

critical and requires sophisticated ways to be applied to the nodes. A disadvantage of distributed 

algorithms is the problem of transmitting messages across the network [45]. Since each node is 

aware of and responsible for its state and data, transactions frequently need to contact other nodes 

to organize a search for conflicts. This should include a sound messaging system for the overhead 

of passing data from one node to another, which becomes a tall order in a large-scale system with 

many nodes [44]. Due to the expected high transaction rates, the established communication 

channel must be highly effective in reducing response time. 

Machine Learning Approaches 

 

Conflict-solvers hold great potential in increasing process throughput within large, heavy- 

load systems incorporating real-time, complicated workloads [46]. By withdrawing the models' 

ability to learn from past transactions by analysing patterns, one can determine conflicts and 

automatically control systems based on such patterns. Such models can understand different 

patterns arising from previous transactions and prevent conflict in the process in real-time [43]. It 

is important to note that by using machine learning-based approaches, adaptation to changes in the 

IT system can easily be made. Most conflicts are designed in the form of norms and standard 

procedures that lay down requirements for conflict resolution, and thus, unable to adapt to different 

levels of workloads in transaction flow [24]. In contrast, the given example of the machine learning 

models can develop an appropriate strategy depending on new information and then apply it while 

being sensitive to the given context and searching for a solution to the emerging conflict [44]. This 

facilitates the adaptation of performance with time, and the system can better counter changes in 

conditions. 



Journal of Computational Analysis and Applications VOL. 31, NO. 4, 2023 

1179 JAYANT TYAGI et al 1167-1185 

 

 

For instance, it is possible to design algorithms and machine learning models in such a way 

that these offer the potential to predict when two transactions are most likely to clash by assessing 

the transaction type and the pattern in which specific resources are accessed, among other 

considerations [45]. Knowing the potential conflicts in advance can help to change the priorities 

of the transaction or make some changes in the allocation of resources, thus preventing conflict 

situations and enhancing the system's efficiency. Nevertheless, conflict resolution systems with 

the help of machine learning have several issues [36]. Training data is an essential element of 

accurate models, and although there is often plenty of data available, accumulating enough data 

for a model can be challenging, especially in proprietary or real-time systems. Moreover, training 

and running the machine learning models might require sizeable computational power, depending 

on the scale of the system [47]. The necessity for such predictions additionally increases 

computational problems, as the system should analyse large amounts of transaction data and make 

decisions on the fly. 

Hybrid Solutions 

The chosen integration of different conflict resolution methodologies helps address 

collisions in high-volume systems depending on various situations [48]. These models combine 

strategies, including OCC, other distributed algorithms, and machine learning, to develop a 

superior system. When integrating the best qualities of multiple approaches, hybrid solutions can 

be proven more efficient in several situations [49]. For instance, concurrency and distributed 

scalability can be achieved when using OCC with decentralized algorithms. OCC can be used for 

transactions with much less conflict, and decentralized algorithms can take care of distributed 

resources properly, which, in turn, can organize the system to handle many transactions [40]. This 

hybrid can be used since it is a flexible system that can change depending on the conditions and 

the amount of work within it. In the same way, the application of machine learning in resource 

locking brings dynamic prioritization of the transaction by capturing real-time data. 

While machine learning can learn to learn transactions and modify the modifying 

parameters, locking prevents conflicts according to traditional methods. This approach is very 

suitable for organizing workloads because it will always be able to scale depending on the number 

of queries; it also can be more dynamic to the number of queries that may be processed in real- 

time [41]. Indeed, even if the hybrid models present the main benefits concerning flexibility and 

performance, they are more difficult to enforce and manage. Any attempt at integrating many 
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conflict resolution techniques implies a perfect design and proper coordination of the various 

activities involved in an integration process. As a result, there are usually a lot of problems 

encountered when integrating the different activities. [42] Also, if the solution is complex, it will 

require more money for its implementation and further support, making it less appropriate for 

particular systems regarding hybrids. 

Conclusion 

 

The research investigated traditional locking constraints in spatial distribution while 

assessing new-resolution techniques that relied on OCC and decentralized algorithms and machine 

learning schemes as well as hybrid systems. Research evidence shows OCC offers good 

performance in situations with minimal contentions though hybrid solutions between OCC and 

decentralized algorithms demonstrate better adaptability and better performance results. Machine 

learning operates efficiently for conflict resolution yet needs sophisticated computer systems to 

work effectively. 

Table 4: Research Areas 

Research Area Open Challenges Potential Solutions 

Scalability in High-Load 

Systems 

Handling exponential transaction 

growth 

AI-driven adaptive conflict 

resolution 

Hybrid Model Efficiency 
Balancing trade-offs between 

methods 

Optimized resource 

allocation 

Computational Overhead 
Reducing processing costs for ML- 

based methods 

Hardware acceleration 

(e.g., GPUs) 

Blockchain for Collision 

Resolution 

Ensuring decentralization without 

latency 
Smart contract optimization 

 

 

Research in the field should concentrate on uniting smart contracts from blockchain 

systems with collision detection methods to create secure and efficient distributed network 

platforms. Advanced strategies will enable large-scale enterprise systems to implement real-time 

tools for scalable robust collision management. 
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