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Abstract:

Data partitioning plays a central role in distributed systems by determining where information is stored and
how it is accessed across multiple nodes. The placement of partitions directly influences the communication
path that each request must follow to retrieve or update data. Conventional partitioning strategies commonly
rely on static placement rules such as hashing or predefined mappings that do not consider runtime access
locality. Although these approaches simplify data distribution, they frequently lead to requests being served
by remote nodes rather than nearby ones. As a result, each operation must traverse multiple intermediate nodes
before reaching the target partition. This repeated traversal increases the average hop count per request. Every
additional hop introduces communication delay, queuing overhead, and processing time at intermediate nodes.
When the number of hops grows, requests experience longer travel paths across the cluster, leading to
inefficient communication patterns. In large scale environments with many nodes, static placement often
causes partitions to be widely scattered, further increasing the hop distance between clients and data. As
workloads intensify, higher hop counts generate excessive cross node traffic and amplify network contention.
These effects accumulate and limit the scalability of the system. Empirical observations show that systems
using fixed partition placement exhibit steadily increasing hop counts as cluster size expands. The absence of
locality awareness results in unnecessary network traversal and inefficient resource utilization. This paper
addresses the problem of excessive hop count in distributed data access and focuses on improving partition
placement to minimize the number of network hops required for each request.
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INTRODUCTION

Distributed systems organize data across multiple nodes to achieve scalability, reliability, and parallel
processing. A fundamental mechanism that enables this organization is data partitioning [1], where datasets
are divided into smaller segments and distributed among participating machines. Partitioning allows requests
to be processed concurrently and helps balance workload across the cluster. However, the physical placement
of these partitions has a direct impact on communication behavior within the system. When data is not located
near the requesting node, operations must traverse several intermediate nodes, increasing the overall
communication path. Conventional partitioning approaches typically rely on static placement policies [2] such
as hash based distribution or fixed allocation rules. Each remote access introduces additional network
traversal, commonly referred to as hops. A hop occurs whenever a request moves from one node to another
before reaching its destination. The accumulation of multiple hops significantly increases the communication
distance between clients and data. As cluster size grows, the probability of remote placement also increases.
With more nodes participating, partitions become more scattered [3], and requests must cross longer paths to
reach the required data. This leads to higher average hop counts per request. Every additional hop introduces
propagation delay, queuing time, and processing overhead at intermediate nodes. These delays compound
under concurrent workloads, generating excessive cross node traffic and network contention. Consequently,
systems experience reduced efficiency and limited scalability despite having sufficient computational
resources. Empirical observations indicate that high hop counts are a primary contributor to performance
degradation in distributed environments. Even when processing capacity is adequate, communication
overhead dominates response time. These limitations [4] highlight the need to carefully examine partition
placement and its effect on hop distance, as minimizing unnecessary network traversal is essential for
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maintaining efficient and scalable distributed operations.

LITERATURE REVIEW

The rapid growth of distributed computing has transformed how large scale applications store and process
data. Modern systems depend on clusters composed of multiple interconnected nodes that collaboratively
execute requests. To support scalability and load balancing, datasets are commonly divided into smaller
segments and distributed across the cluster. This process, referred to as data partitioning, enables parallel
processing and efficient resource utilization. Although partitioning improves computational scalability [5], it
also introduces communication complexity. The physical location of each partition determines how far a
request must travel through the network before the required data can be accessed. Consequently, partition
placement has a direct influence on the number of network hops associated with each request.

Early distributed storage and processing systems primarily emphasized correctness, availability, and fault
tolerance. Techniques such as replication and consistent hashing were widely adopted to ensure reliability and
balanced data distribution. While these mechanisms provided robustness, they paid limited attention to
communication locality. Data was placed uniformly across nodes without considering proximity between
request origin and partition [6] location. As a result, many operations required remote access. Requests
frequently traversed multiple nodes, increasing the number of hops and prolonging response time. Although
acceptable for small clusters, this approach became inefficient as systems scaled to dozens or hundreds of
nodes. Research on distributed file systems highlighted the impact of remote data access on performance.
Studies showed that retrieving data from non local nodes introduces additional latency due to propagation
delay and intermediate processing. Each hop involves packet routing, queuing, and protocol handling, which
accumulate across the communication path. When requests must cross several nodes, the combined delay can
significantly exceed local access time. These findings established that communication distance, measured in
hops, is a critical factor affecting system efficiency.

Subsequent investigations examined the relationship between partition distribution and network overhead.
Static hash based partitioning was widely used because of its simplicity and even load balancing properties.
However, this strategy often scattered related data across distant nodes. Requests that required multiple
partitions were forced to communicate with several remote locations, increasing hop count and traffic.
Researchers observed that such scattered placement [7] produced inefficient communication patterns and
excessive inter node messaging. As workload intensity increased, the number of cross node interactions grew
rapidly, leading to congestion and reduced throughput. Large scale data processing frameworks further
exposed the limitations of static placement. Analytical workloads frequently require repeated access to related
datasets. When partitions are distributed without locality awareness, the same request pattern repeatedly
crosses the network. Measurements from production clusters revealed that many operations traveled multiple
hops even though computational resources were locally available. This imbalance indicated that
communication overhead, rather than processing capability, had become the dominant bottleneck [8].
Consequently, reducing hop distance emerged as a key requirement for improving performance.

Researchers also explored the effect of cluster size on communication behavior. As additional nodes are
introduced, partitions become more dispersed, increasing the average physical distance between clients and
data. Probability analyses demonstrated that the likelihood of remote access grows with cluster expansion.
This naturally results in higher hop counts. Empirical results confirmed that systems with larger clusters [9]
often experience disproportionate increases in communication overhead. Even modest increases in hop count
can significantly impact overall latency when requests are frequent. These observations emphasized that
scalability must account not only for computation but also for network traversal cost.

Network topology studies provided further insights. In many data center environments, nodes are connected
through hierarchical switches. Communication between nodes on different racks may involve multiple
intermediate devices. Each transition contributes to hop distance. Therefore, partition placement that ignores
topology may inadvertently create long paths between frequently interacting components. Researchers argued
that topology [10] aware placement could reduce the number of intermediate steps and improve efficiency.
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This perspective reinforced the importance of considering hop count as a measurable metric during system
design. Another area of investigation focused on request locality. Workloads often exhibit spatial and temporal
locality, where certain partitions are accessed more frequently by specific nodes. Static placement fails to
exploit these patterns. As a result, repeated remote requests generate persistent multi hop communication.
Studies of caching and replication demonstrated that bringing data closer to frequently accessing nodes
significantly reduces hop distance. These results suggest that locality is closely tied to hop count reduction.
However, many traditional partitioning mechanisms still rely on fixed strategies that do not incorporate such
runtime behavior.

Distributed databases also reported similar findings. Transaction processing systems frequently access
multiple records located on different nodes. When these records are scattered, transactions require multiple
network traversals. Each additional hop increases coordination time and reduces efficiency. Researchers noted
that even small reductions in hop count[ 11] can produce noticeable improvements in response time and
system stability. Therefore, minimizing unnecessary network traversal became an important consideration in
database design. Overall, existing literature consistently identifies communication distance as a primary
contributor to performance degradation in distributed systems. Static partitioning approaches often lead to
elevated hop counts because they disregard access locality and network structure. As cluster sizes grow and
workloads intensify, these inefficiencies become more pronounced. These observations motivate continued
research into mechanisms that examine how partition placement [12] influences hop count and overall
communication behavior.

As distributed systems evolved toward cloud native architectures, the scale and complexity of deployments
increased substantially. Modern applications often consist of hundreds of services interacting across numerous
nodes. This growth intensified the role of network communication in determining overall performance. While
computational capacity continued to improve through multi core processors and parallel execution,
communication overhead remained constrained by physical network [13] characteristics. Researchers
observed that even when adequate processing power was available, excessive hop counts could dominate total
request time. This imbalance shifted attention from purely computational optimization to communication
aware system design. Investigations into large scale storage clusters revealed that cross node communication
accounted for a considerable portion of operational cost. Measurements indicated that a significant percentage
of requests involved remote partition access rather than local processing. Each remote interaction required the
request to traverse multiple nodes and switches before reaching the target location. These multi hop paths
increased latency and amplified the risk of congestion [14]. Under heavy load, queues formed at intermediate
nodes, further extending delays. Studies concluded that minimizing the number of hops was often more
effective than increasing processing speed when attempting to improve responsiveness.

Researchers also examined the cumulative effect of hops on repeated operations. In many workloads, similar
requests occur frequently, such as reading related records or updating shared state. When partitions are poorly
placed, each repeated operation incurs the same multi hop traversal. Over time, these repeated network paths
consume substantial bandwidth and create persistent congestion [15]. Analytical models demonstrated that
the aggregate cost of these redundant traversals grows faster than the computational cost of processing the
requests themselves. Consequently, hop count reduction was identified as a direct method for decreasing
overall network pressure. Another line of work focused on the interaction between partitioning and load
balancing. Static partitioning typically aims to distribute data evenly to avoid hotspots. However, equal
distribution does not guarantee efficient communication. Even when load is balanced, partitions may still be
located far from the requesting nodes. Researchers noted that balancing workload without considering hop
distance can inadvertently increase communication overhead. For example, spreading frequently accessed
data [16] across distant nodes may equalize storage usage but forces requests to travel longer paths. This trade
off between balance and locality became a recurring theme in the literature.

Studies of network traffic patterns further highlighted the importance of hop count. Data center networks often
exhibit hierarchical or tree like structures. Communication between nodes located within the same rack
typically requires fewer hops than communication across racks or across clusters. When partition placement
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ignores these topological properties, traffic frequently crosses multiple layers of the network hierarchy. Each
layer introduces additional switching and routing delays [17]. Experiments demonstrated that requests
confined to fewer network segments experienced noticeably lower latency. These findings reinforced the
connection between topology awareness and hop reduction. Research on distributed key value stores provided
additional evidence. Many such systems use hashing to map keys to partitions. Although hashing ensures even
distribution, it randomizes placement, making locality unlikely. As a result, successive requests from the same
client often contact different remote nodes. This behavior leads to frequent multi hop traversals and unstable
communication patterns. Several studies measured average hop counts and found that random placement
significantly increased remote communication. These observations suggest that purely random or static
schemes are inherently inefficient from a hop perspective.

In parallel computing environments, similar concerns were observed. Tasks distributed across nodes must
frequently exchange intermediate results. When related tasks are placed far apart, communication paths
become longer and require additional hops. Researchers documented that communication overhead can
overshadow computation time, particularly in iterative workloads. Reducing the number of intermediate
transfers often produced greater benefits than optimizing algorithms themselves. This insight emphasizes that
physical proximity and reduced hop distance are critical for overall efficiency. Another important factor
identified in the literature is scalability [18]. As clusters expand, maintaining low hop counts becomes
increasingly difficult. With more nodes available, the probability that data resides remotely rises naturally.
Analytical studies showed that average hop distance tends to increase with cluster size if placement strategies
remain unchanged. Consequently, larger systems may experience diminishing returns despite additional
hardware resources. Performance degradation arises not from lack of processing capacity but from increased
communication paths. These results underscore the need to evaluate partitioning strategies based on their
effect on hop count rather than solely on load distribution.

Researchers also explored monitoring approaches to quantify communication behavior. Metrics such as inter
node traffic, packet delay, and routing depth were introduced to capture the extent of network traversal.
Among these measures, hop count emerged as a simple and intuitive indicator of communication cost.
Because each hop corresponds to an additional forwarding step, it provides a direct estimate of the number of
intermediate transitions. Studies reported strong correlations between hop count and observed latency.
Systems with fewer average hops consistently demonstrated faster response times [19] and lower congestion
levels. This relationship validated hop count as a meaningful metric for performance evaluation. Furthermore,
investigations into fault tolerance revealed indirect effects of excessive hops. Longer communication paths
increase the number of components involved in serving a request. The probability of encountering failures or
transient errors grows with the number of intermediate nodes. Consequently, high hop counts not only increase
delay but also reduce reliability. Retransmissions caused by failures further amplify network load, creating
additional overhead. These findings suggest that minimizing hop distance can also improve stability and
robustness.

Across diverse domains including storage systems, databases, and cloud services, the literature consistently
indicates that static and locality unaware partitioning leads to elevated hop counts. These increased hops
produce longer communication paths, higher network utilization, and reduced efficiency. As distributed
environments continue to scale, addressing hop related overhead becomes increasingly important for
sustaining performance. Understanding how partition placement influences hop behavior remains a central
theme in contemporary research. More recent studies have emphasized that communication cost in distributed
systems often exceeds computational cost, particularly in data intensive workloads. While processors have
become faster and memory capacities have increased, network latency [20] improvements have been
comparatively modest. This disparity means that the time spent moving data across nodes frequently
dominates overall execution time. Researchers have shown that reducing the number of communication steps
can provide greater performance benefits than optimizing computation alone. Because each hop corresponds
to an additional transmission step, hop count has become an essential indicator of communication efficiency.

Large scale cloud platforms provide practical evidence of this phenomenon. Services deployed across many
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nodes generate continuous inter node communication for synchronization, replication, and state sharing.
When partitions are not placed near their primary consumers, requests repeatedly travel through several
intermediate devices. Observations from production clusters reveal that such multi hop traffic contributes
significantly to response delays and network saturation. Even modest increases in hop count can amplify
queuing effects under heavy workloads, causing disproportionate increases in overall delay [21]. These
findings suggest that managing communication paths is critical for maintaining consistent performance.
Research on geographically distributed systems further illustrates the influence of hop distance. In wide area
deployments, requests may cross multiple data centers before reaching the appropriate partition. Each
transition introduces substantial propagation delay. Studies demonstrate that geographically distant partitions
lead to excessive hop counts and unpredictable latency. Although replication improves availability, it does
not automatically reduce communication distance if placement is not locality aware. Consequently, simply
increasing redundancy without considering hop paths may fail to address performance concerns. These results
highlight the need to analyze communication distance when evaluating partition strategies.

Several investigations have also focused on measuring hop related inefficiencies through empirical
experimentation. By tracing request routes, researchers quantified the number of intermediate nodes
encountered during data access. Results consistently showed that many operations traverse longer paths than
necessary. In some cases, requests traveled through multiple racks even when suitable replicas existed nearby.
Such unnecessary routing inflated hop counts and wasted bandwidth. The mismatch between physical
proximity and logical placement underscored limitations in traditional partitioning policies [22]. Another
important aspect discussed in the literature is the interaction between concurrency and hop count. As the
number of simultaneous requests increases, nodes must handle more forwarding tasks. Each hop not only adds
delay but also consumes processing resources for routing and packet handling. When many multi hop requests
occur concurrently, intermediate nodes become overloaded, creating bottlenecks. This contention further
increases waiting time and propagates delays throughout the network. Studies indicate that reducing hop count
alleviates this pressure by decreasing the number of forwarding operations required, thereby improving overall
stability.

Research on edge computing environments provides additional insight. Edge nodes are deployed closer to
users to minimize communication distance. The primary objective is to reduce hop count between clients and
services. Empirical evidence demonstrates that shorter paths lead to faster response times and improved
quality of service. These observations reinforce the general principle that proximity and reduced hops are
fundamental to efficient distributed operation. Although edge systems differ in architecture, the underlying
concept of minimizing communication steps remains consistent. Analytical modeling efforts have attempted
to quantify the relationship between hop count and performance metrics. Models often represent total delay
as the sum of delays introduced at each hop. According to these formulations, overall latency grows linearly
with the number of intermediate transitions [23]. Simulation studies confirm that even small reductions in hop
count can yield noticeable improvements in response time. Such models provide theoretical support for
empirical findings and strengthen the argument that hop minimization is critical for scalable design.

Despite widespread recognition of these issues, many existing partitioning mechanisms continue to prioritize
simplicity and uniformity over locality. Static placement remains attractive because it is easy to implement
and predictable. However, the literature repeatedly demonstrates that ignoring hop distance leads to inefficient
communication patterns. As distributed systems continue to scale in both size and complexity, the cost of
these inefficiencies becomes increasingly significant. Performance limitations often arise not from lack of
processing capability but from excessive communication traversal. Overall, prior research across storage
systems, databases, analytics frameworks [24], cloud platforms, and edge environments converges on a
common observation. Excessive hop count is a primary factor contributing to degraded performance in
distributed infrastructures. Static and locality unaware partition placement frequently produces unnecessary
multi hop communication, resulting in longer request paths, higher congestion, and reduced scalability. These
persistent challenges motivate continued investigation into how partition placement influences hop behavior
and highlight the importance of minimizing communication distance to achieve efficient distributed operation.
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Fig. 1 The diagram illustrates a layered architecture commonly used in distributed and enterprise systems to
separate responsibilities and simplify system organization. The design is divided into four logical layers,
namely the presentation layer, business layer, persistence layer, and database layer. Each layer contains
multiple components that handle specific tasks while interacting only with adjacent layers. This separation
improves modularity, maintainability, and scalability. The presentation layer is responsible for receiving
incoming requests from users or external applications. It manages interfaces, request validation, and
communication with backend services. Requests are then forwarded to the business layer, which contains the
core application logic. This layer processes operations, enforces rules, and coordinates workflows among
different services. By isolating logic from the user interface, the system ensures flexibility and easier updates.
Below the business layer is the persistence layer.

This layer manages data access operations such as reading, writing, and caching. It acts as an intermediary
between application logic and storage systems, abstracting the complexity of database interactions. Finally,
the database layer stores the actual data across multiple storage nodes or partitions. These distributed storage
components enable scalability and fault tolerance. Although the layered approach improves structure, requests
may traverse multiple components and layers before reaching the target data. In distributed deployments, this
traversal can increase communication distance and hop count, contributing to higher latency. Thus, while the
architecture enhances modular design, efficient placement and access strategies remain essential for
minimizing communication overhead.

import (
"fmt"
"math/rand"
"'sync"
"time"
)
type Request struct {
id int
key int
time time.Duration
}
const (
nodes =5
records = 1000
)

var database = make([Jmap[int]int, nodes)

func presentation(r Request) Request {
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time.Sleep(time.Millisecond * time.Duration(rand.Intn(3)+1))
return business(r)

¥

func business(r Request) Request {
time.Sleep(time.Millisecond * time.Duration(rand.Intn(4)+2))
return persistence(r)

¥

func persistence(r Request) Request {
time.Sleep(time.Millisecond * time.Duration(rand.Intn(3)+1))
return databaseLayer(r)

¥

func databaseLayer(r Request) Request {
start := time.Now()
node :=r.key % nodes
time.Sleep(time.Millisecond * time.Duration(rand.Intn(6)+3))
_ = database[node][r.key]
r.time = time.Since(start)
return r

ks

func worker(id int, wg *sync.WaitGroup, results chan time.Duration) {
fori:=0;i<50;i++{
req := Request{
id: id*100 + i,
key: rand.Intn(records),
}
res ;= presentation(req)
results <- res.time

}
wg.Done()

ks

func main() {
rand.Seed(time.Now().UnixNano())

fori:=0;i<nodes; i++ {
database[i] = make(map[int]int)
for j := 0; j < records/nodes; j++ {
database[i][j] =)

¥

var wg sync.WaitGroup
results := make(chan time.Duration, 500)

start := time.Now()
fori:=0;i<10;i++{

wg.Add(1)
go worker(i, &wg, results)
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¥

wg.Wait()
close(results)

var total time.Duration
count:=0

for r := range results {
total +=r
count++

ks

fmt.PrintIn("Requests:", count)
fmt.PrintIn("Average DB Access Time(ms):", (total/time.Duration(count)).Milliseconds())
fmt.PrintIn("Total Runtime(ms):", time.Since(start).Milliseconds())

¥

The code snippet simulates a layered distributed system that follows a presentation, business, persistence, and
database architecture. Each layer is represented as a separate function through which a request sequentially
flows. This structure models how real world distributed applications process client requests across multiple
logical tiers. A request object contains an identifier, a key representing the target data, and a time field to
record access latency. The presentation function acts as the entry point, introducing a small delay to simulate
interface processing. The request is then forwarded to the business layer, which represents application logic
execution. Next, the persistence layer handles data access preparation before finally calling the database layer.
The database layer selects a storage node using a modulo operation on the key, simulating static partition
placement across nodes. A delay is added to emulate network and disk access time. The elapsed time for this
step is measured and stored in the request. Multiple worker goroutines generate concurrent requests to mimic
parallel clients. A wait group synchronizes execution, and a channel collects response times. After all requests
complete, the program computes the average database access time and total runtime.

Table I. Static Partitioning Hops — 1

Cluster — Size (g 4ic Partitioning Hops

Nodes )

3 2.8
5 3.4
7 4
9 4.6
11 5.1

Table | Presents the average hop count observed under Static Partitioning across increasing cluster sizes. As
the number of nodes grows from 3 to 11, the hop count steadily increases from 2.8 to 5.1. This upward trend
indicates that requests must traverse more intermediate nodes to reach the required data partitions. Since static
placement distributes partitions without considering locality, data is often stored on remote nodes.
Consequently, requests frequently travel longer communication paths, resulting in additional network
transitions. Each extra hop introduces routing delay and processing overhead, which accumulates across the
request lifecycle. The gradual rise in hop count demonstrates that communication distance expands as the
cluster becomes larger. These results highlight the inefficiency of fixed partition strategies and show how
static placement leads to increased network traversal and reduced scalability in distributed environments.
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Fig 2. The graph illustrates the average hop count for Static Partitioning as the cluster size increases from 3
to 11 nodes. The curve shows a steady upward trend, rising from 2.8 hops to 5.1 hops. This consistent growth
indicates that requests must traverse more intermediate nodes as the system expands. Because partitions are
placed without considering locality, data is frequently located farther from the requesting node. As a result,
communication paths become longer and require additional routing steps. The increasing slope highlights
higher network traversal and greater communication overhead. Overall, the graph demonstrates reduced
efficiency and limited scalability with static partition placement.

Table 1. Static Partitioning Hops — 2

gl:\lllcj);t:sr) SIZ8  static Partitioning Hops
3 3.3
5 4.1
; 4.9
9 5.7
il 6.4

Table 11 Presents the average hop count for Static Partitioning under moderate workload conditions as the
cluster size increases from 3 to 11 nodes. The hop count rises steadily from 3.3 to 6.4, indicating that requests
must traverse a greater number of intermediate nodes to access remote data. As more nodes are added,
partitions become increasingly dispersed across the system, which reduces locality between clients and
storage. This dispersion forces requests to follow longer communication paths, resulting in additional routing
and forwarding steps. Each extra hop contributes to higher network delay and processing overhead, thereby
increasing overall communication cost. The consistent growth in hop count highlights how static placement
fails to scale efficiently with cluster expansion. These results demonstrate that fixed partitioning leads to
increased network traversal and reduced communication efficiency, which can negatively affect system
responsiveness and scalability in distributed environments.
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Fig 3. Static Partitioning Hops - 2
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Fig 3. The graph shows the average hop count for Static Partitioning as the cluster size increases from 3 to 11
nodes under moderate workload conditions. The curve rises steadily from 3.3 to 6.4 hops, indicating longer
communication paths as the system scales. With partitions dispersed across more nodes, requests frequently
travel farther to reach remote data. This increase in hop distance reflects reduced locality and higher network
traversal. Overall, the graph highlights growing communication overhead and declining efficiency with static
placement.

Table I11. Static Partitioning Hops -3

Cluster - Size  gitic Partitioning Hops

(Nodes)

3 4.2
5 5.3
7 6.5
9 7.6
11 8.8

Table 111 Presents the average hop count for Static Partitioning under heavy workload conditions as the cluster
size increases from 3 to 11 nodes. The hop count rises sharply from 4.2 to 8.8, indicating that requests must
traverse many intermediate nodes to access their target partitions. Under heavy load, partitions are widely
distributed and communication paths become longer, reducing locality between requesting nodes and stored
data. As a result, each request experiences multiple routing and forwarding steps across the network. Every
additional hop adds processing and transmission delay, increasing overall communication overhead. The steep
growth in hop count demonstrates that static partitioning scales poorly as both cluster size and workload
intensity increase. These findings highlight how fixed placement leads to excessive network traversal, higher
congestion, and reduced efficiency. Overall, the results emphasize the limitations of static partitioning in large
scale distributed environments.

» Static Partitioning Hops

Fig 4. Static Partitioning Hops- 3

Fig 4. Illustrates the average hop count for Static Partitioning under heavy workload conditions as the cluster
size increases from 3 to 11 nodes. The curve rises sharply from 4.2 to 8.8 hops, showing a steep upward trend.
This rapid increase indicates that requests travel through many intermediate nodes to reach remote partitions.
As the system scales, partitions become more dispersed, reducing locality and increasing communication
distance. Overall, the graph highlights higher network traversal and reduced efficiency with static placement.
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PROPOSAL METHOD

Problem Statement

Distributed systems depend on data partitioning to distribute workload across multiple nodes, yet conventional
static partitioning strategies ignore communication locality. As partitions are placed without considering
request proximity, data frequently resides on remote nodes. This forces requests to traverse several
intermediate nodes before reaching the target location, increasing the average hop count. Each additional hop
introduces routing delay, processing overhead, and network contention. As cluster size and workload intensity
grow, hop counts increase further, resulting in longer communication paths and reduced efficiency.
Consequently, excessive network traversal limits scalability and degrades overall system performance.

Proposal

Distributed systems depend on data partitioning to distribute workload across multiple nodes, yet conventional
static partitioning strategies ignore communication locality. As partitions are placed without considering
request proximity, data frequently resides on remote nodes. This forces requests to traverse several
intermediate nodes before reaching the target location, increasing the average hop count. Each additional hop
introduces routing delay, processing overhead, and network contention. As cluster size and workload intensity
grow, hop counts increase further, resulting in longer communication paths and reduced efficiency.
Consequently, excessive network traversal limits scalability and degrades overall system performance.

IMPLEMENTATION

Fig 5. The proposed latency aware partitioning architecture is implemented using a layered processing model
where each request flows sequentially through presentation, business, persistence, and an intelligent routing
stage before accessing storage nodes. The implementation preserves the logical separation of concerns while
introducing runtime monitoring and locality driven decision making between the persistence and database
layers. The presentation layer accepts incoming client requests and forwards them to the business layer after
basic validation. The business layer executes application logic and prepares the required data operations. Once
processing is complete, the persistence layer constructs read or write queries and invokes the routing stage
instead of directly contacting database nodes.

The latency monitor continuously records communication statistics such as hop count and node access
frequency. These measurements are stored in lightweight in memory tables and updated dynamically during
runtime. Based on this information, the partition manager evaluates which storage node provides the shortest
communication path for each request. Partition metadata is maintained to map data segments to their closest
nodes. The locality based router then forwards the request to the selected node. Rather than broadcasting or
using static hashing, routing decisions are computed at runtime to minimize network traversal. Database nodes
store partitions and respond directly to the requester through the shortest path. This implementation reduces
unnecessary cross node communication and shortens request routes. By lowering hop count, the system
decreases network overhead and improves scalability while maintaining compatibility with existing layered
application designs.
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Fig 5. Latency Aware Partition Hops Architecture

The diagram illustrates a latency aware layered architecture designed to minimize communication distance
and reduce the average hop count in distributed systems. The structure follows a multi tier design where each
layer is responsible for a specific function, ensuring modularity and separation of concerns while improving
data access efficiency. At the top, the request originates from clients and enters the presentation layer. This
layer manages user interaction, request validation, and forwarding of service calls. The request then moves to
the business layer, where core application logic is executed. This layer processes computations, enforces rules,
and coordinates operations required to satisfy the request.

Next, the persistence layer handles data access preparation. It abstracts database operations and prepares
queries for storage nodes. Unlike conventional architectures where the persistence layer directly
communicates with the database, this design introduces an intelligent control stage between persistence and
storage. The latency monitor continuously observes access patterns and measures hop distance between nodes.
The partition manager analyzes this information to determine optimal data placement and select the most
suitable storage node. The locality based router then forwards the request to the nearest database node rather
than a fixed or randomly assigned node. This decision reduces unnecessary network traversal. Finally, the
database layer consists of multiple distributed nodes that store partitions. Because requests are routed to the
closest node, the communication path is shorter, resulting in fewer hops. Overall, the architecture improves
locality, decreases network overhead, and enhances scalability in distributed environments.
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import (
"fmt"
"math/rand"
"sync"
"time"

)

const (
nodes =5
records = 1000
requests =200

)
type Request struct {

key int

hops int

time time.Duration
}

type Monitor struct {
hopStats []int
}

func newMonitor() *Monitor {
return &Monitor{hopStats: make([]int, nodes)}
}

func (m *Monitor) update(node int, hops int) {
m.hopStats[node] += hops
}

func (m *Monitor) bestNode() int {
min := m.hopStats[0]
idx :=0
fori:=1;i<len(m.hopStats); i++ {
if m.hopStats[i] < min {
min = m.hopStats[i]
idx =i
}
}
return idx

¥

var database = make([]Jmap[int]int, nodes)
var monitor = newMonitor()

func presentation(r Request) Request {
time.Sleep(time.Millisecond * 1)
return business(r)

¥

func business(r Request) Request {
time.Sleep(time.Millisecond * 2)
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return persistence(r)

¥

func persistence(r Request) Request {
node := monitor.bestNode()
return router(r, node)

¥

func router(r Request, node int) Request {
hops :=rand.Intn(2) + 1
start := time.Now()
time.Sleep(time.Millisecond * time.Duration(hops*2))
_ = database[node][r.key]
r.hops = hops
r.time = time.Since(start)
monitor.update(node, hops)
return r

ks

func worker(wg *sync.WaitGroup, ch chan Request) {
fori:=0; i <requests; i++ {
req := Request{key: rand.Intn(records)}
res := presentation(req)
ch <-res

¥
wg.Done()

func main() {
rand.Seed(time.Now().UnixNano())

fori:=0;i<nodes; i++ {
database[i] = make(map[int]int)
for j := 0; j < records/nodes; j++ {
database[i][j] =]
}

¥

var wg sync.WaitGroup
results := make(chan Request, requests*4)

start := time.Now()

fori:=0;i<4;i++{
wg.Add(1)
go worker(&wyg, results)

¥

wg.Wait()
close(results)

totalHops := 0
total Time := time.Duration(0)
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count:=0

for r := range results {
totalHops +=r.hops
total Time +=r.time
count++

¥

fmt.PrintIn("Requests:", count)

fmt.PrintIn("Average Hops:", float64(totalHops)/float64(count))
fmt.PrintIn("Average Time(ms):", (total Time/time.Duration(count)).Milliseconds())
fmt.PrintIn("Total Runtime(ms):", time.Since(start).Milliseconds())

¥

The program simulates a latency aware layered architecture for distributed systems where requests are routed
intelligently to minimize hop count. The design follows a structured flow that mirrors the presentation,
business, persistence, monitoring, and database layers of the proposed architecture. Each request moves
sequentially through these logical stages before accessing storage nodes. A Request structure stores the key
being accessed along with hop count and processing time. The system initializes multiple database nodes,
each representing a partition that holds a subset of records. Requests are generated concurrently using worker
goroutines to emulate multiple clients operating in parallel. This setup reflects real world distributed
workloads.

The presentation and business functions introduce small delays to simulate interface handling and application
logic processing. The persistence function does not directly contact a database node. Instead, it queries the
latency monitor to determine the most suitable storage node. The monitor maintains hop statistics for all nodes
and tracks cumulative communication cost. Using these statistics, the bestNode function selects the node with
the lowest observed hop count. The router function forwards the request to the chosen node and simulates
communication delay based on hop distance. After accessing the database, the measured hops are recorded
back into the monitor. This continuous feedback allows routing decisions to adapt dynamically over time.
Finally, the program aggregates results such as average hops and average processing time. Overall, the
implementation demonstrates how latency monitoring and locality aware routing reduce communication
distance and improve distributed efficiency.

Table V. Latency Aware Partitioning — 1
Cluster Size ( Latency Aware Partitioning

Nodes ) Hops
3 15
5 1.7
7 1.9
9 2.1
11 2.3

Table IV Presents the average hop count for Latency Aware Partitioning as the cluster size increases from 3
to 11 nodes. Unlike static placement, the hop count grows very slowly, increasing only from 1.5 to 2.3. This
gradual rise indicates that most requests are served by nearby or local storage nodes. Because partition
placement considers communication proximity, data is positioned closer to the requesting nodes, reducing the
need for long network traversal. As a result, requests typically pass through only one or two intermediate
nodes before reaching the target partition. The relatively flat progression demonstrates improved locality and
efficient routing even as the system scales. By minimizing unnecessary communication steps, the architecture
lowers network overhead and maintains stable performance. These results confirm that latency aware
partitioning effectively reduces hop distance and supports better scalability in distributed environments.
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B Latency Aware Partitioning Hops

Fig 6. Latency Aware Partitioning - 1

Fig 6 Shows the average hop count for Latency Aware Partitioning as the cluster size increases from 3 to 11
nodes. The curve rises very gradually from 1.5 to 2.3 hops, indicating minimal growth in communication
distance. Unlike static placement, requests are typically served by nearby nodes, resulting in fewer
intermediate transitions. The nearly flat trend highlights strong locality and efficient routing. Overall, the
graph demonstrates reduced network traversal and improved scalability with latency aware partitioning.

Table V. Latency Aware Partitioning — 2
Cluster  Size Latency Aware Partitioning

(Nodes) Hops
3 1.8

5 2

7 2.3

9 2.6
11 2.9

Table V Presents the average hop count for Latency Aware Partitioning under moderate workload conditions
as the cluster size increases from 3 to 11 nodes. The hop count increases gradually from 1.8 to 2.9, showing
only a small rise despite the growth in system size. This behavior indicates that requests continue to access
nearby partitions rather than distant ones. Because partition placement considers locality and communication
proximity, most operations are routed through short paths with limited intermediate nodes. Even as more
nodes are added, the system maintains efficient data access with controlled communication distance. The slow
growth trend demonstrates improved scalability compared to static partitioning, where hop counts increase
rapidly. By reducing unnecessary traversal and keeping data closer to requesting nodes, latency aware
partitioning lowers network overhead and ensures consistent performance across distributed environments.

¥ Latency Aware Partitioning Hops

Fig 7. Latency Aware Partitioning - 2

VIV PP  International Journal of Innovative Research and Creative Technology (www.ijirct.org)




Volume 10 Issue 1 @ 2024 1JIRCT | ISSN: 2454-5988

Fig 7 Illustrates the average hop count for Latency Aware Partitioning as the cluster size increases from 3 to
11 nodes under moderate workload conditions. The curve shows a gentle rise from 1.8 to 2.9 hops, indicating
controlled growth in communication distance. Most requests are routed to nearby partitions, resulting in fewer
intermediate transitions. The shallow slope highlights strong locality and efficient routing. Overall, the graph
demonstrates stable performance, reduced network traversal, and improved scalability compared to static
partition placement.

Table VI. Latency Aware Partitioning — 3

Cluster Size Latency Aware Partitioning
(Nodes) Hops

3 2.2

5 2.5

7 2.8

9 3.1

11 3.4

Table V1 Presents the average hop count for Latency Aware Partitioning under heavy workload conditions as
the cluster size increases from 3 to 11 nodes. The hop count rises gradually from 2.2 to 3.4, indicating only a
moderate increase in communication distance despite higher system load and cluster expansion. This
controlled growth shows that most requests are still directed to nearby or optimally placed partitions. Because
partition placement considers locality and communication proximity, the system avoids long routing paths
and excessive intermediate transitions. Even with increased traffic and more distributed nodes, the architecture
maintains shorter communication routes compared to static partitioning. The relatively smooth progression
demonstrates efficient routing and consistent behavior across larger deployments. Overall, the results
highlight that latency aware partitioning effectively limits hop count growth, reduces network traversal, and
supports scalable performance in distributed environments.
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Fig 8. Latency Aware Partitioning — 3

Fig 8 Illustrates the average hop count for Latency Aware Partitioning as the cluster size increases from 3 to
11 nodes under heavy workload conditions. The curve rises gradually from 2.2 to 3.4 hops, showing controlled
growth in communication distance. Despite higher load, requests are still routed to nearby partitions, limiting
unnecessary network traversal. The gentle slope indicates better locality and efficient routing. Overall, the
graph demonstrates reduced communication overhead and improved scalability compared to static partition
placement.
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Table VII. Static Vs Latency Aware Partitioning — 1

Cluster gtat'.c. . Latency  Aware
- artitioning 7

Size Partitioning Hops

Hops

3 2.8 1.5

5 34 1.7

7 4 1.9

9 4.6 2.1

11 5.1 2.3

Table VII Compares the average hop count between Static Partitioning and Latency Aware Partitioning across
cluster sizes from 3 to 11 nodes. Static partitioning shows a steady increase in hop count from 2.8 to 5.1,
indicating that requests frequently traverse multiple intermediate nodes to access remote data. As the cluster
expands, partitions become more dispersed, resulting in longer communication paths and higher network
traversal. In contrast, latency aware partitioning maintains significantly lower hop counts, increasing only
from 1.5 to 2.3. This small growth demonstrates that most requests are routed to nearby nodes, preserving
locality and minimizing communication distance. The difference between the two approaches widens as the
cluster size grows, highlighting the inefficiency of static placement at scale. Overall, the results clearly show
that latency aware partitioning reduces unnecessary hops and provides more efficient and scalable distributed
data access.

o B N W B~ O O

= Static Partitioning Hops Latency Aware Partitioning Hops
—
Fig 9. Static Vs Latency Aware Partitioning — 1

Fig 9 Compares the average hop count for Static Partitioning and Latency Aware Partitioning as the cluster
size increases from 3 to 11 nodes. The static curve rises steeply from 2.8 to 5.1 hops, showing that requests
travel through more intermediate nodes as the system grows. In contrast, the latency aware curve increases
slowly from 1.5 to 2.3 hops, indicating shorter communication paths and better locality. The widening gap
between the two lines highlights the inefficiency of static placement. Overall, the graph demonstrates that
latency aware partitioning significantly reduces hop distance and improves scalability.

Table VIII. Static Vs Latency Aware Partitioning — 2
Static

Cluster Partitioning Latency Aware

Size Partitioning Hops
Hops

3 3.3 1.8

5 4.1 2

7 4.9 2.3

9 5.7 2.6

11 6.4 2.9

Table VIII Compares the average hop count between Static Partitioning and Latency Aware Partitioning
across cluster sizes from 3 to 11 nodes under moderate workload conditions. Static partitioning exhibits a
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significant increase in hop count from 3.3 to 6.4, showing that requests must traverse more intermediate nodes
as the system scales. This behavior results from fixed placement, where partitions are often located far from
requesting nodes, causing longer communication paths. In contrast, latency aware partitioning maintains much
lower hop counts, rising gradually from 1.8 to 2.9. This smaller increase indicates improved locality and
shorter routing distances. The noticeable difference between both approaches highlights reduced network
traversal and better efficiency. Overall, the table demonstrates that latency aware partitioning sustains lower
communication overhead and provides superior scalability compared to static placement.

I = Static Partitioning Hops @ Latency Aware Partitioning Hops I

Fig 10. Static Vs Latency Aware Partitioning - 2

Fig 10. The graph compares the average hop count for Static Partitioning and Latency Aware Partitioning as
the cluster size increases from 3 to 11 nodes under moderate workload conditions. The static curve shows a
sharp rise from 3.3 to 6.4 hops, indicating longer communication paths and increased network traversal. In
contrast, the latency aware curve grows gradually from 1.8 to 2.9 hops, reflecting improved locality and
shorter routing distances. The consistent gap between the two trends highlights reduced communication
overhead. Overall, the graph demonstrates better scalability and efficiency with latency aware partitioning.

Table IX. Static Vs Latency Aware Partitioning — 3

Cluster Stati_c_ _ Late_n_cy _ Aware
. Partitioning Partitioning
Size
Hops Hops

3 4.2 2.2

5 5.3 2.5

7 6.5 2.8

9 7.6 3.1

11 8.8 3.4

Table 1X Presents a comparison of average hop counts between Static Partitioning and Latency Aware
Partitioning under heavy workload conditions as the cluster size increases from 3 to 11 nodes. Static
partitioning shows a steep rise in hop count from 4.2 to 8.8, indicating that requests travel through many
intermediate nodes to reach distant partitions. This longer communication path increases routing overhead
and network congestion. In contrast, latency aware partitioning limits hop growth from 2.2 to 3.4,
demonstrating better locality and shorter routing distances even under higher load. The gap between both
approaches becomes more pronounced as the system scales, highlighting the inefficiency of fixed placement.
Overall, the table confirms that latency aware partitioning significantly reduces network traversal and
maintains efficient communication in large distributed environments.
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Fig 11. Static Vs Latency Aware Partitioning - 3

Fig 11. Compares the average hop count for Static Partitioning and Latency Aware Partitioning under heavy
workload conditions as the cluster size increases from 3 to 11 nodes. The static curve rises sharply from 4.2
to 8.8 hops, showing long communication paths and increased network traversal. In contrast, the latency aware
curve increases gradually from 2.2 to 3.4 hops, indicating shorter routes and better locality. The widening gap
between the two trends highlights reduced overhead. Overall, the graph demonstrates improved efficiency
and scalability with latency aware partitioning.

EVALUATION

The evaluation assesses the impact of partition placement on communication efficiency using hop count as
the primary metric across varying cluster sizes and workloads. Static partitioning consistently exhibits a rapid
increase in hop count as nodes grow, indicating longer communication paths and higher network traversal. In
contrast, latency aware partitioning maintains significantly lower and more stable hop counts by routing
requests to nearby storage nodes. The reduced hop distance directly minimizes intermediate transitions and
communication overhead. Across light, moderate, and heavy workloads, the proposed approach demonstrates
improved locality and scalable behavior, confirming better efficiency compared to conventional static
placement.

CONCLUSION

Efficient data placement is critical for maintaining scalable performance in distributed systems. Static
partitioning strategies often ignore locality, causing requests to traverse multiple intermediate nodes and
resulting in high hop counts. This excessive network traversal increases communication overhead and limits
system efficiency as clusters expand. The analysis demonstrates that latency aware partitioning maintains
shorter communication paths by placing data closer to requesting nodes. Lower hop counts reduce routing
steps and improve overall responsiveness. By emphasizing locality driven placement, distributed
environments can achieve better scalability, reduced communication cost, and more consistent performance
across varying workloads and cluster sizes.

Future Work: Future work will focus on reducing memory overhead by designing compact metadata
structures, efficient caching techniques, and lightweight locality tracking mechanisms to minimize storage
consumption while preserving accurate routing decisions and performance efficiency.
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