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ABSTRACT

This paper presents an experimental evaluation of communica-
tion technologies for real-time Machine-to-Machine (M2M) data
streaming systems based on an integrated Analytic Hierarchy Pro-
cess (AHP) and Technique for Order Preference by Similarity
to Ideal Solution (TOPSIS) decision model. Four communication
technologies - HTTP/1.1, HTTP/2, RabbitMQ, and Apache Kafka -
were evaluated under controlled LAN conditions using a sustained
stress-test workload of up to 50,000 generated messages per sec-
ond. The evaluation considered six criteria: average latency, 99th-
percentile latency, message loss, ordering consistency, transaction
success, and throughput. The results indicate that Apache Kafka
achieves the highest overall suitability with a TOPSIS closeness co-
efficient of C; = 0.946, followed by RabbitMQ (C; = 0.777),
HTTP/2 (C; = 0.607), and HTTP/1.1 (C; = 0.000). The find-
ings demonstrate that multi-criteria decision models provide a prac-
tical framework for objective communication technology selection
in real-time M2M data streaming systems by simultaneously con-
sidering latency, reliability, throughput, and domain-specific oper-
ational requirements.
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1. INTRODUCTION

Machine-to-Machine (M2M) systems increasingly rely on contin-
uous data streaming infrastructures to support real-time informa-
tion exchange between distributed devices, gateways, and backend
processing platforms. Such systems are widely deployed in indus-
trial automation, smart buildings, intelligent transportation, energy
management, and large-scale event-driven applications. As the vol-
ume and frequency of generated events continue to grow, commu-
nication infrastructures are required to provide low latency, high
throughput, reliable delivery, and predictable behavior under vary-
ing workload conditions [4}|9].

The selection of communication technologies for real-time M2M
environments has become a complex engineering problem. Mod-

ern distributed systems may employ a variety of communication
approaches, including traditional request-response protocols such
as HTTP/1.1 and HTTP/2, as well as message-oriented middle-
ware platforms including RabbitMQ and Apache Kafka. Each tech-
nology provides different trade-offs regarding latency, through-
put, scalability, fault tolerance, message durability, and operational
complexity [11 18, 2]]. Consequently, identifying the most appropri-
ate communication solution cannot be reduced to the evaluation of
a single performance metric.

The challenge becomes even more significant in environments
where existing network infrastructure imposes practical constraints
on technology deployment. Many industrial and enterprise systems
operate in heterogeneous environments that combine wired and
wireless communication channels, legacy fieldbus technologies,
cloud services, and modern event-streaming platforms. In such sce-
narios, communication architectures are often required to satisfy
conflicting operational requirements. The optimal solution there-
fore depends not only on the characteristics of individual commu-
nication technologies but also on the interaction between technolo-
gies, deployment infrastructure, and domain-specific requirements.
Several studies have proposed methodologies for evaluating com-
munication protocols in M2M and Internet of Things (IoT) en-
vironments. Existing approaches range from qualitative assess-
ments and protocol-specific benchmarks to formal multi-criteria
decision-making frameworks [} 6]. Recent research demonstrates
that multi-criteria methodologies provide a more systematic and re-
producible basis for technology selection than purely performance-
oriented comparisons. In particular, the Analytic Hierarchy Process
(AHP) and the Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) have been successfully applied to tech-
nology evaluation problems involving multiple conflicting criteria
[7, 3]

Despite these advances, many published evaluations remain fo-
cused on individual protocols or isolated deployment scenarios.
Limited attention has been devoted to the combined evaluation of
communication technologies and communication architectures un-
der realistic workload conditions. Furthermore, existing studies fre-
quently prioritize average latency while providing insufficient con-
sideration of throughput, message reliability, delivery ordering, and
domain-specific operational constraints.

This study addresses these limitations through an experimental
evaluation of communication technologies and communication ar-



chitectures for real-time M2M data streaming systems. The evalu-
ation considers HTTP/1.1, HTTP/2, RabbitMQ, and Apache Kafka
under controlled high-volume workloads representative of transac-
tional event-streaming environments. An integrated AHP-TOPSIS
decision model is employed to combine empirical performance
measurements with domain-specific importance weights. The ob-
jective is not to identify a universally optimal technology, but rather
to demonstrate a structured methodology for selecting the most ap-
propriate communication solution according to the requirements
and constraints of a particular application domain.

The obtained results provide empirical evidence regarding the
strengths and limitations of different communication approaches
and demonstrate the applicability of multi-criteria decision-making
techniques for supporting technology selection in real-world M2M
deployments.

2. RELATED WORK

The problem of selecting communication technologies for
Machine-to-Machine (M2M) and Internet of Things (IoT) systems
has attracted significant research interest due to the increasing com-
plexity of distributed data processing environments. Modern M2M
systems frequently operate under strict requirements regarding la-
tency, reliability, scalability, and fault tolerance, while simultane-
ously facing deployment constraints imposed by existing network
infrastructure and operational environments [4} 9].

Early studies in this domain primarily focused on the technical
characteristics of individual communication protocols. Particular
attention was devoted to the evaluation of lightweight protocols de-
signed for constrained devices and low-bandwidth environments.
As IoT deployments expanded, protocol selection became increas-
ingly dependent on application-specific requirements rather than on
protocol specifications alone. Consequently, researchers began in-
vestigating systematic approaches for comparing alternative com-
munication solutions across multiple performance dimensions.
Message-oriented middleware technologies have emerged as im-
portant components of modern distributed systems due to their abil-
ity to decouple message producers and consumers while provid-
ing improved scalability and reliability. Contemporary middleware
platforms support asynchronous communication models that en-
able efficient handling of high-volume event streams. Comparative
studies have demonstrated that middleware-based solutions offer
significant advantages over traditional request—response communi-
cation models in scenarios involving large numbers of concurrent
events and distributed processing components [1].

Among the most widely adopted communication technologies,
HTTP-based protocols remain attractive due to their simplicity,
broad interoperability, and extensive support across software plat-
forms. The introduction of HTTP/2 introduced several perfor-
mance improvements, including multiplexing, header compression,
and more efficient connection utilization, resulting in lower com-
munication overhead compared with HTTP/1.1 [8]]. Nevertheless,
request-response communication models continue to exhibit limi-
tations when applied to large-scale event-driven systems requiring
persistent message delivery and high throughput.

Event-streaming platforms such as Apache Kafka and message-
oriented middleware systems such as RabbitMQ have received
considerable attention as alternatives to traditional communication
approaches. These technologies provide features including asyn-
chronous processing, message durability, horizontal scalability, and
fault tolerance. Comparative evaluations have shown that Kafka
typically excels in high-throughput streaming scenarios, whereas
RabbitMQ often provides advantages in routing flexibility and op-
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erational simplicity [2]. The selection between these technologies
therefore depends heavily on workload characteristics and opera-
tional requirements.

The growing diversity of communication technologies has stimu-
lated research into formal technology selection methodologies. Tra-
ditional protocol comparisons based solely on latency or through-
put measurements have gradually been replaced by multi-criteria
decision-making approaches that incorporate both technical and
non-technical factors. Such approaches enable systematic evalua-
tion of competing alternatives while accounting for conflicting re-
quirements and domain-specific priorities.

A comprehensive overview of communication protocol selection
methodologies has recently been presented through a systematic
literature review and multidimensional taxonomy of protocol se-
lection approaches in M2M and IoT environments [6]. The review
demonstrates a transition from heuristic and experience-based tech-
nology selection toward structured decision-support frameworks
capable of incorporating contextual information, deployment con-
straints, and multiple evaluation criteria.

Among the available multi-criteria decision-making techniques,
the Analytic Hierarchy Process (AHP) and the Technique for Or-
der Preference by Similarity to Ideal Solution (TOPSIS) have be-
come particularly popular due to their transparency, computational
efficiency, and practical applicability. AHP provides a structured
mechanism for determining criterion importance through pairwise
comparisons, while TOPSIS enables the ranking of alternatives ac-
cording to their relative proximity to an ideal solution [7,3]]. These
methods have been successfully applied in numerous engineering
decision problems, including technology selection, network design,
resource allocation, and infrastructure planning.

Previous work introduced a domain-oriented methodology for
selecting communication protocols in M2M systems and sub-
sequently extended the approach through an integrated AHP-
TOPSIS framework capable of incorporating multiple technical and
operational criteria [4} |5]. However, most existing studies focus
either on protocol-level comparisons or on theoretical evaluation
frameworks. Limited attention has been devoted to the experimen-
tal validation of technology selection models using realistic high-
volume workloads and communication architectures.

The present study extends existing research by combining empir-
ical performance evaluation with multi-criteria decision analysis.
Unlike previous investigations that focus on individual protocols
or isolated deployment scenarios, the proposed approach evalu-
ates both communication technologies and communication archi-
tectures under realistic real-time data streaming conditions. The
objective is to provide a reproducible framework for selecting com-
munication solutions that best satisfy the operational requirements
of a particular M2M application domain.

3. AHP-TOPSIS EVALUATION FRAMEWORK

Selecting communication technologies for real-time M2M systems
requires balancing multiple conflicting criteria that cannot be rep-
resented by a single performance indicator. Technologies provid-
ing minimal latency may exhibit lower scalability, whereas solu-
tions optimized for throughput may introduce additional process-
ing overhead. Consequently, a structured multi-criteria decision-
making framework is required for objective technology evaluation.
This study employs an integrated Analytic Hierarchy Process
(AHP) and Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) framework. AHP determines the relative impor-
tance of the evaluation criteria, while TOPSIS ranks the alternative



communication technologies using experimentally measured per-
formance indicators.

3.1 Decision Criteria

Six quantitative criteria were selected to characterize the perfor-
mance of real-time M2M data streaming systems:

—Auverage end-to-end latency (Lg.g);

—99th percentile latency (Lpg9);

—Message loss rate (Loss);

—Ordering consistency (Ordering);

—Successful transaction processing rate (T'znSuccess);
—Throughput (T'put).

Average latency reflects overall system responsiveness, whereas the
99th-percentile latency captures infrequent but operationally sig-
nificant delays. Message loss represents communication reliability,
while throughput characterizes the capability to process large event
volumes.

Ordering consistency measures the percentage of messages re-
ceived in their original sequence, an important property for event-
driven processing. The successful transaction processing rate rep-
resents the percentage of messages that are successfully received,
processed, and acknowledged. Together, these criteria character-
ize the correctness and reliability of communication beyond simple
message delivery.

The selected criteria were derived from previous communication
protocol evaluation studies and from the operational requirements
of real-time M2M streaming environments [4} |5} |6]].

3.2 AHP Weight Determination

The Analytic Hierarchy Process (AHP) determines the relative im-
portance of the evaluation criteria using pairwise comparisons rep-
resented by the matrix

A= 11012 ...01,021022 ... Q2p"0 " Ap10p2 ... Qpp (1)

where a;; denotes the relative importance of criterion 7 with respect
to criterion j.
The resulting priority vector is

W:(wl7w2""7wn) (2)

where w; is the normalized weight of criterion 4.
For real-time data streaming systems, the adopted weight vector is
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where x;; is the measured value of criterion j for alternative 4.
The weighted normalized matrix is then computed as

Uij = wjrij (5)

where w; denotes the corresponding criterion weight.
The ideal (A1) and anti-ideal (A ™) solutions are defined as

A+ - {max(vij) | j S Jbenefitymin(’uij) | ,] S Jcost} (6)

A = {min(/uij) |] S Jbenefitymax(vij) |] S Jcost} (7)

Latency and message loss are treated as cost criteria, whereas order-
ing consistency, transaction success, and throughput are considered
benefit criteria.

The Euclidean distances from the ideal and anti-ideal solutions are

SE= D (i —v))? @®)

Si= | Dy —v7)? ©

j=1

The relative closeness coefficient is finally calculated as

Sy
Ci=—"+— 10
SH+S; (10

where larger values indicate alternatives closer to the ideal solution.

3.4 Evaluation Procedure
The proposed evaluation procedure consists of the following steps:

(1) Experimental performance measurements under controlled
workloads;

(2) Construction of the decision matrix;

(3) Determination of criterion weights using AHP;

(4) Normalization of the performance indicators;

(5) Computation of the weighted normalized matrix;

(6) Identification of the ideal and anti-ideal solutions;

(7) Calculation of TOPSIS closeness coefficients and final rank-

W = (wr,,, = 0.25, w0y = 0.15, Wress = 0.15, Wordering = 0.10, Wrmsuecess = 0.15, Wy = 0.20)

3)
This weighting scheme emphasizes latency while simultaneously
accounting for reliability and scalability requirements.

3.3 TOPSIS Ranking Method

Following weight determination, TOPSIS ranks the evaluated com-
munication technologies.

The normalized decision matrix is obtained using vector normal-
ization:

Tij = —t )

The resulting ranking provides an objective basis for selecting com-
munication technologies according to the operational requirements
of real-time M2M application domains.

4. EXPERIMENTAL ENVIRONMENT

4.1 Domain Requirements and Experimental
Motivation

Real-time Machine-to-Machine (M2M) data streaming systems are
widely deployed in industrial automation, smart buildings, intelli-
gent transportation, telemetry, and large-scale event-driven applica-
tions. These systems require communication infrastructures capa-
ble of delivering high-frequency event streams with low latency,



reliable message delivery, preserved message ordering, and pre-
dictable behavior under sustained workloads.

The experimental evaluation represents a typical real-time stream-
ing environment in which large numbers of updates are distributed
simultaneously to multiple consumers. Such applications share sev-
eral common requirements:

—Ilow communication latency;

—predictable response times under heavy load;
—reliable message delivery;

—preservation of event ordering;

—scalability under increasing workloads;
—compatibility with existing network infrastructure.

Although latency is often the primary evaluation metric, practical
deployments are also influenced by infrastructure availability, de-
ployment complexity, operational constraints, and technology in-
teroperability. Consequently, the communication technology with
the lowest latency is not necessarily the most suitable solution for
a given application domain.

The objective of the experimental evaluation is therefore to validate
the proposed AHP-TOPSIS decision framework by identifying the
communication technology that best satisfies the operational re-
quirements of real-time M2M streaming systems.

4.2 Communication Technologies Under Evaluation

Four communication technologies representing different architec-
tural approaches were selected for evaluation.

(1) HTTP/1.1 implements the traditional request-response com-
munication model and remains widely used because of its sim-
plicity and interoperability. However, synchronous communi-
cation and connection management introduce additional proto-
col overhead.

(2) HTTP/2 extends HTTP/1.1 through multiplexing, header com-
pression, and improved connection utilization, reducing com-
munication overhead while preserving compatibility with ex-
isting web infrastructures [8§]].

(3) RabbitMQ is a message-oriented middleware platform imple-
menting AMQP. It provides asynchronous messaging, mes-
sage persistence, flexible routing, and reliable delivery, making
it suitable for enterprise integration and event-driven applica-
tions.

(4) Apache Kafka is a distributed event-streaming platform opti-
mized for high-throughput data processing, horizontal scala-
bility, durability, and fault tolerance in large-scale streaming
environments [2]].

Together, these technologies provide representative alternatives for
comparative evaluation.

4.3 Experimental Architecture

The experimental platform consists of two processing nodes con-
nected through a Gigabit Ethernet LAN. The first node generates
event streams through an Odds Feed Push API, while the second
node receives and processes the transmitted messages.

The application logic remains identical throughout all experiments;
only the communication technology is varied. Consequently, ob-
served performance differences originate from the communication
layer rather than application-specific behavior.

InfluxDB is used for time-series storage of performance metrics,
while Grafana provides visualization and monitoring.
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Fig. 1. Experimental architecture used for evaluating communication
technologies in a real-time M2M data streaming environment.

Figure[T]illustrates the experimental architecture.

The experiments were performed under controlled LAN condi-
tions in order to minimize external network variability and isolate
protocol-level performance characteristics.

4.4 Workload Generation

A software workload generator simulates continuous event streams
instead of physical sensor devices, ensuring repeatability and pre-
cise control of experimental parameters.

Each generated message contains a unique identifier, sequence
number, and timestamp, enabling end-to-end traceability through-
out the communication pipeline.

The workload generator supports configurable message generation
rates, concurrent producers, payload sizes, and experiment dura-
tions, allowing evaluation under varying communication intensi-
ties.

4.5 Performance Metrics
Six quantitative performance indicators were measured:

—Auverage end-to-end latency (Lg.g);

—99th-percentile latency (L pg9);

—Message loss rate (Loss);

—Ordering consistency (Ordering);

—Successful transaction processing rate (T'xnSuccess);
—Throughput (Tput).

These metrics correspond directly to the evaluation criteria defined
in the AHP-TOPSIS framework presented in Section 3]

4.6 Experimental Scenarios

Although three workload profiles were designed, this paper reports
only the sustained stress-test scenario because it exposes communi-
cation bottlenecks most clearly under high-volume operating con-
ditions.

—Normal Operation — continuous event generation under typical
workloads.

—Peak Load — short-duration bursts with rapidly increasing mes-
sage rates.

—Sustained Stress Test — prolonged high-volume traffic for evalu-
ating scalability, latency stability, and throughput.

Transactional Server



Table 1. Empirical performance measurements obtained during
the sustained stress-test scenario.

Tech. Avg. | P99 |Loss | Order | Success | Tput
HTTP/1.1 22454452 1.12 | 98.6 | 98.7 | 3950
HTTP/2 128.41264.310.58 | 989 | 99.1 | 7650

RabbitMQ 135.3]250.6 | 0.30 | 99.2 99.6 9450
Apache Kafka | 140.7 | 230.4 | 0.18 | 99.7 99.8 | 12800
Avg. = average end-to-end latency (ms); P99 = 99th-percentile latency
(ms); Loss = message loss rate (%); Order = ordering consistency (%);
Success = successful transaction processing rate (%); Tput = throughput
(messages/s).

The combination of representative communication technologies,
controlled workloads, and a common experimental architecture
provides a consistent basis for comparative evaluation using the
proposed AHP-TOPSIS methodology.

5. EXPERIMENTAL RESULTS

This section presents the empirical performance measurements ob-
tained from the comparative evaluation of HTTP/1.1, HTTP/2,
RabbitMQ, and Apache Kafka under sustained real-time M2M data
streaming workloads. These measurements constitute the input data
for the AHP-TOPSIS evaluation framework presented in Section[3]

5.1 Empirical Performance Measurements

Table [T]summarizes the measured performance indicators obtained
during the sustained stress-test scenario. The experiments were
conducted under controlled LAN conditions using workloads of up
to 50000 generated messages per second.

The empirical measurements reveal clear performance differences
among the evaluated communication technologies. HTTP/1.1 con-
sistently exhibits the highest communication latency and the lowest
throughput due to its synchronous request-response model and re-
peated connection management. HTTP/2 reduces latency through
multiplexing and persistent connections but remains constrained by
its client—server communication paradigm. In contrast, RabbitMQ
and Apache Kafka benefit from asynchronous message handling,
resulting in substantially higher throughput and improved delivery
reliability under increasing workload. These observations indicate
that communication architecture has a direct influence on overall
system performance beyond the characteristics of the underlying
transport protocol.

The measurements also indicate that each evaluated technology
exhibits distinct performance advantages depending on the con-
sidered criterion. HTTP/2 provides the lowest average latency,
whereas Apache Kafka achieves the highest throughput together
with the lowest message loss and strongest ordering consistency.
RabbitMQ offers the most balanced performance across all criteria,
while HTTP/1.1 consistently ranks lowest under sustained work-
loads.

5.2 Latency Analysis

Latency is a key performance indicator for real-time data streaming
applications because delayed updates reduce the operational value
of transmitted information.

Figure 2] compares the average and 99th-percentile latency values.
HTTP/2 achieves the lowest average latency (128.4 ms), whereas
Apache Kafka provides the lowest 99th-percentile latency
(230.4 ms), indicating superior stability under sustained load. Rab-
bitMQ also demonstrates competitive latency performance, while
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Fig. 2. Average and 99th-percentile latency comparison.

HTTP/1.1 exhibits considerably higher latency because of syn-
chronous request-response communication overhead.

These results indicate that average latency alone is insufficient for
characterizing communication performance. Tail-latency measure-
ments provide additional insight into worst-case communication
delays.

The observed latency behaviour reflects the communication models
employed by the evaluated technologies. While HTTP-based proto-
cols require synchronous request processing before each response
is returned, broker-based systems decouple message production
from message consumption. Consequently, RabbitMQ and Apache
Kafka maintain more stable latency under increasing workload de-
spite the additional middleware layer. This behaviour becomes par-
ticularly evident under sustained high-volume workloads, where
communication efficiency and scalability become increasingly im-
portant.

5.3 Reliability and Ordering Analysis

Reliable message delivery and preservation of event ordering are
essential for maintaining consistency in event-driven systems.
Figures[3land[d]summarize the measured message loss and ordering
consistency.
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Fig. 3. Message loss comparison.

Message reliability is particularly important in real-time M2M
applications where missing events may lead to incomplete sys-
tem state information or delayed control actions. The experiments




Ordering Consistency Comparison
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Fig. 4. Ordering consistency comparison.

demonstrate that persistent message storage and acknowledgement
mechanisms implemented by broker-based platforms significantly
reduce message loss compared to synchronous HTTP communica-
tion, especially under elevated communication load.

Although all evaluated technologies preserve message ordering un-
der normal operating conditions, differences become visible under
higher traffic intensity. Broker-based platforms provide stronger or-
dering guarantees through queue- and partition-based processing
mechanisms, whereas HTTP-based communication relies primar-
ily on sequential request execution. The observed behaviour con-
firms that ordering performance depends not only on the protocol
itself but also on the underlying communication architecture.
Apache Kafka achieves both the lowest message loss (0.18%) and
the highest ordering consistency (99.7%). RabbitMQ also provides
strong reliability characteristics, whereas HTTP-based communi-
cation exhibits increased message loss under sustained workloads.

5.4 Throughput Analysis

Figure [5] compares the throughput achieved by the evaluated tech-
nologies.
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Fig. 5. Throughput comparison.

Apache Kafka achieves the highest throughput (12 800 msg/s), fol-
lowed by RabbitMQ (9450 msg/s), HTTP/2 (7650 msg/s), and
HTTP/1.1 (3950 msg/s).

Throughput measurements clearly demonstrate the scalability
advantages of asynchronous communication platforms. Apache
Kafka consistently achieves the highest throughput owing to its

;
ne @
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Table 2. Normalized decision matrix.
Tech. Lavg | Lpog | Loss | Order | Success | Tput
HTTP/1.1 {0.6933|0.7178 | 0.8562 | 0.4970 | 0.4972 | 0.2184
HTTP/2 0.3960 | 0.4271 | 0.4427 | 0.4985 | 0.4992 | 0.4228
RabbitMQ | 0.4179 | 0.4043 | 0.2290 | 0.5000 | 0.5017 | 0.5223
Kafka 0.434510.3716 [ 0.1375 | 0.5025 | 0.5027 | 0.7078

Table 3. Weighted decision matrix.

Tech. Vavg | Yp99 | VLoss | YVOrd | YSucc | VTput
HTTP/1.1 | 0.1733 | 0.1077 | 0.1284 | 0.0497 | 0.0746 | 0.0437
HTTP/2 0.0990 | 0.0641 | 0.0664 | 0.0499 | 0.0749 | 0.0846
RabbitMQ | 0.1045 | 0.0609 | 0.0343 | 0.0501 | 0.0752 | 0.1044
Kafka 0.1085 | 0.0558 | 0.0207 | 0.0503 | 0.0754 | 0.1416

distributed log architecture and sequential disk access model,
while RabbitMQ follows closely through efficient message queuing
mechanisms. HTTP-based approaches remain suitable for moder-
ate communication rates but exhibit reduced scalability as message
frequency increases.

5.5 Summary of Experimental Findings

The experimental results demonstrate that communication technol-
ogy selection cannot rely on a single performance indicator. While
HTTP/2 offers favorable latency characteristics, broker-based tech-
nologies provide substantially better reliability, ordering consis-
tency, and throughput. These empirical measurements constitute
the quantitative basis for the AHP-TOPSIS evaluation presented in
the following section. Since no technology consistently dominates
across all evaluated performance criteria, a structured multi-criteria
decision-making procedure is required to determine the most suit-
able overall solution. The following AHP-TOPSIS analysis inte-
grates these competing performance characteristics into a single
quantitative ranking.

6. AHP-TOPSIS ANALYSIS

This section applies the integrated AHP-TOPSIS framework to the
empirical measurements presented in Section[5] The objective is to
transform the measured performance indicators into a quantitative
ranking of the evaluated communication technologies.

6.1 Decision Matrix Construction

The empirical measurements in Table [I] form the initial decision
matrix for the TOPSIS analysis. The criteria weights were deter-
mined using AHP, as described in Section [3] The decision ma-
trix was normalized using the procedure defined in Section 3} and
the resulting values were multiplied by the AHP-derived criterion
weights to obtain the weighted decision matrix.

6.2 Normalized Decision Matrix
6.3 Weighted Decision Matrix
6.4 Ideal and Anti-Ideal Solutions

6.5 Closeness Coefficients and Ranking

The TOPSIS ranking results are summarized in Table[5} The close-
ness coefficient C; expresses the relative proximity of each alterna-
tive to the ideal solution; higher values indicate greater suitability
for the considered real-time M2M streaming environment.



Table 4. Ideal and anti-ideal solutions.

Criterion Ideal (A1) | Anti-Ideal (A™)
Lavg 0.0990 0.1733
Lpoo 0.0558 0.1077
Loss 0.0207 0.1284
Ordering 0.0503 0.0497
TxnSuccess 0.0754 0.0746
Tput 0.1416 0.0437

Table 5. TOPSIS distance and ranking results.
Tech. Sj S C; | Rank
Kafka 0.009 | 0.168 | 0.946 1

RabbitMQ | 0.040 | 0.140 | 0.777 2
HTTP/2 0.074 | 0.114 | 0.607 3
HTTP/1.1 | 0.171 | 0.000 | 0.000 4

TOPSIS Closeness Coefficient Comparison
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Fig. 6. TOPSIS closeness coefficient comparison.

The TOPSIS analysis integrates all measured performance indica-
tors together with the AHP-derived criterion weights into a single
suitability score for each communication technology.

Figure[f] visualizes the closeness coefficients obtained for the eval-
uated technologies.

The results confirm that Apache Kafka achieves the highest close-
ness coefficient (C; = 0.946), indicating the strongest over-
all performance across the evaluated criteria. RabbitMQ ranks
second (C; = 0.777), followed by HTTP/2 (C; = 0.607).
HTTP/1.1 obtains the lowest ranking due to its comparatively high
latency,higher message loss, lower throughput, and reduced relia-
bility under sustained load conditions.

6.6 Comparative Evaluation and Practical
Recommendations

The obtained TOPSIS ranking provides quantitative decision sup-
port for selecting communication technologies according to the op-
erational requirements of real-time M2M data streaming systems.
Although Apache Kafka achieves the highest overall score, the ex-
perimental results indicate that each evaluated technology remains
appropriate for specific deployment scenarios.

HTTP/2 is particularly suitable for latency-sensitive applications
requiring synchronous request-response communication while
maintaining compatibility with existing web infrastructures. Rab-
bitMQ provides a balanced compromise between throughput, reli-
ability, and deployment complexity, making it appropriate for en-
terprise integration and moderate-scale event processing. Apache
Kafka is the preferred solution for large-scale streaming applica-
tions where throughput, scalability, and reliable event delivery rep-
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resent the primary operational requirements. HTTP/1.1 remains ap-
plicable for lightweight systems with limited communication inten-
sity despite its lower overall performance.

Consequently, the proposed AHP-TOPSIS methodology should
not be interpreted as identifying a universally optimal communi-
cation technology. Instead, it provides a structured framework for
selecting the technology that best satisfies the priorities and con-
straints of a particular M2M application domain.

Table [6] summarizes the recommended deployment scenarios de-
rived from the obtained experimental results and the corresponding
TOPSIS ranking.

7. DISCUSSION

The presented results highlight that communication technology se-
lection in real-time M2M systems is inherently a multi-dimensional
engineering decision rather than a simple comparison of protocol
performance. Although latency is frequently considered the domi-
nant performance indicator, the experiments demonstrate that com-
munication reliability, throughput, message ordering, and success-
ful transaction processing collectively determine the operational ef-
fectiveness of a communication infrastructure.

The experimental results also demonstrate that communication
technology evaluation based on a single performance metric may
lead to misleading conclusions. For example, HTTP/2 achieves
the lowest average latency, whereas Apache Kafka dominates in
throughput, reliability, and ordering consistency. The integrated
AHP-TOPSIS framework resolves these conflicting observations
by simultaneously considering all evaluation criteria according to
their domain-specific importance.

Apache Kafka achieved the highest overall TOPSIS ranking pri-
marily because its architecture is optimized for continuous high-
volume event streaming. Its distributed log architecture, persistent
storage model, and partition-based processing provide excellent
scalability while maintaining reliable message delivery and order-
ing consistency. These characteristics explain why Kafka remains
the preferred choice for large-scale telemetry platforms, industrial
monitoring systems, and real-time event processing infrastructures.
RabbitMQ demonstrated consistently balanced performance across
all evaluated criteria. Although its maximum throughput is lower
than Kafka’s, RabbitMQ offers greater routing flexibility, mature
AMQP support, and comparatively simpler deployment in enter-
prise environments. Consequently, RabbitMQ may represent the
more appropriate solution in systems where integration flexibil-
ity and operational simplicity outweigh the need for maximum
throughput.

The comparison between HTTP/1.1 and HTTP/2 confirms the im-
portance of modern transport optimizations. HTTP/2 significantly
reduces communication overhead through multiplexing and header
compression, producing noticeable improvements in both latency
and throughput. Nevertheless, the experiments also illustrate that
request-response communication models remain fundamentally
less suitable than asynchronous messaging platforms for sustained
real-time event streaming.

An important implication of this study is that communication tech-
nology selection should not focus exclusively on protocol charac-
teristics. Real-world deployments are constrained by existing in-
frastructure, operational policies, implementation cost, and integra-
tion complexity. In many industrial systems, introducing a techni-
cally superior technology may not be economically or operationally
justified. Therefore, the objective of technology selection is often to
identify the solution that provides the best balance between perfor-
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Table 6. Comparative summary and practical recommendations for the evaluated communication technologies.

Technology Main Strength Main Limitation Typical Application

HTTP/1.1 Simplicity and universal compati- | High latency and limited scalability | Legacy web services and lightweight client—
bility server applications

HTTP/2 Low latency and improved commu- | Limited scalability for sustained | REST APIs, latency-sensitive web services,
nication efficiency high-volume streaming and moderate real-time systems

RabbitMQ Balanced performance and reliable | Lower maximum throughput than | Enterprise messaging, distributed applications,
message delivery Apache Kafka and event-driven systems

Apache Kafka | High throughput, scalability, and | Higher deployment and operational | Large-scale event streaming, telemetry plat-
reliability complexity forms, and industrial monitoring

mance and deployment constraints rather than the highest bench-
mark score.

The proposed AHP-TOPSIS methodology addresses this challenge
by combining objective experimental measurements with domain-
specific priorities. Unlike traditional benchmarking approaches that
compare technologies using a single metric, the proposed frame-
work enables decision makers to adjust criterion weights accord-
ing to the requirements of different application domains. For exam-
ple, latency-sensitive industrial control systems, large-scale teleme-
try platforms, and cloud-native event processing architectures may
all produce different optimal rankings despite evaluating the same
communication technologies.

Although the present evaluation considered four widely adopted
communication technologies under controlled LAN conditions, the
proposed methodology is not limited to these technologies. The
same decision framework can be applied to evaluate hybrid com-
munication architectures, cloud-native messaging platforms, edge-
computing deployments, or geographically distributed systems,
provided that appropriate evaluation criteria and experimental mea-
surements are available.

Overall, the study demonstrates that combining empirical experi-
mentation with structured multi-criteria decision-making provides
a practical and reproducible framework for communication tech-
nology selection. The methodology supports engineering decisions
that extend beyond protocol benchmarking and better reflect the
complexity of modern real-time M2M environments.

8. CONCLUSION

This paper presented an experimental evaluation of communica-
tion technologies for real-time Machine-to-Machine (M2M) data
streaming systems using an integrated AHP-TOPSIS decision-
support framework. Unlike conventional protocol benchmarking
studies that compare technologies primarily through isolated per-
formance indicators, the proposed approach combines empirical
measurements with structured multi-criteria decision-making to
support objective communication technology selection based on
domain-specific operational requirements.

The experimental evaluation demonstrated clear performance dif-
ferences among HTTP/1.1, HTTP/2, RabbitMQ, and Apache Kafka
under sustained high-volume workloads. Apache Kaftka achieved
the highest overall ranking owing to its combination of high
throughput, low message loss, strong ordering consistency, and
predictable latency behaviour. RabbitMQ also demonstrated com-
petitive performance, while HTTP/2 provided significant improve-
ments over HTTP/1.1 but remained less suitable than asynchronous
broker-based communication for continuous event streaming.
Beyond the experimental comparison itself, the principal contri-
bution of this work is the proposed decision-support methodol-
ogy. The integration of empirical performance measurements with
the AHP-TOPSIS framework enables multiple performance crite-

ria to be evaluated simultaneously while explicitly accounting for
domain-specific priorities. Consequently, communication technol-
ogy selection is transformed from a subjective engineering decision
into a transparent, reproducible, and quantitatively supported eval-
uation process.

The presented methodology is not limited to selecting individ-
ual communication technologies. It can also be applied to evalu-
ate alternative communication architectures, including hybrid so-
lutions that combine multiple communication mechanisms while
taking deployment constraints, existing infrastructure, and oper-
ational objectives into account. This capability considerably ex-
tends the applicability of the framework beyond traditional proto-
col benchmarking and reflects the practical complexity of contem-
porary M2M deployments. Although the present study focused on
four widely adopted communication technologies operating under
controlled LAN conditions, the methodology itself is technology-
independent. Future research will investigate additional communi-
cation platforms, cloud-native messaging systems, edge-computing
environments, geographically distributed deployments, and adap-
tive criterion weighting mechanisms capable of reflecting dynami-
cally changing operational priorities.

Overall, the obtained results demonstrate that communication tech-
nology selection should be approached as a domain-oriented multi-
criteria optimization problem rather than as a comparison of in-
dividual protocol performance metrics. The proposed framework
provides a practical, extensible, and reproducible methodology that
can support communication technology and architecture selection
across a broad range of real-time M2M applications.
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