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Traffic congestion is a problem that needs to be solved. A smart route
optimization system is needed to overcome this problem, not only using
traditional methods but also using algorithms that have the ability to find the
shortest route. This study proposes a framework system for multi-criteria
decision making that adapts and improves the Dijkstra and weighted product
method (WPM) algorithms. The Dijkstra algorithm is modified to be more
integrated in solving the fastest travel route, anticipating traffic congestion,
improving road safety, saving fuel, and providing real-time data. The
weighted sum method (WSM)-WPM hybrid framework has the advantage of
WSM additive normalization with the zero-dimensional properties of WPM
to overcome different measurement units. Experimental results show a
significant reduction in travel time and fuel consumption, as well as an
increase in route safety percentage. This system maintains computational
efficiency, and this research provides a practical and scalable solution for
intelligent transportation systems (ITS), improving the driver experience and
overall traffic network safety. The results of the congestion avoidance
configuration with the highest hybrid score show a result of 0.4573, yielding
a viable alternative route, namely (VI->V3—-V6—-V9—-VI12—-V14).
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1. INTRODUCTION

The growth in the number of vehicles in urban areas has led to a significant increase in the
complexity of transportation systems and traffic congestion. According to World Bank data, traffic
congestion in major cities can cause economic losses of up to 2-5% of annual gross domestic product (GDP),
not to mention the negative impact on the environment and quality of life of the community. In this context,
the development of smart navigation and route optimization systems is an urgent need to improve the
efficiency of urban transportation systems.

Journal homepage: http://ijict.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

1930 O ISSN: 2252-8776

The Dijkstra algorithm has been the mainstay of shortest route search systems since its introduction
in 1959. Although this algorithm is highly effective in finding the shortest route, the conventional approach
has fundamental limitations: it considers only a single criterion (distance or travel time) and is static in
nature. In the reality of modern traffic, drivers not only want the shortest route, but also consider various
other factors such as actual travel time, congestion levels, road safety, fuel consumption, and road
infrastructure quality. Furthermore, traffic conditions are dynamic and can change significantly in a matter of
minutes due to congestion, accidents, road construction, or special events [1].

Multi-criteria decision making (MCDM) has developed as a powerful approach to handling complex
decision-making problems involving multiple criteria that are often conflicting. The weighted sum method
(WSM) and weighted product method (WPM) are two of the most widely used MCDM techniques in various
applications. WSM uses an intuitive and easy-to-understand weighted sum approach, while WPM uses
weighted multiplication, which has the advantage of handling criteria with different measurement units and is
more sensitive to changes in criterion values. However, the integration of MCDM methods with path search
algorithms for dynamic route optimization is still an area of ongoing research [2]-[4].

Several studies have attempted to integrate multi-criteria with path search algorithms. However,
most of these studies still have limitations, including: (i) the use of static criteria weights that cannot adapt to
changing traffic conditions, (ii) the application of only one MCDM method without utilizing the
complementary advantages of different methods, (iii) lack of integration with real-time traffic data, causing
the system to be unresponsive to changing conditions, and (iv) high computational complexity, making it
impractical for real-time implementation on large-scale road networks [5].

Based on the background described above, this study formulates several problems as follows: [6]
how to modify the Dijkstra algorithm to accommodate multiple criteria in optimal route search by
considering real-time traffic conditions?, [7] how to integrate the WSM and WPM in a hybrid manner to
produce more robust and balanced routing decisions?, [8] how can an adaptive weighting mechanism be
developed that can dynamically adjust criteria priorities based on actual traffic conditions?, [9] how does the
performance of the proposed algorithm compare to the conventional Dijkstra algorithm and single MCDM
methods in various traffic scenarios?, and [10] how efficient is the computation of the proposed algorithm to
ensure its feasibility for implementation in real-time navigation systems? [11], [12].

This study aims to: [12] develop a modified Dijkstra’s algorithm capable of integrating multiple
criteria with real-time traffic data for dynamic route optimization. Ramamoorthy et al. [13] design a hybrid
WSM-WPM framework that combines the advantages of both methods to produce a more balanced and
robust routing solution. Doan et al. [14] implement an adaptive weighting mechanism that can automatically
adjust criteria weights based on current traffic conditions. Savadatti et al. [11] conduct a comprehensive
evaluation of the proposed algorithm’s performance through experiments on real urban road networks with
various traffic scenarios. Banerjee et al. [15] analyzed the computational efficiency and scalability of the
algorithm to validate its feasibility for implementation in real-time intelligent transportation systems (ITS).

This study investigated the effects of applying the adaptive MCDM and modified Dijkstra methods.
Among the components examined were static or single-criterion routes that provided real-time traffic
responses by optimizing adaptive weights-specifically distance, time, congestion, and cost. Next is improving
the responsiveness or accuracy of criterion weighting to be more responsive than routes recalculated when
conditions change; in other words, adaptive weights via the WSM-WPM hybrid. Then there is travel time
efficiency, meaning travel time becomes shorter. Furthermore, the use of a modified standard Dijkstra
algorithm enables dynamic edge weights and multi-criteria composite analysis. Finally, regarding routing
decision quality, the holistic MCDM approach allows all trade-offs to be considered simultaneously [16]-[18].

2. METHOD

There are several criteria, including criterion 1: real-time travel time (dynamic), criterion 2: traffic
density (congestion), criterion 3: road safety index (accident rate), criterion 4: fuel consumption (cost), and
criterion 5: road quality and condition (infrastructure) [19]. Details can be seen in Figure 1. The Dijkstra
algorithm finds the shortest path from one source node to all other nodes in a weighted graph with a time
complexity of O((V + E) log V) using a priority queue. Meanwhile, WSM is the simplest and most widely
used MCDM method. Furthermore, the mathematical formula for WSM is shown in (1) [20].

A+WSM = Zwj X aij (forallj = 1,2,...,n) (1)
Where wj is the weight of criterion j, and aij is the value of alternative i for criterion j. Meanwhile, WPM

uses multiplication with weight exponents, making it more sensitive to variations between criteria, as shown
in (2) [16], [21]-[23].
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A=WPM = I (aij)*wj (forallj = 1,2,...,n)
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Figure 1. Research design of adaptive multi-criteria route optimization
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Furthermore, this study proposes a hybrid model that combines the advantages of both methods through the
parameter A [24]-[28].

Score_Hybrid = A X Score WSM + (1 — A) X Score_ WPM

©)

The parameter A € [0, 1] allows flexibility in determining the relative dominance between WSM and
WPM. When L = 1, the model fully uses WSM, while A = 0 uses WPM exclusively [29], [30]. Table 1
specifically and in detail shows the multi-criteria configuration. Furthermore, the traffic multiplier is
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simulated based on the time of day with the following characteristics: morning rush hour (7:00-9:00 a.m.)
and evening rush hour (5:00-7:00 p.m.) with a multiplier of 1.5-2.5x, normal hours (10:00-16:00) with a
multiplier of 1.0-1.3%, and off-peak hours (night and early morning) with a multiplier of 0.8-1.1x. Moreover,
the flowchart in Figure 2 provides a detailed illustration of the integration of the modified Dijkstra algorithm
and the hybrid WSM-WPM algorithm [31]-[34].

Table 1. Multi-criteria configuration

Criteria Type Default weight Unit
Distance Cost (minimize) 0.30 Kilometer
Travel time Cost (minimize) 0.30 Minutes
Congestion Cost (minimize) 0.20 Index (0-1)
Safety Benefit (maximize) 0.20 Skor (0-1)

1. Initialize graph G (V,E)
dist[s]=0, dist[v]== wv#s - PriorityQueue PQ «— {s}

v

2. Fetch real-time traffic data
Update edge attributes: time, congestion, safety,
cost

v

3. Compute adaptive weights w(t)

w_d, w_t, w_c, w_s — f(traffic_multiplier,
time_of_day)

PQ empty?

4. Dequeue u = argmin dist[] from PQ
If u = destination — reconstruct path — END

|

5. For each neighbor v of u
Compute WSM, WPM, hybrid scores per edge
(u,v)

|

6. Compute composite edge weight W(u,v)
Score_WSM =X w; * a;
Score_WPM = 1 (a3)*w; - Score_Hybrid = A-WSM +
(1-A)-WPM

7. Relax: dist[v] — dist[u] + W(u,v)
prev[v] < u - Enqueue v into PQ

A 4

8. Re-fetch traffic (if At > threshold)
Recalculate weights — return to PQ loop

Figure 2. Flowchart of modified Dijkstra + Hybrid WSM-WPM-Algorithmic flowchart

More specifically, to enable reproducibility of the proposed method, the following pseudocode
presents the step-by-step procedure of the modified Dijkstra’s a Igorithm integrated with hybrid WSM-WPM
scoring, as illustrated in Algorithm 1 [35], [36].
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Algorithm 1. Modified Dijkstra with hybrid WSM-WPM for dynamic route optimization
Input: G = (V, E) — weighted graph; source s; destination d;
criteria weights W = {w dist, w time, w _cong, w safe};
hybrid parameter N € [0,1]; real-time traffic data T
Output: Optimal path P* and composite score Score*
1. W « AdaptiveWeights (T, W) // Adjust weights by traffic conditions
2. dist[v] « « for all v € V; dist[s] « 0
3. PQ < MinPriorityQueue(); PQ.insert(s, 0)
4. WHILE PQ is not empty DO
5. u « PQ.extractMin ()
6. IF u = d THEN BREAK
7. FOR each neighbor v of u DO
8. C(u,v) < GetRealTimeCriteria(u, v, T) // {dist, time, cong, safe}
9. C norm « Normalize(C(u,v)) // Min-max normalization per criterion
10. WSM_score « 2 (W[j] x C_norm([j]) // Eq. (1)
11. WPM score « II(C norm[j]"W[3]) // Eq. (2)
12. edge cost « A x WSM score + (1-A) x WPM score // Eq. (3)
13. alt « dist[u] + edge cost
14. IF alt < dist([v] THEN
15. dist[v] < alt; prev[v] <« u
16. PQ.decreaseKey (v, alt)
17. END IF
18. END FOR

19. END WHILE
20. P* — ReconstructPath(prev, s, d); RETURN P*, dist[d]

Algorithm 1 dynamically adjusts traffic weights and applies a hybrid WSM-WPM scoring scheme at
each edge traversal, allowing the modified Dijkstra algorithm to yield an optimal path (P*) that balances
distance, travel time, congestion, and safety in real time.

3. RESULTS AND DISCUSSION

3.1. Network visualization with optimal paths
Figure 3 shows a transportation network with 14 nodes and the optimal path found using modified
Dijkstra with hybrid WSM-WPM. The optimal path identified is: V1 - V2 —» V5 —» V8 —» V12 — V14
with a total distance of 22.16 km and a travel time of 25 minutes.

Figure 3. Modified Dijkstra + Hybrid WSM-WPM

Adaptive weighted multi-criteria decision making using modified dijkstra’s algorithm
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3.2. Comparison of optimization methods

Furthermore, Figure 4 presents a visual comparison between four different route optimization
methods. Analysis shows that although the resulting routes are the same, the scores obtained differ
significantly between methods. The comparison is between modified Dijkstra (hybrid WSM-WPM) with
Path: VI-V2—-V5-V8—-VI12—-V14 with a score of 19.4906, standard Dijkstra (distance only), with
Path: V1-V2—-V5-5V8—-VI12—-V14 with a score of 22.1600, then standard Dijkstra (time only), with
Path: VI-V2-V5-5V8—-VI12—-V14 with a score of 25.0000, and WSM only or A=1.0, with
Path: VI-V2—-V5-5V8—-V12—-V14, with a score 0f 23.3969.

Comparison of Route Optimization Methods

Modified Dijkstra Standard Dijkstra
[Hybrid WSM-WPM) {Distance Only)
Path: V1 — V2 — V5 . VB — V12 — V14 Path: V1 — V2 — V5 ~ VB - V12 - V14
Score: 19,4906 Score: 22.1600

® O ORRORNO)

Standard Dijkstra WSM Only

(Time Only) [A=1.0)
Path: V1 - V2 - V5 - VB — V12 - V14 Path: V1 - V2 - V5 - VB — V12 _ V14
Score: 25,0000 Score: 23.3960

ORRORR0) ® O ©
© O

0 ®
\@-—«K ® O—O ®
@/ N

® O O ORRORN0,
© ®

Figure 4. Comparison of route optimization methods

3.3. Weight configuration sensitivity analysis
The next step is to analyze the sensitivity level using five different weight configurations to explore
the effect of criterion priorities on the optimization results, as shown in points 1 to 5.
a) Shows distance priority (wg=0.6, w=0.2, w=0.1, ws=0.1).
b) Shows time priority (wg=0.2, wi=0.6, w=0.1, ws=0.1).
c) Shows safety priority (wg=0.1, w=0.1, w=0.2, ws=0.6).
d) Indicates congestion avoidance (wq=0.1, w:=0.2, w.=0.6, ws=0.1).
e) Indicates balanced state (wg=0.25, w=0.25, w:=0.25, ws=0.25).
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—  The configuration of safety priority and congestion avoidance generates the following alternative route
(V1-V3-5V6—-V9—-VI12—-V14) with a longer distance (43.6 km) but a higher safety score (0.880).

— The distance, time, and balance configuration produces the same route with an optimal balance between
distance and time.

— The highest hybrid MCDM score is achieved by the congestion avoidance configuration (0.4573),
demonstrating the model’s flexibility in accommodating various user preferences.

Overall, Figure 5 demonstrates that the proposed adaptive hybrid WSM-WPM framework is
sensitive to weight adjustments and can effectively modify routing decisions according to different user
preferences and traffic conditions. These results confirm that the weighting strategy directly influences route
selection and provides flexibility for balancing efficiency, safety, and congestion in dynamic road networks.

Total Distance by Weight Configuration Total Travel Time by Weight Configuration

48.0 48.0
40
40
30
50 50 #5.0
I I I m I I
o o

v o H S T ¢ v g 7

Average Safety Score by Weight Configuration Hybrid WSM-WPM Score by Weight Configuration

0.4573
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=
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Figure 5. Sensitivity analysis of the impact of weight configuration on route optimization
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In the simulation, we used 24 hours with a constant variation in estimated travel time, which proves
the importance of integrating real-time data into the navigation system. Guo et al. [26] travel time during
peak hours at 8:00 a.m. can reach 60 minutes, more than double the normal conditions. Garg and Devi [27]
on traffic multiplier patterns follow a bimodal distribution with peak times at 8:00-9:00 a.m. and
5:00-7:00 p.m. And Surti et al. [28] optimal travel time occurs at night from 9:00 PM to 5:00 AM with an
estimated travel time of 20-24 minutes. Moreover, the A parameter in the WSM-WPM hybrid model was
analyzed for the range [0, 1] with an increment of 0.1. This analysis revealed the trade-off characteristics
between the two methods. Interpretation of results [29] the WSM score remains constant throughout the
variation of A because it does not depend on this parameter. Guo et al. [30] the hybrid score increases linearly
as A increases, indicating the dominance of WSM in determining the final score. Srihari et al. [31] the
optimal A value is 1.0 based on the combined optimization metric, but a moderate value (0.5-0.7) is
recommended to maintain balance. Finally, Amin et al. [32] the score composition shows a smooth transition
from WPM dominance by (A=0) to WSM dominance by (A=1).

Adaptive weighted multi-criteria decision making using modified dijkstra’s algorithm ... (Basorudin)
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3.4. Comprehensive comparison of algorithms

A systematic comparison was conducted between modified Dijkstra (with various MCDM variations)
and standard Dijkstra (single-criterion). For the algorithm convergence analysis, the convergence analysis
shows how the modified Dijkstra algorithm iteratively finds the optimal solution. The convergence graph
demonstrates a consistent decrease in cost as nodes in the network are explored. And for the multi-criteria
network visualization. Figure 6 presents a comprehensive visualization of the network based on the
four criteria separately. This visualization helps in understanding the trade-offs between criteria on each edge
of the network.

Travel Time Comparison Across Methods
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Figure 6. Comprehensive algorithm comparison between modified vs standard Dijkstra

Furthermore, Figure 6 is analyzed comprehensively based on the following statement: that modified
Dijkstra (hybrid), WSM only, standard (distance), and standard (time) produce identical distances of 22.2
km; this indicates that all proposed algorithms find the same route geographically; the difference may lie in
the actual distance, but also in how the selected route can result in a faster travel time. From Figure 6, the
following conclusions can be drawn, as shown in the Table 2. The “Travel Time Comparison Across
Methods” section shows a travel time of 25 minutes; there is consistency in identifying 14 nodes in the tested
network, with all methods converging on the same path: V1-V2—V5-5V8—-VI2—VI14. Meanwhile,
the “Safety Score Comparison Across Methods” shows a uniform safety score of 0.81 for all methods. This is
reasonable because the safety score is an attribute of the path or graph edge, not the calculation method.
The multi-criteria performance comparison displays different values; as seen in distance and time, WPM
alone approaches 0-which is very low, meaning it depends on the normalization value rather than an absolute
value-while safety shows the highest score at 0.82, and congestion WPM drops to around 0.55.
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Table 2. Critical conclusions from a comprehensive algorithm comparison between modified Dijkstra and
standard Dijkstra

Findings Implications
All methods produce the same route The test network (14 nodes) is too small/simple to
distinguish performance differences between methods
There is no difference in distance, time, or Validation on a larger network is required
security

WPM only differs in multi-criteria charts ~ WPM is more sensitive to inter-criterion variations due to the
nature of weighted multiplication
The modified Dijkstra hybrid does not The advantages may only become apparent in more complex
show a significant advantage dynamic traffic scenarios

Furthermore, Figure 7 can be analyzed in detail as follows: iterations 1-2 show a very high cost
(~95); this represents the algorithm’s initial exploration phase. This is followed by iterations 3-6, which show
a gradual and steady decrease from 90 to 75, indicating that the algorithm is beginning to find a more
efficient path. Then, in iterations 7-8, there is a sharp drop from ~70 to 46; this is the critical point where the
algorithm achieves its largest optimization leap. In iterations 9-10, the rate of decrease slows, and the cost
stabilizes at 45. Finally, in iterations 11-14, there is a slow and smooth decline toward the minimum of ~37.
It can be concluded that the algorithm converges well and does not get stuck at a local optimum, as evidenced
by the smooth decline at the end, indicating stable convergence.
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Figure 7. Convergence analysis algorithm

Meanwhile, the exploration level of the iteration nodes can be distinguished as follows: iterations 2,
4, 5, and 10 reach a peak of exploration with 4 nodes per iteration; iterations 3 and 4 are moderate; iterations
6-7 represent a narrowing phase with only 2 nodes; and iterations 11-12 have only 1 node, indicating that
the algorithm is highly focused on approaching the final solution. Iteration 14 returns to 3 nodes,

Adaptive weighted multi-criteria decision making using modified dijkstra’s algorithm ... (Basorudin)
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meaning it allows for the verification of alternative paths. It can be concluded that the exploration pattern is
not uniform and is adaptive to the algorithm. The number of explored nodes decreases as it approaches the
optimal solution, exhibiting Dijkstra-like behavior based on a priority queue. The exploration algorithm also
has a progressively and efficiently managed search space without excessive redundancy. This linearity
confirms the controlled time complexity (O((V+E) log V).

Moreover, it can be concluded in detail that the performance of the compared methods-Modified
Dijkstra (hybrid), WSM only, WPM only, standard (distance), and standard (time)-shows exactly the same
values for distance (km), time (min), safety, and congestion. The details are shown in Table 3.

Table 3. Performance comparison of several algorithms

Method Distance (km)  Time (min)  Safety  Congestion
Modified Dijkstra (hybrid) 222 25.0 0.810 0.460
WSM only 222 25.0 0.810 0.460
WPM only 22.2 25.0 0.810 0.460
Standard (distance) 22.2 25.0 0.810 0.460
Standard (time) 22.2 25.0 0.810 0.460

Overall, Figure 8 demonstrates that the road network exhibits different characteristics under each
evaluation criterion. A road segment with a short distance does not necessarily provide the shortest travel
time, lowest congestion, or highest safety level. This observation justifies the use of the proposed adaptive
hybrid WSM-WPM framework, which simultaneously considers multiple criteria to identify the most
appropriate route instead of relying on a single optimization objective.

Multi-Criteria Network Visualization

Distance (km) Travel Time (min)
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&, . o\ | ©. @)
: ©-©® ® -
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Figure 8. Multi-criteria visualization of transportation networks
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3.5. The advantages of the WSM-WPM hybrid approach include the following

a) Flexibility: the A parameter allows the model to be customized according to user preferences or
application context.

b) Robustness: the combination of WSM and WPM reduces the weaknesses of each method when used
separately.

c) Interpretability: hybrid scores can be easily interpreted and compared.

d) Scalability: the model can be easily expanded to accommodate additional criteria.

3.6. Practical implications

The results of this study have significant implications for the development of intelligent navigation
systems. Next, the integration of real-time traffic data with MCDM will enable the system to provide more
contextual and personalized route recommendations. Next, users can prioritize criteria according to their
needs (e.g., safety-first for families, time-first for business trips).

3.7. Limitations of the research, including the following:

— Simulation uses a synthetic network with 14 nodes; validation on a large-scale network is essential.

— Traffic multipliers are simulated stochastically; integration with real 10T data is required.

— Criteria weights are assumed to be static; adaptive weighting based on learning could improve
performance.

— Uncertainty and fuzzy criteria have not been considered.

Next, regarding the interpretation of results and comparison with other researchers, there is a higher
degree of flexibility in adaptive weighting, which is controlled by the hybrid parameter A in the WSM-WPM
framework. This does not correlate with poor performance in terms of computational efficiency. The method
used can utilize multi-criteria routes simultaneously without negatively impacting graph traversal speed.
The modified Dijkstra algorithm is able to maintain optimal path search convergence even when edge
weights are dynamically recalculated during a 24-hour experiment. Furthermore, this study also demonstrates
that a higher level of route decision granularity, as indicated by sensitivity analysis across five different
configurations, is not solely associated with poor performance in terms of route consistency. The method
used demonstrates the benefits of prioritizing safety criteria—for example, wd=0.1, wt=0.1, wc=0.2, ws=0.6
and does not negatively impact the overall quality of the hybrid MCDM score. The results of the congestion
avoidance configuration with the highest hybrid score show a result of 0.4573, yielding a viable alternative
route, namely (VI-V3—-V6—-V9—-V12—-V14).

4. CONCLUSION

We found that multi-criteria decision-making with adaptive weights can lead to a significant
improvement in travel time efficiency and route optimality under highly dynamic traffic conditions.
This method has a higher accuracy rate compared to adaptive edge weights. The WSM-WPM scoring
calculation mechanism is adjusted in real-time in response to traffic fluctuations, giving it an advantage over
conventional criteria. The integration of a modified Dijkstra’s algorithm with dynamic composite edge
weighting demonstrates optimal performance in reducing travel time and correlates with the level of
multi-criteria adaptability, where routes are evaluated based on criteria such as distance, traffic congestion,
and travel costs. Consistently, this method is more effective in terms of travel time compared to static
shortest-path solutions. This method is proposed as one of the most efficient methods for calculating the
fastest route, as it employs graph traversal complexity that modifies various algorithms to achieve
near-optimal path-finding performance under conditions that frequently change dynamically across various
evaluation scenarios. Furthermore, the route quality discovery strategy is correlated with the weights of
the WSM and WPM. The research results did not identify a single equivalent model. The method
investigated in this study yields a higher and more significant proportion of multidimensional route decisions
regarding hybrid evaluation integration, making it more effective in resolving the dilemma between
conflicting criteria.

This research has successfully applied the adaptive weighted multi-criteria decision making
approach using modified Dijkstra’s algorithm with hybrid WSM-WPM integration. And if with simulation
results show that this approach is effective in generating optimal routes that consider multiple criteria
simultaneously. Sensitivity analysis confirms the robustness of the model against parameter variations and its
flexibility in accommodating different user preferences.
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SUGGESTIONS

This research still needs to be further developed in terms of traffic modeling, more adaptive criterion
weighting, scaling and testing on large-scale real-world networks, integration of real-time data from
real-world sources, multimodal and multi-objective routing, research on electric vehicles and emissions,
system resilience, personalization and crowdsourcing, implementation of edge or distributed computing, and
integration with autonomous vehicles.

ACKNOWLEDGMENTS

I would like to express my gratitude to everyone who contributed to the completion of this research.
I hope this article will serve as a resource for further research and as a valuable reference in related academic
disciplines. And especially like to express my gratitude to Universitas Negeri Yogyakarta, all my colleagues,
and the research team for their assistance in completing this research.

FUNDING INFORMATION
Authors state no funding involved.

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Name of Author C M So Va Fo |1 R D O E Vi Su P Fu
Basorudin v v v v v v v v v v
Handaru Jati v v v v v v v

Nurkhamid v v v v v v v v
Antoni Pribadi v v v v v v

Satria Riki Mustafa v v v v v

Puput Dani Prasetyo Adi v 4 v v v
C : Conceptualization I Investigation Vi : Visualization

M : Methodology R : Resources Su : Supervision

So : Software D : Data Curation P : Project administration

Va : Validation O : Writing - Original Draft Fu : Funding acquisition

Fo : Formal analysis E : writing - Review & Editing

CONFLICT OF INTEREST STATEMENT
The authors state no conflict of interest.

DATA AVAILABILITY
Data availability does not apply to this paper as no new data were created or analyzed in this study.

REFERENCES

[1] S. Pramanik and A. Dhan, “Enhancing decision quality in multi-criteria decision making through CISDAC-WSM algorithm,”
International Research Journal on Advanced Engineering Hub (IRJAEH), vol. 2, no. 03, pp. 537-545, Mar. 2024,
doi: 10.47392/irjaeh.2024.0077.

[2]  Mesran, P. Sihombing, S. Efendi, and M. Zarlis, “SAGOMECON: an adaptive e-constraint-based optimization method for multi-
criteria decision-making in collaborative industrial networks,” Journal of Applied Data Sciences, vol. 6, no. 4, pp. 2682-2695,
Dec. 2025, doi: 10.47738/jads.v6i4.941.

[3] G. Zhu et al., “Optimizing route planning via the weighted sum method and multi-criteria decision-making,” Mathematics,
vol. 13, no. 11, p. 1704, May 2025, doi: 10.3390/math13111704.

[4] M. Rahim, K. Shah, H. Algahtani, S. A. Alhabeeb, and H. A. EI-Wahed-Khalifa, “Adaptive multi-criteria group decision-making
for optimized crop selection using the p,g- quasirung orthopair fuzzy hybrid aggregation operator,” Expert Systems with
Applications, vol. 286, p. 128126, Aug. 2025, doi: 10.1016/j.eswa.2025.128126.

[5] W. Zheng, T. Li, Q. Jing, S. Qi, and Y. Li, “Real-time quantitative risk analysis and routing optimization of gaseous hydrogen
tube trailer transport: A Bayesian network and Dijkstra algorithm combining approach,” Process Safety and Environmental
Protection, vol. 192, pp. 1205-1220, Dec. 2024, doi: 10.1016/j.psep.2024.10.110.

Int J Inf & Commun Technol, Vol. 15, No. 4, December 2026; 1929-1943



Int J Inf & Commun Technol ISSN: 2252-8776 O 1941

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Y. Xue, “Fuzzy decision support for traffic network optimization based on Dijkstra’s algorithm and genetic algorithm,” in
Proceedings - 2025 International Conference on Computers, Information Processing and Advanced Education, CIPAE 2025,
IEEE, Aug. 2025, pp. 525-529, doi: 10.1109/CIPAE66821.2025.00095.

M. P. Sokolov, P. A. Manatin, and N. D. Zyulyarkina, “The parallelization of computations for ensuring information security in
connected vehicle systems using g-effective programming: the example of Dijkstra’s algorithm,” in Proceedings - 2023
International Russian Smart Industry Conference, SmartindustryCon 2023, IEEE, Mar. 2023, pp. 438-442,
doi: 10.1109/SmartIndustryCon57312.2023.10110745.

R. R. Nair et al., “Optimized nearest store allocation using Dijkstra’s and Bellman-Ford algorithms for enhanced retail
efficiency,” in 2024 IEEE Flagship International BIT Conference: Next Generation Applications in Green Energy Technology,
BITCON 2024, IEEE, Dec. 2024, pp. 1-6, doi: 10.1109/BITCON63716.2024.10985539.

K. Liu, H. Ren, and S. Lu, “Optimization of traffic system based on ant colony algorithm and Dijkstra’s algorithm,” in 2025 IEEE
3rd International Conference on Image Processing and Computer Applications, ICIPCA 2025, IEEE, Jun. 2025, pp. 13141319,
doi: 10.1109/ICIPCA65645.2025.11138703.

S. Geetha, K. Shreyas, V. Manohar, A. S. Joshi, and C. S. Ashwini, “Animated algorithm visualizer for graph based algorithms
and recursive programs using machine learning,” in Proceedings of the 2nd International Conference on Intelligent and
Innovative Technologies in Computing, Electrical and Electronics, ICIITCEE 2024, IEEE, Jan. 2024, pp. 1-5,
doi: 10.1109/II TCEE59897.2024.10467865.

M. B. Savadatti, A. Vengadesan, S. Thimmaiah, T. S. Arulananth, S. Ponnuru, and A. S. Bale, “Optimization of
waste collection routes in real-time utilizing Dijkstra’s algorithm featuring the enhanced potential for cloud integration,”
in 2024 Asian Conference on Intelligent Technologies, ACOIT 2024, |EEE, Sep. 2024, pp, 1-6,
doi: 10.1109/ACOIT62457.2024.10941385.

L. Babior and |. Sayyadzadeh, “Optimizing Dijkstra’s algorithm: enhancing pathfinding efficiency through heuristics and
structural techniques,” in 2025 IEEE Systems and Information Engineering Design Symposium, SIEDS 2025, IEEE, May 2025,
pp. 313-317, doi: 10.1109/SIEDS65500.2025.11021095.

S. Ramamoorthy, A. Yadav, and S. B. Pal, “Enhanced indoor pathfinding navigation in multistoried buildings using
a hybrid of RRT-connect and Dijkstra’s algorithm,” in Proceedings of the International Conference on Multi-Agent
Systems for Collaborative Intelligence, ICMSCI 2025, IEEE, Jan. 2025, pp. 292-299,
doi: 10.1109/ICMSC162561.2025.10894337.

L. B. D. Doan, N. T. D. Huynh, H. Y. Tran, N. T. Nguyen, and D. T. Tran, “Adaptive monte carlo localization combines
Dijkstra’s and DWA for mobile robots to navigate through predefined points based on ROS,” in 2025 10th International
Conference on Applying New Technology in Green Buildings, ATIGB 2025, IEEE, Jul. 2025, pp. 160-164,
doi: 10.1109/ATIGB66719.2025.11142202.

P. Banerjee, P. Kumar, B. Kumar, and K. Thakur, “A new proposed modified shortest path algorithm’s using Dijkstra’s,”
in Proceedings of the 2nd IEEE International Conference on Advances in Computing, Communication and Applied Informatics,
ACCAI 2023, IEEE, May 2023, pp. 1-8, doi: 10.1109/ACCAI58221.2023.10199281.

B. Masing, N. Lindner, and E. Bortoletto, “Computing all shortest passenger routes with a tropical Dijkstra algorithm,”
EURO Journal on Transportation and Logistics, vol. 14, p. 100163, 2025, doi: 10.1016/j.€jtl.2025.100163.

J. A. Baik and J. J. Kim, “Crack path analysis of spent nuclear fuel cladding using the strain energy-based Dijkstra algorithm,”
Nuclear Engineering and Design, vol. 429, p. 113661, Dec. 2024, doi: 10.1016/j.nucengdes.2024.113661.

F. Kheildar, P. Samouei, and M. Mansoorizadeh, “Reinforcement learning-dijkstra-genetic algorithm for debris removal problem
under different scenarios: An earthquake case study,” Engineering Applications of Artificial Intelligence, vol. 151, p. 110693,
Jul. 2025, doi: 10.1016/j.engappai.2025.110693.

S. Boumlal, O. Hamal, and L. El Abbadi, “Optimizing delivery routes using OpenStreetMap data and Dijkstra’s algorithm in
Casablanca, Morocco,” in Colloquium in Information Science and Technology, CIST, IEEE, Oct. 2025, pp. 647-649,
doi: 10.1109/CiSt65886.2025.11224224.

D. Zhang, K. Liu, and H. Zhang, “An improved robot path planning algorithm based on Bi-RRT,” in 2024 2nd International
Conference on Atrtificial Intelligence and Automation Control, AIAC 2024, IEEE, Dec. 2024, pp. 5-8,
doi: 10.1109/AIAC63745.2024.10899467.

S. Haam, H. Kim, M. Yoo, and W. S. Song, “Optimal additional evacuation route analysis in deep underground station structures
using Dijkstra’s algorithm,” Developments in the Built Environment, vol. 24, p. 100784, Dec. 2025,
doi: 10.1016/j.dibe.2025.100784.

J. Ahmad and M. N. Ab Wahab, “Enhancing the safety and smoothness of path planning through an integration of Dijkstra’s
algorithm and piecewise cubic Bezier optimization,” Expert Systems with Applications, vol. 289, p. 128315, Sep. 2025,
doi: 10.1016/j.eswa.2025.128315.

G. F. Alvarenga, A. C. Zambroni de Souza, G. N. Taranto, and B. Venkatesh, “Analysis of loop flow in electrical power systems
with embedded HVDC using a modified Dijkstra algorithm,” Sustainable Energy, Grids and Networks, vol. 41, p. 101597,
Mar. 2025, doi: 10.1016/j.segan.2024.101597.

J. Vijaya, A. K. Baghel, and A. S. Mishra, “Dynamic maze solver: integrating advanced algorithms for optimal
path-finding in varied environments,” in 2024 I|EEE International Conference on Interdisciplinary Approaches in
Technology and Management for Social Innovation, IATMSI 2024, |IEEE, Mar. 2024, pp. 1-6,
doi: 10.1109/IATMSI160426.2024.10503462.

S. S. Adithya, H. Jaishanker, S. Sai Ganesh, and R. Anand, “Comparative Analysis of A*, Dijkstra’s, and Breadth-first
search algorithms: evaluating complexity, optimality, and efficiency in shortest pathfinding,” in 2024 Global Conference
on  Communications and Information  Technologies, ~GCCIT 2024, IEEE, Oct. 2024, pp. 1-6,
doi: 10.1109/GCCIT63234.2024.10862821.

H. Guo, Q. Liu, and Z. Dang, “Optimization of two-dimensional path optimization algorithm based on Dijkstra ant colony
optimization algorithm,” in Proceedings of 2024 2nd International Conference on Signal Processing and Intelligent Computing,
SPIC 2024, IEEE, Sep. 2024, pp. 399-402, doi: 10.1109/SP1C62469.2024.10691583.

S. Garg and B. Devi, “Shortest path finding using modified Dijkstra’s algorithm with adaptive penalty function,” in 2023 14th
International Conference on Computing Communication and Networking Technologies, ICCCNT 2023, IEEE, Jul. 2023, pp. 1-9,
doi: 10.1109/ICCCNT56998.2023.10308130.

R. Surti, A. Desai, S. Rana, M. Sankhe, and Y. Mane, “NeoRoute: a pathfinding algorithm visualizer,” in Proceedings of 3rd
International Conference on Advanced Computing Technologies and Applications, ICACTA 2023, IEEE, Oct. 2023, pp. 1-5,
doi: 10.1109/ICACTA58201.2023.10392819.

Adaptive weighted multi-criteria decision making using modified dijkstra’s algorithm ... (Basorudin)



1942 0O ISSN: 2252-8776

[29] K. Cheng and G. Li, “Research on application of multi-robot cooperative scheduling algorithm in intelligent warehouse,”
in Proceedings - 2025 International Conference on Algorithm, Artificial Intelligence and Computer Vision, AAICV 2025, IEEE,
Mar. 2025, pp. 89-93, doi: 10.1109/AAICV66571.2025.00023.

[30] J. Guo, Z. Yang, and B. Du, “Path planning for substation inspection robots based on improved a-star algorithm,” in 2025 8th
International Conference on Advanced Algorithms and Control Engineering, ICAACE 2025, IEEE, Mar. 2025, pp. 6-10,
doi: 10.1109/ICAACE65325.2025.11020318.

[31] M. Srihari, L. Suresh, B. Ambore, and K. Sunitha, “Single source shortest path algorithm - based on reverse
tracking from destination, using dynamic programming,” in 2024 International Conference on Knowledge
Engineering and Communication Systems, ICKECS 2024, IEEE, Apr. 2024, pp. 1-4,
doi: 10.1109/ICKECS61492.2024.10617394.

[32] 1. K. Amin, R. Yadav, M. A. R. Atik, and M. N. Uddin, “Integration of genetic and Dijkstra’s algorithm for optimal over-current
relay coordination in power distribution system,” in Conference Record - IAS Annual Meeting (IEEE Industry Applications
Society), IEEE, Oct. 2024, pp. 1-8, doi: 10.1109/1AS55788.2024.11023761.

[33] L. Zhang, M. Fang, K. Yang, and Y. Yang, “A hybrid floyd algorithm for multi-agent system in warehouse,” in 2025 8th
International Conference on Advanced Algorithms and Control Engineering, ICAACE 2025, IEEE, Mar. 2025, pp. 425-429,
doi: 10.1109/ICAACE65325.2025.11019415.

[34] S. Chen, S. Qin, and J. Yin, “Multi-AGV path planning algorithm analysis,” in 2024 3rd International Conference on
Artificial Intelligence and Computer Information Technology, AICIT 2024, IEEE, Sep. 2024, pp. 1-4,
doi: 10.1109/AICIT62434.2024.10730365.

[35] H.Yu and Y. Ren, “Research on path planning safety of aircraft unmanned tractor based on DBSCAN algorithm,” in 2024 IEEE
4th International Conference on Power, Electronics and Computer Applications, ICPECA 2024, IEEE, Jan. 2024, pp. 1113-1117,
doi: 10.1109/ICPECA60615.2024.10471159.

[36] C. Chouiekh, A. Yahyaouy, M. A. Sabri, and H. Karmouni, “An optimized hybrid approach for trajectory prediction and vehicle
classification at intersections using Dijkstra and random forest enhanced by a genetic algorithm,” Franklin Open, vol. 13,
p. 100445, Dec. 2025, doi: 10.1016/j.fraope.2025.100445.

BIOGRAPHIES OF AUTHORS

Basorudin Bl 2 obtained a master’s degree in computer science from Universitas
Putra Indonesia “YPTK” Padang in 2015, specializing in data mining research for his thesis.
As a dedicated lecturer and researcher in data mining, computer networks, operating systems,
and digital techniques, GIS, SPK, working at University of Pasir Pengaraian, Informatics
Engineering Study Program, Riau, Indonesia. In addition, I have previously served as the head
of the computer center and the head of the study program in the computer engineering
program at Universitity of Pasir Pengaraian. He can be contacted at email:
basorudin09@gmail.com.

Handaru Jati © £ © received the Ph.D. degree in the Department of Computer and
Information Science from Universiti Teknologi Petronas, Malaysia. He is currently an
Associate. Professor at Universitas Negeri Yogyakarta, Department of Electronic and
Informatics Engineering Education. His current research interests include machine learning,
artificial intelligence, decision support systems, data mining, software development, and
vocational education. He can be contacted at email: handaru@uny.ac.id.

Nurkhamid © EJ B8 © received the Ph.D. degree in Departement of Computer Science and
Information Engineering — HCI and learning lab from National Central University. He is
currently an assistant professor at Universitas Negeri Yogyakarta, Department of Electronics
and Informatics Engineering Education, Faculty of Engineering, Universitas Negeri
Yogyakarta, Special District of Yogyakarta, Indonesia. His area of expertise is information
systems. He can be contacted at email: nurkhamid@uny.ac.id.

Int J Inf & Commun Technol, Vol. 15, No. 4, December 2026; 1929-1943


https://orcid.org/0000-0001-7622-4148
https://scholar.google.com/citations?hl=en&user=Gt0aNgIAAAAJ&view_op=list_works&sortby=pubdate
https://www.scopus.com/authid/detail.uri?authorId=60277483500&origin=resultslist
mailto:basorudin09@gmail.com
https://orcid.org/0000-0002-0509-8460
https://scholar.google.com/citations?user=tFKBYJ8AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=25825016500
https://www.webofscience.com/wos/author/record/39544
mailto:handaru@uny.ac.id
https://orcid.org/0000-0002-2083-4737
https://scholar.google.com/citations?hl=en&user=noarUAwAAAAJ&view_op=list_works&sortby=pubdate
https://www.scopus.com/authid/detail.uri?authorId=52464232700
mailto:nurkhamid@uny.ac.id

Int J Inf & Commun Technol ISSN: 2252-8776 O 1943

Antoni Pribadi e 2 obtained a bachelor’s degree in Electronic Engineering
Education with a concentration in computer science from Padang State University, and a
master’s degree in Computer Science from Padang Putra Indonesia University (UPI). He has
worked as a computer and network engineering (TKJ) teacher at several schools and
campuses. He is currently focused on teaching computer science at Kampar Polytechnic.
He can be contacted at email: antonipribadi.polkam@gmail.com.

Satria Riki Mustafa (g 12 obtained a master’s degree in mathematics from the
University of Riau in 2018, specializing in research in mathematics and learning, currently
working at the University of Pasir Pengaraian, Computer Engineering Study Program, Riau,
Indonesia, with the functional position of Lecturer. In addition, | currently serve as the head of
the computer engineering study program at Universitas Pasir Pengaraian. He can be contacted
at email: satriarikimustafa@gmail.com.

Puput Dani Prasetyo Adi g © received the bachelor’s degree in Informatics
Engineering (S.Kom) from STMIK AKAKOM Yogyakarta in 2008, now, Universitas
Teknologi Digital Indonesia (UTDI), Indonesia, Magister Engineering Degree (M.T) from
Hasannudin University Makassar, Indonesia, in 2011, and a Ph.D. degree (Dr.Eng) from
Kanazawa University, Japan, in 2020. He joined in Micro Electronics Laboratory (MeRL),
Kanazawa University, Japan, with professor Akio Kitagawa, 2018-2020. In 2020, He was the
Winner of the Dean’s Award at Kanazawa University, Japan. Also in 2020, he received the
best paper IEEE Conferences ICITACEE 2020 with the title paper ‘Finger Robotic control
using M5Stack board and MQTT Protocol’. The focus research is about low power wide area
(LPWA) and low power wide area networks (LPWAN) using long range (LoRa) radio
frequency, BLE, Sigfox, NB-1oT, and light-fidelity. He can be contacted at email:
pupu008@brin.go.id.

Adaptive weighted multi-criteria decision making using modified dijkstra’s algorithm ... (Basorudin)


https://orcid.org/0009-0002-6227-2995
https://scholar.google.com/citations?user=fsSFzCQAAAAJ&hl=id
mailto:antonipribadi.polkam@gmail.com
https://orcid.org/0000-0002-4736-9433
https://scholar.google.com/citations?user=sMWBObQAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=58082586700
mailto:satriarikimustafa@gmail.com
https://orcid.org/0000-0002-5402-8864
https://scholar.google.com/citations?user=hHWrxVsAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57212620847
https://www.webofscience.com/wos/author/record/M-2880-2019
mailto:pupu008@brin.go.id

