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I. Introduction 
Traffic congestion at intersections is one of the most common problems faced in urban 

transportation systems. As vehicle volumes increase while road capacity remains relatively constant, 
intersections become critical points where delays accumulate. This condition is clearly observed at 
the Air Putih Four-Way Intersection in Samarinda City, where high vehicle density during peak hours 
leads to long queues and excessive waiting times. Several approaches are commonly used to reduce 
congestion, such as road widening, traffic diversion, and improvement of traffic signal control systems 
[6]. Among these, optimizing traffic light timing is the most practical and cost-effective solution 
because it does not require major infrastructure changes. 

Traffic lights at intersections serve several purposes, including preventing accidents and 
congestion caused by disparities in traffic flow, and facilitating the safe crossing of pedestrians. The 
purpose of traffic lights is crucial, so it is important to pay close attention to traffic light control in 
order to avoid traffic jams and accidents [12]. 

Mathematics is divided into two, namely pure mathematics and applied mathematics. Applied 
mathematics can be used outside the field of mathematics [8]. Mathematics is a very important tool in 
modeling various phenomena and problems in the real world. In many fields, mathematics is used to 
find optimal solutions in decision-making processes, one of which is graph theory. According to [2], 
graph theory is a branch of discrete mathematics that studies structures consisting of points and edges 
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that connect them. The application of graph theory has proven to be effective in various fields, such 
as computers, transportation systems, and traffic light control. 

Graph theory provides a mathematical approach to model the movement of vehicles at 
intersections. In particular, compatible graph theory plays a significant role in identifying traffic 
movements that can proceed simultaneously without conflict. By grouping compatible flows into the 
same signal phase, traffic performance can be improved and unnecessary delays can be minimized. 
Therefore, compatible graphs have strong potential for reducing congestion in intersections with 
complex flow interactions [3]. 

This study focuses on the application of compatible graph theory at the Air Putih intersection in 
Samarinda City, with the aim of constructing a compatible graph that represents the Air Putih 
intersection, determining the optimal total waiting time based on traffic flow data, and identifying 
effective congestion reduction strategies using compatible flow grouping. Through this approach, 
mathematical optimization serves as a tool to improve decision-making in real-world traffic 
engineering applications. Several studies conducted by [3], [4], [5], [7] and [10] use Compatible 
Graphs to solve traffic flow management problems and determine the optimal total waiting time at 
various intersections. 

II. Method 
This study was conducted at the Air Putih intersection in Samarinda City on May 5, 2025. The 

study period covered three peak hours, namely morning (06:45–07:45), noon (12:00–13:00), and 
afternoon (16:00–17:00). The data obtained included the layout of the intersection, traffic flow 
through the intersection, and daily traffic light duration data. Observations were made directly in the 
field and data was collected from the Samarinda Transportation Agency. The stages of data processing 
with the application of compatible graphs are as follows: 

A. Intersection Modeling 
 The first step was mapping the Air Putih intersection into a mathematical model. Each vehicle 
movement direction straight, right-turn, and left-turn was represented as a traffic flow. All flows were 
coded and analyzed based on their physical interactions and potential conflict points [11]. There are 
various types of traffic light control, where the selection of this method is highly dependent on the 
situation and conditions of the intersection, such as traffic light duration, intersection geometry, and 
other factors [9]. 

B. Compatible Graph Construction 
A compatibility graph is created with each node representing a traffic flow, and the edges 

connecting two nodes representing compatibility relationships between flows that can move 
simultaneously without conflict [1]. 

C. Assumptions 
• The first assumption used in this study is that all traffic flows follow traffic light rules, including 

left turns. 
• The second assumption used in this study is that all traffic flows follow traffic light rules, except 

for left turns. 

D. Analysis Steps 
• Determining Complete Subgraphs 

From the compatible graph, complete subgraphs (cliques) are identified. 
Each complete subgraph represents one phase of the traffic flow, in which all flows within the 
subgraph can move together [3]. A subgraph in which every two vertices are adjacent to each 
other is called a clique. In other words, a clique is a complete subgraph [8]. Assuming one cycle 
lasts 60 seconds, the complete subgraphs can be visualized using a clock diagram. 
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• Waiting Time Calculation 
The total waiting time for all vehicles is calculated by multiplying the duration of each flow by 
the number of nodes in the entire complete subgraph [3]. The main goal is to find the combination 
of red light durations that results in the lowest total waiting time. 

III. Results and Discussion 
The analysis in this study uses two assumptions. The first assumption is that all traffic flows follow 

traffic light rules. The second assumption is that left-turning traffic does not follow traffic light rules. 
The analysis for each assumption includes flow compatibility, compatible graphs, complete 
subgraphs, visualization with clock diagrams, and total waiting time calculations. Finally, the 
discussion compares the actual waiting time with the optimized results using the application of 
compatible graphs. 

A. Assumption 1: All Traffic Follows Traffic Light Rules 
The first step in constructing the optimization model is identifying all traffic flows at the Air Putih 

Four-Way Intersection. The traffic flow diagram at the Air Putih intersection can be seen in the 
following image. 

 
Fig.  1. Traffic Flow Assumption 1 

 Based on the traffic flow diagram in Figure 1, it is shown that all traffic can move through 
intersections and any conflict points that may arise. Traffic flows compatibility is as follows: 

1. Flows a is compatible with all flows  
2. Flows b is compatible with flows a, c, d, f, g, h, j 
3. Flows c is compatible with flows a, b, d, g, j, k 
4. Flows d is compatible with all flows 
5. Flows e is compatible with flows a, d, f, g, i, j, k 
6. Flows f is compatible with flows a, b, d, e, g, j 
7. Flows g is compatible with all flows 
8. Flows h is compatible with flows a, b, d, g, i, j, l 
9. Flows i is compatible with flows a, d, e, g, h, j 
10. Flows j is compatible with all flows 
11. Flows k is compatible with flows a, c, d, e, g, j, l 
12. Flows l is compatible with flows a, d, g, h, j, k 
Based on the traffic flow in Figure 1, a compatible graph was obtained that shows the flow pattern 

in accordance with traffic light rules as follows. 
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Fig.  2. Compatible Graph Assumption 1 

 Based on Figure 2, four complete subgraphs containing three points, namely 𝑎𝑏𝑐, 𝑑𝑒𝑓, 𝑔ℎ𝑖, and 
𝑗𝑘𝑙, were obtained. These main complete subgraphs were selected based on the compatible flows in 
each phase of the road at the intersection. The first assumption complete subgraph can be seen in 
Figure 3. 

 
Fig.  3. Complete Subgraph Assumption 1 

 Assuming that one traffic light cycle lasts 60 seconds, the solution used is to divide 60 seconds 
into 4 complete subgraphs, so that each flow can run for 15 seconds per cycle. The division of the 
duration is then visualized in the form of a cycle diagram as shown in Figure 4. 

 
Fig.  4. Cycle Diagram Assumption 1 

 Since each complete subgraph consists of 3 points, the flow from each path runs for 3	 × 	15 
seconds = 	45 seconds. Since there are 12 points in the entire subgraph, the total waiting time is 
12	 × 	15 seconds = 	180 seconds. 

 

B. Assumption that Left Turns Do Not Follow Traffic Light Rules 
The assumption that all left-turning traffic does not follow traffic light rules means that all left-

turning traffic can proceed at any time without regard to the traffic light signal status. The diagram for 
the assumption that all left-turning traffic does not follow traffic light rules can be seen in Figure 5. 
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Fig.  5. Traffic Flow Assumption 2 

 Based on the traffic flow diagram in Figure 5, it can be seen that the traffic pattern at the 
intersection eliminates the pattern of left-turn traffic. Thus, a graph compatible with the assumption 
that left turns do not follow traffic light rules is obtained as follows. 

 
Fig.  6. Compatible Graph Assumption 2 

 By eliminating currents that do not affect the duration of movement, a complete subgraph is 
obtained that shows the corresponding relationships between currents as follows. 

 
Fig.  7. Complete Subgraph Assumption 2 

 From Figure 7, four complete subgraphs containing two points, namely 𝑏𝑐, 𝑒𝑓, ℎ𝑖, and 𝑘𝑙, are 
obtained. These main complete subgraphs are selected based on the compatible flows in each phase 
of the road at the intersection. Assuming that one traffic light cycle lasts 60 seconds, the solution used 
is to divide 60 seconds into 4 complete subgraphs, so that each flow can run for 15 seconds per cycle. 
The division of the duration is then visualized in the form of a clock diagram as shown in Figure 8. 



ISSN: 2581-1274 Jurnal Inovasi Teknologi dan Rekayasa   521 
 Vol. 10, No. 2, July-December 2025, pp. 521-522 

 Iqsamah Ula et.al (Traffic Congestion Reduction Strategy Through Total Waiting Time Optimization with Compatible..) 

 
Fig.  8. Cycle Diagram Assumption 2 

 Since each complete subgraph consists of 2 points, the flow of each lane runs for 2 × 15 seconds 
= 30 seconds. Since there are 8 points in the entire subgraph, the total waiting time is 8 × 15 seconds 
= 120 seconds. The second assumption, with left-turn traffic not following traffic light rules, yields an 
optimal total waiting time of 120 seconds. A comparison of the duration of the red light and the total 
waiting time in the field with the duration of the red light and the total waiting time using a compatible 
graph can be seen in Table 1. 
 

Table  1. Comparison of Red Light Duration and Total Waiting Time 

Time 

Comparison of Red Light Duration and Total Waiting Time 

Phase 
Red Light at the 

Intersection 
(seconds) 

Waiting Time at 
the Intersection 

(seconds) 

Red Light   with 
Compatible 

Graph (seconds) 

Waiting Time 
with Compatible 
Graph (seconds) 

06.45- 
07.45 
WITA 

A 123 

522 

28 

120 
B 128 29 
C 148 34 
D 123 28 

12.00- 
13.00 
WITA 

A 123 

507 

29 

120 
B 123 29 
C 143 34 
D 118 28 

16.00- 
17.00 
WITA 

A 133 

552 

29 

120 
B 133 29 
C 153 33 
D 133 29 

IV. Conclusion 
The conclusion of this study based on two different assumptions is that the first assumption, where 

left turns follow traffic light rules, results in a total waiting time of 180 seconds, while the second 
assumption, where left turns do not follow traffic light rules, results in 120 seconds. Both assumptions 
show that the compatible graph approach can significantly reduce waiting time compared to field data 
with left turns not following traffic light rules, which is 552, 522, and 507 seconds. With the same 
assumptions as those used in the field, the optimal total waiting time is 120 seconds. Overall, the 
compatible graph approach provides a mathematically sound and operationally effective strategy for 
improving traffic light performance. The findings confirm that applying this technique at congested 
intersections can substantially reduce delays and support better traffic management decisions. 
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