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 We develop an optimal route network and synchronized timetable for the Trans 
Gadjah Mada Electric Bus (TGMEB), designed to cover the entire campus with 
4 buses and 28 stops. Using literature review, field observation, and online 
mapping, we create three network candidates—one-, two-, and three-terminal—
and model each as a max-plus linear discrete-event system. Service period and 
periodic departures are derived from eigenvalue–eigenvector analysis and 
implemented in Scilab 5.5.2 with a max-plus toolbox. The two-terminal layout 
performs best: its average inter-stop travel time is 32% faster than the other 
alternatives while keeping departures synchronized and coverage intact. The 
results confirm that jointly selecting the network architecture and its timetable 
yields superior campus operations. This is the first campus-scale study that co-
designs a multi-terminal electric-bus route network and synchronized timetable 
via max-plus algebra, optimizing departure throughput and average inter-stop 
travel time. Unfortunately, this design has not been tested on the field. 
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1. INTRODUCTION 

The Trans Gadjah Mada Electric Bus (TGMEB) is an electric bus designed to provide transportation services 
for the entire intra-campus community at Gadjah Mada University. In period 1: April 1, 2022 to August 13, 2024, 
BLTG operates serving an area of approximately 50% of the northern UGM area, with 23 stops with two buses 
and two route networks, where each bus serves 1 route network. These two route networks pass through the same 
roads and stops, only in opposite directions, with the same departure terminal and departure time. Passengers can 
choose the route network depending on the shortest distance to be traveled. In period 2: August 14, 2024 to March 
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23, 2025, still in the same service area, even reduced to around 40% due to road repairs, two buses operate on two 
different route networks, namely the route network for the eastern and western campus areas. These two route 
networks are not yet connected. Each route network has its own terminal with a considerable distance. This is quite 
inconvenient for passengers who have to change route networks, as conveyed in the Instagram account @aset.ugm. 
In period 3: March 24, 2025 to present, 1 route network was added to the west area of the south side of the campus. 
So there are a total of 3 route networks with a service area of approximately 65%, served by 3 buses, with 1 terminal. 
The departure schedule from the terminal for each route network is the same, so these three route networks can 
be said to be synchronized at the terminal, meaning passengers can change routes at the terminal and buses are 
available according to the same schedule. The duration between departure schedules is 20 minutes, with a 10-
minute break every two departures. In general, passengers who want to change routes must go to the terminal first. 
The image of the route networks in the three periods above can be seen in the following image. 

 

   
Period 1 (50% service area) Period 2 (40% service area) Period 3 (65% service area) 

Figure 1. TGMEB route network from April 2022 to March 2025 
 

From the situation of the development of TGMEB above, it can be obtained that not all areas of the UGM 
Campus can be served by TGMEB with an optimally synchronized route network. Based on information from the 
Facilities and Infrastructure Management Staff of the Asset Directorate of Gadjah Mada University in the period 
after period 2, up to 3 more buses will be added, so that a total of 5 buses will be operated. For this reason, in this 
study, the optimal route network that serves the entire campus area will be designed and analyzed by operating 4 
buses in 4 route networks with varying numbers of terminals as places to connect between route networks and 
synchronize bus departure schedules. The consideration of using 4 buses is so that 1 bus can be used as a backup, 
while 4 route networks because it is estimated that each route network has a travel time from and back to the 
terminal of around 20 minutes. There are three alternative route networks that will be designed and analyzed, 
namely alternatives 1, 2 and 3, where the route network with 1, 2 and 3 terminals, respectively. Handling of bus 
synchronization problems with multiple terminals has been discussed in [1], [2]. 

Max-Plus Algebra, which is the set of all real numbers R equipped with maximum (max) and plus ( + ) 
operations, has been widely used to model network problems involving synchronization problems [3], [4], [5]. 
Especially in the problem of network modeling and synchronized scheduling  for railway transportation, Max-Plus 
Algebra has been discussed in [6], [7]. Especially in the problem of rail scheduling by using Max-Plus algebra can 
be seen in [8], [9], [10] . While the discussion of the problem of delays in train travel time using Max-Plus algebra 
can be seen in [11]. Network modeling and synchronized scheduling for bus transportation using Max-Plus Algebra 
has been discussed in [12], [13], [14]. These studies only discussed the synchronization of departure schedules. 
Furthermore, the routes in these studies were already determined. The problem of synchronized scheduling 
optimization for transportation problems involving modeling using Max-Plus Algebra has also been discussed in 
the following article [15]  The optimization carried out in these articles focuses on a network model modeled with 
Max-Plus Algebra into a Linear Max-Plus System, which is then combined with other optimization methods. The 
discussion of the optimal solution problem in general, both locally and globally has been discussed in [16]. The 
Closed Shop Scheduling Optimization Method using Max-Plus Automata as discussed in [17] is a combination of 
an optimization method with Max-Plus Algebra, especially for Automata. The use of Max-Plus Automaton in train 
scheduling analysis and its optimization has been discussed in [18]. Other optimization problems discuss the 
optimization problems of predictive control models [19], [20] and optimal control in a Max-Plus Linear System, 
as discussed in [21], [22], [23]. The optimization problems involving uncertainty in Max-Plus Systems are discussed 
in [24], [25].  

The thing that is the novelty of this research, which has not been done much is to review the problem of 
multi-terminal electric bus transportation that serves in a limited area in the campus area. In this study, a bus route 
will be designed to cover the entire campus area. The renewal of this research also adds aspects of optimization, in 
particular are the average travel time between the minimum bus stops and the maximum amount of departure. 

This study aims to design an optimal route network and scheduling for TGMEB that is synchronized and 
covers the entire campus area, where there are 4 buses operating. In this study, the optimization problem discussed 
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is by comparing three bus transportation route network designs that serve all area in UGM. All three design 
networks have variety the number of terminal namely 1 terminal, 2 terminals and 3 terminals. This study will start 
to designing and modelling these network in max-plus algebra. Meanwhile, the optimal route network criteria will 
be determined from the maximum number of departures and the average time for passengers to reach between 
stops that is minimal. Optimization problems like this as far as the author knows have not been discussed, and this 
is a novelty in this study. So, this research aims to design an optimal route network and scheduling for the Trans 
Gadjah Mada Electric Bus (TGMEB) which is synchronized and covers the entire campus area, where there are 4 
buses operating with 28 stops. The implementation of TGMEB network synchronization can be a starting point 
for developing an automated transportation system at the university. The network and electric buses used are the 
basis for developing a smart and green campus. 

 
2. RESEARCH METHOD 

This research is a design and analysis study to optimize the design results by comparing the performance of 
the design results according to the research objectives. The research stages are as follows. 

 
2.1 Literature Study 

To discuss the problems in this research there are several basic concepts in Max-Plus Algebra that must be 
understood and can be studied in [3], [4], [5], [6]. The concepts understood from the literature include Max-Plus 
Algebra, Matrix over Max-Plus Algebra, Graph and Max-Plus Algebra, Eigenvalues and Eigenvectors of Max-Plus. 
For computational calculations it is necessary to understand the use of the Scilab 5.5.2 Computer Program [40]with 
Toolboxes MAXPLUSV04032016 [41], to run commands related to Max-Plus Algebra. 

 
2.2 Observational Study 

In this section, data is collected through participatory observation studies and non-participatory observations. 
Information collected includes campus maps, schedules, route networks, many stops and travel time between stops. 
At the non-partial observation stage, Google Earth is used (https://earth.google.com/web/?hl=id) as a tool to 
visualize the overall campus area map and design of the new route network to be made. 

 
2.3 Route Network Design 

This section will design a new route network for the entire campus area based on data from Instagram 
accounts, the website, and field observations. Field observations will ensure road access and estimate the placement 
of new bus stops. In addition to observations, Google Maps ( https://www.google.com/maps ) will also be used to 
estimate travel times between bus stops. Three alternative route networks will be created: a route network with one 
terminal, two terminals, and three terminals. 

 
2.4 Modeling and Scheduling Using Max-Plus Algebra 

Based on several alternative route networks that have been created, a max plus algebraic model is then formed 
that accommodates synchronization related to scheduling, which ensures passengers can change route networks at 
terminals where buses and schedules are definitely available. The model will be a Max-Plus Equation System in 
the matrix equations over Max-Plus Algebra. In determining the scheduling periodicity, the concept of matrix 
eigenvalues in the equations above will be used, while eigenvectors will be used to determine departure times that 
guarantee the schedule to be periodic. Computations in scheduling will be carried out with the help of the Scilab 
5.5.2 Computer Program. Scilab is software developed for numerical computation. Scilab provides many packeges 
of computational algorithms, particularly those in max-plus algebra. The results of Scilab's computations are highly 
readable for scheduling and eigen value problems. It will be shown how many maximum departure periods in the 
scheduling for each alternative route network. 

 
2.5 Average Travel Time Between the Furthest Bus Stops 

From the schedules obtained for each route network alternative, the average travel time between the furthest 
stops is calculated. The furthest stop is chosen to represent the stops within each route network alternative. This is 
because calculating all stops would be lengthy and complex. This analysis aims to determine how efficient the route 
network is when passengers must transfer buses to reach their destination. 

 
2.6 Optimal route network conclusion 

The optimal alternative route network will be considered through the indicators obtained in stages 2.4 and 
2.5 above, namely the number of departure schedules and the minimum average travel time between the furthest 
stops. 
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3. RESULT AND ANALYSIS 
3.1 Alternative Route Network Design 

This design assumes each bus will serve one route, so each route network will consist of four routes. This 
assumption is given for two main reasons, namely 1) the campus plans to have 5 buses, 4 for use ready and 1 as a 
backup and 2) there is no overlap between buses if the route is served by more than one bus. All four routes are 
connected by terminals, either directly or indirectly, allowing passengers to reach any two existing stops. The design 
took into account the entire campus area, allowing for road access and the construction of bus stops. A list of the 
new bus stops in the design can be found in the following table. 

 
Table 1. Design of the New BLTG Bus Stop 

Bus Stop Label Bus Stop Name 
A A Graha Sabha Pramana (GSP) 
AB Central Library 

air conditioning Faculty of Forestry 
AD Faculty of Agriculture 
AE Faculty of Animal Husbandry 
A.F. Wisdom Park 
AG Campus Mosque 
AH Faculty of Culture 
AI Faculty of Cultural Sciences (FIB) 
A.J. University Club (UC) 
AK Kosudgama Pharmacy 
AL Directorate of Community Service 
AM PKGM FK-KMK UGM 
AN Diploma III Forest Management Campus 
AO Secretariat of BEM KM UGM 
AP Ratnaningsih Sendowo Residence UGM 
AQ Sardjito Hospital 
AR Faculty of Engineering 
US Faculty of Biology 
AT Faculty of Mathematics and Natural Sciences 
AU Faculty of Social and Political Sciences Flat A 
AV Faculty of Dentistry 
AW Mandiri ATM Yogyakarta UGM 
AX UGM Silviculture Laboratory 
AY Master of Management (MM) 
AZ Ratnaningsih Kinanti UGM Dormitory 
BA PAU Postgraduate & Masters 
BB UGM Valley 

 
There are three alternative route networks selected in the design, namely one route network with 1, 2 and 3 

terminals, with a total travel distance of around 20 minutes for each route. 
 

Route Network with 1 terminal (Alternative 1) 
Network takes the terminal at AA: Graha Sabha Pramana and four routes serving the area as shown in the 

left figure below, while the right figure shows the weighted graph of alternative route network 1. The weights in the 
graph indicate the total distance traveled for each route. The travel time includes passenger transfer time of 
approximately 30 seconds. 

 
  

 
 
 
 
 
 

 

Figure 2. Map of Alternative Route and Network Graph Route with 1 Terminal at the Center and 4 Bus Loop 
Routes 
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Route Network with 2 terminals (Alternative 2) 
Network takes the terminals at AT: Faculty of Mathematics and Natural Sciences and AA: Graha Sabha 

Pramana. Four routes serve the area as shown in the left image below, while the right image shows the weight graph 
of alternative route network 2. 

 

 

 

 

 
Figure 3. Map of Alternative Route and Network Graph Route with 2 Terminals, 2 Bus Loop Routes and 2 Bus 

Arc Routes 
 

Route Network with 3 terminals (Alternative 3) 
This route network takes terminals at BA: PAU Pascasarjana & Magister , AM: PKGM FK-KMK UGM and 

AD: Faculty of Agriculture . Four routes serve the area as shown in the left image below, while the right image 
shows the weight graph of alternative route network 3. 

 

  
 

Figure 4. Map of Alternative Route 3 and Network Graph With 3 Terminals, 3 Bus Loop Routes and 1 Route 
around the bus between terminals 

 
3.2 Modeling and Scheduling Each Alternative Route Network 
Alternative Modeling and Scheduling 1 

Let  𝑥!(𝑘 + 1) is the departure time of the bus ( 𝑘 + 1)th from terminal 1. To ensure synchronization, the 
departure time for 𝑘 + 1 each bus must wait for all buses to return to the terminal after completing their respective 
routes. This results in 

 
𝑥!(𝑘 + 1) = 𝑥!(𝑘)⊗ 23⊕ 𝑥!	(𝑘)⊗ 18⊕ 𝑥!	(𝑘) ⊗ 22⊕ 𝑥!	(𝑘) ⊗ 20𝑥!(𝑘) 
																				= 𝑥!(𝑘)⊗ 23	  (1) 
 

Thus, the scheduling will be periodic with a period of 23 minutes. Continuous scheduling (without breaks) 
from 6:30 a.m. to 4:16 p.m. will yield 25 departures. 

 
Alternative Modeling and Scheduling 2 

Suppose 𝑥#(𝑘 + 1)that is the departure time of the i-th bus 𝑘 + 1from the i -th terminal, with i = 1, 2. Suppose 
also that AT is the 1st terminal, and AA is the 2nd terminal, then the k -th +1 departure time from the 1st terminal 
is the maximum time between the k-th departure time from the 1st terminal plus the travel time from the AT-to-
AT route or the k-th departure time from the 2nd terminal plus the travel time from the AA to AT route. Likewise, 
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in the same way, the k-th +1 departure time from the 2nd terminal can be determined, so that the following max-
plus equation system is obtained 

 
𝑥!(𝑘 + 1) = max	(𝑥!(𝑘) + 19, 𝑥$	(𝑘) + 21) 
𝑥$(𝑘	 + 1) = max	(𝑥!(𝑘) + 21, 𝑥$	(𝑘) + 18) .  (2) 
 

If the max operation is denoted by ⊕, the addition operation is denoted by ⊗the equation which can be written 
as follows 
 

𝑥!(𝑘 + 1) = 𝑥!(𝑘)⊗ 19⊕	𝑥$	(𝑘) 	⊗ 21 
𝑥$(𝑘 + 1) = 𝑥!(𝑘) ⊗ 21	 ⊕	𝑥$	(𝑘) 	⊗ 18.  (3) 
 

If written with a matrix equation, it is obtained. 
 

4𝑥!
(𝑘 + 1)

𝑥$(𝑘 + 1)
5 = 619 21

21 187⊗	4𝑥!
(𝑘)

𝑥$(𝑘)
5       (4) 

 

For example, 𝐴 = 619 21
21 187, with the help of Scilab 5.5.2, the eigenvalue of matrix A can be obtained as 21 and 

the eigenvector (0, 0) T. Continuous scheduling from 06.30 to 16.16 will result in 28 departures. 
 
Alternative Modeling and Scheduling 3 

Suppose 𝑥#(𝑘 + 1)is the departure time of the i-th bus 𝑘 + 1from the i -th terminal, with i = 1, 2, 3. Also 
suppose AM is the 1st terminal, AD is the 2nd terminal and BA is the 3rd terminal. There are 4 routes in this 
alternative, namely AM-AD-BA, AM-AM, AD-AD and BA-BA. From the graph it appears that the total travel 
time of the AM-AD-BA route is 20 minutes, so it appears larger than the other routes. This largest total travel time 
will determine the scheduling period. 

Synchronized scheduling is defined as follows. The earliest departure time starts from Terminal 1, followed 
by scheduling at Terminal 2, 8 minutes later, then 5 minutes later the departure time at Terminal 3, 7 minutes later 
the second departure for Terminal 1, and so on. Thus, the departure times are as follows: 

 
𝑥!(0) 	= 	0, 𝑥!(𝑘 + 1) = 𝑥%(𝑘) + 7, 𝑥$(𝑘 + 1) = 𝑥!(𝑘) + 8, 𝑥%(𝑘 + 1) = 𝑥$(𝑘) + 5 (5) 
 

Thus, the interval between scheduled departures is 20 minutes. Continuous scheduling from 6:30 a.m. to 4:16 
p.m. would yield 29 departures. 
 
3.3 Travel Time Analysis between Bus Stops 

For this analysis, four bus stops were selected, located far enough apart to represent the entire service area. 
These four stops are AO, AK, AX, and AZ. The travel time between these stops was then calculated for each 
alternative route network. The calculation results for each alternative route network can be seen in the following 
table. 

Table 2. Travel Time Between the Furthest Stops 
Alternative 1 Alternative 2 Alternative 3 

Travel 
Time 

(minutes) 
Objective 

Origin 
A
O 

A
K 

A
X 

A
Z 

AO 0 15 19 27 

AK 26 0 24 32 

AX 25 19 0 13 

AZ 17 15 11 0 
 

Travel 
Time 

(minutes) 
Objective 

Origin 
A
O 

A
K 

A
X 

A
Z 

AO 0 3 20 26 

AK 16 0 19 25 

AX 12 15 0 6 

AZ 10 13 11 0 
 

Travel 
Time 

(minutes) 
Objective 

Origin 
A
O 

A
K 

A
X 

A
Z 

AO 0 30 35 42 

AK 28 0 22 29 

AX 22 36 0 7 

AZ 18 29 12 0 
 

Total: 243 , Average: 20.25 Total: 176 , Average: 14.67 Total: 310 , Average: 25.83 
 

From the results in Table 2 above, it appears that Alternative Route Network 2 is the most efficient in reaching 
between stops, because on average it has the minimum travel time. 

From the results given in sub-chapters 3.2 and 3.3 above, it appears that during the TGMEB operating hours 
of 06.30–16.16, alternative route networks 1, 2, and 3 can be scheduled in 25, 28, and 29 departures, respectively. 
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Meanwhile, on average, the travel time between stops for alternative route networks 1; 2, and 3 is 20.25; 14.67, and 
25.83, respectively. In terms of the number of departures, alternative 2 is fewer than alternative 3, but only a 
difference of 1 round. However, in terms of efficiency, alternative 2 is much more efficient than alternative 3. Thus, 
it can be concluded that the most optimal choice is alternative route network 2. 

 
3.4 Discussion 

The results of this study indicate that a route network with two terminals (Alternative 2) is the most optimal 
solution. This is evident from the comparison of the number of departures, scheduling periods, and travel time 
efficiency between the furthest stops. 

Theoretically, the use of Max-Plus Algebra to model transportation scheduling systems has been widely 
discussed in the literature. In [3]and [4] it is explained that Max-Plus Algebra is very effective for modeling discrete 
event systems such as transportation schedules because it can capture the dynamics of synchronization between 
system elements. This study applies this principle in the context of a campus electric bus network, similar to the 
rail transportation modeling discussed by [7]and [8], as well as the bus transportation modeling in [19] and [21]. 
Where in [19] and [21] the preparation of the bus departure schedule periodically is also carried out through the 
calculation of eigen and eigen vectors, only for a lot of departure in a certain hour range is not discussed. 

This study shows that a two-terminal configuration provides the optimal balance between synchronization 
complexity and operational efficiency. This finding is also in line with research findings [20] that suggest that 
network structures that are too simple or too complex can lead to inefficiencies in bus network performance. From 
an optimization perspective, the study findings reinforce the idea presented in [25]and [27] that the optimal solution 
in a Max-Plus Linear system does not always lie at the extremes (e.g., just one terminal or as many terminals as 
possible), but rather in a configuration that considers the trade-off between the number of departures and user 
travel efficiency. 

In fact, there's another possibility for the two-terminal alternative not discussed in this study, which readers 
can explore for themselves. This possibility involves two terminals, where the loop route isn't located at each 
terminal, but rather is combined within one. However, this possibility appears to be less optimal than Alternative 
2 above, as the route structure tends to accumulate at one terminal. 

In addition, this study enriches the literature on the application of Max-Plus in bus transportation in 
Indonesia, complementing previous studies that have focused mostly on rural [23]or urban transportation [24]. By 
considering the campus context, this study adds a new dimension, namely the need for synchronization that is not 
only on technical aspects, but also on the comfort of users who are mostly students and academic staff with dense 
and specific travel patterns. 

Thus, the results of this study not only have practical contributions in campus transportation management, 
but also theoretical contributions in modeling and optimization of the Max-Plus system, especially for networks 
with multi-terminals on a medium scale. 
 
4. CONCLUSION 

This study succeeded in designing the optimal route and scheduling network for TGMEB using Max-Plus 
algebra. Of the three alternative route networks that have been designed and analyzed, the results obtained that the 
design of the route with two terminals where there are two loop -shaped bus routes and two connected bow -shaped 
bus routes, are the most optimal choice. This alternative is able to provide quite a large amount of departure in the 
range of operating hours, with the average travel time between the most far farthest bus stops compared to other 
alternatives. The structure of two terminals allows good schedule synchronization, time efficiency, and flexibility of 
passenger movements. This finding is expected to be a recommendation for the TGMEB manager in improving 
environmentally friendly transportation services within the University of Gadjah Mada. TGMEB scheduling 
synchronization is performed assuming normal traffic along the route. Events that cause traffic congestion will 
naturally impact the schedule provided by the model of Max-Plus Algebra. Further research into adding a delay 
tolerance limit to the system is warranted. 
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