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Abstract. Optimizing adequate tugboat services is needed to support the operational improvement of the Tanjung 

Perak port. This study uses the triple exponential smoothing method to predict the number of tug service demands in 

2021 and the assignment model to determine the optimal level of operating tugboats. The data used in this study is 

data on demand for tugboat services for small, medium, and large ships from 2019 to 2020. Forecasting results show 
that the highest demand for small ship services is 4551, and the lowest is 3235. The highest demand for medium ship 

services is 479, and the lowest is 365. Meanwhile, the highest demand for large ship services was 61 and the lowest 

at 40. The assignment results show the optimization of Tanjung Perak port by operating 13 tugboats every day. 
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1. INTRODUCTION 

Tanjung Perak port is included in the largest and second busiest port after Tanjung Priok port [1]. In 

supporting services at the port, various aspects are needed, one of which is the service of tugboats. Tugboats 

are ships that assist large ships in leaning, exiting, or shifting [2]. Tugboats function to pull, push, and hold 

large vessels so that they don't damage the pier when they dock at the port [3]. The demand for tugboat 

services continues to increase every year due to the increasing number of large-scale ships. In addition, the 

scale of the port area and the density of port traffic also affect the efficiency of tugboat services [4]. 

The efficiency of tugboat service providers significantly affects port performance. Therefore, the port 

authority requires an adequate number of tugboats. If the number of tugboats at the port is inadequate, there 

will be congestion at the port, which will result in port revenues [5]. If the number of tugboats in the harbour 

is adequate, the port's performance will continue to increase, and the port's revenue benefits will also increase 

[6]. Therefore, optimization of tugboats is used to reduce the number of queues for tug service requests for 

incoming and outgoing vessels. 

The port requires optimizing the provision of adequate tugboats to reduce the number of queues for 

tug service requests. Several studies have examined the optimization of tugboats, such as that conducted by 

[7], who studied the optimization of tugboat configurations. In addition, research conducted by [8] examined 

the operation of tugboats in transporting large surface ships. A study was conducted by [9] to analyze the 

process of tugboats and their towing costs. 

The optimization level of tugboats is obtained by combining the assignment model with the forecasting 

method. The forecasting method predicts the number of tug service requests in the next period. The forecast 

results will be used in the assignment model to see the level of optimization. One method used for forecasting 

is the triple exponential smoothing method. The triple exponential smoothing method is a forecasting method 

developed from single exponential smoothing and double exponential smoothing [10]. The advantage of this 

method is what can be used on stationary and non-stationary data [11]. In addition, this method can adjust 

the pattern of changing trends and seasonal components [12]. This study uses the triple exponential smoothing 

method because it is widely used in forecasting cases, such as research conducted by [13] which predicts 

revenue in water companies to produce MAPE of 9.54%. In addition, a study conducted by [14] indicated the 

number of tourists visiting Jatim Park, which resulted in a MAPE of 7%. At the same time, the research 

conducted by [12] predicts the number of hospitalized patients who produce MAPE of 3.1%. 

Based on some of the literature above, this research applies the triple exponential method and model 

assignment. The triple exponential smoothing method is used to predict tug service requests. At the same 

time, the assignment model determines the levels of operating tugboats by looking at the number of queues, 

the length of time waiting for the line and the utilization of activity on the tugboats. We hope that this research 

will provide solutions for service providers to improve operations by delivering good tugboats so that port 

performance can continue to improve. 

 

 

2. RESEARCH METHODS 

 This research combines the assignment method with the triple exponential smoothing method. This study uses 

data on monthly tug service requests from 2019-2020, which are grouped by ship type and each type of ship. The data 

used in this study are shown in Table 1. 

 
Table 1. Tugboat service request data 

Month 

Tugboat Service Request 

2019 2020 

Small Ship Medium Ship Large Ship Small Ship Medium Ship Large Ship 

January 2928 444 52 3474 448 66 

February 3533 419 46 3442 430 50 

March 3996 477 54 3526 478 62 

April 3484 391 58 3301 438 64 

May 2949 451 74 3035 363 73 
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Month 

Tugboat Service Request 

2019 2020 

Small Ship Medium Ship Large Ship Small Ship Medium Ship Large Ship 

June 2707 328 58 3194 421 62 

July 3556 432 66 3279 411 56 

August 3091 423 72 3656 446 64 

September 2215 408 64 3594 434 60 

October 3480 479 58 3926 447 58 

November 3172 407 62 3644 398 56 

December 3986 456 75 3561 464 56 

 

Based on Table 1 shows that the highest demand for tugboat services from small ships occurred in March 

2019 with a total of 3996, and the lowest occurred in September 2019 with a total of 2215. Meanwhile, the 

highest demand for medium ships occurred in October 2019 as many as 479, and the lowest occurred in June 

2019. The highest service for large ships occurred in December 2019 with a total of 75, and the lowest was 

in February 2019 with a total of 46.  

 

The steps taken in this research are: 

1. Collecting data on tug service requests from 2019-2020. 

2. Calculating forecasts using the triple exponential smoothing method. Before forecasting, determine the value 

by using trial error. The equation used in calculating triple exponential smoothing is as follows[15]: 

𝑆𝑡         =  ⍺ .
𝑥𝑡

(𝑐𝑡 − 𝐿)
 + (1 − ⍺) (𝑆𝑡−1  +  𝑏𝑡−1)       (1) 

𝑏𝑡         =  𝛽 . (𝑆𝑡 − 𝑆𝑡−1) +  (1 –  𝛽). 𝑏𝑡−1            (2) 

𝑐𝑡         =  𝛾 .
𝑥𝑡

𝑆𝑡
 +  (1 –  𝛾)𝑐𝑡−𝐿                         (3) 

𝐹𝑡+𝑚   =  (𝑆𝑡  +  𝑚 . 𝑏𝑡)𝑐𝑡−𝐿+𝑚                    (4) 

 

Explanation: 

St  = Smoothing of the whole period to t 

bt  = trend smoothing t period 

ct  = Seasonal smoothing period t 

⍺  = Data smoothing weighting (0 <⍺< 1) 

β  = Trend smoothing weighting (0 <β< 1) 

γ  = Seasonal smoothing weighting (0 <γ< 1) 

L  = Seasonal length 

xt  = Data to t 

m  = Number of forecast periods 

 

3. Calculating forecasting evaluation 

Forecasting evaluation is needed so that the results obtained are more accurate [16]. Forecasting 

evaluation is obtained by calculating the error value of the built model, and then the smallest error 

value is taken [17]. This study uses MAPE as an evaluation of the forecast. The equation for 

calculating MAPE is as follows: 

MAPE = 
1

𝑛
∑ |

𝑌𝑡 − Ŷ𝑡 

𝑌𝑡
| 𝑥 100%𝑛

𝑡=1                  (5) 

Explanation: 

𝑌𝑡  = Time-series value in period 𝑡 
Ŷ𝑡  = Forecast value of 𝑌𝑡 

 𝑛  = Number of data periods 

 Forecasting evaluation using MAPE has several criteria, shown in Table 2 [18]. 
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Table 2. MAPE Criteria 

Value Description 

< 10% High forecasting 

11% −  20% Good forecasting 

21% −  50% Reasonable forecasting 

> 50% Weak forecasting 

 

4. Build a scenario 

Building several scenarios were carried out to optimize the number of tugboats operating at the port. 

The constructed scenarios are as follows: 

a. Scenario 1: 12 tugboats operate daily as currently implemented at the port, with 4 tugboats 

being refueled or under repair and 3 no longer working. 

b. Scenario 2: 13 tugboats operate every day, with 3 tugboats being refueled or under repair and 

3 no longer working. 

c. Scenario 3: 14 tugboats operate every day, with 2 tugboats being refueled or under repair and 

3 no longer working. 

5. After building several scenarios, we assign these scenarios to see the number of queues, the length of waiting 

time, and the utilization level. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Forecasting Triple Exponential Smoothing 

 In this study, the forecasting method used is the triple exponential smoothing method. This method 

requires three smoothing parameters namely ⍺, β γ. Parameter value ⍺, β γ obtained by trial error to find the 

smallest value. The development parameters will be shown in Table 3. 

 
Table 3. Test value 𝜶, 𝜷, 𝜸 

Ship Type 𝜶 𝜷 𝜸 MAPE 

Small 

0.1 0.2 0.3 8.08 

0.2 0.3 0.4 9.12 

0.3 0.4 0.5 10.09 

0.4 0.5 0.6 11.03 

Medium 

0.1 0.2 0.3 2.84 

0.2 0.3 0.4 2.99 

0.3 0.4 0.5 3.17 

0.4 0.5 0.6 3.36 

Large 

0.1 0.2 0.3 5.90 

0.2 0.3 0.4 5.82 

0.3 0.4 0.5 8.47 

 0.4 0.5 0.6 6.67 

  

In this study, the parameters used for forecasting small and medium ships are ⍺=0.1, β=0.2, γ=0.3 generate 

MAPE requests for small ships 8.08%, and MAPE, the demand for medium ships is 2.84%. Meanwhile, the 

parameters used for forecasting large ships are ⍺=0.2, β=0.3, γ=0.4 generate MAPE 5.82%. Based on the 

results of the three types of ships, the MAPE obtained is less than 10% classified in the high forecasting 

category, as shown in Table 2. The best model of forecasting evaluation is used to calculate forecasting using 

the triple exponential smoothing method. What will show the results of the forecasting calculations in Table 

4 and Figure 1. 
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Figure 1 (a) The plot of the results of forecasting the demand for small ship services 

(b) The plot of the results of forecasting the demand for the service of medium ships 

(c) The plot of the results of forecasting the demand for the service of large ships 

 
Table 4. Forecasting tugboat service request 

Month 
Forecasting Tugboat Service Request for 2021 

Small Medium Large 

January 3911 451 56 

February 3899 433 40 

March 3952 479 52 

April 3697 439 53 

May 3428 365 61 

June 3609 423 50 

July 4071 432 51 

August 3860 436 56 

September 3235 421 48 

October 4256 474 41 

November 3977 411 43 

December 4551 465 53 

 
Based on Table 4 and Figure 1(a), it is known that the highest demand for tug services for 

small ships occurs in December 2021 with a total of 4551, and the lowest occurs in September 2021 

with a total of 3235. Meanwhile, Tables 4 and 1(b) show the forecasting results. The highest demand 

for medium ship services occurred in March 2021 with 479, and the lowest occurred in May 2021 with 

365 marks. Table 4 and Figure 1(c) show that the highest forecast for large ship services demand will 

occur in May 2021, with a total of 61. The lowest occurred in February 2021. The capacity is 40. In 

Figure 2, the blue plot shows the actual data from tug service requests for each type of ship. Meanwhile, 

the red plot shows the fitted value, and the green plot shows the forecasting results. 

 

3.2. Assignment Model 

 The assignment model will be executed after forecasting the tug service request. The assignment 

model is run by applying several scenarios that have been made to determine the length of waiting time in 
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the queue, the number of lines, and the utilization level of each tugboat. The system performance is good if 

the average waiting time is small, the number of queues is small, and the utilization rate of tugboats is high. 

 

 

Figure 2. Application of the assignment model  

 
Figure 2. shows the flow of tugboat requests by applying scenario 1. First, the ship arrives and then 

enters the queue. Then the tugboat service will be carried out where 𝑇𝑢𝑔𝑏𝑜𝑎𝑡 1, 𝑇𝑢𝑔𝑏𝑜𝑎𝑡 2,
. . .  , 𝑇𝑢𝑔𝑏𝑜𝑎𝑡 12 symbolize tugboats 1 to 12. The results of the assignment of waiting times and the number 

of queues will be shown in Table 5, and the utilization level in Table 6, Table 7, and Table 8. 
 

Table 5. Assignment results for waiting time and queue 

Scenario to- 
Waiting Time Queue 

Mean Min Max Mean Min Max 

Scenario 1 50 minute 30 minute 102 minute 9 3 20 

Scenario 2 45 minute 24 minute 84 minute 5 2 11 

Scenario 3 52 minute 26 minute 107 minute 7 3 22 

 

Based on Figure 2 and Table 5, show the assignment results using the first scenario by operating 12 

tugboats every day as implemented in the port at this time. The assignment results are an average waiting 

time of 50 minutes, a minimum waiting time of 30 minutes, and a maximum waiting time of 102 minutes. 

The average queue in the first scenario is 9, the minimum line is 3, and the maximum column is 20. The 

application of the second scenario assignment method is the same as the first scenario, only adding 1 tugboat 

in Figure 2. Table 5 shows the assignment results using the second scenario operating 13 tugboats every day. 

The assignment results show an average waiting time of 45 minutes, a minimum waiting time of 24 minutes, 

and a maximum waiting time of 84 minutes. Meanwhile, for an average queue of 5, the minimum line is 2, 

and the entire string is 11. 

The application of the assignment method for the second scenario is the same as the first scenario, only 

adding 2 tugboats in Figure 2. The results of applying for the 3rd scenario show an average waiting time of 

52 minutes, a minimum waiting time of 26 minutes, and a maximum waiting time of 107 minutes. The average 

results for the third scenario queue are 7, the minimum line is 3, and the maximum column is 22. The 

assignment results will show the utilization level in each scenario in Table 6, Table 7, and Table 8. 

 
Table 6. Scenario 1 utilization assignment results 

 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 

Mean 14% 14% 18% 17% 17% 12% 15% 15% 15% 13% 20% 12% 

Min 4% 8% 9% 8% 10% 1% 4% 12% 7% 4% 6% 5% 

Max 21% 22% 32% 24% 25% 27% 23% 20% 25% 20% 37% 20% 
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Table 7. Scenario 2 utilization assignment results 

 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 

Mean 13% 14% 11% 14% 11% 12% 11% 12% 13% 14% 12% 13% 14% 

Min 5% 8% 5% 6% 8% 5% 2% 7% 3% 6% 7% 7% 5% 

Max 20% 25% 26% 22% 15% 18% 24% 21% 24% 26% 21% 45% 28% 

 

Table 8. Scenario 3 utilization assignment results 

 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 

Mean 8% 13% 13% 13% 13% 12% 8% 12% 12% 12% 14% 11% 25% 9% 

Min 3% 7% 2% 4% 8% 0% 2% 2% 2% 2% 5% 4% 1% 0% 
Max 18% 20% 23% 21% 15% 17% 19% 15% 18% 20% 23% 15% 12% 15% 

 
Based on Table 6, Table 7, and Table 8 show that the utilization level of tugboats by operating 13 

tugboats results in better results than by working 12 or 14 tugboats.  

Based on the results of research carried out by service providers, it is necessary to increase the operation 

of tugboats from 12 to 13 tugboats every year because the demand for tugboat services at the port continues 

every year to grow. Increasing the number of tugboats operating can reduce the number of queues and the 

length of waiting time in the line. In addition, it can improve port performance and increase revenue benefits 

for ports. 

This study used the parameters ⍺, β, γ to calculate the forecast using trial error. In further research, the 

parameters ⍺, β, γ can be determined using optimization as done [19] by using the golden section in double 

exponential smoothing forecasting. 

 

 

4. CONCLUSION 

Based on the research results that have been done, what can use the triple exponential smoothing 

method to predict the demand for tugboat services at Tanjung Perak port for 2021. The forecasting results are 

used to run the assignment model by applying the built scenario. The results obtained in this research are the 

optimization level of tugboats at the Tanjung Perak port will be further increased if you operate 13 tugboats 

every day because the demand for tugboat services continues to grow every year. Adding tugboats that are 

working can reduce the number of queues and reduce the length of waiting time for lines. 
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