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ABSTRACT 

Operations research techniques have helped optimize container terminal 

operations over the past decades and have been a regular feature of maritime logistics 

and maritime supply chain literature in addition to being in practice at container 

terminals across the globe. The first phase of the project, a systematic review 

systematically collates through Scopus and analyzes 1631 papers published in the 

domain to find the main research clusters and understand future research directions. 

Studies based on both quayside and landside planning are encapsulated for this 

research. Five research clusters that discuss simulation, scheduling and automation, 

quayside operations, integrated operations, and container transportation are identified 

based on author keywords of the systematically derived paper pool. In addition to that, 

the evolution of applying optimization techniques in container terminal operations 

planning is discussed in this study alongside the suggested trajectory of the research 

agenda under each cluster. The analysis finds that genetic algorithms, integer linear 

programming and heuristics are the most widely used operations research techniques 

in container terminal optimization. The review proposes the application of methods 

such as neural network, fuzzy logic and deep learning models related to artificial 

intelligence to widen our understanding of container terminal operations. The second 

phase of the project is conducted to optimize ITT truck flows in container terminals 

by following the research direction that is derived through the cluster, container 

transportation in the systematic review. The proposed model is developed using fuzzy 

logic in MATLAB software. The model can allocate ITT trucks based on the demand 

from terminal yards and current truck arrival rates at gatehouses. More industry and 

academia as well as inter-terminal collaborations are needed in future studies for 

enhancing ITT operations and the overall operations in container terminals. 

Keywords: container terminals, systematic review, inter-terminal transportation, 

optimization, maritime logistics, fuzzy logic  
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1 INTRODUCTION 

1.1 Background of the study 

Container terminal operations planning is crucial for sustaining global supply 

chains. Any disruption that happens in container ports leads to make bottlenecks in 

supply chains that are connected globally. Therefore, optimizing container terminal 

operations results in providing a comfortable stage for global supply chains to be 

performed.  

The study focuses the overall planning function in container terminal operations. 

Mainly the study consists of two phases. UNCTAD, (2020) reveals that the annual 

growth of maritime trade has fallen by 4.1% in 2020 due to the global COVID crisis. 

However, 140 million TEUs were transported around the world in 2020 (UNCTAD, 

2020). Therefore, it is critical to understand the current research trends and reveal 

potential research paths for the growth of the container terminals industry. 

The growth of the container ships fleet is 2.48% from 2020 to 2021 (UNCTAD, 2021). 

This figure proves that the supply of container ships is increased even though the 

pandemic disrupted the global supply chains. The container freight rates have shown 

a significant increase over the last years where it shows the importance of container 

transportation. Green operations are motivated through studies as well as practices due 

to pressure that is built by communities where it leads to decarbonization (UNCTAD, 

2021).  

New approaches such as dynamic scheduling (Gunawardhana et al., 2021) and 

integrated operations (Weerasinghe et al., 2022) are employed as the most recent 

trends. Weerasinghe et al., (2022) further claim that intensifying internal interfaces; 

quay to yard and yard to gate, can enhance the future operations of container terminals. 

Seaside operations, optimization, simulation, computer simulation, control system, 

numerical models, and planning are the key focuses on most recent trends in container 
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terminal operations according to our evaluation of review studies within the scope 

(2.3.2). 

Optimization and technologies have improved port operations to a greater level. 

Artificial Intelligence (AI) concepts such as machine learning have enhanced port 

operations according to Filom et al., (2022). In a nutshell, container port optimization 

should be focused as a key focus to build container port transportation to a higher level. 

Understanding the current trends of container terminal optimization will lead to reveal 

and improve future research directions. 

1.2 Structure of the thesis 

First, the literature review is conducted by starting the discussion on operations 

inside container terminals (2). Container terminal operations planning is the key focus 

of the study (2.2.1). Quayside (2.2.2) and landside (2.2.3) planning are discussed 

separately by understanding planning concepts under each area. Then the review 

studies are evaluated for identifying research gaps within container terminal operations 

more systematically (2.3). A systematic review (2.3.2) is conducted by reviewing 

previous systematic reviews under the scope to reveal research directions further.  

Then phase one of the MSc project is conducted as a systematic review in container 

terminal operations optimization (3). First, the review methodology is explained (3.1). 

Then the bibliometric analysis is conducted (3.2) by introducing the status of the scope. 

Afterwards, the analysis is conducted including the discussion on planning functions 

(3.3.1) and identified research clusters (3.3.2).  

As the second phase of the study, optimizing ITT truck flows in container terminals 

using fuzzy logic is conducted (4). After identifying the exact project, fuzzy logic is 

identified as the methodology to conduct the control system for ITT operations (4.2.2). 

After that, the analysis is conducted by building the fuzzy model (4.3). The ITT truck 

allocation (4.3.5) is introduced under two strategies. Then the discussion (5) is 

conducted for both phases and the study is summarized in the conclusion (6). 
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2 LITERATURE REVIEW 

2.1 Operations inside container terminals 

Seaport container terminals play a vital role in maritime transportation. 

Maritime transport is crucial for sustaining the supply chains around the world. 

Besides, containerized transportation represents 20% - 30% of the world maritime 

trade by volume (UNCTAD, 2021). Furthermore, approximately 70% of the cargo is 

handled by global seaborne container trade in terms of value (Dadashi et al., 2017). 

For instance, 815.6 million Twenty-foot equivalent units (TEUs) have been handled 

in container ports as the total throughput in 2021. Quayside operations and landside 

operations are the fundamental division that divides the container terminal operations 

(Böse, 2020). In quayside, loading and discharging operations are performed. The 

place where containers are stacked temporarily is identified as the yard. Containers are 

stacked until the connected outbound vessel comes or consignee send the truck to 

collect the containers (Chu et al., 2019).  

Envisioned purpose and terminus of the containers are used in categorizing containers 

in this study. The fundamental terminal operations are originated by exports and 

imports. The containers that are dispatched via a vessel using waterborne routes can 

be identified as exports (Muravev et al., 2019). The containers that are imported via a 

vessel using waterborne routes can be identified as imports. These imports containers 

are dispatched and circulated inside the land (Mar-Ortiz et al., 2019). Transshipments 

can be introduced as the next category. Reshipment is another term to introduce 

transshipment in international trade (SLPA, 2015). A temporary stopover can be 

introduced as a transshipment port for that particular container (SLPA, 2016). First the 

transshipment container is discharged from the vessel and it is loaded to another vessel 

inside the same terminal (Zhou et al., 2016).  

Inter-Terminal Transportation (ITT) is the next major operation that is well known as 

ITT (Wang et al., 2014). The container that is stacked in another terminal within the 

same port is shifted to the relevant terminal when the outbound vessel of the particular 
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container calls. ITT containers are stacked temporary in the yard of the terminal where 

the outbound vessel that the containers are loaded similar to the export process. Until 

the discharged ITT containers are delivered from the terminal to the relevant terminal 

for outward movement, containers are stacked in the discharged terminal parallel to 

the imports process. Therefore, it can be concluded that loading, discharging, and 

transfer containers are the key categories inside the terminal yard including ITT 

containers (Cai et al., 2014). Figure 1 further explains the container terminal operations 

in operational perspective. 

 

Figure 1: Container terminal operations - operations perspective 

Source: Weerasinghe et al., (2022) 

Quay Gantry Crane (QGC) is used in quayside operations. Interchangeably, Quay 

Gantry Crane is defined using the term quay cranes (QC) in studies as well. QCs 

perform loading and discharging operations in quayside (Bartošek & Marek, 2013). 

Stacking and picking are the key jobs for Yard cranes (YC) at yards. Rail Mounted 

Gantry crane (RMG), Rubber Tired Gantry crane (RTG), and Straddle Carrier (SC) 

are the three types of yard cranes that are widely used. Out of these, RTG is the most 

famous yard crane type (Guo & Huang, 2012). Less than Container Load (LCL) and 

Multi-Country Consolidation (MCC) can be identified as other process in container 

terminal operations as external functions where the operations need logistics facilities 
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such as warehouses and transportation (SLPA, 2015). MCC containers can be arranged 

in different countries when it compares with other operations. Ports should facilitate 

logistics facilities such as warehouses and transportation for LCL and MCC operations 

(Bahadir & Akdag, 2019). LCL and MCC operations are excluded in this study since 

these types are operated in addition to the basic operations; exports, imports and 

transshipments.  

2.2 Container terminal planning   

2.2.1 Planning function 

Container terminal planning is a multifaceted job. Global seaborne container 

trade is valued 60% of freight transportation in terms of value. The value is around 12 

trillion U.S. dollars in 2017 (OECD & EUIPO, 2021). In other words, 60% of global 

freight transportation is affected by container transport efficiency. Container terminal 

planning is getting more and more complex while the needs of shipping lines are 

demanded in a dynamic environment (Kastner et al., 2020). Automation projects, 

optimizing port calls and port community systems are invested by highly ranked 

international ports focusing on providing a better service (UNCTAD, 2019). Every 

planning task is interconnected, and nothing can be identified that is disconnected in 

container terminal planning. 

Time horizons are defined with specific timeframes in tactical level planning. 

However, specific tasks need trained human roles who are also decided in long term 

strategic planning. Quayside and landside operations are the key areas that are defined 

as the main division in container terminal planning (Jin et al., 2014). Quayside 

planning (2.2.2) and landside planning (2.2.3) are discussed in the next parts with sub 

planning tasks. Quayside planning is defined that includes all the planning tasks that 

are operated in quayside. All the tasks that are related to landside are called landside 

planning altogether. Operational perspective of containers is considered to develop this 

study. Exports, imports and transshipments, are the categories that are identified in 

terms of container terminal operations (Güven & Eliiyi, 2018). Containers that are 
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transferred between terminals within the same port can be defined as transshipment 

containers (Cai et al., 2014). 

 

Figure 2 : Operational process of ITT receiving 

Figure 2 explains how the ITT receiving process can be summarized into a process 

view. Gatehouses record the arrivals of Export containers when the reach to the 

gatehouses. Both automated and manual operations can be observed at gatehouses 

(Nellen et al., 2020). Gatehouses provide the yard location once the container reaches. 

The allocation is issued by following the stacking policies for arriving export 

containers. Studies that focus landside planning identify stacking policies as a 

significant area for research. Arriving containers is the category that explains the 

stacking problem for Exports (Güven & Eliiyi, 2018). Further, online stacking policies 

are employed in studies. Yard optimization has been focused by Güven & Eliiyi, 

(2014) in studying allocation problem and stacking policies. It is important to 

understand the receipt of containers in the ITT category inclusively since more studies 

focus on all inbound containers using trucks in one category as inbound containers. 

Factors, the type of cargo inside, the size, weight, port or location of discharge and 

outbound vessel or truck of the container are considered in deciding where to stack in 

the yard (Güven & Eliiyi, 2014).  

The decision support systems consider the availability of yard cranes in studies (Mar-

Ortiz et al., 2019). Exports and ITT receiving containers are considered in one category 

as loading containers leads to consider those in a similar process. Allocation decision 

affects the terminal efficiency significantly since reallocation generate additional crane 

and yard moves at yards (Caserta et al., 2012). Discharging process should be 

identified before going to the transit container process since discharging process 
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directly involves deliveries from the terminal end. Imports, and ITT deliveries generate 

delivery tasks at yards. 

 

Figure 3: Operational process of ITT delivery 

Figure 3 explains the import and ITT delivery operations process. The stacking 

locations at yards for discharging containers should be allocated before the containers 

are discharged from vessels (Güven & Eliiyi, 2014). Factors, the type of cargo inside, 

the size, weight, port or location of discharge and outbound vessel or truck of the 

delivery containers are considered in deciding where to stack in the yard (Güven & 

Eliiyi, 2014). Stacking policies play the key role in the yard allocation decision (Li et 

al., 2018). The yard allocation is given by following a similar process as in receiving 

process.  

Once the import containers are discharged from the vessel, the containers are stacked 

at container yard. Internal terminal trucks or railroads are used to transport import 

containers (Güven & Eliiyi, 2018). Imports and ITT containers are picked as deliveries 

by ITT trucks as well as external trucks. First, consignee receives the cargo clearance 

from the terminal office. Then the permission is granted to allocate storage facilities 

to the container at terminal yards (Muravev et al., 2019). Gatehouses are optimized 

using queuing management and optimization concepts. It helps to reduce congestion 

at yards (Abeysooriya et al., 2021). A separate flow is maintained for import 

containers. The consignee has the responsibility to clear the documentation process 

and the import container is picked by import truck (Muravev et al., 2019).  ITT 

receiving and delivery time at gates depend on vessel calls of the outbound vessel of 

the transshipment containers.  
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The collaboration between container terminals connects the ITT operation within the 

same port (Negenborn, 2014). The mutual understanding among container terminals 

interconnects ITT operations as the processes are introduce in Figure 2 and Figure 3. 

Signing Mutual agreements is a widespread practice in international container ports. 

The truck usage has been predicted to reduce by 13% in 2030 by Port of Rotterdam 

Authority through an agreement that has been established internally. Optimizing rail 

operations through proper scheduling has been identified by Port of Rotterdam 

Authority to reduce truck movements (Negenborn, 2014).  

 

Figure 4: The transshipment processes (handling inside the same terminal) 

The containers that are discharged and loaded within the same port can be specified as 

Transshipments (Güven & Eliiyi, 2018). The ITT operations are not overlapped with 

pure transshipment operations when the container is loaded and discharged within the 

same terminal (Güven & Eliiyi, 2018). The idle time of yard cranes can be reduced by 

optimizing the transit time of transshipment containers. (Cai et al., 2014). 

The percentage on each operations type is varied from one container port to another 

container port. However, it is similar for terminals within the same port in most of the 

cases. Regional factors as well as the economic abilities of the country decide the 

trends of the container ports. For instance, the value of Chinese exports has been 

calculated as 25% of the global maritime trade. The port industry is extremely 

depended on the economy of China (UNCTAD, 2019). Transshipment operations are 

the most popular operations in hub ports. Hub ports that operate transshipment 
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operations more than 70% from the total operations can be highlighted as port of 

Singapore, Algeciras, Salalah, Lianyungang, Malta, Kingston and Pelepas. This 

percentage is approximately varied between 50% to 70% in Port of Colombo, Hong 

Kong, Valencia and Piraeus (Notteboom et al., 2014). Port of Shanghai and Rotterdam 

port are operating transshipment cargo with a less percentage. It indicates their major 

operations are imports and exports. 

 

Figure 5: Planning functions at container terminals 

Separate planning tasks are performed to function each operations process. Figure 5 

explains how each planning function can be labeled under quayside and landside 

operations. Quayside planning (2.2.2) as well as landside planning (2.2.3) are 

discussed further. 

2.2.2 Quayside planning   

Quayside planning function and landside planning function have been 

identified as main focuses in container terminal planning as per the discussion so far 

(Jin et al., 2014). The vessels are operated at the quayside. Handling system plays a 

significant role in connecting each function. QGC is the elementary equipment that is 
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operated at quayside. The types of QGCs can be identified as high profile QGC and 

low profile QGC (Bartošek & Marek, 2013). One of the main jobs that QCs perform 

is the discharging operation where the vessel is discharged. Quayside operation 

connects to internal terminal trucks, railroads, or SCs. Internal terminal trucks, 

railroads, or SCs are used to transport discharged containers to the yards. Containers 

that are temporary stacked at yard are transported by internal terminal trucks, railroads, 

or SCs for loading purpose. QGCs perform the loading operation once the container 

reaches quayside (Li et al., 2015). Berth Allocation Problem (BAP), Quay Crane 

Assignment (QCA), Quay Crane scheduling (QC scheduling), and the Vessel Stowage 

Planning (VSP) are the separate planning functions inside quayside function. It is 

crucial to integrate quayside and landside planning functions for a smooth operation 

(Kizilay & Eliiyi, 2020).  

2.2.2.1 Berth Planning (Berth Allocation Problem - BAP)  

The place where the vessel is anchored can be identifies as Berth. The land area 

that the vessel is operated, the berthing area is a limited resource (Abdel-Fattah et al., 

2013). Therefore, it is crucial to optimize the berth area using advanced features of 

BAP. Berth schedule is displayed for every customer and other parties while it ensures 

the convenience of the direct customers of the terminal, shipping and feeder lines. 

Abdel-Fattah et al., (2013) explain that the long-term relationship between the 

terminals and shipping and feeder lines are maintained through agreements such 

Service Level Agreements (SLA). The BAP has investigated the waiting time for 

vessels, port attractiveness, utilization of resources, profits, and sustainability (Abdel-

Fattah et al., 2013). Productivity, port efficiency, QC options are the factors that must 

be considered further in studies when berths are allocated (Carlo et al., 2014). Decision 

maker in BAP has a critical role since the BAP on top of other planning functions in 

the planning hierarchy (Castilla-Rodríguez et al., 2020). 

BAP attributes are specified within four categories; Spatial, temporal, time for 

handling, and the measures of performances (Carlo et al., 2015). The berth 

characteristics are represented by spatial attributes. Temporal attributes are included 
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by arrival time that is predicted and the availability of berths. Factors that are included 

such as moves of QGCs and YCs can be counted under handling time attributes. 

Further, performance measurement attributes represent waiting time of vessels and 

time that vessel operation is completed (Carlo et al., 2015).   

 

Figure 6: Berth planning function 

Berth planner has the responsibility to understand the characteristics of the berth. As 

Figure 6 displays, the length of the berth is flexible while it is fixed for a certain period 

of time where it is specified as the time that the vessel remains at the berth. Length 

Overall that is well known as LOA of the ship decides the length that is needed for 

berth operation. The vessels are Bollards are tightened using bollards and ropes. 

Therefore, the bollards allocation is also a part of BAP. QGC jobs that must be 

operated in vessel operation defines the initial time that is taken for the operation. 

Berth occupancy percentage should be maintained at a high rate when the berth is 

optimized (Navis, 2014). Although handling time is calculated, a margin is added due 

to uncertainties (Navis, 2014). 

Equation 1: Handling time for the vessel 

Source: Navis, (2014) 

𝑉𝑒𝑠𝑠𝑒𝑙 ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑄𝐶 𝑗𝑜𝑏𝑠

𝐵𝑒𝑟𝑡ℎ 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦
+  𝑀𝑎𝑟𝑔𝑖𝑛  
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In Equation 1, handling time for the vessel can be calculated using the number of QGC 

moves to be operated as well as the berth productivity. However, the issue rises since 

container slots that should be operated are not distributed equally along the vessel. 

Heavy number of moves must be completed in some bays. Therefore, the time that is 

initially calculated cannot defined as an accurate measure.  

2.2.2.2 Quay Crane Assignment (QCA)  

The QGC allocation on each vessel is identified in the QCA problem. As the first step, 

the optimal number of QGCs that can be employed in each vessel should be identified 

(Ursavas, 2014). BAP is adjusted on the characteristics of the container terminal. The 

time that the vessel is operated is initially identified using Equation 1. However, it 

does not promise to stop the operation within the calculated time. That is where the 

crane intensity is calculated where it suggests the optimal QC option for each vessel 

by identifying the effect of the heavy bays (Pacino, 2018). 

Equation 2: Calculating the crane intensity  

Source: Pacino, (2018) 

𝐶𝑟𝑎𝑛𝑒 (𝑄𝐶)𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦

=  
𝑀𝑜𝑣𝑒 𝑐𝑜𝑢𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑜𝑛𝑔𝑒𝑠𝑡 𝑐𝑟𝑎𝑛𝑒 (𝑚𝑜𝑣𝑒 𝑐𝑜𝑢𝑛𝑡 𝑖𝑛 𝑡ℎ𝑒 ℎ𝑒𝑎𝑣𝑖𝑒𝑠𝑡 𝑏𝑎𝑦)

𝑇𝑜𝑡𝑎𝑙 𝑚𝑜𝑣𝑒 𝑐𝑜𝑢𝑛𝑡
 

In handling time calculation in Equation 1, the distribution of cargo is not considered. 

Because when that calculation is done, the planner does not know the exact handling 

positions of the vessel. Once the planner receives the exact distribution of positions, 

crane intensity can be calculated. The most efficient crane option for each vessel is 

calculated each vessel. Equation 2 displays how the crane intensity is calculated. It 

helps in identifying the most accurate vessel handling time when there is no additional 

bottlenecks such as crane breakdowns (Pacino, 2018). Then the QCA is performed on 

the identifying QC allocation through crane intensity.  
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2.2.2.3 Vessel Stowage Planning (VSP)  

Central planner of the shipping line provides positions for stowage (Beens & Ursavas, 

2016). Information that is needed for applying the loading plan is given through special 

instructions. Destination that the containers are unloaded and the weight of the 

containers are included in the stowage plan (Beens & Ursavas, 2016). This remarks 

the beginning of the integrating the vessel plan and the yard plan. Integrated planning 

is a broad area that is important to investigate in future studies according to Kizilay & 

Eliiyi, (2020). The cranes that are available in the yard perform stacking and picking 

operations that relate to the vessel operation. The vessel stowage planning process is 

identified as VSP. This can be performed once the QCA is completed since exact 

container is not compulsory to allocate cranes on bays. VSP can be altered due to 

several reasons. Then the VSP also effects in altering other planning functions as well 

according to Weerasinghe et al., (2022). 

2.2.2.4 Quay Crane scheduling (QC scheduling)  

 

Figure 7: Vessel handling time (Navis, 2014) 

The exact number of QCs that must be allocated for each vessel is identified with the 

time factor in QC scheduling problem. The exact crane bays that are suggested by 

vessel central planner is covered in QCA problem (Chen et al., 2012). Stability of the 
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vessel is a key constraint that has been given the attention in previous studies (Al-

Dhaheri et al., 2016). Minimizing the vessel handling and turnaround time is the main 

objective in QC scheduling problem. Figure 7 showcases an example view of the QC 

scheduling dashboard. An integrated grid of both the time that the operation takes as 

well as the vessel position are displayed through the dashboard. Similarly, a specific 

time frame is identified that a crane should work for each vessel. Once the cranes are 

specified exact containers are assigned that should be loaded into specific bays. (Chen 

et al., 2012). Directional QC scheduling and unidirectional QC scheduling problems 

have been investigated in previous studies (Chen & Bierlaire, 2017). Task, crane, 

interface, and performance measure are the key attributes that represent the QC 

scheduling problem. 

2.2.3 Landside planning   

Yard, gate and related tasks are represented by Landside operations. Yard 

positions must be allocated for containers on their operational perspective, export, 

import, and transshipment in yard planning. Yard planning is the most important part 

of Yard Management (YM) in tactical level decision process in container terminals 

(Zhen et al., 2016). Overall terminal efficiency is depended on yard operations while 

scarcity in yard space has a significant role. Even Port of Singapore, the busiest 

transshipment port in the world faces this scarcity problem (Jin et al., 2014). Frequent 

policy changes, demand on the consumption of energy, and pressure that is built on 

planners and operators are remarked as rising issues because of scarcity (Gerken et al., 

2020). Yard area can be expanded in some cases while it does not fix in all the times. 

Therefore, expanding the planning function must be investigated (Kastner et al., 2020). 

YSA, YCD, and YC scheduling are highlighted as main tasks inside YM (Jin et al., 

2014). Dynamic environment leads to complicate the YM in any terminal. Yard 

planning integrates with all the planning tasks inside quayside and gate operations as 

well as internal functions within YM. Recent studies have found that dynamic 

approaches higher capability than conventional trials (Görges & Freitag, 2020). 

Furthermore, YT has been investigated in many of the studies (Kizilay & Eliiyi, 2020). 
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Figure 5 shows that more than 50% of the published articles have been conducted 

inside yard operations.  

2.2.3.1 Yard Space Allocation (YSA) 

YSA identifies most convenient yard allocations for containers entering from gate end 

and quayside. Stacking positions are selected for operational types of inbound trucks 

that have been identified as imports, exports, transshipment with ITT containers 

(Güven & Eliiyi, 2014). Stacking policies lead the yard planner to take decisions on 

YSA. Stacking policies are included by specific guidelines that help the yard planner. 

Rate that changes the container positions, YC efficiency, and truck turnaround time 

can indicate the efficiency of previous studies emphasizes four stacking policies 

leveling, random, closest position and maximum remaining stack capacity.  

Export and ITT receiving containers are stacked at the yard until their outbound vessel 

arrives. Import and ITT delivery containers are stacked in the yard until their outbound 

truck arrives. An example of a stacking policy can be identified as considering the next 

destination port of the export, ITT, or transshipment container. This is a grouping 

method (Fibrianto et al., 2020). The workload at a considered area should be 

considered before allocating spaces. It has been found that the workload-based yard 

planning method can reduce the vessel turnaround time (Fibrianto et al., 2020). Stack 

height is also an operational policy decision in a terminal (Zhen et al., 2016). Stacking 

policies can be adjustable with its capacity levels (Stahlbock & Voß, 2008). Two 

methods can be investigated in stacking. Reducing the idle time of YCs and reducing 

restacking are the areas that are discussed.  

2.2.3.2 Yard Crane Scheduling (YC scheduling)  

YC deployment (YCD) and YC scheduling are defined as the terms to indicate YC 

management (Guo & Huang, 2012). Numerous studies address the YC scheduling 

problem in various aspects. Stacking operations and picking operations are allocated 

to specific YCs in YC scheduling or YCD. Minimizing the average turnaround time 
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of both the internal and external trucks is the fundamental objective of YC scheduling 

or YCD. YCs are a limited resource for a terminal, and it is an extremely significant 

issue for many terminals around the world. The optimal YC option for each yard block 

must be defined by integrating the operations.  

2.2.3.3 Yard Truck Scheduling (YT scheduling)  

The focus on YT scheduling is primarily intended for managing internal yard trucks 

and has little consideration on external trucks. Feeding the system in the yard end is 

the primary tasks of YT scheduling. YTs are not operated when SCs are employed in 

the operation. Common YC systems including RMG and RTG systems are needed YT 

systems that have efficient YM. Quayside and landside planning are integrated by YC 

scheduling (He et al., 2019). When empty truck trips occur or the trucks are idling, it 

leads to an inefficiency that must be investigated inside YM (Zhen et al., 2016). 

Railroads, and Automated Guided Vehicles (AGV) systems are used for YTs (Nellen 

et al., 2020). The idle trucks are fetched by the YT scheduling as the fundamental 

tasks. Kalmar smart path (Kalmar, 2013), and Navis prime route system (Navis, 2019) 

are some advanced systems in YT scheduling. 

2.3 Review studies for identifying research gaps 

Planning function (2.2.1), Quayside planning (2.2.2) and Landside planning 

(2.2.3) are explained the fundamentals of container terminal operations planning. The 

discussion is built using more than fifty studies. Identifying the most timely and critical 

research gaps improves the effectiveness of the study. The aim is to find the review 

articles under container terminal operations systematically to define research gaps 

more scientifically. 

2.3.1 Types of review studies 

Table 1 has been developed based on Grant & Booth (2009), Davarzani et al. 

(2016), and Perera et al. (2019) as well as the initial analysis of the study. Table 1 

introduces a comparison of diverse ways of conducting review studies. Table 1 
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explains how the identified six different types of review studies can be positioned as 

critical review, systematic literature review, bibliometric analysis, overview/ literature 

overview, literature review, and review.  

Most significant studies are highlighted in critical reviews through narrative analysis. 

Systematic search is proposed to find future directions in systematic literature reviews. 

Bibliometric analysis can be an initial analysis of review studies that reveal the 

quantity of literature, and trends in publications based on authors, affiliation, etc. 

Overview/ Literature overview introduces a summary of literature through a broader 

perspective. A literature review introduces literature that comes under a certain defined 

scope. There is no structure or systematic way of doing a literature review while still 

it must be defined scientifically. Reviews are conducted from a broad perspective by 

looking from an umbrella view. 

 

Figure 8: Types of review studies - Distribution 

We find that only four systematic reviews have been published out of the twenty-seven 

identified review studies. Similarly, it highlights in Figure 8 that only 14.3% of the 

review studies follow a standard systematic process to conduct the review study under 

container terminal operations. More than 75% of the review studies are conducted as 

reviews, overviews or literature reviews. 7.2% of the review studies are conducted as 
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critical literature reviews or bibliometric analyses which have a more specific way to 

be conducted. 

Table 1: Types of review studies 

 

Container terminal automation (Kon et al., 2020), machine learning applications 

(Filom et al., 2022), container terminal performance (Kurniawan et al., 2022) and 

classifying games in the container terminal logistics field (Nasution et al., 2022) are 

the key areas that systematic review studies cover.  

Type of the 

review 

Characteristics Synthesis 

Critical 

review 

Literature is reviewed critically. Most 

significant 

studies, 

narrative 

Referring to the most significant studies in the field. 

Evaluating their degree of analysis and conceptual 

innovation 

Systematic 

literature 

review 

Literature is searched systematically.  
Systematic 

search, 

future 

directions 

Appraisals and syntheses of research evidence are derived 

systematically. 

Discoveries and recommendations for practice are defined 

under future directions, 

Bibliometric 

analysis 

A systematic review process based on the authors’ 

perspective 
Quantity of 

literature, 

trends in 

publications 

Information: annual counts, authors, institutes, etc. are 

defined 

Evaluating trends in publications 

Overview/ 

Literature 

overview 

There is no guarantee of a systematic process 
Summary of 

literature, 

overview 

ideas 

The literature overview refers only to scientific publications, 

but other related publications are also taken into 

consideration.  

A summary of the literature is presented. 

Literature 

review 

There is no guarantee on the systematicity of the process 

followed. 
Literature 

review, 

defined areas 

The literature is defined based on the authors’ perspective of 

the field. 

The discussion is developed based on the pre-defined areas 

in the fields. 

Review 

It discusses a broad area. 
Umbrella 

view, broad 

perspective 

Papers considered the most significant are discussed 

critically. 

Umbrella views are discussed. 
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2.3.2 A systematic process to identify review studies in container terminal 

operations 

Review articles conclude research directions as per the practice. It helps to 

identify research gaps scientifically. Therefore, finding research gaps is followed a 

scientific and systematic process proposed by Perera et al., (2020), Perera et al., (2019) 

and Davarzani et al. (2016). The scientific process follows nine steps that are 

introduced in Phase 1 (PHASE 1 - OPTIMIZING CONTAINER TERMINAL 

OPERATIONS: A SYSTEMATIC REVIEW OF OPERATIONS RESEARCH 

APPLICATIONS 

Review methodology and initial data analysis (3.1). As per the first step, Keyword 

Structure (KS) is proposed as it is displayed in Figure 9. 

 

Figure 9: Keyword structure - Initial literature review 

The KS for the initial stage includes two levels to identify the studies within the scope. 

The KS is tested using the Scopus database. This KS supports extracting relevant 

review studies from Scopus. Then the research gaps are identified with the direction 

of both the review studies and the literature review of the study. According to Perera 

et al., (2020), and Perera et al., (2019), Scopus is one of the well-reputed databases for 

research articles while the source is suggested for future research.  
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The scope for the initial literature review is defined as review studies under container 

terminal operations as in Figure 9. The next two steps are to limit the search result by 

removing papers, those come under irrelevant subject areas that have been published 

in the English language. Then the rest of the steps are followed that have been 

suggested in PHASE 1 - OPTIMIZING CONTAINER TERMINAL OPERATIONS: 

A SYSTEMATIC REVIEW OF OPERATIONS RESEARCH APPLICATIONS 

Review methodology and initial data analysis (3.1). This extensive search is conducted 

using the Scopus database and we find that twenty-seven review studies are available 

as journal publications under the scope as at 24th of July 2022. We used the mechanism 

proposed in Equations 1, 2, 3 & 4 in Section 3. 

2.3.3 Identify research directions through review studies 

 

Figure 10: Identified clusters – Review studies under container terminal operations 

Seven clusters are identified within these 27 studies: 1) Truck appointment 

systems, 2) Containerization and technology, 3) Computational modeling, 4) 
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Container terminal automation, 5) Integrated operations, 6) Modeling and simulation 

and 7) Yard optimization according to Figure 10. These clusters can be explained as 

follows. 

The first cluster, Truck appointment systems represent the truck management inside 

container terminals. Islam, (2017) has conducted a review study on the empty truck 

trips problem at container terminals. The study discusses the importance of discussing 

supply chain collaboration for enhancing the maritime supply chain through 

optimizing empty truck trips. Islam, (2017) further claims utilizing empty truck trips 

can improve the transport capacity significantly. The cluster elaborates that the 

necessity of conducting research on the multi-modality ITT systems, and cooperation 

frameworks (Q Hu et al., 2019). Similarly, Hu et al., (2019) highlight the importance 

of applying quantitative methodologies for truck management studies through a 

critical literature review. Abdelmagid et al., (2021) introduce the latest comprehensive 

review of cluster 1 to evaluate the truck appointment scheduling problem. According 

to Abdelmagid et al., (2021) the impact of implementing information and 

communication technologies on the external truck appointment scheduling problem 

must be discussed further.  

The second cluster, containerization and technology explain containerization, data 

analytics as well as machine learning with the evaluation of the cluster. Behera et al., 

(2000) conduct an overview on practices at marine container terminals of using 

management information systems in Asian and Australian regions. It encourages 

studies to observe whether the standardization of container location leads to higher 

productivity. Maloni & Jackson, (2005) discuss the North American container port 

capacity through a literature review. It proves that the first half of the decade starts 

from 2000, generates overviews that cover regional content.  

Gharehgozli et al., (2016) explain that two areas can be introduced based on literature;  

1) Innovative container terminal technologies and 2) New OR directions and models 

for existing research areas.  Lau et al., (2017) focus on container shipping research 

since the 1960s conducting a bibliometric analysis. According to  Lau et al., (2017), 



   

 

22 

 

container shipping is one of the areas that is centralized into a few, weakly connected 

research battalions. Therefore, the importance of strengthening the network of co-

authors has been highlighted for future research. Filom et al., (2022) evaluate 

applications of machine learning methods in port operations as per the most recent 

study in the cluster. However, it is the most recent systematic review of the overall 

scope as well. 

Angeloudis & Bell, (2011) conduct the only review study that concentrates on the third 

cluster, computational modeling. Angeloudis & Bell, (2011) elaborate on how the 

ports in the Netherlands, Germany, Korea, and Italy have corporate into academic 

research in the domain. This is a specific review since the categorization has been 

introduced based on the implementation of the model. 

Cluster four, container terminal automation is one of the most trending clusters 

according to our findings. It included port performance aspect in addition to the key 

focus of container terminal automation. Fazlollahtabar & Saidi-Mehrabad, (2015) 

conduct a review study evaluating methodologies to optimize Automated Guided 

Vehicle (AGV) scheduling and routing problems. AGVs are significantly contributed 

to the growth of container terminal automation over the years. The paper introduces 

specific research gaps related to manufacturing, distribution, transshipment, and 

transportation systems. Therefore, the study covers container terminal operations 

partially.  

Kon et al., (2020) conduct a systematic review study covering the global trends of 

automated container terminals. The container terminal automation has increased the 

terminal efficiency in productivity, cost reduction and environmental sustainability as 

per the findings of the study (Kon et al., 2020). Berth planning is one of the areas that 

integrated the vessel owners, navigation systems and terminal operators. Applications 

of artificial intelligence in ship berthing are investigated in a recent review study by 

Imran et al., (2021). Artificial Neural Network (ANN) is proposed for future research 

for collision avoidance while completing ship berthing operations (Imran et al., 2021).  
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Further, a systematic review is conducted on factors influencing container terminal 

performance by Kurniawan et al., (2022). Improving the areas of operation time, 

container handling time, and quay crane productivity can enhance container terminal 

operations significantly (Kurniawan et al., 2022). Another aspect of review studies of 

container terminal operations is introduced as games in container terminal logistics 

field in a systematic review developed by Nasution et al., (2022). Games that represent 

container terminal operations can enhance the knowledge of the relevant field while 

existing games must be improved in future studies (Nasution et al., 2022). 

Cluster five represents the overall operational aspect of container terminal operations. 

As Figure 10 explains that integrated operations, material handling equipment, quay 

and yard operations and seaside operations are included in cluster five. Blankmann & 

Klimbie, (1985) is the oldest study that is found under the scope. It covers the existing 

and planned transshipment facilities in container terminals as an overview. Vis & De 

Koster, (2003) updates the cluster by conducting the second overview of the cluster, 

Transshipment of containers at a container terminal. Therefore, the cluster starts by 

discussing the transshipment operations.  

Zhang et al., (2008) conduct a review study on containership stowage planning. This 

stowage planning problem is an integrated discussion between the vessel operator and 

the terminal operator. The cluster is updated after 7 years, conducting a review study 

covering seaside operations by Carlo et al., (2015). However, the paper has a limit that 

reviews papers only between 2004 and 2012. Kizilay & Eliiyi, (2020) have conducted 

a comprehensive review covering quay crane scheduling, yard operations and 

integrations. The significant contribution of the study is the classification that explains 

all the aspects of quayside, landside and integrated operations. The importance of 

conducting integrated studies is highlighted as the main research gap (Damla Kizilay 

& Eliiyi, 2020). The most recent review study is conducted as a literature survey on 

berth allocation and quay crane assignment/scheduling problem. The paper guides how 

future research under uncertainty must be shaped. Proactive, reactive, and 
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proactive/reactive are the three categories that are proposed for future research as key 

directions under the uncertainty factor (Rodrigues & Agra, 2022). 

The sixth cluster, Modeling and simulation is a significant cluster with its contribution 

to the field. Steenken et al., (2004) contribute with one of the most contributions to the 

field of OR under container terminals operations. Stahlbock & Voß, (2007) have 

updated the previous study by introducing new research directions. There is no 

research is found that focuses on OR in container terminals as the pure scope of the 

study from 2007 onwards. However, Gharehgozli et al., (2016) conducted their study 

by focusing on new OR directions while discussing innovative container terminal 

technologies as their key focus. The cluster has been updated introducing the review 

study conducted by Dragović et al., (2017). The study reviews simulation modeling in 

ports and container terminals. The integrated solution must be prioritized as Dragović 

et al., (2017) highlight. 

The seventh cluster discusses yard optimization as the key aspect. It directly deals with 

the modeling and simulation cluster. A literature review on objective functions for 

stacking containers is conducted by Jacomino et al., (2017). Minimizing unproductive 

movements of yard cranes and minimizing the cost of transportation of containers 

during stacking are introduced as two key objectives under yard optimization 

(Jacomino et al., 2017). Encouraging more research into and application of operations 

management techniques and tools is proposed by Lee & Song, (2017). Abdelshafie et 

al., (2022) conduct their review to identify and evaluate repositioning and optimal re-

allocation of empty containers. Uncertainty, travel time, traffic congestion, and 

demand are suggested as factors to be considered in hybrid algorithms (Abdelshafie et 

al., 2022). 

2.3.4 Evolution of review studies under container terminal operations 

Figure 11 explains how the review studies of container terminals have evolved 

throughout the past years. First, the classified areas under clusters are identified based 

on the average publication year. The average publication year highlights how the areas 
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appeared in the publication timeline. Areas under data analytics, green port, machine 

learning, port performance, yard management, appointment scheduling models, 

automated container terminals, integrated operations, quay and yard operations, truck 

appointment systems, container stacking, and container storage appeared in recent 

review studies between 2016 and 2022. 

 

Figure 11: Evolution of identified clusters – Review studies under container terminal operations 

Seaside operations, optimization, simulation, computer simulation, control system, 

numerical models, and planning methods are the areas that have been highlighted 

between 2010 – 2015. Material handling equipment, containerization, planning and 

logistics are the areas that received the average publication year which comes before 

2010.  

2.3.5 A research gap to develop a systematic review  

Systematically driven mechanisms to classify clusters ensure replicability 

(Perera et al., 2019). A limited number of systematic reviews are identified in 2.3.1; 
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container terminal automation (Kon et al., 2020), machine learning applications (Filom 

et al., 2022), container terminal performance (Kurniawan et al., 2022) and classifying 

games in container terminal logistics field (Nasution et al., 2022). Significantly, three 

out of four systematic reviews are published in 2022. It signifies the need of publishing 

reviews through systematic processes to enhance scientific research has been noticed 

by authors very recently.  

Further, Dragović et al., (2017) discuss simulation studies in their review study. 

Gharehgozli et al. (2016) have discussed OR applications in container terminals from 

the perspective of modern technologies and OR models. However, we find that no 

review studies have been conducted focusing purely on OR techniques after Stahlbock 

& Voß (2007) under the cluster of modeling and simulation in Figure 10. Therefore, 

we find that “The area of operations research under container terminal optimization 

was not covered as the pure focus of any of the review studies after 2007”. 

The review studies are followed to identify research gaps. However, there is a research 

gap is found to conduct a systematic review study when review studies are followed. 

Considering all the above research gaps, the following research objective is identified 

to plug this study. “Identify the research trends in operations research context under 

container terminal operations planning using a systematic review process” is the main 

objective of the first phase of the overall study. Once the systematic review on OR 

applications in container terminals is conducted following the above objective, specific 

research gaps are identified further. Phase two of the project is defined by considering 

the research gaps that are highlighted under the literature review (2) as well as the 

suggested systematic review (3). 
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3 PHASE 1 - OPTIMIZING CONTAINER TERMINAL 

OPERATIONS: A SYSTEMATIC REVIEW OF OPERATIONS 

RESEARCH APPLICATIONS 

3.1 Review methodology and initial data analysis 

The systematic process for the review study was identified after going through 

a number of systematic review studies published within the domain of transport and 

logistics  (Davarzani et al., 2016); Perera et al., 2019). One of the most important 

aspects of systematic reviews is replicability (Lunin & Glock, 2021). Perera et al. 

(2020) and Davarzani et al. (2016) outline nine steps that can be identified: 1) Defining 

the Keyword Structure (KS), 2) Search in a selected database, 3) Narrowing down the 

result based on the subject area, 4) Use inclusion words to filter relevant publications, 

5) Use exclusion words to filter out irrelevant publications, 6) Verification with 

relevant reference lists, 7) Finalize the selected studies for the analysis, 8) Conduct 

bibliometric analysis and 9) Generate the clusters and present trends in the scope. 

 

Figure 12 : Keyword Structure (KS) 

Typically, defining keyword structure (KS) is the most critical part of a systematic 

review since it can decide the direction that systematic review takes. Nevertheless, it 

is not all about setting up some common words that yield a search result. It must 

contain the ability to include previous studies that are available in the defined database 
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with error rate that is allowed (irrelevant papers are not captured and relevant papers 

are not excluded).  

The KS should be improved in the sixth step which verifies the list of results if the 

studies that have been well-established in the domain are not included. The KS is 

defined as per Figure 12 after careful improvements. Moreover, the structure of the 

KS includes two levels 1) Container terminal operations and 2) OR techniques in 

container terminal planning tasks. The intersection of introduced levels can include the 

previously published studies in the scope is the key assumption. Scopus database is 

used for searching relevant papers using the defined KS as per the second step.  

Then the search result is narrowed down to journal publications that are published in 

English. The third step is to narrow down the search result based on the subject area. 

It should be filtered carefully since some of the relevant papers might come under 

irrelevant subject areas. After sorting the search result based on the relevance in 

Scopus, irrelevant subject areas are identified as Medicine, Immunology and 

Microbiology, Pharmacology, Toxicology and Pharmaceutics, Health Professions, 

Veterinary, and Nursing. Once this step is completed, the Comma-Separated Values 

(CSV) file is ready to be downloaded from Scopus. The initial search result in Scopus 

was 4334 (Updated on 12th Aug 2022). 

Inclusion keywords are used to recognize most relevant studies for the review. Studies 

that contain title or author keywords representing identified words from both the 

container terminal operations and operations research context are selected in the first 

phase of selection. Inclusion keywords are searched within the abstracts as well. The 

inclusion process captures 2257 papers in the initial stage. In addition to that, 2029 

papers were identified to be eliminated using excluding keywords. A manual process 

was used to identify papers when those were captured by both the excluding and 

including criteria. At this time, 62 papers are selected to be included while 336 papers 

were eliminated manually after carefully going through the abstracts of each study. 

Ultimately, 1631 papers were identified which satisfy the inclusion criteria. 
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3.2 Bibliometric analysis  

 

Figure 13: Number of publications by year 

We conduct a bibliometric analysis after defining the exact paper pool which 

includes 1631 studies. Figure 13 indicates how the studies have been published on an 

annual basis until 2021 highlighting growing interest on the field.  

The growth rate of 45% per annum is surpassed within our Scope by recording 11.16% 

number of studies in 2021. Less than 100 papers appear per annum before 2016. Table 

2 displays how publication outlets are ranked based on the number of journal articles 

published. European Journal of Operational Research is leading the Table 2 while 

Transportation Research Part E: Logistics and Transportation Review is in second 

place with a margin of four articles. Computers and Industrial Engineering is in the 

third place. “Maritime Economics” and “Maritime Policy and Management” which 

have the full focus on Maritime Transportation are in fourth and sixth places 

respectively while OR Spectrum is in the 5th position. 

It clearly indicates, most of the publications that focus on operations research 

applications in container terminal operations are published in outlets that bear a key 

focus of optimization through operations research. This also implies that domain 

specific journals should encourage more OR based publications in their journals. 
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Table 2: Publication outlets 

Rank Journal 
No of 

Studies 

1 European Journal of Operational Research 83 

2 Transportation Research Part E: Logistics and Transportation Review 77 

3 Computers and Industrial Engineering 69 

4 Maritime Economics and Logistics 54 

5 OR Spectrum 45 

6 Maritime Policy and Management 41 

7 Transportation Research Part B: Methodological 37 

8 Flexible Services and Manufacturing Journal 33 

9 Transportation Science 24 

9 Advanced Engineering Informatics 24 

 

Table 3: Contribution of the authors 

Rank Author Institute 
No of 

Studies 

1 Kim K.H. Pusan National University, South Korea 49 

2 Zhen L. Shanghai University, Shanghai 24 

3 Voß S. University of Hamburg, Hamburg, Germany 22 

4 Yang Z. Dalian Maritime University, Dalian, China 19 

4 Lee D.-H. National University of Singapore, Singapore 19 

4 Zeng Q. Dalian Maritime University, Dalian, China 19 

7 Wang S. Hong Kong Polytechnic University 18 

8 Diabat A. New York University Abu Dhabi, UAE 15 

9 Boysen N. University of Jena, Jena, Germany 13 

10 Huynh N. University of South Carolina, United States 12 

10 Petering M.E.H. University of Wisconsin, Milwaukee, United States 12 
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China, United States, South Korea, Singapore, Germany, Hong Kong and Italy are the 

main contributors towards research on container terminal operations optimization 

according to our analysis. 

Then the authors’ contribution is evaluated based on the number of publications that 

they have contributed. K.H. Kim of Pusan National University, South Korea is the top 

author having contributed to 49 publications within the defined context. L. Zhen of 

Shanghai University, Shanghai takes second place on the list. The third place of the 

list is taken by S. Voß of University of Hamburg, Hamburg, Germany. The author list 

which displays the top 10 positions in the defined context is shown in  

Table 3. 

Shanghai Maritime University, China is the leading institute which produced more 

than 150 publications within operations research context in container terminals. The 

National University of Singapore is second on the list with 83 publications. The third 

place is taken by Dalian Maritime University, China. Pusan National University, 

Busan, South Korea, and Hong Kong Polytechnic University take fourth and fifth 

places respectively. The University of Genova is the only institute that secured a place 

within the top 10 from outside Asia as illustrated by Table 4. 
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Table 4: Top 20 institutes 

Rank Institution Location 
No of 

Studies 

1 Shanghai Maritime University Shanghai, China 152 

2 National University of Singapore Singapore 83 

3 Dalian Maritime University Dalian, China 76 

4 Pusan National University Busan, South Korea 65 

5 Hong Kong Polytechnic University Kowloon, Hong Kong 50 

6 Shanghai University Shanghai, China 43 

7 Tongji University Shanghai, China 39 

8 Shanghai Jiao Tong University Shanghai, China 38 

9 Dalian University of Technology Dalian, China 30 

10 Tsinghua University Beijing, China 26 

10 University of Genova Genova, Italy 26 

12 University of Hamburg Hamburg, Germany 23 

12 Beijing Jiaotong University Beijing, China 23 

12 Delft University of Technology Delft, Netherlands 23 

12 Nanyang Technological University Singapore 23 

12 University of Calabria Calabria, Italy 23 

17 Wuhan University of Technology Wuhan, China 21 

18 Technical University of Denmark Lyngby, Denmark 20 

18 Islamic Azad University Tehran, Iran 20 

20 Erasmus University Rotterdam, Netherlands 19 

20 University of Antwerp Antwerp, Belgium 19 

20 Donghua University Shanghai, China 19 
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3.3 Analysis  

Analysis consists with two subsections. OR applications and optimization in 

container terminal planning is discussed first (3.3.1). Then the identified research 

clusters will be discussed (3.3.2).  

3.3.1 OR applications and optimization in container terminal planning 

Quayside and landside are the key areas in container terminal operations (2.2.2 

and 2.2.3). However, 14.8% of the studies have been conducted covering overall 

aspects of container terminal operations. Most of the papers in the category of 

“overall” including Li et al. (2021); Mi et al. (2021) and Lu (2021) have been 

conducted on aspects focusing on automation and scheduling problem. These papers 

focus on the overall container terminal panning function without focusing silos. 

Silberholz, Golden, and Baker (1991); Beškovnik (2008); and  Sislioglu, Celik, and 

Ozkaynak (2019) contribute to how the productivity of container terminals can be 

standardized. Luna et al. (2018) discuss how to improve the handling efficiency at 

container terminals within the context of the overall operation. Seth and Feng (2020) 

claim that operational planning activities must be considered and interconnected with 

investments on container ports. 

85.2% of studies have focused on exact planning function/ functions inside container 

terminal operations. Figure 14 explains how these studies (85.2%) have been 

distributed within different planning functions. Quayside planning attracts most of the 

studies which are 53.27% of the articles that focus on planning function/ functions as 

Figure 14 shows. BAP attracts 49.94% of the studies out of studies that focus on 

quayside planning function. Golias et al. (2009) highlight the importance of optimizing 

vessel arrivals by proposing berth allocation strategies. 

Simulation modeling of ship-berth link with priority service (Dragović et al. 2005), 

vessel berthing and speed optimization policies (Alvarez et al., 2010), bi-objective 

berth allocation formulation (Golias 2011; Zeng, Feng, and Chen 2017) and carbon-
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footprint minimization objectives through integrated approaches (Karakas et al., 2021) 

can be introduced as the core areas that are discussed within BAP. The evolution of 

BAP can be revealed through understanding how the article titles have been 

introduced. The basic BAP has been discussed before 2010 while it moves toward an 

integrated problem within the decade from 2010 – 2020.  

 

Figure 14 : Distribution of studies within planning functions 

Quay crane allocation/ scheduling problem attracts 31.29% of articles from quayside 

studies. The area of QCA/ QCS appears in various aspects within operations research 

techniques. Bierwirth and Meisel (2010) have conducted a survey on berth allocation 

and quay crane scheduling problems. Focuses on loading and unloading operations in 

container terminals (Li and Vairaktarakis 2004), time windows (Kaveshgar & Huynh, 

2015a), and stability considerations (Ursavas 2017) are highlighted in QCA/ QCS 

problems. Evaluation of available QCA/ QCS methods (Sun et al., 2021), integrated 

quay crane assignment and scheduling problem (Safaeian et al., 2021), integration of 

quay operations with yard operations (Kong et al., 2021) and sustainable approaches 

(Voß, and Song 2022) are few of the key areas that have been highlighted for 

conducting future research. 
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18.77% of the quayside studies have focused on VSP. VSP is a complex area where 

both the vessel operator’s perspective and the terminal operator’s perspective appear 

together. Shields (1984) investigates the VSP for the first time as a study that focuses 

on VSP as a separate area for the first time according to the database (3). Decision 

support system for VSP (Saginaw and Perakis 1989), principles of combinatorial 

optimization applied to VSP (Wilson & Roach, 1999), master bay plan problem 

(Ambrosino et al., 2004), constraint programming model for fast optimal VSP 

(Delgado et al., 2012), and heuristics related applications (Ding and Chou 2015) are 

the highlighted areas under VSP. Applying expert knowledge (Chou & Fang, 2021), 

benchmarking heuristics applications under VSP (Larsen & Pacino, 2021), and 

minimizing over stowage in master bay plans (Chao & Lin, 2021) are some of the areas 

that have been covered in recent studies.  

Landside planning attracts 46.73% of the studies that focus on planning function/ 

functions as Figure 14 shows. Yard operations (89.23%) and gate operations (10.77%) 

are the key contributors within the landside. YSP and yard layout problems have 

received the highest contribution from authors which is around 36.35% out of landside 

studies. Focusing on inbound/ outbound categories of containers (Ting et al., 2010), 

minimizing dwell time (Moini et al., 2012), and integrated yard management (Karakas 

et al., 2021) are the areas that have been highlighted by the literature. Dynamic 

stacking problems (Gunawardhana et al., 2021), and integrated scheduling in 

automated operations (Zhuang et al., 2022) are trending areas within yard 

management.  

Yard crane assignment/scheduling is the next focus of the authors in past studies. We 

found that YCS has attention on the landside which is much similar to QSC is focused 

within the quayside. Yard crane deployment (Laik & Hadjiconstantnou, 2008), and 

simulation and optimization (Legato et al., 2009) are some key areas that are 

highlighted in the literature. Reducing carbon emission (Ding et al. 2021) and 

collaborative and hybrid approaches (Hsu, Tai, et al., 2021) can be introduced as some 

recent trends in the area. YTS is one of the main contributors to integrated planning 
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(Figure 14). It connects with both the quayside and landside directly while 22.93% of 

landside studies have focused on YTS. YTS highlighted integrated scheduling of YTS 

and YCS (Cao et al. 2010) and multi-objective optimization (Homayouni & Tang, 

2013) in the literature. Highlighting automated operations is one of the key focuses 

within YTS (Zhuang et al., 2022).  

ITT operations (37.50%) and external truck management including overall gate 

operations functions (62.50%) are the main focuses within container terminal gate 

operations. The discussion that is built on truck appointment systems at gates is 

highlighted as the main focus within gate operations over the past decade (Zhao and 

Goodchild 2013; Li et al. 2022). Reducing the gas emissions at gates is a trending area 

within the gate operations function (Wasesa et al., 2021). ITT operations are incredibly 

important since it encourages inter-terminal collaboration. Introducing optimization 

techniques for encouraging collaborations is highlighted (T N Adi, Iskandar, & Bae, 

2020). Simple optimization approaches to break the barriers between terminals are 

highlighted (Jin and Kim 2018). 

3.3.2 Research cluster analysis 

The next step is to generate research clusters to underscore the connectivity 

between countries and keywords and their evolution. The following equations have 

been used in the network analysis software that is suggested by the literature 

(Davarzani et al., 2016; Perera et al., 2019). These equations have been developed by 

Van Eck & Waltman (2014). According to Van Eck & Waltman (2014), association 

strength normalization constructs a normalized network in which the weight of the 

edge between nodes i and j is given by 

Equation 3: The association strength normalization 

𝑠𝑖𝑗 =
2𝑚𝑎𝑖𝑗

𝑘𝑖𝑘𝑗
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Equation 4: The total weight of all edges in the network 

𝑘𝑖 = ∑ 𝑎𝑖𝑗𝑗   and  𝑚 =
1

2
∑ 𝑘𝑖𝑖  

Equation 5: VOS mapping technique - minimization function 

𝑉(𝑥1, … , 𝑥𝑛) =
1

2
∑ 𝑠𝑖𝑗𝑖<𝑗 ||𝑋𝑖 − 𝑋𝑗||

2

  and   
2

𝑛(𝑛−1)
∑ ||𝑋𝑖 − 𝑋𝑗|| = 1𝑖<𝑗  

Equation 6: VOS clustering technique - maximization function 

𝑉(𝑐1, … , 𝑐𝑛) = ∑ 𝛿(𝑐𝑖, 𝑐𝑗)(

𝑖<𝑗

𝑠𝑖𝑗 − 𝛾) 

Where, 

𝑎𝑖𝑗 The weight of the edge between nodes i and j. 𝑎𝑖𝑗= 0 if there is no 

edge between the two nodes. 

𝑘𝑖 The total weight of all edges of node i 

𝑘𝑗 The total weight of all edges of node j 

m The total weight of all edges in the network. 

n The number of nodes in the network 

𝑥𝑖 The location of node i in a two-dimensional space 

||𝑥𝑖  - 𝑥𝑗|| The Euclidean distances between nodes i and j 

𝑐1 The cluster to which node i is assigned 

𝛿(𝑐𝑖, 𝑐𝑗) A function that equals 1 if 𝑐𝑖 = 𝑐𝑗 and 0 otherwise 

𝛾 A resolution parameter that determines the level of detail of the 

clustering 

Author keywords that are included in the selected studies are contributed to generate 

cluster graphs following Equation 3, Equation 4, Equation 5, and Equation 6 where 

keywords appear more than or equal to 8 times in literature. Five main research clusters 

are identified by analyzing the author keywords of the papers. These are defined as: 1. 

Simulating container terminal operations, 2. Scheduling operations and automating 

terminals, 3. Optimizing the quayside operations, 4. Integrated operations in container 

terminals and 5. Container transportation, after careful scrutiny of the papers under 

each cluster. The following subsections provide a detailed description for each cluster 

while highlighting fertile soil for future research 
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Figure 15 : Research clusters 

3.3.2.1 Cluster 1 - Simulating container terminal operations 

3.3.2.1.1 Simulating container terminal operations and its evolution 

Simulating container terminal operations is the first cluster in which more than 

10 papers per annum are published while the cluster maintains this count since 2003. 

Chung et al. (1988) have conducted a simulation analysis based on container handling. 

Raman & Ramkumar (1988) have focused on the waiting time of ships and berth 

occupancy in ports in their simulation model. Rego & Roucairol (1995) have 

introduced a dynamic multi-terminal truck dispatching problem as a tabu search-based 

simulation model. Kim & Kim (1999) lead to a new scope in the literature that 

discusses the segregating space allocation models for container inventories in port 

container terminals. One of the key strands that is observed is the focus on overall 

operations by introducing a simulation model before the 21st century. 
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After the year 2000, most of the studies have focused on very specific areas that can 

be introduced within well-defined scopes. Uesugi et al. (2001) discussed the 

scheduling problem in vehicle routing under the constraint of the limited number of 

berths. It highlights that the scopes turn into more specified problems from a broader 

perspective. This can be illustrated through examples. Nishimura et al. (2001) have 

conducted their study on berth allocation planning in the public berth system using 

genetic algorithms. Authors also focus on specific methodologies to specify their 

studies since the scoping does not focus on a specific function always. Steenken et al. 

(2004) discuss the OR-based simulation techniques in container terminals in their 

review study. Simulation models have appeared within all the planning functions. 

Quayside planning (Buhrkal et al., 2011; Shang et al., 2016), yard planning (He et al., 

2010; Karakas, Kirmizi, and Kocaoglu 2021), and gate operations planning (Chen et 

al., 2013) have been discussed under simulating container terminal operations cluster. 

3.3.2.1.2 Trending methodologies: Simulating container terminal operations 

 

Figure 16: OR applications - Simulating container terminal operations 

Genetic Algorithms (GA), integer linear programming, and heuristics are the 

methods that have been frequently used under this cluster (Figure 16). GA has been 
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used across an enormous range of operations in container terminal planning. QCS (D.-

H. Lee et al., 2008), BAP  (M M Golias, Boile, et al., 2009), Integrating BAP and QCA 

(Chang et al., 2010), YCS (He et al., 2010) are conducted using GA based frameworks. 

Integer linear programming has been used within the areas of discrete BAP (Cordeau 

et al., 2005), integrated BAP and QCA (Liu, 2020; Iris et al., 2015), and container 

stowage slot planning problem (Parreño et al., 2016). Heuristics are applied in various 

ways to optimize container terminal operations (Monaco et al., 2014). Other than these 

trending methods, simulated annealing, metaheuristic, queuing model, combinatorial 

optimization, swarm optimization, multi-objective optimization, and dynamic 

programming are the methodologies that are applied in at least 10 studies or more. 

Authors are trying to use more than one method to eliminate limitations in studies. 

Kastner et al. (2021) propose a simulation model using meta-heuristics, structured 

parzen estimator, Bayesian optimization, simulated annealing, and random search 

guide. Considering the constraints from integrated points in the operations is one of 

the key limitations that the authors are facing in building simulation models 

(Chamchang & Niyomdecha, 2021). Similarly, implementing proposed simulation 

models into practice is another challenging area. Chargui, Zouadi, Fallahi, et al. (2021) 

state this challenge in implementing a MILP model with the objective to minimize a 

normalized weighted sum of the mean absolute deviation of operators working hours 

and the total traveled distance by operators between assigned QCs. 

Robust optimization, impact on maritime transport, uncertainty, stowage planning, and 

liner shipping can be introduced as trending research directions for conducting more 

studies under cluster 1. Robust optimization is frequently used to optimize quayside 

operations. Impact on maritime transport is a timely area since it provides directions 

to survive the industry with simulations to predict the impact. Stowage planning is also 

critical since it connects both the container terminal and the vessel operator. It must 

meet the requirement of the vessel operator to cater for upcoming ports of the voyage. 

Dynamic techniques can be introduced similarly when conducting simulations under 

the dynamic stacking problem (Gunawardhana et al., 2021). Traffic integrated yard 
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allocation problem (C. Zhou et al., 2021), efficient layouts for automated container 

terminals (X. Li et al., 2021) and simulating integrated handling systems (Sha et al., 

2021) can be suggested for future studies. 

3.3.2.2 Cluster 2 - Scheduling operations and automating terminals 

3.3.2.2.1 Scheduling operations and automating terminals and its evolution 

Two areas, namely scheduling operations and automating terminals come 

under one cluster in the analysis. Eleven peer-reviewed journal articles that discuss 

scheduling automated operations, including Gharehgozli et al. (2021), Xu, et al. 

(2021), Li et al. (2021) and Tan et al. (2021) have been published within the year 2021. 

This trend of proposing models for scheduling automated container terminals explains 

why scheduling operations and automating container terminals appear under one 

cluster. 

3.3.2.2.2 Scheduling operations 

Scheduling operations is a trending topic according to the analysis of the study. 

This highlights the importance of conducting studies in scheduling operations. 

Scheduling operations are needed for all the planning tasks (Weerasinghe et al., 2022). 

Both QCS (Unsal & Oguz, 2013) and YCS (He et al., 2010), and truck scheduling 

problem (Cao et al., 2010) are being solved using OR applications. Sequencing 

operations is also really critical since it can affect container terminal efficiency directly 

(Vis & Carlo, 2010). Similar to observation under simulating container terminal 

operations cluster GA, integer linear programming and heuristics are the methods that 

have been frequently used in the second cluster as well (Feng Chu et al., 2019). 

3.3.2.2.3 Automating container terminals 

Nabeshima et al. (1978) have begun a discussion on automated container 

terminals. Chen et al. (2004) have conducted a study discussing automating port 

operations. Similarly, a study has been conducted on simulation-based performance 

evaluation of transport vehicles at automated container terminals by Yang et al. (2004). 
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According to Notteboom et al. (2022) three stages of terminal automation are defined: 

1) Adoption, 2) Diffusion and 3) Maturity. As per their study, yard management 

automation would achieve a level of maturity when the decade of 2010 – 2020 ends. 

Notteboom et al. (2022) further argue that automating gate operations and tracking 

tasks come to the maturity level from the level of diffusion while yard cranes and quay 

cranes remain at initial stages of automation. This shows the importance of adjusting 

the planning function towards automating operations. Automated guided vehicles are 

the most popular area within automated container terminal optimization (Lu & Wang, 

2019).  

3.3.2.2.4 Trending methodologies: Scheduling operations and automating 

terminals 

 

Figure 17: OR applications - Scheduling operations and automating terminals 

BAP (Hansen et al., 2008), YCS (Ren, 2012), and sequence planning of 

quayside operations (Lu et al., 2013) are some areas where GA has been applied 

(Figure 17). Automated stacking cranes (Dell et al., 2009), assignment of storage 

locations (Wan et al., 2009), integrated BAP, QCA, and QCS (Agra & Oliveira, 2018), 

block relocation problem (Lu et al., 2020), and rescheduling strategy for BAP (Kim et 
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al., 2021) are the key areas that integer linear programming has been applied. 

Heuristics are being applied with a similar frequency with integer linear programming 

in this cluster. BAP with a limited quay capacity (Imai et al., 2008), YSA (Wan et al., 

2009) and stowage problem (Fazi, 2019) are the identified key areas that heuristics 

have been applied in various ways. Metaheuristic and Simulated Annealing are the 

techniques that are being applied at least 10 times or more in cluster 2. 

The models should be updated when the industry practices are being changed. 

Gharehgozli et al. (2021) argue that the practice of deploying single automated 

stacking cranes (ASC) is changed into deploying more than one crane to improve 

efficiency while improving their MILP model. Chen & Zeng (2021) prove that MILP 

can be used to evaluate green ports since sustainable operations are being demanded. 

MILP can further address to mitigate the limitation of unidirectional movement of the 

quay cranes according to Safaeian et al. (2021).  

Cluster 2: Scheduling operations and automating terminals, is heading to the areas of 

mathematical modeling, integrated scheduling, automated container terminals, 

Lagrangian relaxation, combinatorial optimization, mixed, integer programming, 

simulated annealing, dynamic programming, and automated guided vehicles. 

Gunawardhana et al. (2021) argue that container terminals are demanding dynamic 

scheduling and stacking tools to optimize their operation while our study reinforces 

the same finding. According to Notteboom et al. (2022) dynamics under integration 

between different stages: 1) Adoption, 2) Diffusion and 3) Maturity of automation 

should be considered when future studies are conducted within the scope of automating 

container terminals. 

3.3.2.3 Cluster 3 - Optimizing the quayside operations 

3.3.2.3.1 Optimizing the quayside operations and its evolution 

Quay area includes a few critical planning tasks 1) Berth Allocation Problem 

(BAP), 2) Quay Crane Allocation (QCA), 3) Quay Crane Scheduling (QCS), 4) Vessel 

Stowage Planning (VSP). These areas are being discussed in other clusters as well. 
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However, quayside operations have a freestanding focus within optimizing container 

terminal planning according to Figure 18.  

 

Figure 18: Quayside operations planning studies 

As Figure 18 clearly indicates BAP or BPP (Berth Planning Problem) is the topic that 

is investigated with the highest frequency. Studies on QCA and QCS have been 

conducted as the next frequent topics in the list while the least focus is on VSP. 

According to Weerasinghe et al. (2022) constraints from both sides 1) Terminal 

operator and 2) Vessel operator are considered through VSP. Therefore, it is critical to 

solve VSP as an integrated problem since the vessel operator considers it for the whole 

voyage. 

3.3.2.3.2 Trending methodologies: Optimizing the quayside operations 

Figure 19 shows that GA is the method that is used as the most. This echoes 

the findings of the previously introduced clusters on simulating container terminal 

operations and scheduling operations and automating terminals. Integrating BAP and 

QCA (Zhang et al., 2010) and QCS (Chang et al., 2010), VSP (Dubrovsky et al., 2002), 

and 3D VSP (Azevedo et al., 2018) have been modeled using GA-based algorithms. 

QCS (D.-H. Lee et al., 2008) and loading sequence and rehandling strategies for multi-

quay crane operations (Ji et al., 2015) have been addressed using heuristic algorithms. 

Metaheuristic, integer linear programming (Liu et al., 2016), simulated annealing, and 

combinatorial optimization are the methods that have been modeled as the next 

frequent methods. 
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Figure 19: OR applications - Optimizing the quayside operations 

Uncertainty is one of the key challenges that is faced by the berth planners. It is 

difficult to reschedule berths due to the limited number of berths. The limitation of the 

berth is the barrier that is discussed by most of the studies (Fernández & Munoz-

Marquez, 2022). Kim et al. (2021) argue that rescheduling strategies for berth planning 

in container terminals can be proposed using MILP. It is worth investigating the 

altering nature of the berth planning through MILP in future studies. Worker 

performance variability is another area that is challenging to model. Chargui, Zouadi, 

El Fallahi, et al. (2021) argue that heuristics and variable neighborhood search can 

investigate the limitations in worker performance variability. 

Cluster 3 shows particle swarm optimization, optimal fuel consumption, applications 

in meta-heuristic, simulation optimization, dynamic berth, and quay crane scheduling 

as trending research directions. More integrated studies are required to support a 

smooth operation between quayside and landside. An assortment of studies can be 

found under integrated berth planning although the domain demands more integrated 

studies between functions. Studies on automations are required to showcase effective 

mechanism of handling automated equipment. Gharehgozli et al. (2021) highlight the 

ability to apply OR techniques to optimize automated operations further. Focus on 
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Automated Guided Vehicles (AGVs) is trending within this scope. However still 

studies that guide terminal operations to synchronize the plan with all tasks are an 

urgent research gap that needs to be addressed.  

3.3.2.4 Cluster 4 - Integrated operations in container terminals 

3.3.2.4.1 Integrated operations in container terminals and its evolution 

The decade starting from 2011 onwards mainly focuses on integrated 

problems. Kizilay & Eliiyi (2021) evaluate more than 200 preceding studies (2011–

2020) and find that the percentage of studies focusing on the integrated perspective is 

less than 15%. Integration has been explained in various ways in literature 

(Weerasinghe et al., 2022). Integration is the application side of Terminal Operating 

System (TOS) in seaport terminal planning as per the view of Weerasinghe et al., 

(2022). However, most of the studies introduce integration as connecting two or more 

planning functions. We find only 6.76% of the studies have had an integrated focus. 

Weerasinghe et al., (2022) claim, that 69% of the integrated studies are related to YTS. 

QCS and YCS appear at 67% and 64% respectively within integrated problems. 

3.3.2.4.2 Trending methodologies: Integrated operations in container terminal 

Again, GA, Integer linear programming, and heuristics are the three main 

methods that were used in integrated operations in container terminals cluster as well 

(Figure 20). Integrating scheduling loading operations in container terminals (Zeng & 

Yang, 2009), integrating BAP and QCA (Chang et al., 2010; Diabat & Theodorou, 

2014; Kaveshgar & Huynh, 2015), integrated scheduling of handling equipment (H. 

Y. K. Lau & Zhao, 2008), integrated scheduling of cranes, vehicles, and storage 

platforms at automated container terminals (Zhou et al., 2020; Homayouni et al., 2014) 

are some key areas that GA based algorithms have been applied in. 
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Figure 20: OR applications - Integrated operations in container terminals 

Prominent applications of integer linear programming are integrated yard truck and 

yard crane scheduling (Cao et al., 2010; He et al., 2015) , and integrated BAP and 

QCA (Iris et al., 2015; Kenan et al., 2022; Diabat & Theodorou, 2014) are carried out 

using integer linear programming.  Integrated remarshaling and berthing (Salido et al., 

2011) and straddle carrier scheduling in maritime container terminal at import (Dkhil 

et al., 2018), integrated BAP and QCA (Shang et al., 2016), and integrated scheduling 

problem with dual-cycle operations  (Zhang et al., 2014). In addition to that, heuristics, 

column generation, metaheuristics, branch and bound, combinatorial optimization, 

Lagrangian relaxation are the methods that have been applied frequently in the cluster. 

One of the main barriers in integrated planning is identifying the exact workload 

limitations at each working station. A combination of heuristics and metaheuristics is 

proposed to mitigate the workload limitations by Hsu et al. (2021). The uncertainty 

that occurs through uncertain vessel arrival times at berths is a key variable to consider 

in integrated models. Rodrigues & Agra (2021) propose a robust approach for the 

integrated berth allocation and quay crane scheduling problem under uncertain arrival 

times. Developing scheduling problems through integrated approaches is a key 

limitation that is mentioned in the literature. However, Niu et al. (2021) propose a 
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multi-objective bacterial colony optimization algorithm for an integrated container 

terminal scheduling problem. 

Areas of numerical simulation, column generation, dynamic quay crane assignment, 

integrated yard template, dynamic container stacking, reducing internal congestion 

queuing theory, and planner role can be suggested as trending research directions 

under cluster 4: Integrated operations in container terminals. Weerasinghe et al. (2021)  

highlight the importance of integrated planning in container terminals. Three 

directions are suggested, uncertainty, planner role, and the integration between 

planning functions. According to Bai et al. (2021) social perspectives of maritime 

management can be investigated to enhance the sustainability aspect of container 

terminal operations. It can be suggested to link studies with cluster 1 to provide more 

compressive results through simulation under integrated studies according to the 

observations of the study.  

3.3.2.5 Cluster 5 - Container transportation 

3.3.2.5.1 Container transportation and its evolution 

Containers are transported within the terminal and both into and out of the 

facility. Therefore, optimizing internal transport is critical for any container terminal. 

Hence, decision support systems that help to schedule container transportation 

including internal and external truck scheduling play a vital role within this cluster 

(Petering, 2011; Van Hee & Wijbrands, 1988). Abdelmagid et al. (2021) discuss the 

truck appointment scheduling models and directions for future research by conducting 

a review study. Abdelmagid et al. (2021) further highlight the vessel berthing time and 

the truck turnaround time as the two most critical factors to consider in scheduling 

trucks. In internal truck scheduling, yard trucks (terminal tractors) and Inter-terminal 

Transportation (ITT) are considered.  

Chen, Govindan, & Golias (2013) propose a queueing-based bi-objective model for 

optimizing truck arrival patterns reducing truck emissions at container terminals in a 

low carbon economy. Zheng et al. (2016) propose to solve truck scheduling on a 
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dedicated transportation route using integer linear programming. Yard truck 

scheduling (Homayouni et al., 2012; Cao et al., 2010), truck assignment problem 

(Vahdani et al., 2019), and ITT (Heilig et al., 2017c) are the areas that heuristics have 

been applied as a method to solve optimization problems. ITT (K Tierney et al., 2014), 

truck appointment systems (Torkjazi et al., 2018) and yard truck deployment (Chargui, 

Zouadi, El Fallahi, et al., 2021) are the key areas that integer linear programming has 

been applied. Tabu search algorithms and GA-based frameworks have been frequently 

used under this cluster to improve container terminal operations planning (Guo et al., 

2021).  

3.3.2.5.2 Trending methodologies: Container transportation 

 

Figure 21: OR applications - Container transportation 

Considering multi constraints in a system is one of the challenges that is faced in 

developing models. Xu et al. (2021) propose a hybrid genetic algorithm and simulated 

annealing model that eliminates the challenge of considering multi constraints within 

the system. Xu et al. (2021) further argue that mixed-integer nonlinear programming 

can contribute to developing truck appointment systems with multi constraints. It is 
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critical to integrate different perspectives into one study. However, Fan et al. (2019) 

propose a combined approach that considers both the hybrid genetic algorithms and 

variable neighborhood search to introduce green practices into the terminal 

appointment systems. 

Cluster 5: Container transportation, suggests truck appointment systems, discrete event 

simulation, and optimal vehicle routing as trending research directions. Caballini et al. 

(2020) find that combined data mining – optimization approach to manage truck 

operations using TAS, reduce empty truck trips by 34%. However, studies on ITT 

discuss a bird’s eye view of integrating operations while terminals are demanding 

studies on implementing ITT operating systems. Since it is critical to implement 

operating systems by connecting different types of TOS, it will be an interesting area 

for future research. Perera & Perera (2022) explain pixel-oriented mobility modelling 

in container transport as a solution. Further, machine learning techniques can be 

suggested towards optimizing truck movements since it connects with various aspects 

that cannot be controlled by the terminal operator. ITT operations should be optimized 

while truck appointment systems are focused within external truck movements. 

3.3.3 Evolution and future research directions 

The areas of OR in maritime logistics industry, green port, robust optimization, 

energy consumption, mathematical modeling, truck appointment system, maritime 

transport, uncertainty, numerical simulation, particle swarm optimization appears as 

trending topics with a frequency of 8 times or more (Figure 22). From Gharehgozli et 

al. (2017), to Sun et al. (2021) have illustrated their problem within the area of OR in 

maritime industry. Shang et al. (2016) begin the discussion on robust optimization 

while Xiang & Liu (2021), Lujan et al. (2021) and Rodrigues & Agra (2021) introduce 

their studies following the same direction.  
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Figure 22 : Evolution – OR applications in container terminal operations planning 

The discussion on green ports is one of the high demand research directions. Optimum 

terminal truck allocation (Esmer et al., 2010), CO2 emission evaluation of yard tractors 

during loading (Yu et al., 2017), decision support systems for investigating green 

practices (Longo, 2019), low carbon berth allocation under uncertainty (Zhen et al., 

2021), yard cranes transformation and deployment (Tan et al., 2022) are the main areas 

that green port concept has focused on. Bai & Lam (2014)  suggest that environmental 

impact assessments are needed to enhance the green operations further. Xin et al. 

(2014) discuss energy-aware control for automated container terminals. One of the 

main observations was 4-5 studies have been published under these trending areas in 

2021. 

 



   

 

52 

 

4 PHASE 2 - OPTIMIZING ITT TRUCK FLOWS USING 

FUZZY LOGIC 

4.1 Introduction 

4.1.1 ITT operations 

Our extensive literature review discusses how the ITT function is operated 

(2.1). This section focus how ITT helps to improve the collaboration between container 

terminals as a separate planning function within the same port. 

 

Figure 23: Areas covered under ITT operations- Average publications year and occurrences 

Figure 23 explains how the studies on ITT operations have evolved with its 

focuses. Duinkerken et al., (2006) and Duinkerken et al., (2007) have conducted their 

studies on ITT operations while bringing automated container terminals, discrete event 

simulation and transport systems into the discussion. Reefke, (2010) develops a 

simulation of container traffic flows at a metropolitan seaport including ITT 

operations. Lack of integration, holism, and customizability are mentioned as key 

problems in ITT operations simulations by Reefke, (2010). A mathematical model has 

been developed for ITT by Tierney et al., (2014). Reducing the delays in 
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transshipments can be reduced through optimizing ITT operations (Tierney et al., 

2014). 

Hendriks et al., (2012) have focused on the allocation of calling vessels cyclically for 

multi-terminal container operators highlighting ITT operations. Optimizing yard 

operations considering multi-terminal connectivity has also been investigated (Lee et 

al., 2012).  Intramodality and hinterland transport affect ITT operations (Hu et al., 

2019). Decision Support Systems (DSS) play a vital role in ITT operations. Improving 

DSS is the key to integrate ITT operations. Nieuwkoop et al., (2014) has built a 

deterministic minimum cost flow model for ITT operations. Nieuwkoop et al., (2014) 

propose strategies to mitigate internal port congestion by identifying internal and 

external truck flows. Hendriks et al., (2012), Nieuwkoop et al., (2014), Schepler et al., 

(2017) and Song et al., (2021) have used Mixed-Integer Linear Programming (MILP) 

to optimize ITT operations. 

Cloud computing and mobile applications have been used to optimize truck routing in 

ITT avoiding empty trips and high costs, emissions, and additional traffic volume 

(Heilig et al., 2016). According to Spruijt et al., (2017) practical application of zero-

emission Automatic Guided Trucks (AGTs) for the transport of containers is tested in 

port of Rotterdam. Gharehgozli et al., (2017) have proposed cost sharing as a 

collaborative approach in ITT.  

Spruijt et al., (2017) proposed an autonomous system for handling ITT while focusing 

zero emission. Implementing autonomous operations in ITT is difficult due to gaps in 

integration between terminals. Schepler et al., (2017) introduce a heuristic approach to 

planning multi-terminal and multi-modal maritime container ports. Semi-open 

queuing network for ITT operations is introduced by Mishra et al., (2017). Tabu search 

has also been used in modeling ITT truck routing (Hu et al., 2018). Ma et al., (2020) 

conduct a real case study to evaluate a business-to-business sharing model in Hong 

Kong port to solve a real-world problem. 
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4.1.2 Research gaps and objectives – Phase 2 

The research gaps (2.3.5) that are identified in the literature review (2) direct 

us to develop a systematic review of container terminal operations optimization. The 

systematic review (3) identifies 5 research clusters that elaborate evolution and trends 

in areas in container terminal operations optimization including simulation, scheduling 

and automation, quayside operations, integrated operations, and container 

transportation. After carefully evaluating the trends and publications in each cluster, 

we identify that the following percentages (Appendix A) of studies are covered under 

each cluster, simulation (28.14%), scheduling and automation (37.95%), quayside 

operations (28.08%), integrated operations (36.79%), and container transportation 

(12.39%). 

The finding clearly shows the number of studies that are conducted under cluster 5, 

container transportation is limited. Discovering this fact motivates us to conduct our 

second phase under cluster 5, container transportation. As per the main research gap, 

developing collaborative frameworks for ITT operations is needed more attention to 

improve the performance of container terminal operations as per the research 

directions that are identified under the cluster, container transportation (Gharehgozli 

et al., 2017; Jin & Kim, 2018; Qu Hu et al., 2019a; Heilig et al., 2017a). Further, 

Weerasinghe et al., (2022) argue that the yard-to-gate interface can be optimized using 

integrated approaches further. Therefore, improve the integration between yard-to-

gate interface must be addressed is defined as the second research gap for developing 

the phase 2 of the project. This gap is identified under the third cluster that discusses 

integration operations further. 

Therefore, optimizing ITT truck flows by integrating yard-to-gate interfaces in 

container terminals is defined as the main objective of phase 2 of the project. 

Therefore, the title for phase 2 is defined as Optimizing ITT truck flows using fuzzy 

logic after introducing the methodology for the phase as fuzzy logic in 4.2.2. 
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4.2 Methodology – Phase 2 

4.2.1 Feasible methodologies 

Table 5: Methodologies in previous studies 

 Authors & year Methodology 

1 Duinkerken et al., (2006) Discrete event simulation 

2 Lee et al., (2012) Heuristics 

3 Hendriks et al., (2012) MILP 

4 Tierney et al., (2014) Integer programming 

5 Nieuwkoop et al., (2014) MILP 

6 Schroer et al., (2015) Discrete event simulation 

7 Shijie Li et al., (2015) MILP 

8 Zheng et al., (2014) Model Predictive Control  

9 Heilig et al., (2016) Simulated annealing 

10 Hu et al., (2016) Tabu search 

11 Li et al., (2016) Logic-based benders decomposition 

12 Heilig & Voß, (2017) Bibliometric Analysis 

13 Heilig et al., (2017) Simulated annealing 

14 Gharehgozli et al., (2017) Generic simulation model 

15 Schepler et al., (2017) MILP 

16 Mishra et al., (2017) Semi-open queuing Networks 

17 Hu et al., (2018) Tabu search 

18 Hu et al., (2019) Integer programming 

19 Ma et al., (2020) Business-to-business sharing model 

20 Adi et al., (2020) Deep reinforcement learning 

21 Nellen et al., (2020) Literature survey 

22 Adi et al., (2020) Q-learning-based techniques 

23 Adi et al., (2020) Multi-agent Q-learning 

24 Song et al., (2021) Greedy algorithm; MILP 

25 Adi et al., (2021) Deep reinforcement learning 

26 Xiao et al., (2022) MILP 
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Table 6 introduces 26 studies under ITT operations with the methodologies that 

studies employed. Nellen et al., (2020) and Heilig & Voß, (2017) conduct two recent 

review studies under the domain. The most frequent application can be identified as 

integer models. Hendriks et al., (2012), Nieuwkoop et al., (2014), Schepler et al., 

(2017), Xiao et al., (2022), Tierney et al., (2014), Hu et al., (2019) and Song et al., 

(2021) conduct their studies introducing integer models (integer programming & 

MILP) as per our extensive search on Scopus. 

Table 6: Methodologies employed in ITT operations in previous studies 

Methods applied in ITT studies Number of studies 

Mixed-integer linear programming 5 

Tabu search 2 

Simulated annealing 2 

Integer programming 2 

Discrete event simulation 2 

Deep reinforcement learning 2 

Semi open queuing Networks 1 

Q-learning-based techniques 1 

Multi-agent Q-learning 1 

Model Predictive Control  1 

Logic-based benders decomposition 1 

Literature survey 1 

Heuristics 1 

Greedy algorithm 1 

Generic simulation model 1 

Business-to-business sharing model 1 

Bibliometric Analysis 1 

Deep reinforcement learning is considered by Adi et al., (2020) and (Adi et al., 2021). 

Duinkerken et al., (2006) and Schroer et al., (2015) build their models using discrete 

event simulation technique. A generic simulation model is proposed by Gharehgozli 
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et al., (2017). A solution which is supported by greedy algorithm and mixed-integer 

linear programming is introduced by Song et al., (2021). Heuristics are also used to 

model ITT operations (D.-H. Lee et al., 2012). Adi et al., (2020) introduce Q-learning-

based techniques to solve ITT operations problems. Semi-open queuing networks 

technique is proposed by Mishra et al., (2017). Heilig et al., (2016) and Heilig et al., 

(2017) conduct their studies to improve ITT operations using simulated annealing. 

Tabu search has also been proposed as a feasible technique to optimize ITT operations. 

The most frequent method that is employed to optimize ITT operations can be 

identified as MILP. MILP models have been applied in areas; scheduling optimization 

(Xiao et al., 2022), strategic allocation of cyclically calling vessels (Hendriks et al., 

2012), decision support for vehicle configuration determination in ITT system design 

(Nieuwkoop et al., 2014), global planning in a multi-terminal and multi-modal 

maritime container port (Schepler et al., 2017), planning shuttle vessel operations in 

large container terminals based on waterside congestion cases (Song et al., 2021). As 

Table 6 describes tabu search, simulated annealing, integer programming, discrete 

event simulation, and deep reinforcement learning are the techniques that have been 

employed by two studies for each. Other techniques that are mentioned in Table 6 are 

used once in previous studies under ITT operations. 

However, all these proposed techniques such as integer programming and discrete 

event simulation end up with strict solutions. ITT operations need flexibility to be 

adjusted in uncertain conditions. It is critical to optimize ITT operations since the 

fundamentals of ITT operations are integration and collaboration. These fixed methods 

cannot support decision makers to adjust the solution according to the ongoing 

conditions. The decision-makers must use their experience in taking decisions in such 

uncertainties. We find that Fuzzy Inference Systems (FIS) facilitate flexibility in 

control systems (Phruksaphanrat & Tanthatemee, 2012). 
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4.2.2 Fuzzy logic 

Lotfi A. Zadeh is the founder of many fuzzy-related concepts. Figure 24 

explains how Zadeh, (1965) argues that precise statements lose meaning and 

meaningful statements lose precision as complexity rises (Svitek et al., 2021). 

 

Figure 24: Precision and significance in the real world 

Source: Madsen, (2015) 

As Figure 24 explains systems need that significance through their’ precision to take 

more relevant decisions. The naturalness of the approach which is taken by fuzzy logic 

makes the process simpler (Díaz-Curbelo et al., 2020). Five steps can be identified in 

developing fuzzy models; 1. fuzzification of inputs, 2. applying fuzzy operator, 3. 

implication method, 4. aggregate all outputs, 5. defuzzification. 

4.2.2.1 Fuzzification 

In the first step, it is needed to recognize inputs and outputs for fuzzification. 

Identifying the most relevant membership function is important to proceed with the 

process of fuzzy logic. The tool that is used to apply in the process should be identified 

at the beginning of the process. MATLAB has been employed as the tool to develop 

the fuzzy logic model. Figure 25 explains the first step of fuzzy logic, fuzzification. 

Explanations and algorithms have been introduced by Xiao et al., (2012) to explain the 
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trapezoidal membership function that is used in this study to develop the mathematical 

concepts. Simply the inputs and outputs are categorized internally in this step. 

 

Figure 25: Fuzzification 

4.2.2.2 Applying fuzzy operator  

Once the inputs are labeled internally, the rules can be generated. The rules 

connect inputs and outputs through logic gates of “AND” and “OR”. An example of 

risk matrix can be explained to elaborate how the fuzzification and applying fuzzy 

operators are explained. There are two main inputs in a risk matrix; 1. Likelihood and 

2. Consequence. The risk is calculated as the output. In fuzzification, likelihood and 

consequence are labeled based on their magnitude.  

 

Figure 26: Applying fuzzy operator 

Figure 26 explains how the inputs connect with outputs with its degree of membership; 

low, moderate, and high. This explains the basics of developing rules in fuzzy logic. 
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4.2.2.3 The implication method and aggregate all inputs 

The output can be obtained once the rules are included in the fuzzy system. It 

is calculated for each rule which represents the step of applying the implication 

method. As the third step of the FIS, all the rules are calculated.  

 

Figure 27: The implication method and aggregate all inputs 

As Figure 27 explains the overall output is calculated as an aggregated answer of all 

the rules which are pre-defined. The same example that is introduced in Figure 26 is 

expanded in Figure 27 to explain the steps further in a risk model to calculate risks. 

4.2.2.4 Defuzzification 

Defuzzification is the last step of building a FIS. The centroid method is used 

as the defuzzification technique in this study. The centroid point of the aggregated 

inputs is calculated as the answer in this step. Simply, inputs are fuzzified in the first 

step of FIS. The fuzzified answer is defuzzified through the centroid method in this 

step. Finalized answer represents the overall output of given inputs by considering all 

the rules that are fixed. 
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4.3 Analysis 

4.3.1 Identifying inputs and outputs in FIS 

The major problem in ITT operations is the complexity of integration (4.1.2). 

The reason is that the different terminals maintain the standards of their operations. 

Therefore, proposing fixed plans for ITT is not going to succeed as it was planned. 

Schedules have two components; 1. Time and 2. Allocation. Time is the critical factor 

that the plan alters rapidly (Weerasinghe et al., 2021). The inputs and outputs are 

defined as the first sub-step of fuzzification. The main categories of the inputs are 

identified as; 1. Yard capacity for ITT deliveries and 2. ITT (delivery) truck arrival 

rates at gates. Yard capacity represents the terminal perspective while ITT truck 

arrivals indicates the dynamic of ITT truck allocations. Both the identified input 

variables highlight the integration of yard to gate interface. The proposed FIS can 

control the ITT allocation based on the given scenario that indicates current truck 

arrival rates and possible yard operations. The proposed structure for the FIS is 

introduced in Figure 28 with fuzzy reasoning. 

 

Figure 28: FIS system structure 

The ranges of values are calculated based on the collected data. Variables are 

labeled internally as; High - H, Medium - M, Low – L, which are well known as 

defining linguistic values in fuzzy reasoning (Phruksaphanrat & Tanthatemee, 2012). 

In this case, ranges for yard capacity and truck allocation strategy (output) are defined 

with similar values to obtain most ideal strategy for yard flexibility. 
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4.3.2 Data collection 

The data collection is conducted in a reputed container port in the Asian region. 

The container port is ranked within first 25 global container ports where the 

contribution of our study can be positioned. Three container terminals are operated in 

this container port. The following data points were collected in the data collection 

(week) within the three-container terminal system. 

• CA - Average hourly yard capacity at Terminal A (hour h+1) 

• TA - Average hourly ITT trucks arrival rate at Terminal A (hour h) 

• CB - Average hourly yard capacity at Terminal B (hour h) 

• TB - Average hourly ITT trucks arrival rate at Terminal B (hour h+1) 

• CC - Average hourly yard capacity at Terminal C (hour h) 

• TC - Average hourly ITT trucks arrival rate at Terminal C (hour h+1) 

4.3.3 Building the FIS using MATLAB software 

4.3.3.1 The structure of the model 

 

Figure 29: Model with inputs and outputs 

The model is built using MATLAB software. Mamdani type fuzzy inference 

system is developed as in Figure 29. Three components; 1. fuzzy inputs, 2. fuzzy 

outputs and 3. fuzzy rules can be highlighted in a FIS. 
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The output represents the allocation strategy for each terminal. Once the six inputs are 

given, the output can be obtained. The outputs are defined as follows, 

• ALA - ITT delivery truck allocation for Terminal A 

• ALB - ITT delivery truck allocation for Terminal C 

• ALC - ITT delivery truck allocation for Terminal C 

4.3.3.2 Fuzzification – Inputs and outputs 

The ranges of values are calculated based on the collected data. Variables, Yard 

Capacity (CiJ), Truck Arrivals (TiJ), and Allocation (ALiJ) are labeled internally as; J 

= High - H, Medium - M, Low - L for each terminal A, B, and C. These ranges are 

defined based on the available information of container terminals. The trapezoidal 

membership function is explained in Figure 25.  

Figure 30, Figure 31, Figure 32 explain how the linguistic values are defined 

for each container terminal. Table 7, Table 8 and Table 9 explain the numbers that 

define the linguistic values. Figure 25 explains how the points of trapezoidal 

membership function are defined as the numbers are introduced in Table 7, Table 8 

and Table 9. 

Terminal A has the highest ITT capacity (delivery) per hour which is 180 

moves per hour. Terminal B and Terminal C can handle 150 and 120 moves per hour 

respectively. Total number of trucks has been identified as 200 for the scenario. 

Therefore, the maximum number of trucks that can reach per hour should be 200 with 

the assumption as well as the observation that a truck cannot return to a same terminal 

within an hour in the considered scenario. The truck allocation must follow the yard 

capacity as the key principle where it supports to maintain the flexibility of the yard 

operations. 
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Table 7: Membership function for Terminal A 

Variable VI J 

i = A, B, C V= C, T, AL, and J = High - H, Medium - M, Low - L 

 CAL CAM CAH 

Yard Capacity (CiJ) [0 0 45 90] [45 67.5 112.5 135] [90 135.5 180 180] 

 TAL TAM TAH 

Truck Arrivals (TiJ) [0 0 45 90] [45 67.5 112.5 135] [90 135 200 200] 
 ALAL ALAM ALAH 

Allocation (ALiJ) [0 0 45 90] [45 67.5 112.5 135] [90 135.5 180 180] 

 

Figure 30: Labeling variables - Terminal A 
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Table 8: Membership function for Terminal B 

Variable VI J 

i = A, B, C V= C, T, AL, and J = High - H, Medium - M, Low - L  
CBL CBM CBH 

Yard Capacity (CiJ) [0 0 37.5 75] [37.5 56.25 93.75 112.5] [75 112.5 150 150] 

 TBL TBM TBH 

Truck Arrivals (TiJ) [0 0 37.5 75] [37.5 56.25 93.75 112.5] [75 112.5 200 200]  
ALBL ALBM ALBH 

Allocation (ALiJ) [0 0 37.5 75] [37.5 56.25 93.75 112.5] [75 112.5 150 150] 

    

 

Figure 31: Labeling variables - Terminal B 
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Table 9: Membership function for Terminal C 

Variable VI J 

i = A, B, C V= C, T, AL, and J = High - H, Medium - M, Low - L  
CCL CCM CCH 

Yard Capacity (CiJ) [0 0 30 60] [30 45 75 90] [60 90 120 120] 

 TCL TCM TCH 

Truck Arrivals (TiJ) [0 0 30 60] [30 45 75 90] [60 90 200 200]  
ALCL ALCM ALCH 

Allocation (ALiJ) [0 0 30 60] [30 45 75 90] [60 90 120 120] 

 

 

Figure 32: Labeling variables - Terminal C 
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4.3.3.3 Applying fuzzy operators 

The rules should be defined in the second step of building FIS. First, the 

number of possibilities that can occur in the system is calculated. The possibilities are 

identified where the six inputs are divided into three categories as low, medium, and 

high for each input. Then the output is identified as a low, medium, and high for each 

output. 729 rules have been defined by following the procedure (Figure 33). 

 

Figure 33: Common practice in defining rules 

 

Figure 34: View of the “edit rules” - MATLAB 
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The “AND” function is applied as the fuzzy operator in each rule since the scenarios 

appear at the same time.  

4.3.3.4 Implication method and aggregate all inputs 

The output can be obtained once the model is run after defining rules. 

MATLAB rule viewer allows to calculate the output for each variable by altering the 

inputs. Simply the rule viewer can be used as the dashboard of allocations. The ITT 

operator can understand how many trucks should be needed for the operation by 

reading the rule viewer. The exact numbers which are identified as the inputs can be 

included in the FIS. Then the output can be obtained as it is displayed in Figure 35 and 

Table 10. 

 

Figure 35: Rule viewer in MATLAB 

 

Table 10: Entering inputs and obtaining outputs using rule viewer - MATLAB 

Inputs Outputs 

[ CA TA CB TB CC TC ] [ ALA ALB ALC ] 
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4.3.3.5 Defuzzification 

Defuzzification is the step where the final output is calculated as the aggregated 

answer by considering all the rules in FIS. The centroid mechanism is used in 

MATLAB to obtain the final output. Table 11 introduces a few examples of entering 

values for inputs and obtaining allocations for each terminal. 

Table 11: Example calculations using the FIS 

Inputs Outputs 

[ CA TA CB TB CC TC ] [ ALA ALB ALC ] 

[ 90 100 75 100 60 100] [ 90 75 60 ] 

[ 70 90 90 20 60 90] [ 74 88 56 ] 

[ 20 70 50 120 60 10] [38 53 60 ] 

[ 70 20 50 120 10 70] [70 53 25 ] 

[ 150 30 100 100 50 60] [142 97 42] 

4.3.4 Collaborative truck sharing strategy 

As Table 10 displays, the total of the allocated trucks exceeds the maximum number 

of allocations in some cases. We propose to release internal terminal trucks for ITT 

operations as a collaborative approach in such scenarios. Less complicated quay 

operations allow high capacities in the yard for ITT operations in each terminal. It 

reduces the internal terminal truck movements within the terminal within a period of 

time. As a result, internal terminal trucks are idling. Therefore, idling internal terminal 

trucks can be operated as ITT trucks when the terminal demands more ITT operations 

in yards. This directs towards a higher efficiency and a higher resource utilization. 
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4.3.5 ITT trucks allocation strategy for container terminals 

4.3.5.1 Scenario 1 – Only a variable is available 

The proposed FIS needs six inputs for running the model smoothly while the 

allocation for each terminal can be obtained when there is only one variable is available 

either the capacity or truck arrival rates. The Figure 36, Figure 37 and Figure 38 display 

the graphs with their related inputs. 

 

Figure 36: Allocation for Terminal A – When only Yard capacity or Truck arrivals rate is given 

 

Figure 37: Allocation for Terminal B - When only Yard capacity or Truck arrivals rate is given 

 

 



   

 

71 

 

 

Figure 38: Allocation for Terminal C - When only Yard capacity or Truck arrivals rate is given 

Identified truck allocation must be increased when the capacity of the yards is 

increased. Similarly, the truck allocation must be restricted when the truck arrival rates 

are increased. Allocation levels depend on the capacity of each terminal. Truck arrivals 

can vary with the same range for all the terminals. 

4.3.5.2 Scenario 2 – Both the inputs are available for each terminal 

 

Figure 39: Truck allocation for Terminal A 
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Figure 40: Truck allocation for Terminal B 

 

Figure 41: Truck allocation for Terminal C 

The allocation for each terminal can be calculated with high accuracy when 

both inputs are available. Figure 39, Figure 40, Figure 41 display a three-dimensional 

(3D) view of capacity vs truck allocation and how the allocation can be displayed. 

Similarly, Figure 39, Figure 40, Figure 41 reveal the allocation in pseudo color matrix 

grids that have been created using MATLAB. Each graph has shown the range of truck 

allocations based on the obtained value. 
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5 DISCUSSION 

5.1 Key findings  

5.1.1 Phase 1 - Optimizing container terminal operations: A systematic review 

of operations research applications 

As a novel contribution, we identify seven clusters within previously published 

27 review studies within the scope: 1) Truck appointment systems, 2) Containerization 

and technology, 3) Computational modeling, 4) Container terminal automation, 5) 

Integrated operations, 6) Modeling and simulation and 7) Yard optimization. 

Consequently, we find that the area of OR under container terminal optimization was 

not covered as the pure focus of any of the review studies after 2007. Similarly, there 

are no systematic review study is conducted in previous studies according to the 

systematic search in Scopus.  

Phase 1, optimizing container terminal operations: a systematic review of operations 

research applications is conducted following the research gaps and objectives derived 

in initial literate review (2.3.5). The systematic review is conducted after defining the 

exact paper pool which includes 1631 studies following the systematic process defined 

in 3.1. As a result, it is found that the growth rate as 45% per annum is surpassed within 

the scope by recording an 11.16% number of studies in 2021 out of 1631 identified 

studies. Moreover, European Journal of Operational Research is the journal that 

records the highest contribution to the scope while Transportation Research Part E: 

Logistics and Transportation Review is in second place with a margin of four articles.  

Undoubtedly, China, United States, South Korea, Singapore, Germany, Hong Kong 

and Italy are the main contributors to research on container terminal operations 

optimization. In addition to that, K.H. Kim of Pusan National University, South Korea 

is the top author having contributed to 49 publications within the defined context. L. 

Zhen of Shanghai University, Shanghai takes second place on the list. With attention, 

Shanghai Maritime University, China is the leading institute in an operations research 
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context in container terminals. The National University of Singapore is second on the 

list. The third place is taken by Dalian Maritime University, China. 

Further, we find that 85.2% of studies have focused on exact planning function/ 

functions inside container terminal operations. 53.27% of the articles that focus on 

planning function/ functions have studied quayside planning while 46.73% of the 

studies focus on landside planning function. Moreover, five main research clusters are 

identified by analyzing the author keywords of the papers; 1. Simulating container 

terminal operations, 2. Scheduling operations and automating terminals, 3. Optimizing 

the quayside operations, 4. Integrated operations in container terminals and 5. 

Container transportation. 

All things considered, future research directions are suggested under each cluster as 

follows; 1. robust optimization, impact on maritime transport, uncertainty, stowage 

planning, and liner shipping, 2. mathematical modeling, integrated scheduling, 

Lagrangian relaxation, combinatorial optimization, automated guided vehicles, 3.m 

particle swarm optimization, optimal fuel consumption, applications in meta-heuristic, 

dynamic berth, 4. numerical simulation, column generation, dynamic quay crane 

assignment, integrated yard template, dynamic container stacking, reducing internal 

congestion, and planner role, 5. truck appointment systems, discrete event simulation, 

and optimal vehicle routing. Importantly, our study helps future studies in container 

terminal optimization to identify research gaps that are needed to be filled.  

Recent studies predominantly focus on OR in the maritime logistics industry, green 

ports, robust optimization, energy consumption, mathematical modeling, the truck 

appointment system, maritime transport, and uncertainty in container terminal 

operations. GA-based techniques, Integer linear programming, and heuristic 

algorithms appear as key OR tools to solve operational requirements in container 

terminal operations planning. Predominately, berth allocation is the most popular 

operations planning area within container terminal operations among authors.  
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5.1.2 Phase 2 - Optimizing ITT truck flows using fuzzy logic 

The second phase of the project leads to optimize ITT truck flows using Fuzzy 

logic. Following Figure 42 explains how the study directs us to choose the topic. 

 

Figure 42: Path up to phase 2 

FIS model is developed using two key inputs within a terminal; 1. Yard capacity for 

ITT operations, 2. ITT truck arrival rate. The model showcases how the ITT trucks 

should be allocated based on the yard capacity for next-hour operation and the current 

truck arrival rate. Subsequently, this strategy avoids unnecessary truck movements 

since the uncertainty in the system is reduced. The reason is the new allocation is 

always decided based on the current arrival rate. It should be noted that the model is 

developed up to three terminals system with two inputs for each terminal. 

Altogether, the output showcases the allocation strategy for each terminal. How the 

ITT trucks can be allocated with each input is displayed (4.3.5). The allocation strategy 

cannot be decided only based on the yard requirement of the yard. The dashboard 

(MATLAB rule viewer) is operated to obtain exact numbers for allocation at each 

hour. The model enhances the collaborative framework through the dashboard by 

sharing the needed inputs from each terminal. Collaborative truck sharing initiatives 

can be proposed when terminal trucks are idling, and ITT trucks are over demanded. 



   

 

76 

 

6 CONCLUSION 

The study focuses on applying optimization techniques in seaport container 

terminal operations contributes literature under two phases. First, the systematic 

review is conducted as the first review study after 2007 as well as the first systematic 

review of the scope. Operations research applications in container terminal operations 

are discussed by introducing five research clusters exploring future research directions. 

It immensely supports future studies to find research gaps more scientifically. Then 

the second phase is conducted by introducing a fuzzy logic model to optimize ITT 

truck flows in container terminal operations.  

We find five main research clusters by analyzing the author keywords of the papers; 

1. Simulating container terminal operations, 2. Scheduling operations and automating 

terminals, 3. Optimizing the quayside operations, 4. Integrated operations in container 

terminals and 5. Container transportation. Future research directions are identified for 

each research cluster with current trends. In a nutshell, green operations, and integrated 

and collaborative studies can be proposed for future research. 

Phase 2 of the study is conducted to optimize ITT truck flows in container terminals. 

The proposed model can optimize ITT truck flows up to three terminals in one port. 

The model runs on the current ITT truck arrival rate and the yard demand for ITT 

operations. The model is built using MATLAB software. The features of the model 

can be enhanced in future studies within the aspects of collaborations and integrations. 

Moreover, the focus on industry-academia collaboration has been quite low within the 

identified scope despite the growth of publications in recent years. In the same fashion, 

more industry collaborative work is salient for the growth of this field. Along with 

that, future studies are encouraged to be of a more integrated nature that contributes to 

solving the uncertainty problem in container terminal operations. Importantly, 

emerging methods such as neural network models and rule-based models that use 

machine learning and artificial intelligence must be explored extensively to achieve 

expansive efficiencies. 
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Appendix 

Appendix A – Connectivity between identified research clusters 

 

Appendix B – FIS code in MATLAB 

[System] 
Name='ITT_D3' 
Type='mamdani' 
Version=2.0 
NumInputs=6 
NumOutputs=3 
NumRules=729 
AndMethod='min' 
OrMethod='max' 
ImpMethod='min' 
AggMethod='max' 
DefuzzMethod='centroid' 

  
[Input1] 
Name='C_A' 
Range=[0 180] 
NumMFs=3 
MF1='C_AL':'trapmf',[0 0 45 90] 
MF2='C_AM':'trapmf',[45 67.5 112.5 135] 
MF3='C_AH':'trapmf',[90 135 180 180] 

  
[Input2] 
Name='T_A' 
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Range=[0 200] 
NumMFs=3 
MF1='T_AL':'trapmf',[0 0 50 100] 
MF2='T_AM':'trapmf',[50 75 125 150] 
MF3='T_AH':'trapmf',[100 150 200 200] 

  
[Input3] 
Name='C_B' 
Range=[0 150] 
NumMFs=3 
MF1='C_BL':'trapmf',[0 0 37.5 75] 
MF2='C_BM':'trapmf',[37.5 56.25 93.75 112.5] 
MF3='C_BH':'trapmf',[75 112.5 150 150] 

  
[Input4] 
Name='T_B' 
Range=[0 200] 
NumMFs=3 
MF1='T_BL':'trapmf',[0 0 50 100] 
MF2='T_BM':'trapmf',[50 75 125 150] 
MF3='T_BH':'trapmf',[100 150 200 200] 

  
[Input5] 
Name='C_C' 
Range=[0 120] 
NumMFs=3 
MF1='C_CL':'trapmf',[0 0 30 60] 
MF2='C_CM':'trapmf',[30 45 75 90] 
MF3='C_CH':'trapmf',[60 90 120 120] 

  
[Input6] 
Name='T_C' 
Range=[0 200] 
NumMFs=3 
MF1='T_CL':'trapmf',[0 0 50 100] 
MF2='T_CM':'trapmf',[50 75 125 150] 
MF3='T_CH':'trapmf',[100 150 200 200] 

  
[Output1] 
Name='AL_A' 
Range=[0 180] 
NumMFs=3 
MF1='AL_AL':'trapmf',[0 0 45 90] 
MF2='AL_AM':'trapmf',[45 67.5 112.5 135] 
MF3='AL_AH':'trapmf',[90 135 180 180] 

  
[Output2] 
Name='AL_B' 
Range=[0 150] 
NumMFs=3 
MF1='AL_BL':'trapmf',[0 0 37.5 75] 
MF2='AL_BM':'trapmf',[37.5 56.25 93.75 112.5] 
MF3='AL_BH':'trapmf',[75 112.5 150 150] 
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[Output3] 
Name='AL_C' 
Range=[0 120] 
NumMFs=3 
MF1='AL_CL':'trapmf',[0 0 30 60] 
MF2='AL_CM':'trapmf',[30 45 75 90] 
MF3='AL_CH':'trapmf',[60 90 120 120] 

  
[Rules] 
1 1 1 1 1 1, 1 1 1 (1) : 1 
1 1 1 1 1 2, 1 1 1 (1) : 1 
1 1 1 1 1 3, 1 1 1 (1) : 1 
1 1 1 1 2 1, 1 1 2 (1) : 1 
1 1 1 1 2 2, 1 1 2 (1) : 1 
1 1 1 1 2 3, 1 1 1 (1) : 1 
1 1 1 1 3 1, 1 1 3 (1) : 1 
1 1 1 1 3 3, 1 1 3 (1) : 1 
1 1 1 2 1 1, 1 1 1 (1) : 1 
1 1 1 2 1 2, 1 1 1 (1) : 1 
1 1 1 2 1 3, 1 1 1 (1) : 1 
1 1 1 2 2 1, 1 1 2 (1) : 1 
1 1 1 2 2 2, 1 1 2 (1) : 1 
1 1 1 2 2 3, 1 1 1 (1) : 1 
1 1 1 2 3 1, 1 1 3 (1) : 1 
1 1 1 2 3 2, 1 1 3 (1) : 1 
1 1 1 1 3 3, 1 1 3 (1) : 1 
1 1 1 2 3 3, 1 1 3 (1) : 1 
1 1 1 3 1 2, 1 1 1 (1) : 1 
1 1 1 3 1 3, 1 1 1 (1) : 1 
1 1 1 3 2 1, 1 1 2 (1) : 1 
1 1 1 3 2 2, 1 1 2 (1) : 1 
1 1 1 3 2 3, 1 1 1 (1) : 1 
1 1 1 3 1 1, 1 1 1 (1) : 1 
1 1 1 3 3 1, 1 1 3 (1) : 1 
1 1 1 3 3 2, 1 1 3 (1) : 1 
1 1 1 3 3 3, 1 1 3 (1) : 1 
1 1 2 1 1 1, 1 2 1 (1) : 1 
1 1 2 1 1 2, 1 2 1 (1) : 1 
1 1 2 1 1 3, 1 2 1 (1) : 1 
1 1 2 1 2 1, 1 2 2 (1) : 1 
1 1 2 1 2 2, 1 2 2 (1) : 1 
1 1 2 1 2 3, 1 2 1 (1) : 1 
1 1 2 1 3 1, 1 2 3 (1) : 1 
1 1 2 1 3 2, 1 2 3 (1) : 1 
1 1 2 1 3 3, 1 2 3 (1) : 1 
1 1 2 2 1 1, 1 2 1 (1) : 1 
1 1 2 2 1 2, 1 2 1 (1) : 1 
1 1 2 2 1 3, 1 2 1 (1) : 1 
1 1 2 2 2 1, 1 2 2 (1) : 1 
1 1 2 2 2 2, 1 2 2 (1) : 1 
1 1 2 2 2 3, 1 2 1 (1) : 1 
1 1 2 2 3 1, 1 2 3 (1) : 1 
1 1 2 2 3 2, 1 2 3 (1) : 1 
1 1 2 2 3 3, 1 2 3 (1) : 1 
1 1 2 3 1 1, 1 1 1 (1) : 1 
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1 1 2 3 1 2, 1 1 1 (1) : 1 
1 1 2 3 1 3, 1 1 1 (1) : 1 
1 1 2 3 2 1, 1 1 2 (1) : 1 
1 1 2 3 2 2, 1 1 2 (1) : 1 
1 1 2 3 2 3, 1 1 1 (1) : 1 
1 1 2 3 3 1, 1 1 3 (1) : 1 
1 1 2 3 3 2, 1 1 3 (1) : 1 
1 1 2 3 3 3, 1 1 3 (1) : 1 
1 1 3 1 1 1, 1 3 1 (1) : 1 
1 1 3 1 1 2, 1 3 1 (1) : 1 
1 1 3 1 1 3, 1 3 1 (1) : 1 
1 1 3 1 2 1, 1 3 2 (1) : 1 
1 1 3 1 2 2, 1 3 2 (1) : 1 
1 1 3 1 2 3, 1 3 1 (1) : 1 
1 1 3 1 3 1, 1 3 3 (1) : 1 
1 1 3 1 3 2, 1 3 3 (1) : 1 
1 1 3 1 3 3, 1 3 3 (1) : 1 
1 1 3 2 1 1, 1 3 1 (1) : 1 
1 1 3 2 1 2, 1 3 1 (1) : 1 
1 1 3 2 1 3, 1 3 1 (1) : 1 
1 1 3 2 2 1, 1 3 2 (1) : 1 
1 1 3 2 2 2, 1 3 2 (1) : 1 
1 1 3 2 2 3, 1 3 1 (1) : 1 
1 1 3 2 3 1, 1 3 3 (1) : 1 
1 1 3 2 3 2, 1 3 3 (1) : 1 
1 1 3 2 3 3, 1 3 3 (1) : 1 
1 1 3 3 1 1, 1 3 1 (1) : 1 
1 1 3 3 1 2, 1 3 1 (1) : 1 
1 1 3 3 1 3, 1 3 1 (1) : 1 
1 1 3 3 2 1, 1 3 2 (1) : 1 
1 1 3 3 2 2, 1 3 2 (1) : 1 
1 1 3 3 2 3, 1 3 1 (1) : 1 
1 1 3 3 3 1, 1 3 3 (1) : 1 
1 1 3 3 3 2, 1 3 3 (1) : 1 
1 1 3 3 3 3, 1 3 3 (1) : 1 
1 2 1 1 1 1, 1 1 1 (1) : 1 
1 2 1 1 1 2, 1 1 1 (1) : 1 
1 2 1 1 1 3, 1 1 1 (1) : 1 
1 2 1 1 2 1, 1 1 2 (1) : 1 
1 2 1 1 2 2, 1 1 2 (1) : 1 
1 2 1 1 2 3, 1 1 1 (1) : 1 
1 2 1 1 3 1, 1 1 3 (1) : 1 
1 2 1 1 3 2, 1 1 3 (1) : 1 
1 2 1 1 3 3, 1 1 3 (1) : 1 
1 2 1 2 1 1, 1 1 1 (1) : 1 
1 2 1 2 2 1, 1 1 2 (1) : 1 
1 2 1 2 2 2, 1 1 2 (1) : 1 
1 2 1 2 2 3, 1 1 1 (1) : 1 
1 2 1 2 3 1, 1 1 3 (1) : 1 
1 2 1 2 3 2, 1 1 3 (1) : 1 
1 2 1 2 3 3, 1 1 3 (1) : 1 
1 2 1 3 1 1, 1 1 1 (1) : 1 
1 2 1 3 2 1, 1 1 2 (1) : 1 
1 2 1 3 2 2, 1 1 2 (1) : 1 
1 2 1 3 2 3, 1 1 1 (1) : 1 
1 2 1 3 3 1, 1 1 3 (1) : 1 
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1 2 1 3 3 2, 1 1 3 (1) : 1 
1 2 1 3 3 3, 1 1 3 (1) : 1 
1 2 2 1 1 1, 1 2 1 (1) : 1 
1 2 2 1 1 2, 1 2 1 (1) : 1 
1 2 2 1 1 3, 1 2 1 (1) : 1 
1 2 2 1 2 1, 1 2 2 (1) : 1 
1 2 2 1 2 2, 1 2 2 (1) : 1 
1 2 2 1 2 3, 1 2 1 (1) : 1 
1 2 2 1 3 1, 1 2 3 (1) : 1 
1 2 2 1 3 2, 1 2 3 (1) : 1 
1 2 2 1 3 3, 1 2 3 (1) : 1 
1 2 2 2 1 1, 1 2 1 (1) : 1 
1 2 2 2 1 2, 1 2 1 (1) : 1 
1 2 2 2 1 3, 1 2 1 (1) : 1 
1 2 2 2 2 1, 1 2 2 (1) : 1 
1 2 2 2 2 2, 1 2 2 (1) : 1 
1 2 2 2 2 3, 1 2 1 (1) : 1 
1 2 2 2 3 1, 1 2 3 (1) : 1 
1 2 2 2 3 2, 1 2 3 (1) : 1 
1 2 2 2 3 3, 1 2 3 (1) : 1 
1 2 2 3 1 1, 1 1 1 (1) : 1 
1 2 2 3 1 2, 1 1 1 (1) : 1 
1 2 2 3 1 3, 1 1 1 (1) : 1 
1 2 2 3 2 1, 1 1 2 (1) : 1 
1 2 2 3 2 2, 1 1 2 (1) : 1 
1 2 2 3 2 3, 1 1 1 (1) : 1 
1 2 2 3 3 1, 1 1 3 (1) : 1 
1 2 2 3 3 2, 1 1 3 (1) : 1 
1 2 2 3 3 3, 1 1 3 (1) : 1 
1 2 3 1 1 1, 1 3 1 (1) : 1 
1 2 3 1 1 2, 1 3 1 (1) : 1 
1 2 3 1 1 3, 1 3 1 (1) : 1 
1 2 3 1 2 1, 1 3 2 (1) : 1 
1 2 3 1 2 2, 1 3 2 (1) : 1 
1 2 3 1 2 3, 1 3 1 (1) : 1 
1 2 3 1 3 1, 1 3 3 (1) : 1 
1 2 3 1 3 2, 1 3 3 (1) : 1 
1 2 3 1 3 3, 1 3 3 (1) : 1 
1 2 3 2 1 1, 1 3 1 (1) : 1 
1 2 3 2 1 2, 1 3 1 (1) : 1 
1 2 3 2 1 3, 1 3 1 (1) : 1 
1 2 3 2 2 1, 1 3 2 (1) : 1 
1 2 3 2 2 2, 1 3 2 (1) : 1 
1 2 3 2 2 3, 1 3 1 (1) : 1 
1 2 3 2 3 1, 1 3 3 (1) : 1 
1 2 3 2 3 2, 1 3 3 (1) : 1 
1 2 3 2 3 3, 1 3 3 (1) : 1 
1 2 3 3 1 1, 1 3 1 (1) : 1 
1 2 3 3 1 2, 1 3 1 (1) : 1 
1 2 3 3 1 3, 1 3 1 (1) : 1 
1 2 3 3 2 1, 1 3 2 (1) : 1 
1 2 3 3 2 2, 1 3 2 (1) : 1 
1 2 3 3 2 3, 1 3 1 (1) : 1 
1 2 3 3 3 1, 1 3 3 (1) : 1 
1 2 3 3 3 2, 1 3 3 (1) : 1 
1 2 3 3 3 3, 1 3 3 (1) : 1 
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1 3 1 1 1 1, 1 1 1 (1) : 1 
1 3 1 1 1 2, 1 1 1 (1) : 1 
1 3 1 1 1 3, 1 1 1 (1) : 1 
1 3 1 1 2 1, 1 1 2 (1) : 1 
1 3 1 1 2 2, 1 1 2 (1) : 1 
1 3 1 1 2 3, 1 1 1 (1) : 1 
1 3 1 1 3 1, 1 1 3 (1) : 1 
1 3 1 1 3 2, 1 1 3 (1) : 1 
1 3 1 1 3 3, 1 1 3 (1) : 1 
1 3 1 2 1 1, 1 1 1 (1) : 1 
1 3 1 2 2 1, 1 1 2 (1) : 1 
1 3 1 2 2 2, 1 1 2 (1) : 1 
1 3 1 2 2 3, 1 1 1 (1) : 1 
1 3 1 2 3 1, 1 1 3 (1) : 1 
1 3 1 2 3 2, 1 1 3 (1) : 1 
1 3 1 3 3 3, 1 1 3 (1) : 1 
1 3 1 3 1 1, 1 1 1 (1) : 1 
1 3 1 3 2 1, 1 1 2 (1) : 1 
1 3 1 3 2 2, 1 1 2 (1) : 1 
1 3 1 3 2 3, 1 1 1 (1) : 1 
1 3 1 3 3 1, 1 1 3 (1) : 1 
1 3 1 3 3 2, 1 1 3 (1) : 1 
1 3 1 3 3 3, 1 1 3 (1) : 1 
1 3 2 1 1 1, 1 2 1 (1) : 1 
1 3 2 1 1 2, 1 2 1 (1) : 1 
1 3 2 1 1 3, 1 2 1 (1) : 1 
1 3 2 1 2 1, 1 2 2 (1) : 1 
1 3 2 1 2 2, 1 2 2 (1) : 1 
1 3 2 1 2 3, 1 2 1 (1) : 1 
1 3 2 1 3 1, 1 2 3 (1) : 1 
1 3 2 1 3 2, 1 2 3 (1) : 1 
1 3 2 1 3 3, 1 2 3 (1) : 1 
1 3 2 2 1 1, 1 2 1 (1) : 1 
1 3 2 2 1 2, 1 2 1 (1) : 1 
1 3 2 2 1 3, 1 2 1 (1) : 1 
1 3 2 2 2 1, 1 2 2 (1) : 1 
1 3 2 2 2 2, 1 2 2 (1) : 1 
1 3 2 2 2 3, 1 2 1 (1) : 1 
1 3 2 2 3 1, 1 2 3 (1) : 1 
1 3 2 2 3 2, 1 2 3 (1) : 1 
1 3 2 2 3 3, 1 2 3 (1) : 1 
1 3 2 3 1 1, 1 1 1 (1) : 1 
1 3 2 3 1 2, 1 1 1 (1) : 1 
1 3 2 3 1 3, 1 1 1 (1) : 1 
1 3 2 3 2 1, 1 1 2 (1) : 1 
1 3 2 3 2 2, 1 1 2 (1) : 1 
1 3 2 3 2 3, 1 1 1 (1) : 1 
1 3 2 3 3 1, 1 1 3 (1) : 1 
1 3 2 3 3 2, 1 1 3 (1) : 1 
1 3 2 3 3 3, 1 1 3 (1) : 1 
1 3 3 1 1 1, 1 3 1 (1) : 1 
1 3 3 1 1 2, 1 3 1 (1) : 1 
1 3 3 1 1 3, 1 3 1 (1) : 1 
1 3 3 1 2 1, 1 3 2 (1) : 1 
1 3 3 1 2 2, 1 3 2 (1) : 1 
1 3 3 1 2 3, 1 3 1 (1) : 1 
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1 3 3 1 3 1, 1 3 3 (1) : 1 
1 3 3 1 3 2, 1 3 3 (1) : 1 
1 3 3 1 3 3, 1 3 3 (1) : 1 
1 3 3 2 1 1, 1 3 1 (1) : 1 
1 3 3 2 1 2, 1 3 1 (1) : 1 
1 3 3 2 1 3, 1 3 1 (1) : 1 
1 3 3 2 2 1, 1 3 2 (1) : 1 
1 3 3 2 2 2, 1 3 2 (1) : 1 
1 3 3 2 2 3, 1 3 1 (1) : 1 
1 3 3 2 3 1, 1 3 3 (1) : 1 
1 3 3 2 3 2, 1 3 3 (1) : 1 
1 3 3 2 3 3, 1 3 3 (1) : 1 
1 3 3 3 1 1, 1 3 1 (1) : 1 
1 3 3 3 1 2, 1 3 1 (1) : 1 
1 3 3 3 1 3, 1 3 1 (1) : 1 
1 3 3 3 2 1, 1 3 2 (1) : 1 
1 3 3 3 2 2, 1 3 2 (1) : 1 
1 3 3 3 2 3, 1 3 1 (1) : 1 
1 3 3 3 3 1, 1 3 3 (1) : 1 
1 3 3 3 3 2, 1 3 3 (1) : 1 
1 3 3 3 3 3, 1 3 2 (1) : 1 
2 1 1 1 1 1, 2 1 1 (1) : 1 
2 1 1 1 1 2, 2 1 1 (1) : 1 
2 1 1 1 1 3, 2 1 1 (1) : 1 
2 1 1 1 2 1, 2 1 2 (1) : 1 
2 1 1 1 2 2, 2 1 2 (1) : 1 
2 1 1 1 2 3, 2 1 1 (1) : 1 
2 1 1 1 3 1, 2 1 3 (1) : 1 
2 1 1 1 3 2, 2 1 3 (1) : 1 
2 1 1 1 3 3, 2 1 3 (1) : 1 
2 1 1 2 1 1, 2 1 1 (1) : 1 
2 1 1 2 1 2, 2 1 1 (1) : 1 
2 1 1 2 1 3, 2 1 1 (1) : 1 
2 1 1 2 2 1, 2 1 2 (1) : 1 
2 1 1 2 2 2, 2 1 2 (1) : 1 
2 1 1 2 2 3, 2 1 1 (1) : 1 
2 1 1 2 3 1, 2 1 3 (1) : 1 
2 1 1 2 3 2, 2 1 3 (1) : 1 
2 1 1 2 3 3, 2 1 3 (1) : 1 
2 1 1 3 1 1, 2 1 1 (1) : 1 
2 1 1 3 1 2, 2 1 1 (1) : 1 
2 1 1 3 1 3, 2 1 1 (1) : 1 
2 1 1 3 2 1, 2 1 2 (1) : 1 
2 1 1 3 2 2, 2 1 2 (1) : 1 
2 1 1 3 2 3, 2 1 1 (1) : 1 
2 1 1 3 3 1, 2 1 3 (1) : 1 
2 1 1 3 3 2, 2 1 3 (1) : 1 
2 1 1 3 3 3, 2 1 3 (1) : 1 
2 1 2 1 1 1, 2 2 1 (1) : 1 
2 1 2 1 1 2, 2 2 1 (1) : 1 
2 1 2 1 1 3, 2 2 1 (1) : 1 
2 1 2 1 2 1, 2 2 1 (1) : 1 
2 1 2 1 2 2, 2 2 1 (1) : 1 
2 1 2 1 2 3, 2 2 1 (1) : 1 
2 1 2 1 3 1, 2 2 3 (1) : 1 
2 1 2 1 3 2, 2 2 3 (1) : 1 
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2 1 2 1 3 3, 1 1 3 (1) : 1 
2 1 2 2 1 1, 2 2 1 (1) : 1 
2 1 2 2 1 2, 2 2 1 (1) : 1 
2 1 2 2 1 3, 2 2 1 (1) : 1 
2 1 2 2 2 1, 2 2 2 (1) : 1 
2 1 2 2 2 2, 2 2 2 (1) : 1 
2 1 2 2 2 3, 2 2 1 (1) : 1 
2 1 2 2 3 1, 1 1 3 (1) : 1 
2 1 2 2 3 2, 1 1 3 (1) : 1 
2 1 2 2 3 3, 1 1 3 (1) : 1 
2 1 2 3 1 1, 2 1 1 (1) : 1 
2 1 2 3 1 2, 2 1 1 (1) : 1 
2 1 2 3 1 3, 2 1 1 (1) : 1 
2 1 2 3 2 1, 2 1 2 (1) : 1 
2 1 2 3 2 2, 2 1 2 (1) : 1 
2 1 2 3 2 3, 2 1 1 (1) : 1 
2 1 2 3 3 1, 2 1 3 (1) : 1 
2 1 2 3 3 2, 2 1 3 (1) : 1 
2 1 2 3 3 3, 2 1 3 (1) : 1 
2 1 3 1 1 1, 2 3 1 (1) : 1 
2 1 3 1 1 2, 2 3 1 (1) : 1 
2 1 3 1 1 3, 2 3 1 (1) : 1 
2 1 3 1 2 1, 2 3 2 (1) : 1 
2 1 3 1 2 2, 2 3 2 (1) : 1 
2 1 3 1 2 3, 2 3 1 (1) : 1 
2 1 3 1 3 1, 2 3 3 (1) : 1 
2 1 3 1 3 2, 2 3 3 (1) : 1 
2 1 3 1 3 3, 2 3 3 (1) : 1 
2 1 3 2 1 1, 2 3 1 (1) : 1 
2 1 3 2 1 2, 2 3 1 (1) : 1 
2 1 3 2 1 3, 2 3 1 (1) : 1 
2 1 3 2 2 1, 2 3 2 (1) : 1 
2 1 3 2 2 2, 2 3 2 (1) : 1 
2 1 3 2 2 3, 2 3 1 (1) : 1 
2 1 3 2 3 1, 2 3 3 (1) : 1 
2 1 3 2 3 2, 2 3 3 (1) : 1 
2 1 3 2 3 3, 2 3 3 (1) : 1 
2 1 3 3 1 1, 2 3 1 (1) : 1 
2 1 3 3 1 2, 2 3 1 (1) : 1 
2 1 3 3 1 3, 2 3 1 (1) : 1 
2 1 3 3 2 1, 2 3 2 (1) : 1 
2 1 3 3 2 2, 2 3 2 (1) : 1 
2 1 3 3 2 3, 2 3 1 (1) : 1 
2 1 3 3 3 1, 2 3 3 (1) : 1 
2 1 3 3 3 2, 2 3 3 (1) : 1 
2 1 3 3 3 3, 2 3 3 (1) : 1 
2 2 1 1 1 1, 2 1 1 (1) : 1 
2 2 1 1 1 2, 2 1 1 (1) : 1 
2 2 1 1 1 3, 2 1 1 (1) : 1 
2 2 1 1 2 1, 2 1 2 (1) : 1 
2 2 1 1 2 2, 2 1 2 (1) : 1 
2 2 1 1 2 3, 2 1 1 (1) : 1 
2 2 1 1 3 1, 2 1 3 (1) : 1 
2 2 1 1 3 2, 2 1 3 (1) : 1 
2 2 1 1 3 3, 2 1 3 (1) : 1 
2 2 1 2 1 1, 2 1 1 (1) : 1 
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2 2 1 2 1 2, 2 1 1 (1) : 1 
2 2 1 2 1 3, 2 1 1 (1) : 1 
2 2 1 2 2 1, 2 1 2 (1) : 1 
2 2 1 2 2 2, 2 1 2 (1) : 1 
2 2 1 2 2 3, 2 1 1 (1) : 1 
2 2 1 2 3 1, 2 1 3 (1) : 1 
2 2 1 2 3 2, 2 1 3 (1) : 1 
2 2 1 2 3 3, 2 1 3 (1) : 1 
2 2 1 3 1 1, 2 1 1 (1) : 1 
2 2 1 3 1 2, 2 1 1 (1) : 1 
2 2 1 3 1 3, 2 1 1 (1) : 1 
2 2 1 3 2 1, 2 1 2 (1) : 1 
2 2 1 3 2 2, 2 1 2 (1) : 1 
2 2 1 3 2 3, 2 1 1 (1) : 1 
2 2 1 3 3 1, 2 1 3 (1) : 1 
2 2 1 3 3 2, 2 1 3 (1) : 1 
2 2 1 3 3 3, 2 1 3 (1) : 1 
2 2 2 1 1 1, 2 2 1 (1) : 1 
2 2 2 1 1 2, 2 2 1 (1) : 1 
2 2 2 1 1 3, 2 2 1 (1) : 1 
2 2 2 1 2 1, 2 2 2 (1) : 1 
2 2 2 1 2 2, 2 2 2 (1) : 1 
2 2 2 1 2 3, 2 2 1 (1) : 1 
2 2 2 1 3 1, 2 2 3 (1) : 1 
2 2 2 1 3 2, 2 2 3 (1) : 1 
2 2 2 1 3 3, 2 2 3 (1) : 1 
2 2 2 2 1 1, 2 2 1 (1) : 1 
2 2 2 2 1 2, 2 2 1 (1) : 1 
2 2 2 2 1 3, 2 2 1 (1) : 1 
2 2 2 2 2 1, 2 2 2 (1) : 1 
2 2 2 2 2 2, 2 2 2 (1) : 1 
2 2 2 2 2 3, 2 2 1 (1) : 1 
2 2 2 2 3 1, 2 2 3 (1) : 1 
2 2 2 2 3 2, 2 2 3 (1) : 1 
2 2 2 2 3 3, 2 2 3 (1) : 1 
2 2 2 3 1 1, 2 1 1 (1) : 1 
2 2 2 3 1 2, 2 1 1 (1) : 1 
2 2 2 3 1 3, 2 1 1 (1) : 1 
2 2 2 3 2 1, 2 1 2 (1) : 1 
2 2 2 3 2 2, 2 1 2 (1) : 1 
2 2 2 3 2 3, 2 1 1 (1) : 1 
2 2 2 3 3 1, 2 1 3 (1) : 1 
2 2 2 3 3 2, 2 1 3 (1) : 1 
2 2 2 3 3 3, 2 1 3 (1) : 1 
2 2 3 1 1 1, 2 3 1 (1) : 1 
2 2 3 1 1 2, 2 3 1 (1) : 1 
2 2 3 1 1 3, 2 3 1 (1) : 1 
2 2 3 1 2 1, 2 3 2 (1) : 1 
2 2 3 1 2 2, 2 3 2 (1) : 1 
2 2 3 1 2 3, 2 3 1 (1) : 1 
2 2 3 1 3 1, 2 3 3 (1) : 1 
2 2 3 1 3 2, 2 3 3 (1) : 1 
2 2 3 1 3 3, 2 3 3 (1) : 1 
2 2 3 2 1 1, 2 3 1 (1) : 1 
2 2 3 2 1 2, 2 3 1 (1) : 1 
2 2 3 2 1 3, 2 3 1 (1) : 1 



   

 

121 

 

2 2 3 2 2 1, 2 3 2 (1) : 1 
2 2 3 2 2 2, 2 3 2 (1) : 1 
2 2 3 2 2 3, 2 3 1 (1) : 1 
2 2 3 2 3 1, 2 3 3 (1) : 1 
2 2 3 2 3 2, 2 3 3 (1) : 1 
2 2 3 2 3 3, 2 3 1 (1) : 1 
2 2 3 3 1 1, 2 3 1 (1) : 1 
2 2 3 3 1 2, 2 3 1 (1) : 1 
2 2 3 3 1 3, 2 3 1 (1) : 1 
2 2 3 3 2 1, 2 3 2 (1) : 1 
2 2 3 3 2 2, 2 3 2 (1) : 1 
2 2 3 3 2 3, 1 3 1 (1) : 1 
2 2 3 3 3 1, 2 3 3 (1) : 1 
2 2 3 3 3 2, 2 3 3 (1) : 1 
2 2 3 3 3 3, 2 3 3 (1) : 1 
2 3 1 1 1 1, 1 1 1 (1) : 1 
2 3 1 1 1 2, 1 1 1 (1) : 1 
2 3 1 1 1 3, 1 1 1 (1) : 1 
2 3 1 1 2 1, 1 1 2 (1) : 1 
2 3 1 1 2 2, 1 1 2 (1) : 1 
2 3 1 1 2 3, 1 1 1 (1) : 1 
2 3 1 1 3 1, 1 1 3 (1) : 1 
2 3 1 1 3 2, 1 1 3 (1) : 1 
2 3 1 1 3 3, 1 1 3 (1) : 1 
2 3 1 2 1 1, 1 1 1 (1) : 1 
2 3 1 2 1 2, 1 1 1 (1) : 1 
2 3 1 2 1 3, 1 1 1 (1) : 1 
2 3 1 2 2 1, 1 1 2 (1) : 1 
2 3 1 2 2 2, 1 1 2 (1) : 1 
2 3 1 2 2 3, 1 1 1 (1) : 1 
2 3 1 2 3 1, 1 1 3 (1) : 1 
2 3 1 2 3 2, 1 1 3 (1) : 1 
2 3 1 2 3 3, 1 1 3 (1) : 1 
2 3 1 3 1 1, 1 1 1 (1) : 1 
2 3 1 3 1 2, 1 1 1 (1) : 1 
2 3 1 3 1 3, 1 1 1 (1) : 1 
2 3 1 3 2 1, 1 1 2 (1) : 1 
2 3 1 3 2 2, 1 1 2 (1) : 1 
2 3 1 3 2 3, 1 1 1 (1) : 1 
2 3 1 3 3 1, 1 1 3 (1) : 1 
2 3 1 3 3 2, 1 1 3 (1) : 1 
2 3 1 3 3 3, 1 1 3 (1) : 1 
2 3 2 1 1 1, 1 2 1 (1) : 1 
2 3 2 1 1 2, 1 2 1 (1) : 1 
2 3 2 1 1 3, 1 2 1 (1) : 1 
2 3 2 1 2 1, 1 2 2 (1) : 1 
2 3 2 1 2 2, 1 2 2 (1) : 1 
2 3 2 1 2 3, 1 2 1 (1) : 1 
2 3 2 1 3 1, 1 2 3 (1) : 1 
2 3 2 1 3 2, 1 2 3 (1) : 1 
2 3 2 1 3 3, 1 2 3 (1) : 1 
2 3 2 2 1 1, 1 2 1 (1) : 1 
2 3 2 2 1 2, 1 2 1 (1) : 1 
2 3 2 2 1 3, 1 2 1 (1) : 1 
2 3 2 2 2 1, 1 2 2 (1) : 1 
2 3 2 2 2 2, 1 2 2 (1) : 1 
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2 3 2 2 2 3, 1 2 1 (1) : 1 
2 3 2 2 3 1, 1 2 3 (1) : 1 
2 3 2 2 3 2, 1 2 3 (1) : 1 
2 3 2 2 3 3, 1 2 3 (1) : 1 
2 3 2 3 1 1, 1 1 1 (1) : 1 
2 3 2 3 1 2, 1 1 1 (1) : 1 
2 3 2 3 1 3, 1 1 1 (1) : 1 
2 3 2 3 2 1, 1 1 2 (1) : 1 
2 3 2 3 2 2, 1 1 2 (1) : 1 
2 3 2 3 2 3, 1 1 1 (1) : 1 
2 3 2 3 3 1, 1 1 3 (1) : 1 
2 3 2 3 3 2, 1 1 3 (1) : 1 
2 3 2 3 3 3, 1 1 3 (1) : 1 
2 3 3 1 1 1, 1 3 1 (1) : 1 
2 3 3 1 1 2, 1 3 1 (1) : 1 
2 3 3 1 1 3, 1 3 1 (1) : 1 
2 3 3 1 2 1, 1 3 2 (1) : 1 
2 3 3 1 2 2, 1 3 2 (1) : 1 
2 3 3 1 2 3, 1 3 1 (1) : 1 
2 3 3 1 3 1, 1 3 3 (1) : 1 
2 3 3 1 3 2, 1 3 3 (1) : 1 
2 3 3 1 3 3, 1 3 3 (1) : 1 
2 3 3 2 1 1, 1 3 1 (1) : 1 
2 3 3 2 1 2, 1 3 1 (1) : 1 
2 3 3 2 1 3, 1 3 1 (1) : 1 
2 3 3 2 2 1, 1 3 2 (1) : 1 
2 3 3 2 2 2, 1 3 2 (1) : 1 
2 3 3 2 2 3, 1 3 1 (1) : 1 
2 3 3 2 3 1, 1 3 3 (1) : 1 
2 3 3 2 3 2, 1 3 3 (1) : 1 
2 3 3 2 3 3, 1 3 3 (1) : 1 
2 3 3 3 1 1, 1 3 1 (1) : 1 
2 3 3 3 1 2, 1 3 1 (1) : 1 
2 3 3 3 1 3, 1 3 1 (1) : 1 
2 3 3 3 2 1, 1 3 2 (1) : 1 
2 3 3 3 2 2, 1 3 2 (1) : 1 
2 3 3 3 2 3, 1 3 1 (1) : 1 
2 3 3 3 3 1, 1 3 3 (1) : 1 
2 3 3 3 3 2, 1 3 3 (1) : 1 
2 3 3 3 3 3, 1 3 3 (1) : 1 
3 1 1 1 1 1, 3 1 1 (1) : 1 
3 1 1 1 1 2, 3 1 1 (1) : 1 
3 1 1 1 1 3, 3 1 1 (1) : 1 
3 1 1 1 2 1, 3 1 2 (1) : 1 
3 1 1 1 2 2, 3 1 2 (1) : 1 
3 1 1 1 2 3, 3 1 1 (1) : 1 
3 1 1 1 3 1, 3 1 3 (1) : 1 
3 1 1 1 3 2, 3 1 3 (1) : 1 
3 1 1 1 3 3, 3 1 3 (1) : 1 
3 1 1 2 1 1, 3 1 1 (1) : 1 
3 1 1 2 1 2, 3 1 1 (1) : 1 
3 1 1 2 1 3, 3 1 1 (1) : 1 
3 1 1 2 2 1, 3 1 2 (1) : 1 
3 1 1 2 2 2, 3 1 2 (1) : 1 
3 1 1 2 2 3, 3 1 1 (1) : 1 
3 1 1 2 3 1, 3 1 3 (1) : 1 
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3 1 1 2 3 2, 3 1 3 (1) : 1 
3 1 1 2 3 3, 3 1 3 (1) : 1 
3 1 1 3 1 1, 3 1 1 (1) : 1 
3 1 1 3 1 2, 3 1 1 (1) : 1 
3 1 1 3 1 3, 3 1 1 (1) : 1 
3 1 1 3 2 1, 3 1 2 (1) : 1 
3 1 1 3 2 2, 3 1 2 (1) : 1 
3 1 1 3 2 3, 3 1 1 (1) : 1 
3 1 1 3 3 1, 3 1 3 (1) : 1 
3 1 1 3 3 2, 3 1 3 (1) : 1 
3 1 1 3 3 3, 3 1 3 (1) : 1 
3 1 2 1 1 1, 3 2 1 (1) : 1 
3 1 2 1 1 2, 3 2 1 (1) : 1 
3 1 2 1 1 3, 3 2 1 (1) : 1 
3 1 2 1 2 1, 3 2 2 (1) : 1 
3 1 2 1 2 2, 3 2 2 (1) : 1 
3 1 2 1 2 3, 3 2 1 (1) : 1 
3 1 2 1 3 1, 3 2 3 (1) : 1 
3 1 2 1 3 2, 3 2 3 (1) : 1 
3 1 2 1 3 3, 3 2 3 (1) : 1 
3 1 2 2 1 1, 3 2 1 (1) : 1 
3 1 2 2 1 2, 3 2 1 (1) : 1 
3 1 2 2 1 3, 3 2 1 (1) : 1 
3 1 2 2 2 1, 3 2 2 (1) : 1 
3 1 2 2 2 2, 3 2 2 (1) : 1 
3 1 2 2 2 3, 3 2 1 (1) : 1 
3 1 2 2 3 1, 3 2 3 (1) : 1 
3 1 2 2 3 2, 3 2 3 (1) : 1 
3 1 2 2 3 3, 3 2 3 (1) : 1 
3 1 2 3 1 1, 3 1 1 (1) : 1 
3 1 2 3 1 2, 3 1 1 (1) : 1 
3 1 2 3 1 3, 3 1 1 (1) : 1 
3 1 2 3 2 1, 3 1 2 (1) : 1 
3 1 2 3 2 2, 3 1 2 (1) : 1 
3 1 2 3 2 3, 3 1 1 (1) : 1 
3 1 2 3 3 1, 3 1 3 (1) : 1 
3 1 2 3 3 2, 3 1 3 (1) : 1 
3 1 2 3 3 3, 3 1 3 (1) : 1 
3 1 3 1 1 1, 3 3 1 (1) : 1 
3 1 3 1 1 2, 3 3 1 (1) : 1 
3 1 3 1 1 3, 3 3 1 (1) : 1 
3 1 3 1 2 1, 3 3 2 (1) : 1 
3 1 3 1 2 2, 3 3 2 (1) : 1 
3 1 3 1 2 3, 3 3 1 (1) : 1 
3 1 3 1 3 1, 3 3 3 (1) : 1 
3 1 3 1 3 2, 3 3 3 (1) : 1 
3 1 3 1 3 3, 3 3 3 (1) : 1 
3 1 3 2 1 1, 3 3 1 (1) : 1 
3 1 3 2 1 2, 3 3 1 (1) : 1 
3 1 3 2 1 3, 3 3 1 (1) : 1 
3 1 3 2 2 1, 3 3 2 (1) : 1 
3 1 3 2 2 2, 3 3 2 (1) : 1 
3 1 3 2 2 3, 3 3 1 (1) : 1 
3 1 3 2 3 1, 3 3 3 (1) : 1 
3 1 3 2 3 2, 3 3 3 (1) : 1 
3 1 3 2 3 3, 3 3 3 (1) : 1 
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3 1 3 3 1 1, 3 3 1 (1) : 1 
3 1 3 3 1 2, 3 3 1 (1) : 1 
3 1 3 3 1 3, 3 3 1 (1) : 1 
3 1 3 3 2 1, 3 3 2 (1) : 1 
3 1 3 3 2 2, 3 3 2 (1) : 1 
3 1 3 3 2 3, 3 3 1 (1) : 1 
3 1 3 3 3 1, 3 3 3 (1) : 1 
3 1 3 3 3 2, 3 3 3 (1) : 1 
3 1 3 3 3 3, 3 3 3 (1) : 1 
3 2 1 1 1 1, 3 1 1 (1) : 1 
3 2 1 1 1 2, 3 1 1 (1) : 1 
3 2 1 1 1 3, 3 1 1 (1) : 1 
3 2 1 1 2 1, 3 1 2 (1) : 1 
3 2 1 1 2 2, 3 1 2 (1) : 1 
3 2 1 1 2 3, 3 1 1 (1) : 1 
3 2 1 1 3 1, 3 1 3 (1) : 1 
3 2 1 1 3 2, 3 1 3 (1) : 1 
3 2 1 1 3 3, 3 1 3 (1) : 1 
3 2 1 2 1 1, 3 1 1 (1) : 1 
3 2 1 2 1 2, 3 1 1 (1) : 1 
3 2 1 2 1 3, 3 1 1 (1) : 1 
3 2 1 2 2 1, 3 1 2 (1) : 1 
3 2 1 2 2 2, 3 1 2 (1) : 1 
3 2 1 2 2 3, 3 1 1 (1) : 1 
3 2 1 2 3 1, 3 1 3 (1) : 1 
3 2 1 2 3 2, 3 1 3 (1) : 1 
3 2 1 2 3 3, 3 1 3 (1) : 1 
3 2 1 3 1 1, 3 1 3 (1) : 1 
3 2 1 3 1 2, 3 1 3 (1) : 1 
3 2 1 3 1 3, 3 1 3 (1) : 1 
3 2 1 3 2 1, 3 1 2 (1) : 1 
3 2 1 3 2 2, 3 1 2 (1) : 1 
3 2 1 3 2 3, 3 1 1 (1) : 1 
3 2 1 3 3 1, 3 1 3 (1) : 1 
3 2 1 3 3 2, 3 1 3 (1) : 1 
3 2 1 3 3 3, 3 1 3 (1) : 1 
3 2 2 1 1 1, 3 2 1 (1) : 1 
3 2 2 1 1 2, 3 2 1 (1) : 1 
3 2 2 1 1 3, 3 2 1 (1) : 1 
3 2 2 1 2 1, 3 2 1 (1) : 1 
3 2 2 1 2 2, 3 2 1 (1) : 1 
3 2 2 1 2 3, 3 2 1 (1) : 1 
3 2 2 1 3 1, 3 2 3 (1) : 1 
3 2 2 1 3 2, 3 2 3 (1) : 1 
3 2 2 1 3 3, 3 2 3 (1) : 1 
3 2 2 2 1 1, 3 2 1 (1) : 1 
3 2 2 2 1 2, 3 2 1 (1) : 1 
3 2 2 2 1 3, 3 2 1 (1) : 1 
3 2 2 2 2 1, 3 2 1 (1) : 1 
3 2 2 2 2 2, 3 2 2 (1) : 1 
3 2 2 2 2 3, 3 2 1 (1) : 1 
3 2 2 2 3 1, 3 2 3 (1) : 1 
3 2 2 2 3 2, 3 2 3 (1) : 1 
3 2 2 2 3 3, 3 2 3 (1) : 1 
3 2 2 3 1 1, 3 1 1 (1) : 1 
3 2 2 3 1 2, 3 1 1 (1) : 1 
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3 2 2 3 1 3, 3 1 1 (1) : 1 
3 2 2 3 2 1, 3 1 2 (1) : 1 
3 2 2 3 2 2, 3 1 2 (1) : 1 
3 2 2 3 2 3, 3 1 1 (1) : 1 
3 2 2 3 3 1, 3 1 3 (1) : 1 
3 2 2 3 3 2, 3 1 3 (1) : 1 
3 2 2 3 3 3, 3 1 3 (1) : 1 
3 2 3 1 1 1, 3 3 1 (1) : 1 
3 2 3 1 1 2, 3 3 1 (1) : 1 
3 2 3 1 1 3, 3 3 1 (1) : 1 
3 2 3 1 2 1, 3 3 2 (1) : 1 
3 2 3 1 2 2, 3 3 2 (1) : 1 
3 2 3 1 2 3, 3 3 1 (1) : 1 
3 2 3 1 3 1, 3 3 3 (1) : 1 
3 2 3 1 3 2, 3 3 3 (1) : 1 
3 2 3 1 3 3, 3 3 3 (1) : 1 
3 2 3 2 1 1, 3 3 1 (1) : 1 
3 2 3 2 1 2, 3 3 1 (1) : 1 
3 2 3 2 1 3, 3 3 1 (1) : 1 
3 2 3 2 2 1, 3 3 2 (1) : 1 
3 2 3 2 2 2, 3 3 2 (1) : 1 
3 2 3 2 2 3, 3 3 1 (1) : 1 
3 2 3 2 3 1, 3 3 3 (1) : 1 
3 2 3 2 3 2, 3 3 3 (1) : 1 
3 2 3 2 3 3, 3 3 3 (1) : 1 
3 2 3 3 1 1, 3 3 1 (1) : 1 
3 2 3 3 1 2, 3 3 1 (1) : 1 
3 2 3 3 1 3, 3 3 1 (1) : 1 
3 2 3 3 2 1, 3 3 2 (1) : 1 
3 2 3 3 2 2, 3 3 2 (1) : 1 
3 2 3 3 2 3, 3 3 1 (1) : 1 
3 2 3 3 3 1, 3 3 3 (1) : 1 
3 2 3 3 3 2, 3 3 3 (1) : 1 
3 2 3 3 3 3, 3 3 3 (1) : 1 
3 3 1 1 1 1, 3 1 1 (1) : 1 
3 3 1 1 1 2, 3 1 1 (1) : 1 
3 3 1 1 1 3, 3 1 1 (1) : 1 
3 3 1 1 2 1, 3 1 2 (1) : 1 
3 3 1 1 2 2, 3 1 2 (1) : 1 
3 3 1 1 2 3, 3 1 1 (1) : 1 
3 3 1 1 3 1, 3 1 3 (1) : 1 
3 3 1 1 3 2, 3 1 3 (1) : 1 
3 3 1 1 3 3, 3 1 3 (1) : 1 
3 3 1 2 1 1, 3 1 1 (1) : 1 
3 3 1 2 1 2, 3 1 1 (1) : 1 
3 3 1 2 1 3, 3 1 1 (1) : 1 
3 3 1 2 2 1, 3 1 2 (1) : 1 
3 3 1 2 2 2, 3 1 2 (1) : 1 
3 3 1 2 2 3, 3 1 1 (1) : 1 
3 3 1 2 3 1, 3 1 3 (1) : 1 
3 3 1 2 3 2, 3 1 3 (1) : 1 
3 3 1 2 3 3, 3 1 3 (1) : 1 
3 3 1 3 1 1, 3 1 1 (1) : 1 
3 3 1 3 1 2, 3 1 1 (1) : 1 
3 3 1 3 1 3, 3 1 1 (1) : 1 
3 3 1 3 2 1, 3 1 2 (1) : 1 



   

 

126 

 

3 3 1 3 2 2, 3 1 2 (1) : 1 
3 3 1 3 2 3, 3 1 1 (1) : 1 
3 3 1 3 3 1, 3 1 3 (1) : 1 
3 3 1 3 3 2, 3 1 3 (1) : 1 
3 3 1 3 3 3, 3 1 3 (1) : 1 
3 3 2 1 1 1, 3 2 1 (1) : 1 
3 3 2 1 1 2, 3 2 1 (1) : 1 
3 3 2 1 1 3, 3 2 1 (1) : 1 
3 3 2 1 2 1, 3 2 2 (1) : 1 
3 3 2 1 2 2, 3 2 2 (1) : 1 
3 3 2 1 2 3, 3 2 1 (1) : 1 
3 3 2 1 3 1, 3 2 3 (1) : 1 
3 3 2 1 3 2, 3 2 3 (1) : 1 
3 3 2 1 3 3, 3 2 3 (1) : 1 
3 3 2 2 1 1, 3 2 1 (1) : 1 
3 3 2 2 1 2, 3 2 1 (1) : 1 
3 3 2 2 1 3, 3 2 1 (1) : 1 
3 3 2 2 2 1, 3 2 2 (1) : 1 
3 3 2 2 2 2, 3 2 2 (1) : 1 
3 3 2 2 2 3, 3 2 1 (1) : 1 
3 3 2 2 3 1, 3 2 3 (1) : 1 
3 3 2 2 3 2, 3 2 3 (1) : 1 
3 3 2 2 3 3, 3 2 3 (1) : 1 
3 3 2 3 1 1, 3 1 1 (1) : 1 
3 3 2 3 1 2, 3 1 1 (1) : 1 
3 3 2 3 1 3, 3 1 1 (1) : 1 
3 3 2 3 2 1, 3 1 2 (1) : 1 
3 3 2 3 2 2, 3 1 2 (1) : 1 
3 3 2 3 2 3, 3 1 1 (1) : 1 
3 3 2 3 3 1, 3 1 3 (1) : 1 
3 3 2 3 3 2, 3 1 3 (1) : 1 
3 3 2 3 3 3, 3 1 3 (1) : 1 
3 3 3 1 1 1, 3 3 1 (1) : 1 
3 3 3 1 1 2, 3 3 1 (1) : 1 
3 3 3 1 1 3, 3 3 1 (1) : 1 
3 3 3 1 2 1, 3 3 2 (1) : 1 
3 3 3 1 2 2, 3 3 2 (1) : 1 
3 3 3 1 2 3, 3 3 1 (1) : 1 
3 3 3 1 3 1, 3 3 3 (1) : 1 
3 3 3 1 3 2, 3 3 3 (1) : 1 
3 3 3 1 3 3, 3 3 3 (1) : 1 
3 3 3 2 1 1, 3 3 1 (1) : 1 
3 3 3 2 1 2, 3 3 1 (1) : 1 
3 3 3 2 1 3, 3 3 1 (1) : 1 
3 3 3 2 2 1, 3 3 2 (1) : 1 
3 3 3 2 2 2, 3 3 2 (1) : 1 
3 3 3 2 2 3, 3 3 1 (1) : 1 
3 3 3 2 3 1, 3 3 3 (1) : 1 
3 3 3 2 3 2, 3 3 3 (1) : 1 
3 3 3 2 3 3, 3 3 3 (1) : 1 
3 3 3 3 1 1, 3 3 1 (1) : 1 
3 3 3 3 1 2, 3 3 1 (1) : 1 
3 3 3 3 1 3, 3 3 1 (1) : 1 
3 3 3 3 2 1, 3 3 2 (1) : 1 
3 3 3 3 2 2, 3 3 2 (1) : 1 
3 3 3 3 2 3, 3 3 1 (1) : 1 



   

 

127 

 

3 3 3 3 3 1, 3 3 3 (1) : 1 
3 3 3 3 3 2, 3 3 3 (1) : 1 
3 3 3 3 3 3, 3 3 3 (1) : 1 
1 2 1 2 1 2, 1 1 1 (1) : 1 
1 2 1 2 1 3, 1 1 1 (1) : 1 
1 2 1 3 1 2, 1 1 1 (1) : 1 
1 2 1 3 1 3, 1 1 1 (1) : 1 
1 3 1 2 1 2, 1 1 1 (1) : 1 
1 3 1 2 1 3, 1 1 1 (1) : 1 
1 3 1 3 1 2, 1 1 1 (1) : 1 
1 3 1 3 1 3, 1 1 1 (1) : 1 

 

 


