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Background 

My main research interests are mainly related to Operations Research, 
Machine Learning, Analytics, Artificial Intelligence and their applications. My 
research vision is to use both  theory and experiment to create novel algorithms, 
mechanisms, and frameworks that enable to support decision making processes. 
My research projects have touched on various areas within Operations Research, 
Machine Learning, Artificial Intelligence and Computer Science more broadly 
including: algorithm and complexity, data mining and analytics, machine learning, 
planning and scheduling, preference handling and optimization. I would like to 
conduct research that has great impacts, to theoreticians and practitioners alike. I 
am interested in tackling challenging new problems, apply my work to interesting 
data sources and foster new interdisciplinary collaborations. 
 
In particular, my research interests are in three broad areas: 
1.    Logistics/Supply Chain Management: logistics network design and planning, 

vehicle  routing  and scheduling,  urban logistics,  city  logistics,  green logistics 
and other related topics; 

2.    Orienteering Problem and its Applications in Various Domains; 
3.    Course prediction and recommendation system 
 
In the following, I provide details of specific research areas and contributions. 
 
1.    Logistics/Supply Chain Management 
 
SMU’s Area of Excellence in Managing for Sustainability includes sustainable 
business and economies as well as sustainable resource management. My main 
research in 2020  mainly focuses on two research grants, SMU Internal Research 
Grant Academic Research Fund  (AcRF) Tier 1 (Project Title: Vehicle Routing 
Problem  with a Reverse Cross-Dock) and MOST  Add-on  Grant for International 
Cooperation  (MAGIC)  MOST106-2410-H-011-002-MY3  (Project  Title: 
Optimization Models for City Logistics with Electric Vehicles), which are related to 
the above-mentioned area of excellence. 
 
SMU Internal Research Grant Academic Research Fund (AcRF) Tier 1 
 
This project studies a four-level supply chain network: an integration of suppliers, 
cross-dock, customers, and outlets,  with  the objective  of minimizing  the vehicle 
operational  and transportation  costs. Speed and productivity  of a supply  chain 
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have become important factors of growth  for organizations. Cross-docking as the 
central of this network is a logistic technique that can cut the inventory costs while 
increasing  the flow of goods or items  and shortening  the shipping  cycle.  Cross- 
docking  consists  of transferring  incoming  deliveries  directly  to outgoing  vehicles 
without storing or keeping them in between (Yan and Tang, 2009). 
 
This  research work was first  started by focusing on the VRP with cross-docking 
(VRPCD),  as illustrated  in  Figure  1. Given  a fleet  of homogeneous vehicles  for 
delivering  a single type of product from suppliers to customers through a cross- 
dock facility, the objective of VRPCD is to determine the number of vehicles used 
and the corresponding vehicle routes, such that the vehicle operational and 
transportation costs are minimized. In this grant, the emphasis is to develop 
algorithms (heuristics) that can be further applied to extended problems, namely 
the VRP with reverse cross-docking (VRP-RCD) and the VRP with forward-reverse 
cross-docking (VRP-FRCD). 
 

 
 
Figure 1. The VRPCD model 
 

VRPCD 
 
Gunawan et  al.  (2020a)  focused  on  the  VRPCD   problem  for  handling  and 
delivering  multiple  products,  namely  the VRP  for  multi-product  cross-docking 
(VRP-MPCD). A new mixed integer programming model and two sets of VRP- 
MPCD  instances,  which  are based on  VRPCD  instances,  are introduced.  The 
instances are solved by commercial software AMPL with CPLEX solver. The 
findings  show  that  the  small  instances  can  be  solved  optimally  by  CPLEX. 
However, due to the scalability  of instances,  larger  instances  cannot be solved 
optimally within predefined computational times. 
 
Gunawan et al. (2020b) focused on developing a metaheuristic algorithm which is 
based on an Adaptive Large Neighborhood Search (ALNS) algorithm for solving 
the available benchmark VRPCD  instances. The experimental results show that 
ALNS is able to improve 80 (out of 90) best known solutions and obtain the same 
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solution for the remaining 10 instances within short computational time. We also 
explicitly analyze the added value of using an adaptive scheme and the 
implementation  of the acceptance criteria  of Simulated  Annealing  (SA) into  the 
ALNS,  and also  present the contribution  of  each ALNS  operator towards the 
solution quality. 
 
A two-phase matheuristic is introduced to further improve the solution quality 
(Gunawan et al., 2020c). The first phase focuses on generating a set of feasible 
candidate  routes in  both  pickup  and delivery  processes by  implementing  an 
adaptive large neighborhood search (ALNS) algorithm. A set of destroy and repair 
operators are used in order to explore a large neighborhood space. The second 
phase focuses on solving the set partitioning model to determine the final solution. 
It is  able  to obtain  either  the same or further  improve  the best known  solutions 
(BKS) for a subset of benchmark instances. 
 

VRP-RCD 
 
In VRP-RCD,  we consider the reverse flow of products. Reverse logistics has been 
implemented by various companies because of its ability to gain more profit and 
maintain the competitiveness of the company. Reverse logistics is defined as the 
process of planning, implementing and controlling the efficient, cost effective flow 
of raw materials, in-process inventory, finished goods and related information from 
the point of consumption to the point of origin for the purpose of recapturing value 
or  proper disposal (Roger and Tibben-Lembke, 1999).  Returns process 
management which is a part of reverse logistics, has become an interesting field 
of performance improvement. This is especially true in business with seasonal 
demand, such as fashion, books, or electronics. In the classical supply chain, the 
vehicle routing problem (VRP) plays an important role in distribution management 
and logistics as well as the costs associated with operating vehicles (Barbarosoglu 
and Ozgur,  1999).  However, extensive studies on the vehicle routing problem with 
cross-docking  (VRPCD)  only  considered  the forward flow instead  of the reverse 
flow. Motivated by the ability of a VRPCD network to minimize the distribution cost 
in  the forward flow, this  research incorporates  the reverse logistics  scheme in a 
VRPCD network, namely the VRP with reverse cross-docking (VRP-RCD),  as 
illustrated in Figure 2. 
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Figure 2. The VRP-RCD  model 

 
Widjaja  et al.  (2020)  proposed a VRP-RCD  mathematical  model  for a four-level 
supply chain network that involves suppliers, cross-dock, customers, and outlets. 
The main objective is to minimize vehicle operational and transportation costs. 
Experimental results show that only small instances of newly generated VRP-RCD 
instances can be optimally solved by CPLEX. Furthermore, we present sensitivity 
analysis towards the cost structure. 

 

Gunawan et al. (2020d) proposed a two-phase heuristic that employs an adaptive 
large  neighborhood  search (ALNS) with  various  destroy and repair  operators is 
proposed to solve  benchmark instances.  The simulated  annealing  framework  is 
embedded  to   discover   a  vast  search  space  during   the  search  process. 
Experimental results show that the proposed ALNS obtains optimal solutions for 
24 out of 30 problems of the first set of benchmark instances while getting better 
results  for all  instances  in  the second set of benchmark instances  compared to 
optimization software. 
 

VRP-FRCD: 
 
From both VRPCD and VRP-RCD,  the importance of the cross-docking concept is 
highlighted. Therefore, the next interesting problem is the integration of both 
forward and reverse flows in a cross-docking network, namely the vehicle routing 
with  forward and reverse cross-docking, VRP-FRCD. Currently,  a mixed  integer 
linear programming model has been proposed and validated by CPLEX. 
Furthermore, we are in the progress of designing a two-phase matheuristic based 
adaptive large neighbourhood search (ALNS) algorithm which is based on the one 
proposed to solve VRPCD  (Gunawan et al., 2020c) to effectively solve the newly 
generated  benchmark  VRP-FRCD instances.  Preliminary results  are very 
promising.  The more-detailed  results  (including  the publication)  related  to  this 
VRP-FRCD will be further discussed in Research Statement in 2021. 
 
In summary, the entire  AcRF  Tier  1’s  scope and publications  are illustrated  in 
Figure  3.  The number of publications  exceeds the one stated in  the approved 



5 

 

 
 

proposal of this grant (which is only one conference paper). In total, we managed 
to publish 4 conference papers (full papers) and 1 conference paper (short paper). 
Two journal papers are still under review for the second round  and 1 conference 
paper is still in-progress. Those will be reported in 2021. 
 

 
Figure 3. Research achievements of AcRF Tier 1 

 

 
 

MOST Add-on Grant for International Cooperation (MAGIC) 
 
In this  grant, the collaboration is  built  with  a team of researchers and Professor 
Vincent F. Yu from National Taiwan University Science and Technology (NTUST), 
Taiwan. This grant focuses on developing optimization models in city logistics. 
 
Yu et al. (2020) studied the problem of designing a two-echelon freight distribution 
system in a dense urban area that considers third-party logistics (TPL) and 
loading–unloading zones (LUZs). The design of a freight distribution system (FDS) 
in an urban area (city) cannot be separated from existing business strategies and 
city  developments.  Collaborating  with  a third  party logistic  (TPL)  is  one of the 
business strategies to increase the competitiveness of a company. The proposed 
system takes advantage of outsourcing the last mile deliveries to a TPL provider 
and utilizing LUZs as temporary intermediate facilities instead of using permanent 
intermediate facilities to consolidate freight. A mathematical model and a simulated 
annealing (SA) algorithm are developed to solve the problem. The efficiency and 
effectiveness  of the proposed SA heuristic  are verified  by testing  it on  existing 
benchmark instances. Computational results show that the performance of the 
proposed SA is comparable with that of another state-of-the-art algorithm. The 
model  and algorithm  are then used to design  a two-echelon  freight  distribution 
system in Taipei City, Taiwan. Results of the case study indicate that the proposed 
model and algorithm provide a better distribution system. 
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In  the context of  the two-echelon  delivery,  trucks are used  for  supplying  the 
intermediate depots, namely satellites, and small vehicles are used to deliver 
demands to the end customers. In Putra et al. (2020),  the crowdsourcing 
transportation system is introduced into the two-echelon delivery system. The 
crowdsourcing system is modelled as occasional drivers (ODs) that travel around 
the distribution system. Occasional drivers are independent drivers that have their 
origins  and destinations  in  the system and also  willingly transport one or more 
parcel to a customer. The problem is defined as the two-echelon vehicle routing 
problem with occasional drivers (2EVRPOD). ODs could utilize their available 
capacities and pick-up the item from meeting points with the second echelon 
vehicles or satellites which are already supplied by the first echelon vehicles. This 
mode offers greater flexibility by providing more options to the decision-maker. It 
could lower transportation costs and require less capital investment than a 
traditional sourcing approach. This problem is formulated as a mixed-integer 
programming (MIP). An exact method is developed for solving small instances and 
a metaheuristic algorithm  is  designed  to handle  large  instances. In general,  this 
study shows that utilizing the OD’s in a two-echelon last-mile delivery distribution 
system takes advantage of cost-saving and environmental causes where the total 
transportation route in the system is reduced. 
 

Last-mile delivery is considered as the most expensive stage of the supply chain. 
There are various alternatives for delivering goods to consumers, such as home 
delivery (HD) and locker delivery, and in addition to these alternative delivery 
methods, some companies also implement a horizontal collaborative strategy, 
which can be either facilities sharing or demand sharing. Rasyid et al. (2020) 
defined  facilities  sharing  as the parcel  locker  sharing,  where a company’s  idle 
lockers  are used by  other companies.  On  the other hand, under the demand 
sharing scenario, a company’s demands are shared with other companies. From 
this type of collaboration, four alternative strategies: no collaboration, demand 
sharing only, locker sharing only, and locker and demand sharing (all sharing) are 
analyzed. We further develop a mathematical model and propose a hybrid 
metaheuristic algorithm to solve the problem. The proposed metaheuristic 
algorithm, namely the hybrid genetic algorithm is developed. The results of 
numerical  studies  indicate  that this  research determines  which  of the strategies 
mentioned above minimizes total costs when applied to a horizontal collaborative 
environment. The “all sharing” strategy is the most efficient strategy to implement, 
up to 48% of the cost of no collaboration in small instances. 
 
Publications: 
 A. Gunawan, A.T. Widjaja, B. Gan, V.F. Yu and P. Jodiawan (2020a), “Vehicle 

Routing  Problem  for Multi-Product  Cross-Docking”,  proceedings  of the 10th 
International  Conference  on  Industrial  Engineering  and  Operations 
Management (IEOM 2020),  10 - 12 March 2020,  Dubai, UAE (Best Paper in 
Logistics track) 

          A. Gunawan, A.T. Widjaja, P. Vansteenwegen and V.F. Yu (2020b), “Adaptive 
Large  Neighborhood   Search  for   Vehicle   Routing   Problem   with   Cross- 



7 

 

 
 

Docking”, proceedings of 2020  IEEE Congress on Evolutionary Computation 
(CEC) - IEEE World Congress on Computational Intelligence (IEEE WCCI), 19 
- 24 July 2020,  Glasgow, United Kingdom (fully virtual conference), pp. 1-8 

 A.  Gunawan, A.T.  Widjaja,  P.  Vansteenwegen  and V.F.  Yu  (2020c),  “A 
Matheuristic  Algorithm  for solving  the Vehicle  Routing  Problem  with  Cross- 
Docking”, proceedings of the 14th Learning and Intelligent OptimizatioN 
Conference (LION 2020),  24 - 28 May 2020,  Athens, Greece,  Lecture Notes 
in  Computer  Science  12096, pp.  9-15,  Springer-Verlag  Berlin  Heidelberg, 
2020 

 A. Gunawan, A.T. Widjaja, P. Vansteenwegen and V.F. Yu (2020d), "Vehicle 
Routing  Problem  with  Reverse  Cross-Docking:  an  Adaptive  Large 
Neighborhood Search Algorithm", proceedings of the International Conference 
on Computational Logistics 2020  (ICCL 2020),  Lecture Notes in Computer 
Science 12433, pp. 167-182, Springer-Verlag Berlin Heidelberg, 2020 

 A.T. Widjaja, A. Gunawan, P. Jodiawan and V.F. Yu (2020),  “Incorporating a 
reverse logistics  scheme in  a vehicle  routing  problem  with  cross-docking”, 
proceedings of 2020  IEEE  7th  International Conference on  Industrial 
Engineering and Applications (ICIEA 2020),  16 - 18 April 2020,  Bangkok, 
Thailand (Best Presenter Award) 

 M.F. Rasyid, V.F. Yu, B.M. Sopha and A. Gunawan (2020),  "Vehicle Routing 
Problem with Parcel Locker Sharing in a Collaborative Environment, 
proceedings of the 1st International Conference on Intelligent Production and 
Operations (IPO 2020),  19 - 21 June 2020,  Taipei, Taiwan 

 K. Putra, V.F. Yu, I.G.B.B.  Dharma and A. Gunawan (2020),  "Two-Echelon 
Vehicle Routing Problem with Occasional Drivers. proceedings of the 1st 
International Conference on Intelligent Production and Operations (IPO 2020), 
19 - 21 June 2020,  Taipei, Taiwan 

 V.F.  Yu,  Winarno,  S.-W.  Lin and A.  Gunawan (2020),   “Design  of a Two- 
Echelon Freight Distribution System in an Urban Area considering Third-Party 
Logistics and Loading-Unloading Zones”, Applied Soft Computing, 2020 

 
References: 

 
 H. Yan and S.L.  Tang (2009),  “Pre-distribution  and post-distribution  cross- 

docking operations”, Transportation Research Part E: Logistics and 
Transportation Review, vol. 45(6),  pp. 843-859 

 D. Rogers and R. Tibben-Lembke (1999),  “Going backwards: reverse logistics 
trends and practices”, vol. 2. Pittsburgh, PA: Reverse Logistics Executive 
Council. 

 G. Barbarosoglu,  G. and D. Ozgur  (1999),  “A tabu search algorithm  for the 
vehicle routing problem”, Computers and Operations Research, vol. 26(3), pp. 
255-270 
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2.    Orienteering Problem and its Applications in Various Domain 
 
The Orienteering Problem (OP) is originally from the sport game of orienteering 
(Vansteeenwegen et al., 2011).  The main goal is to find a single route by visiting 
as many nodes as possible that maximizes the total collected score subject to a 
given  time  budget frame.  It is  assumed that the start and end nodes are fixed. 
Many  OP   applications   are  described   in   the  literature:   selective   travelling 
salesperson problem, vehicle routing problem, home fuel delivery problem, single- 
ring design problem, and mobile tourist guide. Comprehensive surveys of the OP 
can be found in Vansteenwegen et al. (2011)  and Gunawan et al. (2016b). 
 
In 2019,  I have published  a textbook with  the title  of “Orienteering  Problem: 
Models and Algorithms for Vehicle Routing Problems with  Profits”. The book 
covers a comprehensive review of variants of the OP,  such as the team OP,  the 
team OP  with time windows, the profitable tour problem, and the prize-collecting 
travelling salesperson problem (Vansteenwegen and Gunawan, 2019).  In addition, 
it presents mathematical models and techniques for solving these OP variants and 
discusses their  complexity. Several simple examples  and benchmark instances, 
together with their best-known results, are also included. Finally, the book reviews 
the latest  applications  of these problems  in  the fields  of logistics,  tourism  and 
others. This tutorial introduces readers to several variants of routing problems with 
profits. In these routing problems each node has a certain profit, and not all nodes 
need to be visited. 
 
In the last few years, I have been working on three different classifications of the 
OP:   the  classical   (e.g.  Team  OP   with   Time  Windows   (TOPTW),   Time 
Dependent OP  (TDOP)),   extended variants  of  the OP   (e.g. Team  OP  with 
Variable Profits (TOPVP),  the Capacitated Team OP  (CTOP))  and applications 
(e.g. crowdsourcing, healthcare, trip planner). Table 1 summarizes various 
publications related to both variants. 
 
Recently, two applications of the OP have been published in two different journals. 
Peng et al. (2020) studied the scheduling of an Agile Earth Observation Satellite 
(AEOS) which consists of selecting and scheduling a subset of possible targets for 
observation  in order to maximize  the collected profit  related to the images while 
satisfying its operational constraints. In this problem, a set of candidate targets for 
observation is given, each with a time-dependent profit and a visible time window. 
The exact profit of a target depends on the start time of its observation, reaching 
its  maximum  at the midpoint  of its  visible  time  window.  This  time  dependency 
stems from the fact that the image quality is determined by the look angle between 
the satellite and the target to be observed. An exact algorithm for the single-orbit 
scheduling for an AEOS  considering the time-dependent profits is proposed. The 
algorithm is called Adaptive-directional Dynamic Programming with Decremental 
State Space Relaxation  (ADP-DSSR). This  algorithm  is  based on  the dynamic 
programming approach for the Orienteering Problem with  Time Windows 
(OPTW).  Several  algorithmic  improvements  are proposed to  address the time- 
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dependent profits. The proposed algorithm is evaluated based on extensive 
computational tests. The experimental results show that the algorithmic 
improvements  significantly  reduce the required  computational  time.  The 
comparison between the proposed exact algorithm and a state-of-the-art heuristic 
illustrates that the proposed algorithm can find the optimal solutions for sufficiently 
large instances within limited computational time. The results also show that it is 
capable of efficiently solving benchmark OPTW instances. 
 
Table 1. The Orienteering Problem Publications 
 

Classification Problem Publication 
Classical Variants Team OP with Time Windows Gunawan et al. (2017b) 

Gunawan et al. (2018a)
  Time Dependent OP Gunawan et al. (2014) 

Gunawan et al. (2018a) 
Extended Variants Team OP with Variable Profits Gunawan et al. (2018b) 
  Capacitated Team OP Gunawan et al. (2019) 
  Team  OP   with  Time  Windows 

and Partial Scores
Yu et al. (2019a) 

  Multi-objective OP Yu et al. (2019b) 
Application Crowdsourcing Chen et al. (2014) 
  Tourist Trip Design Problem Gunawan et al. (2016a) 
  Healthcare Problem Gunawan et al. (2017a) 
  Agile Earth Observation Satellite 

Scheduling Problem 
Peng et al. (2019) 

 

Prasetia et al. (2020) introduced an effective mechanism using a fleet of unmanned 
surface  vehicles  (USVs) carried  by  a parent boat (PB)  to  complete  search or 
scientific tasks over multiple target water areas within a shorter time. Specifically, 
multiple USVs can be launched from the PB to conduct such operations 
simultaneously,  and each USV  can return to  the PB  for battery recharging  or 
swapping  and data collection  in  order to continue  missions  in  a more extended 
range. The PB  itself  follows  a planned  route with  a flexible schedule  taking  into 
consideration locational constraints or collision avoidance in a real-world situation. 
Assuming  that each target has a value,  this  research investigates  how  to route 
these USVs, including their schedules to rendezvous with the PB, so that they can 
maximize the total collected target values from the operation in a limited amount 
of time. This problem is an application of the Team Orienteering Problem (TOP). 
We use a multi-layered time-space network to  describe the USVs and PB 
movement over time and give an integer programming (IP) formulation for the 
coverage path planning  problem.  To further  shorten the computational time,  we 
propose the Iterative  Clustering  Heuristic  (ICH) to firstly  cluster  the workspace, 
calculate  the path for each USV to visit targets and meet with the PB  for range 
extension. To evaluate the performance of the proposed IP model and ICH, test 
cases  are designed  based  on  a real-world  scenario,  as well  as families  of 
simulated grid-like networks. Based on the computational analysis of different USV 
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area sizes, targets covered, and operation time-bound increments, the proposed 
heuristic  ICH can solve  larger  sized  cases faster  than the IP commercial  solver 
with higher quality results. 
 
Publications: 
 

 A. Gunawan, H.C.  Lau and K. Lu (2016a), "Personalized  Recommendation 
System for the Tourist Trip Design Problem", proceedings of the 11th 
International  Conference  on  the Practice  and  Theory of  Automated 
Timetabling, 23 – 26 August 2016,  Udine, Italy 

          A.  Gunawan, H.C.  Lau and  K. Lu  (2017a), "Home  Health  Care Delivery 
Problem",  proceedings  of the 8th  Multidisciplinary  International  Scheduling 
Conference (MISTA 2017),  5 - 8 December 2017,  Kuala Lumpur,  Malaysia 

 A.  Gunawan,  H.C.   Lau  and  P.   Vansteenwegen   (2016b),  "Orienteering 
Problem:  A  Survey  of  Recent  Variants,  Solution  Approaches  and 
Applications", European Journal of Operational Research, vol. 255(2),  pp. 315 
– 332 (Invited Review) 

 A. Gunawan, H.C. Lau, and K. Lu (2018a), "ADOPT: Combining Parameter 
Tuning  and Adaptive  Operator Ordering  for solving  a Class  of Orienteering 
Problems", Computers & Industrial Engineering, vol. 121, pp. 82 - 96 

 A. Gunawan, H.C. Lau, P. Vansteenwegen, and K. Lu (2017b), "Well-Tuned 
Algorithms  for the Team Orienteering Problem with Time Windows", Journal 
of the Operational Research Society, vol. 68 (8), pp. 861 – 876 

 A. Gunawan, K.M. Ng,  G.  Kendall,  and J. Lai  (2018b), "An Iterated  Local 
Search Algorithm  for the Team Orienteering  Problem  with  Variable  Profits", 
Engineering Optimization, 2018,  vol. 50 (7), pp. 1148  - 1163 

 A. Gunawan, K.M. Ng, V.F. Yu, G. Adiprasetyo  and H.C.  Lau (2019),  “The 
capacitated team orienteering problem”, proceedings of the 9th International 
Conference  on  Industrial  Engineering  and Operations  Management (IEOM 
2019),  5 - 7 March 2019,  Bangkok, Thailand 

          A.  Gunawan, Z.  Yuan, and H.C.  Lau (2014),   “A  Mathematical  Model  and 
Metaheuristics for Time Dependent Orienteering Problem”, proceedings of the 
10th    International  Conference  on  the  Practice  and  Theory of  Automated 
Timetabling, 26 – 29 August 2014,  York, United Kingdom 

 A.C.G.  Prasetia,  I.-L. Wang and A. Gunawan, "Optimal  Collaborative  Path 
Planning  for Unmanned Surface  Vehicles  Carried  by a Parent Boat Along a 
Planned Route", International Journal of Operations Research, vol. 17 (4), pp. 
101 - 116,  2020 

 C. Chen, S.-F  Cheng, A. Gunawan, A. Misra, D. Chander and K. Dasgupta 
(2014),  “TRACCS: Trajectory-Aware Coordinated Urban Crowd-Sourcing”, 
submitted to  the 2nd   AAAI Conference on  Human Computation and 
Crowdsourcing (HCOMP – 2014),  2 – 4 November 2014,  Pittsburgh, USA 

 G. Peng, G. Song, L. Xing, A. Gunawan and P.  Vansteenwegen, “An Exact 
Algorithm   for   Agile   Earth  Observation   Satellite   Scheduling   with   Time- 
Dependent Profits”, Computers and Operations Research, vol. 120, 2020 
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 P. Vansteenwegen and A. Gunawan (2019),  “Orienteering Problems – Models 
and algorithms for vehicle routing problems with profits”, 
https://doi.org/10.1007/978-3-030-29746-6, Springer Link 

 Peng, G., Dewil, R., Verbeeck, C., A. Gunawan, Xing, L. and Vansteenwegen, 
P.   (2019),   “Agile   earth  observation   satellite   scheduling:   an  orienteering 
problem with time-dependent profits and travel times”, Computers and 
Operations Research, vol. 111, pp. 84 – 98 

 V.F. Yu, P.  Jewpanya, A.A.N.P.  Redi  and A. Gunawan  (2019a), “Selective 
discrete particle swarm optimization for team orienteering problem  with  time 
windows and partial scores”, Computers and Industrial Engineering, vol. 138 

 V.F.  Yu,  Z.-Y.  Yang, P.  Jewpanya and A.  Gunawan  (2019b), “Simulated 
annealing for multi-objective orienteering problem” (under review) 

 
References: 
 

 P.   Vansteenwegen,   W.   Souffriau   and  D.V.   Oudheusden  (2011),    “The 
Orienteering Problem: A Survey”, European Journal of Operational Research, 
vol. 209 (1), pp. 1-10 

 
3.    Course prediction and recommendation system 
 
This is a new research direction that I am focusing on in Year 2020.  Together with 
a research team and Prof. Lim Ee-Peng in Living Analytics Research Centre, we 
work on several different research topics in this area. 
 
Widjaja et al. (2020) studied the next-term grade prediction using machine learning 
approaches.  As students make progress in a university program, they often have 
to face  many choices  of courses. It is  thus important  for them to receive  some 
guidance based on their “predicted" course performance so as to improve course 
selection and optimize academic performance. In this paper, we thus propose to 
address  the next-term grade prediction  task by developing  a machine  learning 
framework to predict grades in a specific term of a course program using historical 
student-course data. In this  framework,  we develop  the prediction  model  using 
Factorization Machine (FM) and Long Short Term Memory combined with FM 
(LSTM-FM) that make use of both  student and course attributes as well as past 
student-course grade data. To evaluate  our  proposed methods, we use a real- 
world  data collected  from an autonomous university  in  Singapore.  Through our 
experiments, we show our FM and LSTM-FM yields less prediction error compared 
with the baseline methods. With careful feature selection, we achieve the optimal 
prediction results for both  methods. Our methods are also robust to handle  cold 
start courses. We show that the average prediction error can be as little as three 
quarter grade difference from ground truths. 
 
There are various sequence data that involve baskets or sets. Examples of basket 
sequence include  shopping  carts of an online  shopper, daily  sets  of food  items 
consumed by a person, and courses taken in  different  semesters by a student. 
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Basket sequence captures the behavioral history of a user and can often be used 
for predicting  future  behavior  in  the form of next basket of objects  to purchase, 
consume or adopt. For instance, a university student's decision to choose courses 
in  a  new semester is  explicitly  related  to  the courses  taken in  the previous 
semesters. Rendle  et al.  (2010)  proposed the FPMC  model  to predict  the next 
basket combining matrix factorization and Markov chains to model user preference 
and sequential behavior. Yu et al. (2016) applied RNN to model the user's dynamic 
interests. Le et al. (2019) incorporated items correlation information into the RNN’s 
input and predictive layer to improve the accuracy of next-basket prediction. Most 
of the works nevertheless ignore basket boundaries. They model history baskets 
as an object sequence with arbitrarily determined order for those objects from the 
same basket and also predict objects of the next basket by selecting top-ranked 
objects of the next object position, instead of a set of objects of the next basket. 
By turning baskets into a sequence of objects, one will introduce undesired noises 
to both modeling and prediction. 
 
In  our  current work,  we focus  on  the next-basket prediction  with  the goal  of 
predicting a set of objects at a time based on previous sequence of object baskets 
is becoming very important in many applications. As objects in a basket usually do 
have any order, we need models to be permutation-equivariant for objects within 
baskets, and the loss function should be permutation-invariant while comparing a 
predicted set against a ground-truth set. In this work, we propose a new method 
called  BasketTransformer  (BasketTR). It uses a transformer  encoder to  model 
objects of history baskets permutation-equivariantly, a transformer decoder with a 
set of object queries as inputs to concurrently predict objects in the target basket, 
and a set-based loss  function  to optimize  the model.  BasketTR is  evaluated  on 
real world datasets from two different domains: a university dataset and two 
shopping  transaction  datasets. To  facilitate  objects  from  past baskets to  be 
predicted for the target basket, we also introduce a pointer and generator module. 
Our experimental results demonstrate that BasketTR performs significantly better 
than several state-of-the-art baselines when evaluated on these datasets. We also 
conduct ablation study on BasketTR to assess the performance impact of its model 
features. 
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