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EVALUATION OF CITY LOGISTICS SCHEMES WITH MULTI-AGENT SYSTEMS LEARNING MODELS
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This research provided new multi-agent systems (MAS) learning models aimed at incorporating multiple
stakeholders’ objectives to evaluate city logistics schemes. The MAS models included the vehicle routing
problem with soft time window model (VRPSTW) solved using insertion heuristics and a reinforcement
learning model, Q-learning, to incorporate decision making and interaction of major stakeholders, including
carriers, shippers, customers and administrators. Methods and results of the research have been summarized
within 6 chapters.

Chapter 1 introduced the motivation of research due to the aging society and especially with a computer literate
aging population in developing or developed countries in the Asia-pacific region like Japan and Singapore.
These factors, which are accompanied by the rising trend of online shopping is likely to increase the freight
traffic, especially in home delivery. The potential impacts like environmental pollution from the increase in
freight traffic will also raise the negative effect on the health of the city dwellers. Optimization models and
simulation have been used in the past to evaluate city logistics measures and more recently the multi-agent
systems (MAS) modeling approach has been experimented. The MAS approach is widely recognized as a way
of modeling individual agent behavior and interaction while gradually expanding the model to cover all agents
within a system. Such approach hopes to discover the evolving behavioral phenomenon among agents, which
sometimes is impossible for other modeling approaches to accomplish when they evaluate city logistics
schemes.

Chapter 2 of this research provided the literature review beginning with the introduction of existing evaluation
models for city logistics followed by the work of MAS models in general. MAS modeling has been applied on
several traffic engineering and transportation problems for example in the area of urban traffic control and
problems related to solving traffic congestion due to urbanization. MAS modeling approach has also gain
popularity in the area of supply chain management due to the similar characteristics of supply chain
management systems with multi-agent systems. In the field of supply chain management, each of the
manufacturing company are considered to perform autonomously, interacts and communicates with other
companies for orders and services, adapts to the changing environment by reacting to the perception of the
evolving market and having the added initiative of launching innovative products. In city logistics, MAS
modeling has been done to compare the vehicle routing problem with time window — dynamic (VRPTW-D) and
vehicle routing problem with time window — forecasted (VRPTW-F) to evaluate city logistics measures like
road pricing, subsidies to shippers and co-operative freight transport systems. Other researchers studied on the
VRPTW-F model and compared the results with the Monte Carlo and Q-learning models to evaluate schemes
like road pricing, truck ban and discounted toll fee. There is also a recent work of using MAS modeling
approach to evaluate the dynamic usage of urban distribution center. Due to the multi-disciplinary nature of
MAS approach, several models from cross disciplines are recommended including operation research, artificial
intelligence, machine learning and game theory.

Chapter 3 described the development of a new MAS learning model that included a second price auctioning
model to represent the theoretical interaction between the shipper and carrier relationship in a freight
marketplace. Second price auctioning was used initially due to its simple game theoretic mechanism, to
determine carriers’ decision to price their service and shippers’ decision to choose the carriers. This MAS
learning model was used to evaluate the urban freight distance-based and cordon-based road pricing schemes
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implemented by the administrator using the Q-learning algorithm. The MAS learning model was tested on a
hypothetical road network. It was observed that the cordon-based pricing scheme performed better than the
distance-based pricing in reducing the nitrogen oxide (NOx) level in the city center and had almost a 45%
reduction of the mean NOXx level in the city center compared to the case when there was no pricing. However,
the distance-based pricing, which performed less effective than the cordon-pricing in the city center showed
better reduction in the NOx level when considering the entire city emissions. The profit margin of the carriers
was found to increase when only the second price auctioning was used to represent the carrier and shipper
interaction. The profit margin of the carriers rose further when the distance-based pricing was implemented.
The distance-based road pricing was concluded to benefit the administrator’s objective of keeping the NOx
level lower, improving the carriers’ distance travelled and profit margin, but was considered undesirable for the
shippers in terms of the delivery cost.

Chapter 4 included a new shipper-carrier Q-learning model in the MAS model to compare the results of the
MAS model with second price auctioning. Although the second price auctioning model leads to shippers’
objective of receiving a “true bid” by carriers and is a weakly dominant strategy to bid at ones’ true value, such
bidding may not have considered the level of service required by customers. In view of using the appropriate
shipper-carrier model for evaluating other city logistics schemes, the shippers’ decision to select carriers was
experimented with the shippers’ Q-learning model, which incorporated the complaints received by customers.
The MAS learning model extended further to include the carriers’ Q-learning model and their decision of price
markup and discounting due to complaints received. It was found that the MAS model with shipper-carrier
Q-learning model provided lesser environmental emissions and complaints of the customers due to delayed
deliveries

Chapter 5 advanced the findings from previous chapters to study on other schemes that can be applied along
with urban freight road pricing as it was noted that road pricing alone may not be effective to provide a win-win
situation that meets all the objectives of the stakeholders. The results of single scheme, distance-based road
pricing, showed promising environmental benefits but had adverse effect to the shippers’ cost. Following the
discontinued load factor control trial scheme in Amsterdam and Copenhagen, a new load factor control (LFC)
scheme considered in this research seeks to waive the distance-based road pricing charges to carriers if the
trucks were able to obtain average load factor of more than 70% and higher. The results from the multi-agent
learning model showed that load factor control scheme can be implemented together with the freight road
pricing scheme with benefits to all agents considered. Although the LFC scheme caused the emission level to
rise in the city center, it had several other benefits to all stakeholders. The cumulative distance traveled by the
trucks reduced by about 5% and all the shippers enjoyed cost savings of up to 36% when the distance-based
pricing was implemented together with the LFC scheme. The reduced delivery costs led to all carriers
benefiting from the profit margin increase of up to 34%. The reduction of the rate of pricing in the city center
when the LFC scheme was implemented with the distance-based road pricing reflected a better management of
the distance-based road pricing scheme as it was considered as the administrator’s intention of not using the
road pricing as a revenue generating measure.

Finally, chapter 6 provides the main contribution, the concluding remarks and the future research aspects of the
study.
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