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Pre-2009

Bonabeau, E.  Agent Based Modeling: Methods and Techniques for Simulation Human Systems.  PNAS, May 14, 2002, Vol. 99. Suppl. 3.
Abstract - Agent-based modeling is a powerful simulation modeling technique that has seen a number of applications in the last few years, including applications to real-world business problems. After the basic principles of agent-based simulation are briefly introduced, its four areas of application are discussed by using real-world applications: flow simulation, organizational simulation, market simulation, and diffusion simulation. For each category, one or several business applications are described and analyzed.  http://www.pnas.org/content/99/suppl_3/7280.full 

Goldstone, R.L. and M.A. Janssen.  Computational Models of Collective Behavior.  Trends in Cognitive Sciences, Vol. 9, No. 9, September 2005
Abstract – Computational models of human collective behavior offer promise in providing quantitative and empirically verifiable accounts of how individual decisions lead to the emergence of group-level organizations. Agent-based models (ABMs) describe interactions among individual agents and their environment, and provide a process-oriented alternative to descriptive mathematical models.  Recent ABMs provide compelling accounts of group pattern formation, contagion and cooperation, and can be used to predict, manipulate and improve upon collective behavior.  ABMs overcome an assumption that underlies much of cognitive science – that the individual is the crucial unit of cognition.  The alternative advocated here is that individuals participate in collective organizations that they might not understand or even perceive, and that these organizations affect and are affected by individual behavior.  http://cognitrn.psych.indiana.edu/rgoldsto/pdfs/AgentsTICS.pdf

Jennings, N.R.  An Agent-Based Approach for Building Complex Software Systems.  Communications of the ACM, April 2001, Vol. 44, No. 4 http://dl.acm.org/citation.cfm?id=367250


2009	(3)

Jayaprakash, C., K. Warren, E. Irwin and K. Chen. The Interaction of Segregation and Suburbanization in an Agent-Based Model of Residential Location. Environment and Planning B: Planning and Design 36, no. 11 (2009): 989-1007.
Abstract - A model is presented of the interaction of segregation and suburbanization in determining residential location. The model incorporates differential income between two classes of agents, a simplified market mechanism for the purchase of housing, and a simple geographic structure of one central city and four symmetrically arranged suburbs. Agents derive utility from neighborhood racial composition, the size of their lot, private amenities that are specific to neighbourhoods, and public amenities that stretch across municipalities. It was found that the public-amenities term leads to a positive-feedback loop in which migration to suburbs increases the public amenities in those municipalities while lowering amenities in the central city, thus sparking further migration. When the minority agents are uniformly less affluent than the majority agents, this dynamic produces discontinuity in segregation as measured by centralization. Such discontinuities are typical of first-order phase transitions. When minority and majority incomes overlap, significant regions appear over which there are multistable equilibria at high and low levels of segregation, along with considerable sensitivity to the initial distribution of minority agents. The implications of these findings are discussed 	 

Liedtke, Gernot. Principles of Micro-Behavior Commodity Transport Modeling. Transportation Research Part E: Logistics and Transportation Review 45, no. 5 (2009): pp 795-809.
Abstract - This paper presents an agent-based approach to commodity transport modeling. It assesses the effects of behavior-oriented transport policy measures while taking complex logistics reaction patterns into account. It is structured by modules describing company generation, supplier choice, shipment-size choice, carrier choice and tour construction. The behavior of individual actors is simulated using normative logistics models and accumulated market knowledge. Using a bottom-up approach, shippers and carriers interact through simulated auctions of transport contracts resulting in the generation of tours. Simulations using the model prototype INTERLOG calibrated with German data demonstrate the capabilities and limitations of this approach. 	 http://www.sciencedirect.com/science/article/B6VHF-4WDFCGP-1/2/c3a09478bbddf76fa0cde8396a55d3dd

Zhang, L., W. Xu and M. Li. Co-Evolution of Transportation and Land Use: Modeling Historical Dependencies in Land Use and Decision-Making, (2009), 65p.
Abstract - This project examines the land use-transportation interaction from an evolutionary perspective - once a certain set of goals are determined and pursued by politicians and planners, their land supply and transportation investment decisions are to a large extent driven by their previous decisions and the supply-demand dynamics in the urban system. Built upon this recognition of historical dependency and a previously developed transportation network growth model, a model of the co-evolution of land use and transportation is proposed in this project. Different from existing integrated land use and transportation models that assume exogenous network investment decisions, the co-evolution model considers both land use growth and transportation network growth as endogenous and market-driven. The central research question is how market and policies translate into transportation facilities and land use developments on the ground. The co-evolution model achieves a novel urban growth equilibrium, which is a useful concept for planning and policy analysis. An agent-based simulation approach is employed to integrate an existing land use model and the transportation network growth model. The resulting integrated co-evolution model is demonstrated in a series of policy sensitivity tests. 	 http://www.otrec.us/project/68
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Arentze, Theo, Claudia Pelizaro and Harry Timmermans. An Agent-Based Micro-Simulation Framework for Modelling of Dynamic Activity-Travel Rescheduling Decisions. International Journal of Geographical Information Science 24, no. 8 (2010): pp 1149-1170.
Abstract - This article presents the simultaneous implementation of daily activity-travel schedules of individuals in a given spatial environment. The article generally gives rise to time- and location-varying congestion levels, which affect the conditions for subsequent activity and travel choices. Current activity-based models typically ignore the adaptive behavior of individuals even though the dynamics are commonly recognized. This article proposes an agent-based simulation system that allows one to simulate, in addition to activity-scheduling behavior the execution of schedules in space and time. Congestion levels at specific times and places emerge in the system and may lead to discrepancies between scheduled and actual activity and travel times. The article discusses how agents respond to such unforeseen events by reconsidering an existing schedule (within-day re-planning) and by adapting their expectations about traffic conditions for subsequent days (learning). The system illustrates the activity-travel diary data collected in the Eindhoven region of the Netherlands in order to better understand the choice of urban parks in the study area. The merits of the system for transport and spatial planning that identify avenues for future research are also discussed in the article. 	 http://dx.doi.org/10.1080/13658810903317022

Arentze, Theo A., D. Ettema and Harry J. P. Timmermans. Incorporating Time and Income Constraints in Dynamic Agent-Based Models of Activity Generation and Time Use: Approach and Illustration. Transportation Research Part C: Emerging Technologies 18, no. 1 (2010): pp 71-83.
Abstract - Existing theories and models in economics and transportation treat households' decisions regarding allocation of time and income to activities as a resource-allocation optimization problem. This stands in contrast with the dynamic nature of day-by-day activity-travel choices. Therefore, in the present paper we propose a different approach to model activity generation and allocation decisions of individuals and households that acknowledges the dynamic nature of the behavior. A dynamic representation of time and money allocation decisions is necessary to properly understand the impact of new technologies on day to day variations in travel and activity patterns and on performance of transportation systems. We propose an agent-based model where agents, rather than acting on the basis of a resource allocation solution for a given time period, make resource allocation decisions on a day-by-day basis taking into account day-varying conditions and at the same time respecting available budgets over a longer time horizon. Agents that share a household interact and allocate household tasks and budgets among each other. We introduce the agent-based model and formally discuss the properties of the model. The approach is illustrated on the basis of simulation of behavior in time and space. 	 http://www.sciencedirect.com/science/article/B6VGJ-4WCK06J-1/2/3e43eae45d5f7a9141f49063418cdb70

Balbo, Flavien and Suzanne Pinson. Using Intelligent Agents for Transportation Regulation Support System Design. Transportation Research Part C: Emerging Technologies 18, no. 1 (2010): pp 140-156.
Abstract - This paper presents an agent-based approach used to design a Transportation Regulation Support System (TRSS), that reports the network activity in real-time and thus assists the bus network regulators. The objective is to combine the functionalities of the existing information system with the functionalities of a decision support system in order to propose a generic model of a traffic regulation support system. Unlike the other approaches that only deal with a specific task, the original feature of our generic model is that it proposes a global approach to the regulation function under normal conditions (network monitoring, dynamic timetable management) and under disrupted conditions (disturbance assessment and action planning of feasible solutions). Following the introduction, the second section presents the notions of the domain and highlights the main regulation problems. The third section details and motivates our choice of the components of the generic model. Based on our generic model, in the fourth section, we present a TRSS prototype called SATIR (Système Automatique de Traitement des Incidents en Réseau - Automatic System for Network Incident Processing) that we have developed. SATIR has been tested on the Brussels transportation network (STIB). The results are presented in the fifth section. Lastly, we show how using the multi-agent paradigm opens perspectives regarding the development of new functionalities to improve the management of a bus network. 	 http://www.sciencedirect.com/science/article/B6VGJ-4WSR0NH-1/2/788060db9178ebc3394c55532bd5e981

Besaw, Lance E., Donna M. Rizzo, Margaret J. Eppstein, David K. Grover and Jeffrey S. Marshall. Upscaling Agent-Based Discrete-Choice Transportation Models Using Artificial Neural Networks,  (2010) 15p.
Abstract - Agent based models (ABMs) can be used for simulating consumer transportation discrete choice modeling, while incorporating the effects of heterogeneous agent behaviors and social influences. However, the application of ABMs at large-scales may be computationally prohibitive (e.g., for millions of agents). In an attempt to harness the modeling capabilities of ABMs at large scales, we develop a recurrent artificial neural network (ANN) to replicate nonlinear spatio-temporal discrete choice patterns produced by a spatially-explicit ABM with social influence. This particular ABM has been developed to model consumer decision making between purchasing a Prius-like hybrid or plug-in hybrid electric vehicle (PHEV) for a given geographic region (e.g., city or town). Our goal is to see if an ANN trained at the city scale can operate as a “fast function approximator” to estimate nonlinear dynamic response functions (e.g., fleet distribution, environmental attitudes, etc.) based on city-wide attributes (e.g., socio-economic distributions). Recurrent feedback connections were added to the ANN to leverage the temporal history and correlations and improve forecasts in time. Outputs from the city-scale ABM, run for a variety of population sizes and initial and input conditions, were used to train and test the ANN. Initial results suggest the ABM may be replaced by ANNs that interact with each other and other agents (e.g., manufacturing agents) to investigate PHEV penetration at the national scale. 
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Joubert, Johan W., Peter J. Fourie and Kay W. Axhausen. Large-Scale Agent-Based Combined Traffic Simulation of Private Cars and Commercial Vehicles. Transportation Research Record: Journal of the Transportation Research Board, no. 2168 (2010): pp 24-32.
Abstract - The number of independent and interdependent freight actors (firms), the complex supply chain structures between them, and the sensitivity of shipment data are some reasons that the modeling of freight traffic is lagging its public and private transit counterparts. An agent-based approach was used to reconstruct commercial activity chains and simulate them, along with private vehicles, for a large-scale scenario in Gauteng, South Africa. The simulated activities were compared with the actual observed activities of 5,196 vehicles that were inferred from Global Positioning System logs covering approximately 6 months. The results show that the reconstructed activity chains are both spatially and temporally accurate, especially in areas of high activity density. Freight vehicles are a major contributor to traffic congestion and emissions, and the new approach bridges the gap between the person and the state of the art in commercial transport modeling. 	 http://dx.doi.org/10.3141/2168-04

Miyamoto, Kazuaki, Nao Sugiki, Noriko Otani and Varameth Vichiensan. Agent-Based Estimation Method of Household Micro-Data for Base Year in Land-Use Microsimulation,  (2010) 13p.
Abstract - Intensive developments in land use microsimulation model have been made in the aspect to forecast the changes in detailed attributes and location of a household, the data of which is called micro-data in this study. However, less attention has been paid to the set of micro-data of the base year. The purpose of this study is to build a system to rationally estimate the set of micro-data of the base year for land use microsimulation. This system, throughout which Monte Carlo simulation is used, deals with both continuous and discrete attribute variables by agent; a household in this study. It utilizes sample data that contains full information of the micro-data to reflect the contingencies between attributes, and existing statistic data as the control total in each zone. In order to reproduce the correlation between continuous attribute variables, the independent variables that can be obtained by the principal component analysis of the original variables are introduced and employed as the intervening variables to the system. In addition, the system is composed of several iteration processes such that the data production satisfies the available control total by attribute. In order to make the system development rational and objective, an indicator to evaluate the goodness-of-fit between two sets of micro-data is proposed. In the other words, with the indicator, this study has contribution in developing not only an estimation system but also an approach of system development. Finally, the paper presents an application to the Person-Trip-Survey dataset in Sapporo Metropolitan Area in which the usefulness of the system and the approach has been confirmed. 
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Wang, Joshua, Mohamed Wahba and Eric J. Miller. Comparison of Agent-Based Transit Assignment Procedure with Conventional Approaches: Toronto, Canada, Transit Network and Microsimulation Learning-Based Approach to Transit Assignment. Transportation Research Record: Journal of the Transportation Research Board, no. 2175 (2010): pp 47-56.
Abstract - The public transportation system, a key part of a multimodal transportation network, has been widely viewed as an efficient way to reduce road congestion and pollution. Public transportation planners use transit assignment models to forecast travel demand and service performance. As technologies evolve and smart transit systems become more prevalent, it is important that assignment models adapt to new policies, such as traveler information provision. This paper investigates three transit assignment tools that represent three approaches to modeling transit trip distribution over a network of fixed routes. These tools are the EMME/2 Transit Assignment Module (Module 5.35), commonly used by planners; Toronto, Canada, Transit Commission’s transit assignment tool, MADITUC; and the newly developed Microsimulation Learning-based Approach to Transit Assignment (MILATRAS). These approaches range from aggregate, strategy-based frameworks to fully disaggregate microscopic platforms. MILATRAS presents a stochastic process approach (i.e., nonequilibrium based) for modeling within-day and day-to-day variations in the transit assignment process in which aggregate travel patterns can be extracted from individual choices. Although MILATRAS presents a different standpoint for analysis in comparison with equilibrium-based models, it still gives the steady state run loads. MILATRAS performs comparatively well with EMME/2 and MADITUC. In addition, MILATRAS presents a policy-sensitive platform for modeling the effects of smart transit system policies and technologies on passengers’ travel behavior (i.e., trip choices) and transit service performance. 	 http://dx.doi.org/10.3141/2175-06

Zhao, Liyuan and Zhong-Ren Peng. Integrated Bilevel Model to Explore Interaction between Land Use Allocation and Transportation. Transportation Research Record: Journal of the Transportation Research Board, no. 2176 (2010): pp 14-25.
Abstract - The purpose of this paper is to develop a bilevel integrated dynamic model—a combination of an upper land use allocation model and a lower transportation model—to quantify the interaction between different land use allocation strategies and the transportation system. To manage the dynamic land use change in spatial and temporal dimensions, the upper-level model uses cellular automata to capture the spatial attributes of land use change, whereas the bid–rent agent model focuses on household location choice behavior. The cell-based land allocation strategy and residential location choice generated in the upper-level model are fed into the lower-level model to reflect new transportation demand, travel cost, and transportation accessibility. Then, the travel cost and transportation accessibility produced in the lower-level model are fed back into the upper-level model. To optimize land use allocation strategy, a combination of a genetic algorithm and a Frank–Wolfe algorithm is used to minimize transportation system costs. Numeric analysis of a fictitious urban area showed that the optimal land allocation with the bilevel model significantly enhanced transportation efficiency and reduced the system cost of transportation by 30.8% to 90.2%. 	 http://dx.doi.org/10.3141/2176-02
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An, Shi, J. Cui and L. Li. Agent-Based Approach to Model Commuter Behaviour's Day-to-Day Dynamics under Pre-Trip Information. IET Intelligent Transport Systems 5, no. 1 (2011): 10p.
Abstract - This study reports on the tentative use of a multi-agent micro-simulation framework to address the issue of assessing commuter behavior’s day-to-day dynamics under pre-trip information. A Bayesian updating model is adopted to capture the reasoning mechanism by which commuters update their travel time perceptions from one day to the next in light of information and their previous experience. The population of commuters is represented as a community of autonomous agents, and travel demand results from the decision-making deliberation performed by each individual of the population as regards route and departure time. The reasoning mechanism of commuters is modeled by means of a Belief, Desire and Intention architecture, which has been a central theme in the multi-agent systems literature since the early 1990s. Each part of this architecture is specified by a multi-agent programming language named as AgentSpeak (L). A simple simulation scenario was devised using a combination of Jason (a multi-agent simulator) and Paramics (a traffic simulator). The simulation results show that the overall performance of the system is very likely affected by exogenous information and personal travel experiences; also, accurate information can greatly affect driver’s switching activities and improve daily commuting conditions. Moreover, the combination of micro-simulation and agent-based modeling technique shows a great potential to represent more realistic and more complex driver’s behavior under intelligent transport system environment. 	 http://www.ietdl.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=IITSAN000005000001000070000001&idtype=cvips&prog=normal

Auld, Joshua and Abolfazl Mohammadian. Planning-Constrained Destination Choice in Activity-Based Model: Agent-Based Dynamic Activity Planning and Travel Scheduling. Transportation Research Record: Journal of the Transportation Research Board, no. 2254 (2011): pp 170-179.
Abstract - This paper describes a destination choice model estimated for Chicago, Illinois, with the use of a recent survey and a previously developed model of activity planning decision timing. The travel survey data are used to estimate a standard multinomial destination choice model and a model in which the choice set is constrained by what has already been planned in the schedule. The performance of each model is evaluated, as is the effect that using the planning-constrained model in place of the standard model has on the accuracy of the results. Using a model in which the destination choices are conditioned on what has been previously planned improves the accuracy. This improvement is true for correctly predicted location choices, especially for overall trip length distributions in which more realistic distributions are observed when decisions are constrained. 	Notes - (Kouros) http://dx.doi.org/10.3141/2254-18

Piotte, Jeremy and Bart Jourquin. An Agent Based Dynamic Road Freight Transport Demand Generation,  (2011) 14p.
Abstract - Competition between freight and passenger transport for the use of the road infrastructure is an increasingly important problem. This research is carried out in the framework of the DIDAM (Disaggregated demand and assignment models for combined passengers and freight transport) research project which aims at proposing some advances in fundamental research in transportation modelling and analysis, and this paper presents some preliminary results obtained on the Belgian network. The DIDAM project's methodology is organized around two axes: on one hand, a disaggregated dynamic demand model for freight transport is proposed. In this model, the freight transport actors are represented by agents. These agents are extracted from existing databases and their behavior is then generated by means of a simulation that tries to represent the interactions between shippers and carriers who both try to minimize their costs. The carriers try to fill their trucks and to combine several trips to maximize their benefits (by minimizing the empty-trips for example). This step of the model faces a well-known optimization problem called "Traveling Salesman Problem" (TSP). In the meanwhile the shippers try to find the best transport opportunity by putting the carriers into competition. On the other hand, the Belgian road network is represented in a GIS based transport model software developed at FUCaM and called NODUS. Each arc of the network is associated with a dynamic cost function built using standard OD matrices for passenger transport combined with global traffic density data. By doing this, one takes into account the passenger flows everywhere and at every moment of the day. That way, the rush-hours are also taken into account. These dynamic cost functions are then used by the transporter-agents of the simulation that tries to minimize their costs. A time-dependent OD matrix for freight transport is built as result from this process. Finally, a prototype of a joint traffic assignment model is being developed. This new assignment procedure assigns the flow for each time-slice sequentially, keeping the still running flows from previous time slices into account. Still under development, this algorithm should provide the agents a feedback on their traveling time, which could be retained to allow them to change their habits if needed during a next trip. This paper will first present the time-dependent freight origin-destination matrices generation process, discussing the agent's generation, their characteristics and the implementation of their behavior in a simulation. Finally, the first time-dependent freight transport OD matrices built on the basis of this methodology will be assigned on the Belgian network using the experimental assignment model. 
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Tsekeris, T. and K. Vogiatzoglou. "Spatial Agent-Based Modeling of Household and Firm Location with Endogenous Transport Costs." 2011.

Yang, Yong, Ana V. Diez Roux, Amy H. Auchincloss, Daniel A. Rodriguez and Daniel G. Brown. A Spatial Agent-Based Model for the Simulation of Adults' Daily Walking within a City. American Journal of Preventive Medicine 40, no. 3 (2011): pp 353-361.
Abstract - Environmental effects on walking behavior have received attention in recent years because of the potential for policy interventions to increase population levels of walking. Most epidemiologic studies describe associations of walking behavior with environmental features. These analyses ignore the dynamic processes that shape walking behaviors. A spatial agent-based model (ABM) was developed to simulate people's walking behaviors within a city. Each individual was assigned properties such as age, SES, walking ability, attitude toward walking, and a home location. Individuals perform different activities on a regular basis such as traveling for work, for basic needs, and for leisure. Whether an individual walks and the amount she or he walks is a function of distance to different activities and her/his walking ability and attitude toward walking. An individual's attitude toward walking evolves over time as a function of past experiences, walking of others along the walking route, limits on distances walked per day, and attitudes toward walking of the other individuals within her/his social network. The model was calibrated and used to examine the contributions of land use and safety to socioeconomic differences in walking. With further refinement and validation, ABMs may help to better understand the determinants of walking and identify the most promising interventions to increase walking. 	 
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Abbas, Montasir. Agent-Based Modeling and Simulation. Transportation Research E-Circular, no. E-C168 (2012): pp 58-64.
Abstract - Agent-based modeling and simulation (ABMS) is a relatively new approach to modeling complex systems by dividing them into a set of interacting autonomous agents. Agents have behaviors, often described by simple rules, and rules to change their behavior. By modeling agents individually, the full effects of the diversity that exists among agents in their attributes and behaviors can be observed as it gives rise to the behavior of the system as a whole. By modeling systems from the ground up (agent by agent), self organization and system evolution can often be observed in such models. ABMS techniques provide a rich framework for patterns, structures, and behaviors to emerge through the agent interactions. ABMS is arguably the only modeling technique that can simultaneously take into account the attributes and constraints imposed by geography of roadways, the impacts of continually evolving social networks, and the changes from individual decision making and learning in transportation modeling. A preliminary review of literature on ABMS use in transportation reveals that existing efforts can be classified into two main threads: (1) Using ABMS to model ill-structured decision-making processes that cannot otherwise be accurately modeled. For example, modeling the evolution of driver’s route-choice behavior, or safety-critical and aggressive driving. This is an area where rule-based or artificial intelligence (AI) ABMS techniques are suitable. (2) Using ABMS to better optimize the performance of the transportation system when solving the problem otherwise could be NP-complete or NP-hard. For example, optimizing a distributed control system. This is an area where cooperative agent techniques, such as game theory, are suitable. 	 http://onlinepubs.trb.org/onlinepubs/circulars/ec168.pdf

Abbas, Montasir M., Linsen Chong, Bryan Higgs and Alejandra Medina Flintsch. Agent-Based Reinforcement Learning Model for Simulating Driver Heterogeneous Behavior During Safety-Critical Events in Traffic,  (2012) 28p.
Abstract - Driving behavior in traffic has been modeled quite successfully in simulation software using predefined car-following models rules. However, most car-following models are not capable of representing naturalistic driving behavior during safety-critical events, since they were designed to adhere to safe. Also, vehicle detailed lateral maneuvering have not been simulated in most simulation software. The proposed methodology in this paper focuses on establishing a traffic state-action mapping rule to simulate real driver actions including risky behavior that a driver would take during safety critical events instead of the predefined actions by car-following models. To analyze individual driver characteristics and extract driving behavior rules, a fuzzy rule based neural network is constructed with the objective of presenting driver action rules under associated traffic states. A special training approach Neuro-Fuzzy Actor Critic Reinforcement Learning (NFACRL) is proposed as a methodology to train an agent driver simulator. Vehicle longitudinal and lateral actions are estimated and used as output of this model. The simulated vehicle actions are compared with naturalistic data. 
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Abraham, John E., Kevin J. Stefan and J. D. Hunt. Population Synthesis Using Combinatorial Optimization at Multiple Levels,  (2012) 17p.
Abstract - With the increasing use of disaggregate models and microsimulation techniques, an important component for practitioners in the modelling field is the creation of a synthetic population, which is a disaggregate representation of the population of an area similar to the real population (current or future) and matching certain known or forecast distributions of attributes such as household size and income. This paper describes an approach using a combinatorial optimization algorithm; a versatile technique capable of simultaneously matching targets at multiple agent levels, such as properties of households as well as for individuals within the households. The software also supports simultaneous targets defined for multiple geographical levels (such as zones, counties and states). The use of the software is demonstrated in two applications; the synthesis of the 2000 population of California (comprising some 33.9 million individuals in 11.5 million households), and the synthesis of the ca. 2008 employment in Oregon and surrounding areas (comprising 3.5 million workers). The algorithm is acceptably fast and matches the targets with a high degree of accuracy. 
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Ciari, Francesco and Kay W. Axhausen. Modeling Location Decisions of Retailers with an Agent-Based Approach,  (2012) 21p.
Abstract - The paper reports about a project, where an agent-based module of location decisions of retailers has been implemented into the agent-based traffic simulator MATSim-T. The retailer module focuses on the retailers’ location choice. Retailers are modeled as agents in the simulation and are allowed to relocate their stores, according to a given strategy, in order to maximize the number of their customers. The paper discusses first the conceptual background of the model and then the actual implementation. A test case, a large scale scenario representing the urban agglomeration of Zurich, Switzerland, is presented. The discussion of the results focuses on possible practical applications of the tool and on further developments. 
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Horni, Andreas, Kai Nagel and Kay W. Axhausen. High-Resolution Destination Choice in Agent-Based Models,  (2012) 21p.
Abstract - This paper describes the modeling of destination choice for discretionary activities in a multi-agent transport simulation, using MATSim as an example. MATSim is based on utility maximization. Randomness was included implicitly and in an uncontrolled way through the stochasticity of the simulation process, and sometimes through a logit choice model. Unobserved heterogeneity is now added directly to the utility function through a random error term. Importantly, those random error terms are quenched, i.e., they will be the same for repeated executions of the choice model. Real-world simulation experiments for Zurich show that this substantially improves results. High-resolution destination choice for large-scale microsimulations raises several technical issues; pragmatic engineering solutions have been developed or applied to cope with them. These solutions are described in technical detail to assist in the further development of similar microsimulations. 
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Lo, S. M., S. B. Liu and J. Ma. On the Use of an Agent-Based Pedestrian Movement Simulation Model to Study the Passenger Density on Light-Rail Platform,  (2012) 10p.
Abstract - With the rapid development and increase in population in Hong Kong, the number of patrons using Hong Kong's Light Rail Transit (LRT) System has rapidly increased in these few years. The LRT stations, which have been constructed for over 20 years, are small sized platforms serving a limited number of passengers. It becomes crowded most of the time during the day. Upgrading and extension, which includes the integration with the metro lines, has been carried out from time to time. To facilitate the design and the alteration work for a station, the crowding and passenger movement pattern should be studied. A passenger movement model has been established for studying the passenger movement pattern. This article presents an agent-based passenger movement model which has been adopted to examine the dynamic passenger density in a station. Simulation outputs of the model for a LRT station are illustrated. 
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Ma, Huiye, Theo A. Arentze and Harry J. P. Timmermans. An Agent Based Model of Dynamic Activity-Travel Scheduling,  (2012) 21p.
Abstract - This paper describes the conceptual framework, an agent model, and an agent based model of dynamic activity-travel scheduling and implementation. This multi-agent based framework is composed of three components and is capable of handling long-term, mid-term, and short-term dynamics. An agent model is proposed to support dynamic activity-travel scheduling. Given the agent model, agents can adapt their behaviors and make decisions in a complex and dynamic environment by applying learning techniques. Agents can communicate and interact with other agent(s) in the system so that agents are not restricted in household but equally treated in the system. Agents can process different sorts of information and can schedule and predict which activities are conducted when, where, for how long, with whom, and the transport mode involved. In addition, various situational, temporal, spatial, and spatial-temporal constraints can be incorporated in the agent model. Thanks to the flexible agent model, joint activities and travels can be naturally formed by means of negotiation; a personalized supernetwork representation and computation can be integrated in the agent model. The system proposed in this paper is useful to develop computational models of activity-travel choice behavior. 
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Schelenz, Tomasz, Ángel Suescun, Li Wikström and MariAnne Karlsson. Passenger-Centered Design of Future Buses Using Agent-Based Simulation,  (2012),Elsevier Science,  pp 1662-1671.
Abstract - Enhancing bus public transportation implies making buses more attractive for passengers while improving service performance by reducing dwell time and increasing passenger flow. Thus, future buses must be designed with a focus on passengers’ needs, requirements and preferences, and their physical and psychological abilities to take advantage of new design concepts. Currently, manufacturers’ knowledge relies on experiences with buses already in service and statistical data about passengers when designing new bus concepts. However, evaluating these concepts from passenger's perspective is difficult at an early stage of the design process without access to a real vehicle. Including agent-based simulation in the design process is an inexpensive and efficient procedure to analyze new concepts (wheel-well position, number of doors, etc.) in relation to the expectations and needs of current and future passengers. In the approach, passengers are modeled as autonomous agents. Agents have the ability to move within the bus, interact with it and make complex decisions according to their preferences. Preferences are modeled as prioritized lists of goals. Since passenger preferences change depending on the bus occupancy, four preference models have been considered for <25%, <50%, <75% and >75% occupancy. Goals can be defined from observations of real passengers or synthetically (to model future passengers). The agent model implements a decision-making algorithm that quantifies the attractiveness of each available seat, standing location and door. The algorithm returns the target whose characteristics better fit passenger's preferences, considering the occupancy onboard and additional factors. A case-study that compares two bus layouts (three vs. four doors) is presented. Both layouts are evaluated in terms of passenger flow and dwell time. Results show the correlation between passengers’ decisions and layout design constraints, demonstrating that agent-based simulation can be effectively used in passenger-centered design methodologies. 
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Sugiki, Nao, Varameth Vichiensan, Noriko Otani and Kazuaki Miyamoto. Agent-Based Household Micro-Datasets: An Estimation Method Composed of Generalized Attributes with Probabilistic Distributions from Sample Data and Available Control Totals by Attribute. Asian Transport Studies 2, no. 1 (2012): pp 3-18.
Abstract - The purpose of this study is to build a system to rationally estimate the agent-based household micro-dataset of the base year for land-use microsimulation. Attributes of a household can be classified into a general set of categories. This system, wherein a Monte Carlo simulation is used, deals with those attributes, either continuous or discrete, in a generalized scheme. It uses sample data that contain full information on the micro-data to establish the correlation between the attributes and the available statistical data or census data. To reproduce the correlation between continuous attribute variables, independent variables that can be obtained based on the sample data are introduced and employed as intervening variables. Attributes of a whole household are probabilistically determined based on Logit and other models obtained from sample data. Finally, a case study of the system application to a person-trip-survey dataset of the Sapporo metropolitan area is presented. 	 http://dx.doi.org/10.11175/eastsats.2.3

Yang, C. Y. David and Tom Morton. Trends of Transportation Simulation and Modeling Based on a Selection of Exploratory Advanced Research Projects: Workshop Summary Report, (2012), 40p.
Abstract - This report summarizes an Exploratory Advanced Research Program workshop held at the Turner-Fairbank Highway Research Center in August 2011 as part of an ongoing effort to examine advancement in simulation and modeling and the applications in transportation research and practice. Part One summarizes the following presentations: Driver Behavior in Traffic; Intersection Control for Autonomous Vehicles; Advanced Traffic Control Signal Algorithms; Agent-Based Approach for Integrated Driver and Traveler Behavior Modeling: Theory, Methodology, and Applications to Transportation Systems Management and Investment Planning; VASTO -‐‑ Evolutionary Agent System for Transportation Outlook. Part Two of the report summarizes the group breakout discussions addressing overall trends of transportation simulation and modeling, and specific simulation and modeling needs. 	 http://www.fhwa.dot.gov/advancedresearch/pubs/12040/12040.pdf

Yang, Min, Yingxiang Yang, Wei Wang, Jian Chen and Haoyang Ding. Multi-Agent Based Simulation of Temporal-Spatial Characteristics of Activity-Travel Patterns Using Interactive Reinforcement Learning,  (2012) 18p.
Abstract - Simulation of temporal and spatial features of activity-travel patterns is important in transportation planning and management. It could predict traffic conditions and help alleviating traffic jams. In this paper we propose a multi-agent based reinforcement learning algorithm which could simulate activity time and location choice for travelers. Travelers' decisions could interact since road congestion degree is dynamic in this algorithm. The authors tested this multi-agent approach by simulating the traffic conditions of Shangyu city in China. The agents used in the algorithm are formed from the typical activity patterns extracted from travel survey diary data. Compared with the results of conventional method which ignores the interactions among agents, the results of this paper's algorithm are much closer to actual conditions. They vividly reflect both macroscopic activity-travel characteristics such as traffic flow distribution and microscopic characteristics such as activity-travel schedule of each agent in a middle-sized Chinese city. 
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Zhang, Lei. Travel Time Reliability as an Emergent Property of Transportation Networks,  (2012) 25p.
Abstract - Under transportation network supply and demand uncertainty, travel time reliability emerges from nonlinear interactions among numerous travelers who are driven by self-interest, learn and adapt in changing situations, and therefore can be modeled as an emergent network property. This paper proposes a novel theoretical framework for the study of complexity regarding travel time reliability on the basis of empirically-derived individual decision rules, and develops an agent-based evolutionary model for travel time reliability analysis. Findings show that actual route choice behaviors related to network reliability are often non-optimal, and that these behaviors themselves are important determinants of travel time reliability under network supply and demand uncertainty. While many travelers search for alternative routes under uncertainty, few travelers actually change routes. Route choice rules employed by travelers can successfully improve travel time reliability in most tested uncertainty scenarios, but they do not necessarily reduce absolute travel time. While reducing demand uncertainty improves travel time reliability, it is not always the case when network supply uncertainty is reduced. The proposed model can be applied to improve transportation operations and planning under uncertainty and to analyze the impact of traveler information systems on individual travel behavior and network performance. It can also serve as an empirically-estimated router for microscopic traffic simulators or act as a behavioral assignment algorithm for activity-based travel demand models. 
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Zhang, Lei, Gang-Len Chang, Shanjiang Zhu, Chenfeng Xiong, Longuyuan Du, Mostafa Mollanejad, Nathan Hopper and Subrat Mahapatra. Integrating Agent-Based Travel Behavior Model with Large-Scale Microscopic Traffic Simulation for Corridor-Level and Subarea Transportation Operations and Planning Applications,  (2012) 21p.
Abstract - Application of microscopic traffic simulation beyond the corridor level analysis is not widely seen in literature. This is partly due to the fact that simulation model cannot capture behavior responses such as peak spreading. This study develops a framework that integrates agent-based travel behavior models with large-scale traffic simulation to capture the regional impacts of new development. The proposed model is then applied to on the I-270/I-495/I-95 corridor in the North Washington D.C. metropolitan area for a case study. Findings from this study reveal the potential of the proposed model to capture network dynamics and behavioral reactions. This framework also provides a valuable tool for the evaluation of new transportation infrastructure, such as the ICC corridor currently under construction, and its operation strategies. 
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Zhang, Lei, Gang-Len Chang, Shanjiang Zhu, Chenfeng Xiong, Longyuan Du, Mostafa Mollanejad, Nathan Hopper and Subrat Mahapatra. Integrating an Agent-Based Travel Behavior Model with Large-Scale Microscopic Traffic Simulation for Corridor-Level and Sub-Area Transportation Operations and Planning Applications,  (2012) pp 3532-3545.
Abstract - Application of microscopic traffic simulation beyond the corridor level analysis is not widely seen in literature. This is partly due to the fact that simulation model cannot capture behavior responses such as peak spreading. This study develops a framework that integrates agent-based travel behavior models with large-scale traffic simulation to capture the regional impacts of new development. The proposed model is then applied to on the I-270/I-495/I-95 corridor in the North Washington D.C. metropolitan area for a case study. Findings from this study reveal the potential of the proposed model to capture network dynamics and behavioral reactions. This framework also provides a valuable tool for the evaluation of new transportation infrastructure, such as the ICC corridor currently under construction, and its operation strategies. 
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Zheng, Nan, Rashid A. Waraich, Kay W. Axhausen and Nikolas Geroliminis. A Dynamic Cordon Pricing Scheme Combining Macroscopic and Agent-Based Traffic Models,  (2012) 16p.
Abstract - Congestion pricing is considered an effective management policy to reduce traffic congestion in transportation networks. This paper combines a macroscopic modeling of traffic congestion in urban networks with an agent-based simulator to study congestion pricing schemes in urban network. The macroscopic model, which has been tested with real data in previous studies, represents an accurate and robust approach to model the dynamics of congestion. The agent-based simulator can represent the complexity of travel behavior in terms of departure time choice and heterogeneous users. Traditional traffic simulators (including car-following, lane-changing and route choice models) consider traffic demand as input, i.e. inelastic to level of congestion conditions. On the other hand, most of traditional congestion pricing models, utilize a network supply curve which is not consistent with the physics of traffic and the dynamics of congestion, as they are sensitive to demand fluctuations and non-stationary conditions. Also, many of the existing pricing models are assuming deterministic and homogeneous population characteristics. In this paper, the authors first demonstrate by case studies in Zurich urban road network, that the output of a multi-agent based simulator, is consistent with the physics of traffic flow dynamics, as expressed by a macroscopic fundamental diagram (MFD). They then apply a dynamic cordon-based congestion pricing scheme, in which tolls are controlled by an MFD, and investigate the effectiveness of the proposed pricing scheme. Results show that by applying such a congestion pricing, (i) the savings of travel time at both aggregated and disaggregated level outweighs the costs, (ii) the congestion inside cordon is eased while no congestion is shifted to outside cordon, (iii) trips with purpose of going-to-work are less influenced by the charged toll than trips with purpose of going-for-leisure. Future work can apply the same methodology to other network-based pricing schemes. Equity issues can be investigated more carefully, if provided with data such as income of agents. Time-dependent or value-of-time-dependent pricing schemes then can also be determined. 
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Bao, Qiong, Bruno Kochan, Tom Bellemans, Davy Janssens and Geert Wets. Investigating Microsimulation Error in Activity-Based Travel Demand Forecasting Using Confidence Intervals,  (2013) 16p.
Abstract - Activity-based models of travel demand using micro-simulation approach inevitably include stochastic error that is caused by the statistical distributions of random components. As a result, running a traffic micro-simulation model several times with the same inputs will obtain different outputs. In order to take the variation of outputs in each model run into account, a common approach is to run the model multiple times and to use the average value of the results. The question then becomes: what is the minimum number of model runs required to reach a stable result (i.e., with a certain level of confidence that the obtained average value can only vary within an acceptable interval). In this study, systematic experiments are carried out by using the FEATHERS framework, an agent-based micro-simulation model particularly developed for Flanders, Belgium. Six levels of geographic detail are taken into account, which are Building block level, Subzone level, Zone level, Superzone level, Province level, and the whole Flanders. Three travel indices, i.e., the average daily number of trips per person, the average daily distance traveled per person, and the average daily number of activities per person, as well as their corresponding segmentations, are estimated by running the model 100 times. The results show that the more detailed geographical level is considered, the larger the number of model runs is needed to ensure confidence of a certain percentile of zones at this level to be stable. In addition, based on the time-dependent origin-destination table derived from the model output, traffic assignment is performed by loading it onto the Flemish road network, and the total vehicle kilometers traveled in the whole Flanders are computed subsequently. The stable results at the Flanders level provides model users with confidence that application of the FEATHERS at an aggregated level only requires limited model runs. 
Transportation Research Board 92nd Annual MeetingTransportation Research BoardWashington,DC,USA StartDate:20130113 EndDate:20130117 Sponsors:Transportation Research Board - Transportation Research Board 92nd Annual MeetingTransportation Research BoardWashington,DC,USA StartDate:20130113 EndDate:20130117 Sponsors:Transportation Research Board, Cation, 

Ben, Xianye, Xifa Huang, Zhaoyi Zhuang, Rui Yan and Sen Xu. Agent-Based Approach for Crowded Pedestrian Evacuation Simulation. IET Intelligent Transport Systems 7, no. 1 (2013): pp 56-67.
Abstract - Evacuation of pedestrians is a vital safety concern for any large indoor facility such as a gymnasium or stadium. This study proposes an agent-based modelling approach in the cellular automata (CA) environment to efficiently simulate crowded pedestrian evacuation. Different from a stand-alone CA method which roughly describes the external environment, the proposed agent-based modelling approach can describe individual behaviour more accurately. In order to verify the crowded pedestrian evacuation simulation and reflect the behaviour of pedestrian crowds' evacuation, this study simulates four evacuation scenarios as follows: (i) an ordered activity area with no obstacles, (ii) an unordered activity area with no obstacles, (iii) an ordered activity area with obstacles and (iv) an unordered activity area with obstacles. The effects of the parameters on the evacuation simulation process and the effects of maximal endurance capability on the number of casualties are also analysed. Furthermore, the order of evacuation of pedestrians with different competitive capabilities is estimated. The simulation results show that the proposed modelling framework, principles and methods are effective, and the model has a strong capability to describe, represent and explain the reality of evacuation. 	 http://dx.doi.org/10.1049/iet-its.2011.0236

Cenani, Sehnaz, Theo A. Arentze and Harry J. Timmermans. Agent-Based Modeling of Cognitive Learning of Dynamic Activity-Travel Patterns. Transportation Letters: the International Journal of Transportation Research 5, no. 4 (2013): pp 184-200.
Abstract - The overall goal of this study is to have a better understanding of how an individual’s spatial cognition and mental representation of urban networks develop over time and to explore the impacts of landmarks on spatial learning. In this paper, the main objective is to describe the key mechanisms of an agent-based model of cognitive learning and to present the results of the numerical simulations designed to test the face validity of the part of the model concerned with attribute learning. 	 http://dx.doi.org/10.1179/1942787513Y.0000000003
http://www.ingentaconnect.com/content/maney/trl/2013/00000005/00000004/art00004

Ding, Haoyang, Wei Wang and Min Yang. Application of an Agent-Based Modeling to Simulate Destination Choice for Shopping and Recreation,  (2013),Elsevier Science,  pp 1198-1207.
Abstract - Spatial distribution is of particular importance to market analysts, location analysts and transportation planners and plays an important role in traffic demand management (TDM). For most of people, their living and working places are rather steady, only the places for shopping and recreation can be freely chosen. In this study, an agent-based modeling is applied to simulate destination choices for discretionary activities. Travel diary survey data of Tongling City are utilized throughout the whole process, including extraction of typical activity patterns, formation of agents and reward function, which makes the authors method more practicable. Thereafter, the accuracy of the authors model is proved by comparing simulation results to real-world data. 
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Feng, Yiheng and Larry Head. A Hierarchical Agent-Based Simulation for Modeling Traveler Behaviors,  (2013) 15p.
Abstract - Understanding traveler behaviors is very important in studying the transportation system. Traveler behaviors can be divided into two parts: before a trip and within a trip. In this paper, the before trip behavior mainly refers to route choice and the within trip behavior includes tactical driving which may include free-flow driving, car following and lane changing. The route choice and the tactical driving behavior may change as time elapses due to the interactions between travelers as well as due to changes in the transportation network topology. This paper proposes a hierarchical agent-based simulation framework with route choice behavior on the upper level and tactical driving behavior on the lower level and includes travelers’ interactions with the transportation network. The route choice model considers learning from previous experiences, heterogeneity of different travelers, incomplete network information, and communications between travelers. The tactical driving model is mainly derived from the NGSIM program. This hierarchical framework is implemented in AnyLogic® software and tested with two simulation experiments. Results from numeric examples show that the proposed agent models reach the same equilibrium solutions as reported in classical models in the literature and how network topology changes can influence the traveler’s decision making. This agent based modeling paradigm opens the possibility to study and understand the complexity travelers’ decision making under a wide variety of scenarios. 
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Horni, Andreas, Lara Montini, Rashid A. Waraich and Kay W. Axhausen. An Agent-Based Cellular Automaton Cruising-for-Parking Simulation. Transportation Letters: the International Journal of Transportation Research 5, no. 4 (2013): pp 167-175.
Abstract - This paper reports on the development of an agent-based cruising-for-parking simulation using the cellular automaton (CA) approach. The software was tested on a small-scale scenario, and a first verification step was performed for a real-world scenario for the town center of Zürich. Approaches to integrating the simulation into MATSim, a multi-agent transport simulation program, are discussed. The software is open source and can be downloaded from a free software repository. Empirical data that may be valuable for future model calibration are currently being surveyed in a global positioning system (GPS) study at the authors’ institute. 	 http://dx.doi.org/10.1179/1942787513Y.0000000004
http://www.ingentaconnect.com/content/maney/trl/2013/00000005/00000004/art00002

Jia, Anxi, Xuesong Zhou and Nagui M. Rouphail. Agent-Based Approach to Pricing Strategy Evaluation: Incorporation of Drivers’ Heterogeneity, Departure Time Shift and Comprehensive Learning Model,  (2013) 17p.
Abstract - The ability to reasonably model driver behavior in response to various pricing mechanisms is a critical need for transportation planners in order to properly evaluate and design the pricing schemes in a transportation network. By partially focusing on modeling the driver response to the effect of pricing, this paper presents an agent-based traffic assignment framework designed to assist transportation planners to evaluate pricing strategies and support their decision-making process by incorporating driver’s heterogeneity, a route choice and departure time shift model, and a Kalman Filter learning model. The framework is first evaluated on a simple 2-link corridor and on a real world network to demonstrate its functionality in a mesoscopic modeling environment. It is found that the proposed agent-based framework is compatible with conventional (dynamic) traffic assignment models and therefore is ready for implementation in any simulation tool which enables agent-based traffic assignment. A learning model is required in this agent-based framework. Independent learning for each individual agent is highly recommended. This study also assesses the effects of drivers’ value of time (VOT) heterogeneity on pricing strategy evaluation in terms of traffic mobility, revenue collection and equity between driver groups. The incorporation of drivers’ VOT heterogeneity will provide planners with more accurate performance measures and produce several new criteria to facilitate their evaluation and decision-making of the impact of pricing strategies. 
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Lu, Wei. Effects of Data Resolution and Human Behavior on Large Scale Evacuation Simulations, (2013), 132p.
Abstract - Traffic Analysis Zones (TAZ) based macroscopic simulation studies are mostly applied in evacuation planning and operation areas. The large size in TAZ and aggregated information of macroscopic simulation underestimate the real evacuation performance. To take advantage of the high resolution demographic data LandScan USA (the zone size is much smaller than TAZ) and agent-based microscopic traffic simulation models, many new problems appeared and novel solutions are needed. A series of studies are conducted using LandScan USA Population Cells (LPC) data for evacuation assignments with different network configurations, travel demand models, and travelers’ compliance behavior. First, a new Multiple-Source-Nearest-Destination Shortest Path (MSNDSP) problem is defined for generating Origin-Destination (OD) matrix in evacuation assignments when using LandScan dataset. A new Super Node based Trip Generator (SNTG) algorithm is developed to significantly improve the computational performance in generating OD pairs. Second, a new agent-based traffic assignment framework using LandScan and TRANSIMS modules is proposed for evacuation planning and operation study. Impact analysis on traffic analysis area resolutions (TAZ vs. LPC), evacuation start times (daytime vs. nighttime), and departure time choice models (normal S-shape model vs. location based model) are studied. Third, based on the proposed framework, multi-scale network configurations (two levels of road networks and two scales of zone sizes) and three routing schemes (shortest network distance, highway biased, and shortest straightline distance routes) are implemented for the evacuation performance comparison studies. Fourth, to study the impact of human behavior under evacuation operations, travelers’ compliance behavior with compliance levels from total complied to total non-complied are analyzed. Finally, an experimental study of using vehicular communication techniques in a car sharing system is conducted, which can be used to provide real-time road information for evacuees to choose their own best evacuation routes. 	 http://trace.tennessee.edu/cgi/viewcontent.cgi?article=3468&context=utk_graddiss

Rakha, Hesham A., Ismail H. Zohdy and Raj K. Kamalanathsharm. Agent-Based Game Theory Modeling for Driverless Vehicles at Intersections, (2013), 44p.
Abstract - This report presents three research efforts that were published in various journals: "An Agent- Based Framework for Modeling Driver Left-Turn Gap Acceptance Behavior at Signalized Intersections"; "Game Theory Algorithm for Intersection-Based Cooperative Adaptive Cruise Control (CACC) Systems"; and "Intersection Management for Autonomous Vehicles Using ICACC." The first research effort presents a reactive-driving agent based algorithm for modeling driver left turn gap acceptance behavior at signalized intersections. This model considers the interaction between driver characteristics and vehicle physical capabilities. The model explicitly captures the vehicle constraints on driving behavior using a vehicle dynamics model. In addition, the model uses the driver’s input and the psychological deliberation in accepting/rejecting a gap. The model is developed using a total of 301 accepted gaps and subsequently validated using 2,429 rejected gaps at the same site and also validated using 1,485 gap decisions (323 accepted and 1,162 rejected) at another site. The proposed model is considered as a mix between traditional and reactive methods for decision making and consists of three main components: input, data processing and output. The input component uses sensing information, vehicle and driver characteristics to process the data and estimate the critical gap value. Thereafter, the agent decides to either accept or reject the offered gap by comparing to a driver-specific critical gap (the offered gap should be greater than the critical gap for it to be accepted). The results demonstrate that the agent-based model is superior to the standard logistic regression model because it produces consistent performance for accepted and rejected gaps (correct predictions in 90% of the observations) and the model is easily transferable to different sites. The proposed modeling framework can be generalized to capture different vehicle types, roadway configurations, traffic movements, intersection characteristics, and weather effects on driver gap acceptance behavior. The findings of this research effort is considered as an essential stage for modeling autonomous/driverless vehicles. The second effort develops a heuristic optimization algorithm for automated vehicles (equipped with CACC systems) at uncontrolled intersections using a game theory framework. The proposed system models the automated vehicles as reactive agents interacting and collaborating with the intersection controller (manager agent) to minimize the total delay. The system is evaluated using a case study considering two different intersection control scenarios: a four-way stop control and the proposed intersection controller framework. In both scenarios, four automated vehicles (a single vehicle per approach) were simulated using a Monte Carlo simulation that was repeated 1000 times. The results show that the proposed system reduces the total delay relative to a traditional stop control by 35 seconds on average, which corresponds to an approximately 70% reduction in the total delay. The third effort presents a new tool for optimizing the movements of autonomous/driverless vehicles through intersections: iCACC. The main concept of the proposed tool is to control vehicle trajectories using CACC systems to avoid collisions and minimize intersection delay. Simulations were executed to compare conventional signal control with iCACC considering two measures of effectiveness - delay and fuel consumption. Savings in delay and fuel consumption in the range of 91% and 82% relative to conventional signal control were demonstrated, respectively. It is anticipated that the findings of this report may contribute in the future of advanced vehicles control and connected vehicles applications. 	 http://www.mautc.psu.edu/docs/VT-2010-02.pdf

Rasouli, S. and H. Timmermans. Using Emulators to Approximate Predicted Performance Indicators of Complex Microsimulation and Multiagent Models of Travel Demand. Transportation Letters: the International Journal of Transportation Research 5, no. 2 (2013): pp 96-103.
Abstract - The very high run times associated with microsimulation and agent based models of travel demand preclude their application in real time policy development sessions in which discussions require fast turnaround times of model simulation results. This paper suggests and explores the use of emulators to increase the possibilities of using large scale simulation models in real time policy development sessions. An emulator is a statistical approximation of a large scale model, depicting the relationship between a set of input variables and an output variable of a large scale model. To illustrate the approach, an emulator is built for the Albatross model system with special reference to its daily distance traveled per person performance indicator. Results are satisfactory and show that simple main effects plus first order interaction effects of regression model can approximate daily distance traveled per person, simulated by the considerably more complex large scale Albatross model system, very accurately. The paper also examines the impact of the number of simulation runs on the performance of the emulator. Results suggest that the accuracy of the emulator improves, albeit in a non-linear fashion, with an increasing number of simulation runs. Implications and avenues of future research are discussed. 	 http://library.ingentaconnect.com/content/maney/trl/2013/00000005/00000002/art00005
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Shafiei, Ehsan, Hlynur Stefansson, Eyjolfur Ingi Asgeirsson, Brynhildur Davidsdottir and Marco Raberto. Integrated Agent-Based and System Dynamics Modelling for Simulation of Sustainable Mobility. Transport Reviews 33, no. 1 (2013): pp 44-70.
Abstract - In this article, a conceptual framework for a comprehensive evaluation of the diffusion process of alternative fuel vehicles is introduced. The framework takes into account the most influencing stakeholders, including car manufacturers, car dealers, consumers, energy supply system, fuel stations and government. The underlying mathematical models of different stakeholders are then integrated in one model of the whole energy and transport system. The hybrid modelling framework links the two powerful dynamic simulation approaches of system dynamics (SD) and agent-based (AB) modelling. Integrated modelling structure gives the potential of building more accurate and computationally efficient models for simulating the transition to sustainable mobility. The authors specify the integration process and the most important linking variables between various energy and transport components. Then the application of the integrated model is explained through a test case and, finally, the applicability of the hybrid AB and SD approach and its potential contribution to the models of transition to sustainable mobility will be concluded. 	 http://dx.doi.org/10.1080/01441647.2012.745632

Tasseron, Geert, Karel Martens and Rob van der heijden. Modelling Human Choice Behaviour in Agent-Based Systems,  (2013) Abstract - Over the past decade, agent-based models have become increasingly used in transportation studies. The biggest advantage of the use of agent-based models over other modeling methods is the ability to simulate the interactions between individuals in detail and, hence, to study the emergent effects that may arise from these interactions. Because of the dynamics between individuals, the formalization of behavior in an agent-based system is important. Surprisingly, this is often done in an ad-hoc way, partly due to a lack of agreed-upon frameworks. This contrasts highly with the formalization of human behavior in traditional modeling theories, such as rational choice theory and theories of bounded rationality. Ad-hoc modeling limits the comparability and transparency of agent-based applications and reduces the possibilities to apply frameworks developed for particular purposes in other work. Research in the field of transportation could benefit from a more explicit, systematic and transparent formalization of human behavior in agent-based systems and from a formalization rooted in accepted behavioral theories and frameworks. This paper provides insights into the different approaches to model human behavior, explores their formalization within agent-based systems and reviews relevant applications in agent-based systems in the field of transportation. The ultimate aim is to provide a basis for a more systematic and theoretically-sound approach to model behavior in agent-based systems. 
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Tilahun, Nebiyou and David Levinson. An Agent-Based Model of Origin Destination Estimation (Abode). Journal of Transport and Land Use 6, no. 1 (2013): pp 73-88.
Abstract - This paper introduces ABODE, an agent-based model for Origin-Destination (OD) demand estimation, that can serve as a work trip distribution model. The model takes residential locations of workers and the locations of employers as exogenous and deals specifically with the interactions between firms and workers in creating a job-worker match and the commute outcomes. It is meant to illustrate that by explicitly modeling the search and hiring process, origins and destinations (ODs) can be linked at a disaggregate level that is reasonably true to the actual process. The model is tested on a toy-city as well as using data from the Twin Cities area. The toy-city model illustrates that the model predicts reasonable commute outcomes, with agents selecting the closest workplace when wage and skill differentiation is absent in the labor market. The introduction of wage dispersion and skill differentiation increases the average home to work distances considerably. Using data from Twin Cities area of Minneapolis-St. Paul, we also show that the model captures aggregate commute outcomes well. Overall, the results suggest that the behavior rules as implemented lead to reasonable patterns. Future improvements and directions are also discussed. 	 https://www.jtlu.org/index.php/jtlu/article/download/271/295&#8206;
https://www.jtlu.org/index.php/jtlu/article/view/271

Weiss, A., M. S. Mahmoud, P. Kucirek and K. N. Habib. Issues and Strategies Involved in Developing Agent-Based Multimodal Network Simulatio Model for Transportation Planning: Lessons from a Case Study on the Troronto and Hamilton Area,  (2013) 15 p.
Abstract - The paper presents the issues and strategies involved in developing an agent-based multimodal network simulation model for the Greater Toronto and Hamilton Area (GTHA). The model was developed by using a Java-based open source simulation platform: MATSim. The issues and strategies presented utilize a geocoded automobile network and General Transit Feed Specification (GTFS) data of multiple transit agencies within the study area. While network simulation model for automobile network is common, an integrated multimodal network that combines auto and transit network (physical network and daily transit schedules) has not been developed for large study area, such as the GTHA by anyone. A key challenge is to integrate the GTFS data seamlessly in the multimodal framework. The GTFS data allowed meshing the auto network and the transit network together, creating a fully functioning multimodal network. The main challenge associated with this task is the determination of network resolution. The auto network is at times at too low of a resolution relative to the transit network, while the transit network often contained too much detail to be relevant for traffic simulation for a region as large as the GTHA. The paper presents guidelines and example of resolving these issues and overcoming the challenges. (A) For the covering abstract of this conference see ITRD record number 201310RT334E. 
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Yang, Yong and Ana Diez-Roux. Using an Agent-Based Model to Simulate Children's Active Travel to School. International Journal of Behavioral Nutrition and Physical Activity 10, no. 1 (2013): p 67.
Abstract - Background: Despite the multiple advantages of active travel to school, only a small percentage of US children and adolescents walk or bicycle to school. Intervention studies are in a relatively early stage and evidence of their effectiveness over long periods is limited. The purpose of this study was to illustrate the utility of agent-based models in exploring how various policies may influence children's active travel to school. Methods: An agent-based model was developed to simulate children's school travel behavior within a hypothetical city. The model was used to explore the plausible implications of policies targeting two established barriers to active school travel: long distance to school and traffic safety. The percent of children who walk to school was compared for various scenarios. Results:To maximize the percent of children who walk to school the school locations should be evenly distributed over space and children should be assigned to the closest school. In the case of interventions to improve traffic safety, targeting a smaller area around the school with greater intensity may be more effective than targeting a larger area with less intensity. Conclusions: Despite the challenges they present, agent based models are a useful complement to other analytical strategies in studying the plausible impact of various policies on active travel to school. 	 http://dx.doi.org/10.1186/1479-5868-10-67
http://www.ijbnpa.org/content/10/1/67

Zhang, Lei, Mostafa Mollanejad, Chenfeng Xiong and Shanjiang Zhu. Agent-Based Approach for Integrating Departure Time and Dynamic Traffic Assignment Models,  (2013) 19p.
Abstract - The dynamic analysis of transportation networks has received much attention through the past two decades. Likewise, departure time choice models have been well studied due to their importance in dealing with peak-period traffic congestion. This paper describes research on the integration of simulation-based dynamic traffic assignment (DTA) and a positive behavioral departure time model, which has been seldom discussed in the existing literature. The positive agent-based modeling approach in this paper requires longitudinal behavioral process data, but helps overcome certain limitations of traditional utility-based models and focuses more on how individuals actually make departure time and routing choices. The resulting agent-based modeling framework consists of three components: departure time choice, dynamic route choice, and dynamic network loading. By considering departure time and dynamic routing decisions together, we can more comprehensively evaluate traffic operations strategies and transportation planning scenarios. In the proposed agent-based model, fixed overall travel demand is assigned to departure time intervals and travel routes based on individuals’ day-to-day learning of the traffic pattern simulated with a DTA module. In a large-scale real-world demonstration, this agent-based approach is applied to analyze the peak spreading and route diversion effects of a new toll road project (with time-of-day pricing) in Maryland. The effect of time discretization, an important consideration in dynamic network/demand analysis, on model output is also explored and discussed. 
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Zhang, Lun, Wenchen Yang, Jiamei Wang and Qian Rao. Large-Scale Agent-Based Transport Simulation in Shanghai, China. Transportation Research Record: Journal of the Transportation Research Board, no. 2399 (2013): pp 34–43.
Abstract - The activity-based model system is being coined as the next-generation demand-forecasting model. The agent-based transport simulation toolkit MATSIM is a fully integrated system that models decisions from the long term to the short term, and these decisions in MATSIM are activity-based models. This paper describes the application of MATSIM in a large-scale multiagent-based transport simulation for Shanghai, China. First, algorithms for integrating new data in Shanghai with MATSIM inputs such as synthetic population, facilities, and network are separately designed according to data characteristics. Then activity-based modeling is introduced to generate population plans, and activity replanning is employed to learn the better travel plans; a utility-based approach is used to model scoring for a plan. Finally, a full MATSIM-based simulation platform for the Shanghai scenario is built in detail. The scenario contains 200,000 synthetic persons simulated on a network with 50,000 links. The relaxed state of the simulation system is reached after 100 iterations of replanning procedures, and the mode choice, route choice, and activity time allocation modules are used to optimize agents’ activity plans. The feasibility of transport simulation in Shanghai by MATSIM is validated against the mode split and the observed counts. Extensive simulation results for the designed Shanghai simulation scenarios indicate that most of the observed counts match quite well with the traffic simulation volumes and demonstrate the potential of MATSIM for large-scale dynamic transport simulation. 	 http://dx.doi.org/10.3141/2399-04

Zheng, Hong, Young-Jun Son, Yi-Chang Chiu, Larry Head, Yiheng Feng, Hui Xi, Sojung Kim and Mark Hickman. A Primer for Agent-Based Simulation and Modeling in Transportation Applications, (2013), 88p.
Abstract - Agent-based modeling and simulation (ABMS) methods have been applied across a spectrum of domains within transportation studies. Different paradigms for ABMS in transportation exist; in general ABMS has strong roots in the individual-based travelers' model in the activity-based travel demand domain. In the distributed system domain, ABMS is commonly seen as a method, known as multiagent systems, for a distributed autonomous system. Recently, transportation-related applications leveraging ABMS have continued to grow. This report attempts to clarify the concept of ABMS and summarize variant paradigms that have been studied in the transportation field. It will do this by distinguishing similarities of differences of the specified problems, model capabilities, strengths and weaknesses of ABMS scoped in different applications, and through a comprehensive review of ABMS approaches that have been seen in transportation studies. The report also seeks to connect the individual-based ABMS with the transportation problems viewed in the social science paradigm. This is achieved by trying to apply ABMS characterized by social science rules to study behavioral decisions of individual travelers. This exploratory study is demonstrated in an example of travelers' route choice decisions, which features a bottom-up, rather than a conventional top-down, approach to formulate the mechanism of an individual traveler's complex route choice behavioral process as a collaborative and reactive result of the traveler's mindset and the network environment integrated in an ABMS. 	 http://www.fhwa.dot.gov/advancedresearch/pubs/13054/13054.pdf
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An, Jian, Yue Liu and Xiaoguang Yang. Measuring Route-Level Passenger Perceived Transit Service Reliability with Agent Based Simulation Approach,  (2014) 19p.
Abstract - This research presents an agent based method to simulate the day-to-day bus service process with the perception and cognition of passengers under various operational and information conditions effectively captured. Two indicators, the perceived waiting time and the reliability index, are developed to measure the transit service reliability (TSR) based on the simulation results. Case studies have revealed the promising properties of the proposed method for use in measuring the transit service reliability from the perspective of passengers. The proposed method is also shown to outperform most traditional models in reflecting passengers’ perception as well as their responses to the transit services under information conditions. . 
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Chen, Hao and Hesham Rakha. Agent-Based Modeling Approach to Predict Experienced Travel Times,  (2014) 20p.
Abstract - The research presented in this paper develops an agent-based modeling approach to predict experienced travel times using real-time and historical spatiotemporal traffic data. At the microscopic level, each agent represents an expert in the decision-making system, which predicts the travel time for each time interval according to experiences from a historical dataset. A set of agent interactions are developed to preserve agents that correspond to traffic patterns similar to the real-time measurements and replace invalid agents or agents with negligible weights with new agents. Consequently, the aggregation of each agent’s recommendation (predicted travel time with associated weight) provides a macroscopic level output – a predicted travel time distribution. Probe vehicle data from a 95-mile freeway stretch along I-64 and I-264 was used to test the proposed method. The results show that the agent-based modeling approach produces the least prediction error compared to other state-of-practice and state-of-art methods (instantaneous travel time, historical average and K-Nearest Neighbor), and maintains less than a 9% prediction error for trip departures up to 60 minutes into the future for a two-hour trip. Moreover, the confidence boundaries of the predicted travel times demonstrate that the proposed approach also provides high accuracy in predicting travel time confidence intervals. Finally, no offline training is required for the proposed approach making it easily transferrable to other locations and the fast computation time ensures the proposed method can be used in real-time applications. 
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Cheng, Danhong, Wan Li and Sherif Ishak. Accounting for Travel Time Reliability and Trip Purpose in an Agent-Based Dynamic Feedback-Control Toll Pricing Approach: A Case Study on the I-95 Managed Lanes Corridor,  (2014) 21p.
Abstract - Congestion pricing is an effective management policy to reduce traffic congestion on freeways. This study accounts for the travel time difference and reliability on managed lanes and general purpose lanes in a modified toll rate determination approach recently developed by Cheng and Ishak (4). The original approach is modified by developing an agent-based dynamic feedback-control toll pricing strategy that accounts for the trip purpose, travel time reliability, and level of income such that the toll revenue is maximized while maintaining a minimum desired level of service on the managed lanes. An external module is developed to execute the modified strategy in VISSIM and the traffic data generated from VISSIM is exported to a spreadsheet in real-time to calculate the travel time reliability, which in turn used in the route choice process. An agent-based modeling was applied to simulate drivers’ learning process and estimation of travel time reliability based on their previous commuting experience. In order to illustrate how the modified strategy works, a numerical example is given. The simulation results confirm that under high traffic demand, drivers with urgent trip purpose have the highest probability of choosing managed lanes, and that the travel time on the managed lanes is more reliable than that on the general purpose lanes. A comparative evaluation is given between the modified strategy, the strategy currently deployed on Interstate 95 express lanes, and the original strategy. Compared to the current strategy, the increase in toll rate is steadier and the toll revenue is significantly higher for the modified strategy, while keeping the speed higher than 45 mph. On the other hand, compared to the original strategy, the modified one offers a more realistic approach that accounts for travel time reliability in route choice, as well as generates higher toll revenue under heavy traffic demand. 
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Fagnant, Daniel and Kara M. Kockelman. The Travel and Environmental Implications of Shared Autonomous Vehicles, Using Agent-Based Model Scenarios,  (2014) 22p.
Abstract - Car sharing programs like Car2Go and ZipCar have quickly expanded, with the number of United States (US) users doubling every one to two years over the past decade. Such programs seek to shift personal transportation choices from an owned asset to a service used on demand. The advent of autonomous vehicles will address many current car-sharing barriers, including users’ travel to access available vehicles. This work describes the design of an agent-based model for Shared Autonomous Vehicle (SAV) operations, the results of many case study applications using this model, and the estimated environmental benefits of such settings, versus conventional vehicle ownership and use settings. The model operates by generating trips throughout a grid-based urban area, with each trip assigned an origin, destination and departure time, to mimic realistic travel profiles. A preliminary model run estimates the SAV fleet size required to reasonably service all trips. Next, the model is run over one hundred days with driverless vehicles ferrying travelers from one destination to the next. During each 5-minute interval, some unused SAVs relocate to shorten wait times for next-period travelers. Case studies vary trip generation rates, trip distribution patterns, network congestion levels, service area size, vehicle relocation strategies, and fleet size. Preliminary results indicate that each SAV can replace around eleven conventional vehicles, but adds up to 10% more travel distance than comparable non-SAV trips, resulting in overall beneficial emissions impacts, once fleet-efficiency changes and embodied versus in-use emissions are assessed. 
Transportation Research Board 93rd Annual MeetingTransportation Research BoardWashington,DC StartDate:20140112 EndDate:20140116 Sponsors:Transportation Research Board - Transportation Research Board 93rd Annual MeetingTransportation Research BoardWashington,DC StartDate:20140112 EndDate:20140116 Sponsors:Transportation Research Board, Cation, 

Fagnant, Daniel J. and Kara M. Kockelman. The Travel and Environmental Implications of Shared Autonomous Vehicles, Using Agent-Based Model Scenarios. Transportation Research Part C: Emerging Technologies 40,  (2014): pp 1-13.
Abstract - Carsharing programs that operate as short-term vehicle rentals (often for one-way trips before ending the rental) like Car2Go and ZipCar have quickly expanded, with the number of US users doubling every 1–2 years over the past decade. Such programs seek to shift personal transportation choices from an owned asset to a service used on demand. The advent of autonomous or fully self-driving vehicles will address many current carsharing barriers, including users’ travel to access available vehicles. This work describes the design of an agent-based model for shared autonomous vehicle (SAV) operations, the results of many case-study applications using this model, and the estimated environmental benefits of such settings, versus conventional vehicle ownership and use. The model operates by generating trips throughout a grid-based urban area, with each trip assigned an origin, destination and departure time, to mimic realistic travel profiles. A preliminary model run estimates the SAV fleet size required to reasonably service all trips, also using a variety of vehicle relocation strategies that seek to minimize future traveler wait times. Next, the model is run over one-hundred days, with driverless vehicles ferrying travelers from one destination to the next. During each 5-min interval, some unused SAVs relocate, attempting to shorten wait times for next-period travelers. Case studies vary trip generation rates, trip distribution patterns, network congestion levels, service area size, vehicle relocation strategies, and fleet size. Preliminary results indicate that each SAV can replace around eleven conventional vehicles, but adds up to 10% more travel distance than comparable non-SAV trips, resulting in overall beneficial emissions impacts, once fleet-efficiency changes and embodied versus in-use emissions are assessed. 	 http://dx.doi.org//10.1016/j.trc.2013.12.001
http://www.sciencedirect.com/science/article/pii/S0968090X13002581

Kamalanathsharma, Raj Kishore and Hesham Rakha. Agent-Based Simulation of Eco-Speed Controlled Vehicles at Signalized Intersections,  (2014) 20p.
Abstract - Eco-Speed Control systems attempt to reduce vehicle fuel consumption levels by optimizing vehicle trajectories in the vicinity of signalized intersections while accounting for traffic signal timing constraints. The proposed algorithm uses dynamic programming to compute the minimum-fuel vehicle trajectory required to navigate through the intersection subject to several constraints, including: vehicular interactions, traffic signal timing changes and vehicle/roadway constraints. The proposed application uses infrastructure-to-vehicle and vehicle-to-vehicle communication to receive traffic signal and vehicle data. The research presented in the paper develops an agent-based modeling tool to simulate and test the system under varying traffic volume and market penetration levels. The simulation model uses a variety of microscopic inputs such as the roadway vertical profile, roadway surface condition, traffic volumes, and traffic signal timing information. The system was tested on a sample signalized intersection producing fuel consumption reductions of 30 percent and travel speed increases of 200 percent on average within the vicinity of the intersection. Actual savings in total trip time, average speed and fuel consumed will depend on the trip profile including the number of intersections, and total trip length. 
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Lämmel, Gregor, Armin Seyfried and Bernhard Steffen. Large-Scale and Microscopic: A Fast Simulation Approach for Urban Areas,  (2014) 17p.
Abstract - Agent based pedestrian simulation models can be distinguished by their granularity. Models that consider the simulation environment as a two dimensional continuous space and perform the simulation in small time steps are usually called microscopic, while models that still represent individual persons but rely on a coarser abstraction of the real world or often called mesoscopic. Macroscopic models only use densities or groups of persons. In many situations a coarse representation is to favor over a finer one because (i) less data has to be collected and processed in order to setup a simulation scenario and (ii) a coarser simulation model usually is less consuming in terms of computational costs compared to a coarser model. Nevertheless, there are still situations where a microscopic simulation is needed and wanted. Examples are crossing pedestrian streams, bidirectional flows at high densities, and the simulation of pedestrians with multiple destinations (e.g. pedestrian movement in shopping malls). One approach that takes advantage of both kinds of models is a hybrid combination in which a microscopic model is applied where needed and a mesoscopic model where plausible. When coupling different models one requirement is that dynamic properties like flow, density and speed are conserved over the models’ boundaries. This work focuses on the hybrid combination of a mesoscopic queuing model and a microscopic model that is based on considering obstacles in velocity space. The main contribution of this work is a method for a hybrid coupling that guaranties dynamic properties like flow, density and speed are conserved over the models’ boundaries. Furthermore, an efficient way to represent the simulation environment and retrieve dynamic information is discussed. The performance of the proposed model is shown based on a hypothetical large-scale scenario. 
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Nourinejad, Mehdi and Matthew J. Roorda. Agent Based Model for Dynamic Ridesharing,  (2014) 16p.
Abstract - Dynamic ridesharing brings together individuals with similar itineraries to travel together and share the costs. Centralized (binary integer programming) and decentralized (dynamic auction-based multi-agent) optimization algorithms are formulated to match passengers and drivers. An application of these methods on a large scale case study shows that the decentralized approach provides near optimal solutions for single-driver, single-passenger case, with much less computational burden. The decentralized approach is then extended to accommodate both multi passenger matches. The results indicate higher user cost savings and Vehicle Kilometers Traveled (VKT) savings when allowing multi passenger rides. 
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Shen, Yu, Luis Miguel Martínez and João de Abreu e Silva. A Cellular Agent-Based Approach Incorporating Spatial Discrete Choice Methods: A Simulation of Future Land-Use Impacts of High-Speed Rail on Aveiro, Portugal,  (2014) 19p.
Abstract - This paper presents a cellular agent-based model to simulate the potential land use impacts of the future Portuguese High-speed Rail (HSR) on the city of Aveiro and its neighboring municipalities. The model incorporates a spatial discrete choice method as a sub-model, which estimates land use evolution behavior based on the growth of socioeconomic variables and the increase of road and railway accessibility. For validation purposes, the model is firstly run to test the historical land use change in the study area from 1991 to 2011. After, based on the validated model, an analysis of three scenarios with different HSR station location hypotheses is implemented to estimate the future land use impacts of HSR between 2011 and 2031. The simulation reveals that the introduction of HSR service is able to offer great opportunities for land use development in this area, whereas the station location within the city of Aveiro shows a relatively better attractiveness to the development of new urban fabric and commercial/industrial land covers. 
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Stahel, Alexander, Francesco Ciari and Kay W. Axhausen. Modeling Impacts of Weather Conditions in Agent-Based Transport Microsimulations,  (2014) 21p.
Abstract - Despite all mitigation efforts, climate change will impact transport systems. As the exact effects are still uncertain, a range of possible climate change outcomes has to be considered. For that purpose, it is important to have an instrument modeling a transport system and its behavior in different weather conditions. This paper shows that agent-based micro-simulations represent a promising approach for comprehensively modeling the impacts on transport systems. Moreover, based on evidence from previous literature, a new comprehensive classification of the various transport system aspects affected by climate change is proposed: Transport infrastructure, safety, travel behavior and socio-economic circumstances. Existing weather-sensitive models are restricted to impacts on transport infrastructure and driving behavior or include very simplistic activity-travel behavior models. Different approaches are sketched for the simulation of regular and unexpected weather conditions within the Multi-Agent Transport Simulation (MATSim). For regular weather conditions, it is proposed to search for tipping points where the performance of the transport system starts to significantly deteriorate due to the weather condition. For certain impacts categories, in particular for activity-travel behavior, the degree of impact and sometimes direction varies within the literature, calling for further analysis. Modeling unexpected weather conditions requires the application of the within-day replanning module within MATSim. The key challenge here is the definition of the appropriate replanning strategies when an unexpected event occurs. 
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Taeihagh, Araz, René Bañares-Alcántara and Moshe Givoni. A Virtual Environment for the Formulation of Policy Packages. Transportation Research Part A: Policy and Practice 60,  (2014): pp 53-68.
Abstract - The interdependence and complexity of socio-technical systems and availability of a wide variety of policy measures to address policy problems make the process of policy formulation difficult. In order to formulate sustainable and efficient transport policies, development of new tools and techniques is necessary. One of the approaches gaining ground is policy packaging, which shifts focus from implementation of individual policy measures to implementation of combinations of measures with the aim of increasing efficiency and effectiveness of policy interventions by increasing synergies and reducing potential contradictions among policy measures. In this paper, the authors describe the development of a virtual environment for the exploration and analysis of different configurations of policy measures in order to build policy packages. By developing systematic approaches it is possible to examine more alternatives at a greater depth, decrease the time required for the overall analysis, provide real-time assessment and feedback on the effect of changes in the configurations, and ultimately form more effective policies. The results from this research demonstrate the usefulness of computational approaches in addressing the complexity inherent in the formulation of policy packages. This new approach has been applied to the formulation of policies to advance sustainable transportation. 	 http://dx.doi.org//10.1016/j.tra.2013.10.017
http://www.sciencedirect.com/science/article/pii/S096585641300205X

Zheng, Jia-ning, Hao Hu and Lei Dai. Agent-Based Analysis and Simulation of Shipbuilding Industrial Cluster,  (2014) 18p.
Abstract - The shipbuilding industry has been developing in a clustered pattern in recent years. However, few researches have been done to study the shipbuilding industry's evolution from a cluster angle. This paper developed an agent-based model of shipbuilding industrial cluster system to analyze how different external situations may impact an industrial cluster. Different types of agents and external environment of the industrial cluster were analyzed and designed based on the theory of complex adaptive system and agent-based modeling, especially the cooperation behaviors between the agents are analyzed using evolutionary game theory. Then a case study of the evolution of industrial cluster in different scenarios was performed using Repast by designing different combinations of model parameters to simulate three different stages in the shipbuilding industry: the rapid development stage, the market demand reduction stage, and the technical standards enhancing stage. The experimental results verified the model by explaining the past in the industry, and the results in the third stage were able to explore the possible status of the cluster in the future. The application of the shipbuilding industrial cluster model in this paper illustrates the advantages of the agent-based modeling (ABM) technique when researching complex phenomena in social economic field, and provides a new research angle to analyze industrial cluster's evolution. 
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