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Abstract
We conceptualize a node-centric approach to design container freight itineraries in an urban hinterland networked to a seaport. The intention is to develop a physically realizable basis for intermodal systems retrofit. This approach addresses the topological complexity of nodes and characterizes the time composition of freight. We anticipate that the sparse format of terminal dynamics described here lays the foundation for an activity-based approach with novel scheduling schemes. This in turn may demonstrate how intermodal production systems provide a major increase in the flexible capacity of the system in consolidating unit loads through providing gateway functions across modes. 
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1 Introduction

There is a general lack of understanding in how logistical networks interact with freight infrastructure.  Woxenius (2007) has argued that the lack of development of innovative inter-modal production forms is hindering the uptake of combined transport infrastructures which can significantly reduce the all-road haulage (and drayage) task for container transport. The feasible retrofit of existing urban networks with rail-road inter-modal exchanges is a crucial engineering –economic investigation. Without adequate theory and systemic design tools, intermodal planning is uncoordinated and may be currently seen as pre-paradigmatic (Bontekoning, et al., 2004). One outcome of this situation is piecemeal modelling of system components and planning inertia. 
In Sydney, for example, poor harmonization of system resources (including storages, train path access, and positioning of empty containers) under conditions of an increasing flow avalanche from the seaport is adding to hinterland congestion (SFC, 2004). However capability assessment techniques of the infrastructure supply remain rudimentary (SFC, 2005), and give little guidance on how system retrofit with the introduction of intermodal operations can be designed. A design for five intermodal terminals has been proposed (FIAB, 2005) with dedicated freight lines to the seaport and shuttle trains of 600m length as a partial solution to constrained hinterland capability at Port Botany. A nominal levy on container road transport accessing the seaport (to be refundable if travel is after dark) has also been mooted. This proposal has much engineering merit in bypassing current governing impedances, such as the sharing of passenger rail with its consequent restricted time windows and providing frequent pulse rail services. Such options involving intermodal interfaces require analytical techniques at a terminal and system level in order to gauge their feasibility.
Outstanding engineering –economic issues centre on integrating intermodal terminal systems in logistical networks. There are no analytical means to direct the desirable evolution of the container hinterland. For instance, development of fine meshed systems of dense terminal coverage may have a number of benefits. It would minimize the size area of the terminal, reduce collection and delivery line-haul by trucks and would capture smaller and fragmented flows (Howard, 1978). Introducing flexibility in destination choices would require further differentiation of terminal functions to include facilities for sorting containers. These novel network options face obstacles due to the existing infrastructure, ownership of resources, land availability, interoperability of interface exchanges, and the perceived economies of scale of large terminals. 
A starting point to test novel intermodal designs in a freight production system is to develop techniques in understanding impedances at a node with differentiated functions. The purpose of this paper is to conceptually outline a transhipment calculus as the basis for an activity-based approach in designing the container freight task using intermodel infrastructure, particularly in the urban transit leg.  This leads to sketch planning models which are able to observe and control the traffic- transfer relationship under different flow conditions. We can consequently ascertain i) how intermodal production systems might operate as distributed systems and their resulting synchronisation requirements, and ii) how such systems can be integrated with the freight logistical structure and their coordination requirements.
In the second section we describe the break-bulk problem in a distributed network as a significant design issue in urban inter-modal rail road development. We next explain the modelling requirements for inter-modal production systems as transformation node-itineraries. In the fourth section we formulate the problem through identifying appropriate science theories from Electrical Engineering which are demand driven and address these modelling needs. Here, we outline how the calculus represents topological complexity of the terminal and its distributed functions in an itinerary. Stability and controllability issues are also discussed in order to verify the feasibility of such distributed services. The fifth section anticipates how this characteristic design impedance is then used as a means to control generation among nodes and coordinate freight networks. A conclusion summarizes key benefits of this approach. This transhipment calculus lays the foundations for a transitions- optimization scheme for freight transportation science, driven by the topological complexity of terminal nodes. We see this tool as a means to assess demand management initiatives in consolidating freight across networks.
2 Context

We outline the need for an activities-based approach to freight modelling with an illustration of the break bulk function in container freight services. Currently some 31% of export containers are sourced within the Sydney Seaport precinct (considered here as Botany Bay Council boundary) (SPC, 2000). Here full container and less than full container loads undergo break-bulk transformation to form full containers of same destination for shipping. Break-bulk operations offer an economic justification for intermediate terminals in a network, particularly under a many-to-many hub form (Daganzo, 1994). Break-bulk operations represent indirect transhipment, and it is this activity we investigate in a decentralized form at intermodal terminals. Alternative sequences are depicted (Figure I and Figure II). The particular novel features of the decentralized break-bulk approach are that a rail leg is introduced as well as the opportunity for dynamic routing through intermediate terminals. The choices available are rail-road or all road. These urban intermodal terminals would be located within 40km of Port Botany as 85% of import and export containers are produced within this radius. 
<Figure I and Figure II>

There may be some benefits and disadvantages with dispersing this seaport precinct function. Some apparent benefits may include:

· Reducing the line-haul task by trucks and improved discrete- diffuse sequence – increasing the value density of freight;

· Minimizing the pre-haul fleet;
· Reducing congestion effects from a large hub;

· With the possibility of decision making flexibility becoming more decentralized, and separating collection from line haul, the control exercised at this level may reduce the peak level of road traffic and also improve the sequencing block of flows to facilitate more direct port clearance;

· Increase flow attraction to these terminals based on dynamic routes of changing cost and availability;

· Shuttle runs of empty containers via train to intermediate nodes rather than single returns to the hinterland by road. This providing transient storage as an alternative to re-positioning empty containers.

Some challenges include:

· Additional system storage required in order to bundle up smaller freight flows;

· Intermodal precision required and thus greater decentralized control;

· Increased delivery of empty containers to the hinterland.

From a container freight perspective, the decentralization of break-bulk activity from the seaport to a hinterland terminal represents distributed generation of the current freight service.  Distributed generation systems establish couplings of transformation activities at nodes (Geidl and Andersson, 2004). Indirect and direct transhipment characterize composite functions at terminals. In incorporating this node topological complexity, the network becomes potentially flexible in supply of freight services. Facilitating dynamic routes is a significant potential benefit of developing inter-modal production systems in the hinterland. Improved communications may lead to better coordination between available container space on rail and ready consignments. This facilitation of the Industry Benefits of Trade may improve system utilization. A node-centric approach to networks allows us to gauge the benefits and feasibility of distributed generation systems. We next outline the feasibility criteria for modeling such inter-modal production systems.

3 Fidelity and Tractability of Modelling Inter-modal Production Systems

This section outlines key criteria for modelling the feasibility of inter-modal production itineraries. The verification of physically realizable systems considers node stability, controllability and the precision of services. To obtain insight from the models we develop, flows are represented as discrete-diffuse sequences and the impedance relationship between network traffic and terminal transformation is identified. Desirable figures of merit are outlined and these underpin the system states that need to be captured. 
3.1 An Activity-Based System 

The space- time arrangements of freight movement and the physical realizability of inter-modal production systems remain poorly explored in transportation science. The gap is most pronounced when applying graphical network theory. Its allocation mechanism of traffic along arcs and through nodes is based on the calculation of equal travel time or costs. The pre-occupation with the use of time rather than the use of unit load capacity means that the phenomena of diffuse-discrete flow sequences are generally neglected. These sequences rely on the transformation activity at hub nodes which are generally considered as buffer states in the transhipment problem of Operations Research.  To represent fidelity and achieve tractability in freight modelling these bulk sequence rhythms must be captured (Rimmer and Hicks, 1979; D’Este, 1996). These rhythms are generated by intermediate transhipment nodes and define the performance of an inter-modal production system. This abstraction underpins a model identification which has significant implications on system tactical design particularly on issues of efficient interfaces and tactical demand management, rather than to predict and provide more road space. 

Rhythms of flows may be represented as pulses. Simulating pulse activity is most insightful for assessing transport performance involving transfers at interfaces. Taleb-Ibrahimi (et al.,1993) has calculated by continuous approximation of Newell cumulative curves that the storage requirements of a seaport would reduce if there were block arrivals that were compatible with ship destinations. The intermodal production system, which generates these blocks, can then influence the productivity of the seaport-hinterland system. Specifically, insights may be gained into the compatibility of train production cycles with container production cycles.

The approach described here may be considered an activity based approach. The salient characteristic of an activity based approach is that an activity pattern arises from the scheduling of activities. The behaviour underpinning this pattern is based on a set of rules and procedures which are stable in time (McNally, 2000). In turn, the freight planning profession needs a design approach of transport networks that focuses on the generative capacity of nodes. To represent desirable transformations in the unit load, not only do the distributive aspects of a transportation network need to be considered, but also the cumulative and communicative aspects. 
For instance, flexible storage capacity in a terminal or sequence of terminals may be a key issue in the earlier consolidation of consignment flows. Geidl and Andersson, (2004; 2005), in the Electrical Power Distribution field, identify various transformation opportunities in terminal nodes as representing different node typologies. These typologies reflect different paths through a terminal requiring alternate couplings of processes. Assessing how functions may be coupled in a terminal allows planners to consider how nodes transform flows. Daganzo (1990), using a Continuous Approximation Model, identified how the functional pathways of bulk and container loading can be coupled at a seaport, allowing the utilisation of same berths through available slots. Rosebrock (1992) assessed the opportunities to extend the capacity and flexibility of Deutsche Bahn to move freight and improve intermodal service by decentralising rolling stock storage and train formation. He formulated network movement following the theory of computer information packets. This formulation facilitated an activities based approach.  Typical network optimization would only consider a static path through a terminal. Representing the functions in a terminal facilitates an analysis of flexible supply.
Another characteristic of inter-modal terminals as activity systems is that they act as gateways (Woxenius, et al., 2004a). They are interfaces with flows from other networks. When considering pre- and post- container haulage we may discern that the functions of the intermodal terminal are related to other terminal interfaces. Consequently, when considering the feasibility of inter-modal production systems, the line haul impedance becomes less significant than the impedances due to interactions between sub-systems.
3.2 Time Composition of Freight

The production of freight services through intermediate nodes may be defined by its time composition. The time composition of freight has been represented by a number of time-related phenomena with respect to distance and the sequence of production networks such as rhythm of arrivals, timing, and punctuality (Tarski, 1986; Woxenius, 2006). The transient delays and processing time that arise due to transformations at the terminal also contribute and respond to this time composition. A design basis for the time composition of container freight would give planners an understanding of how best to coordinate traffic flow according to rail-road operating forms and the transfer function at inter-modal terminals. This could assist in two critical ways: consider how such a time composition allows an assessment of the flexibility of inter-modal production under different flow regimes; and assess the feasibility of introducing inter-modal systems of varying geographical densities on an existing all road system (Woxenius, et al., 2004b). 

Within the terminal, the rate of container production is due to the interfaces between system resources (Woxenius, 1998). This is also known as interoperability. Consignments of different size, the type of transfer equipment, and the transformation required can affect the rate of production.  Woxenius et al. (2007) has also identified the compatibility criteria between rail traffic operating forms and transfer technologies.  These relationships manifest in different impedances.

Each consignment translocation through the system has a time composition requirement and the itinerary it takes will be marked by an acceptable level of service, or precision. This precision is determined by the stability of the interface with system resources and the coordination of the itinerary along an available, least-cost path. Precision becomes the means to dimension service quality explicitly in design rather than as a penalty cost function in the final allocation of flows. Such a relationship between the time composition of freight and system impedance allows the planner to formulate an approach of intermodal coordination.
3.3 Controllability

The aim is to coordinate competing distribution chains which normally add to road freight intensity through inter-modal terminals. More intermediation leads to more complexity (Waidringer, 2001). The more complex the variety of flows and interface exchanges, the more difficult it will be to control them. Consequently, the relationships between complexity and controllability in retrofitted production systems need to be understood in order to establish that they are feasible (Hulten, 1997). The trade-off between openness, complexity and controllability is a figure of merit not well defined in a systems sense (Sjöstedt et al., 1994).
When container freight services are decentralized and distributed in the hinterland there are more interchanges, and, under conditions of tense fluxes, precision requirements are more crucial. Reducing seaport congestion by dispersing seaport precinct functions requires demonstration of controllability. Control is required when systems become less stable. Coupled sub-systems are potentially less stable. Control of stability can consider what compensation mechanism can be applied to ensure an acceptable band of operations. Compensation mechanisms are significant to understand the agility of intermodal production systems connected to seaports where there are trade-offs in frequency of feeder service and transient storage, for instance (Styhre, 2005). At the network planning level, there has been no integrated control mechanism proposed to date to deal with interface complexity at container terminals.
3.4 Flexible Capacity

The changes in state at the terminal interface are potentially extensive. These changes can critically affect the capacity and the availability of the terminal to service and transform flows. An increased variability in arrivals can affect terminal dynamic capacity (Morlok, 1978). Ferreira and Sigut (1991) identify a key constraint of handling equipment, and develop some simple terminal specific productivity ratios of handling which affect queues. Ballis and Golias (2002;2004) consider the wider interface to include constraints as transhipment sidings capacity and rail operating forms servicing the terminal. Hulten (1997) has detailed the complexity between the arrival consignment properties and the transfer equipment properties which can affect interoperability. Here “possible transformations in the system are constrained by different consignment and handling equipment properties” (p.80). Flexibility, rather than physical capacity only, is identified as a key characteristic of impedance.  Hulten (1997) identifies system flexibility as being a critical performance measure when the generative capacity of nodes is considered. He describes three areas of flexibility: input, output and transformation. In general, flexibility can be considered as the available practical transformations which yields an acceptable output for a variety of input sequences. It is evident that describing the conditions of consignment arrival rhythms in a way that they affect terminal operational response would be useful in characterizing terminal and system flexibility.

Measuring the flexibility of an inter-modal production system is a significant design criterion as it reveals the risk-capacity relationship. This relationship looks specifically at how varying demand can affect the critical capacities at terminals. Understanding the risk-capacity relationship in combined transportation planning is necessary in checking the feasibility that the specific inter-modal production system design can carry sufficient freight flows of certain patterns (Woxenius, 2007). Different sectors, discretely optimizing their supply chains, can amplify burdens on the system by pursuing dispositive elasticity - that is, using the network to their advantage but consuming temporal and spatial resources which are non-optimizing for the whole system (Tarski, 1986). The less flexibility there is in the system i.e. set train frequencies, non-interconnecting large hubs and low levels of transient storage, the higher the risk of such capacity reserves being exceeded. This flexibility – capacity trade-off would be a valuable figure of merit at the level of sketch planning freight intermodal services.
Flexible intermodal terminals represent better utilization of these temporal reserves as they enable a more dynamic exploration of the technical envelope of freight services. The technical envelope is the activity system format, consisting of transfer technologies at interfaces, terminal design layout and function, and system network design. Having a mechanism of transfers at interfaces is necessary in gauging the openness of intermodal systems. Consequently, defining impedance measures at intermodal interfaces is a critical research field for network modelling with novel scheduling objectives. In the next section we develop a sparse mechanism of terminal operations which characterizes the generation of freight services at terminals and which can measure flexibility of infrastructure supply. 

4 Problem Formulation in Node Topological Complexity

We now address this criterion by proposing pertinent model elements from the theory of electrical engineering according to a fundamental activity: transport phenomena of attraction and impedance. These relationships foreshadow a means to address the allocation phenomena across networks (discussed in section 5). The following section describes the transhipment calculus which enumerates the characteristic impedance of the intermodal production system.

4.1 Excitation - Response

The passenger generator–attractor flux phenomena (Blunden, 1971) can also be seen in generating freight of different consignment types. The generation of freight occurs throughout nodes in the distribution network and affects flow rhythms. These freight types need to be defined in how much transformation is required at intermediate nodes for specified delivery to the seaport, in the case of export consignments, for instance. Consequently, the signal flux is a burst which represents frequency and bundledness complexity (from the point of view of further transformation). The relationship between flow and function may be considered one of excitation and response. Therefore, the signal approximates the flow with significant characteristics. We can define these characteristics as flow “burstiness” (Kleinrock, 1974) where “burstiness” describes the rhythm of the flow – that is the bundledness complexity of containers as well as the frequency. The pulse bundledness function , u(t), with magnitude, V, can be described in part by its duty factor: the ratio of pulse width to period or headway, T (Kuo, 1966). A wider width, denoting a longer train block, for instance, would require a longer time for transfer. 
This signal contains information on the work that needs to be enacted through the terminal node. How this workload is resolved depends on the resistance interface characteristics of the terminal node which yields a time impedance. The derivative of this work represents the rate of interface transfer of the consignment (consignment/time), including any conversion process (such as break-bulk). The mass flux is the product of these two relations (mass/time). The total mass stored in the unit process or in the terminal can be derived through integration. This yields the significant figure of merit of storage utilisation (consignment/unit area for a given period). Capacity then becomes dynamic: it is associated with fluctuating demand and the capability of the terminal’s handling and storage resources.
A typical response from a pulse burst of an arrival sequence may be represented by the shift equation and exponential response curve of Figure III. This response is in two identifiable parts: an impedance exponential; and negative exponential curve. This response can depict the cumulative transfer of a consignment between operating processes, whether pallet, container or train block. The cumulative load transferred has a changing rate of processing (time/ITU) and this could be a function of the resistance of the handling equipment and the growing complexity in accessing storage (descriptive of stacking strategies). The degraded signal can represent the storage on a departure unit, such as a train block, prior to departure. In this way, the transient storage charts are more detailed than Newell cumulative curves of arrivals and departures as resistance in handling is included as well as temporary storage on mobile units. Pipeline delay may also be included between the transfer stages. In its simplest form, the transient storage response gives a performance measure of the proportion of the load transferred between interfaces and the elapsed time for this sequence or group of sequences. 

<Figure III>

The dynamical response of the processes within the terminal is a combination of forcing and natural responses. The forcing response is due to the forcing function (in this instance, a pulse burst). The natural response represents relations, independent of the forcing function. These relations may be defined by parameters that describe the resistance interface between system resources: the handling technologies, layout arrangements, and storage capacities. These parameters are discussed in the next sub-section where we formulate a characteristic impedance.
4.2 A Characteristic Impedance

The itinerary of an intermodal production system is a pathway which may involve a number of processes within the terminal and among terminals that are part of the production system. Each itinerary has a characteristic impedance which not only can be used to calculate dwell time through the system but also represents the physical realizability of operations based on stability and controllability. The characteristic impedance is formulated from steady-state and transient dynamics of the system. In order to develop dynamic equations for freight processing at node distribution terminals, an electrical circuit analogy is proposed with the potential for converting the physical transformations required into a mathematically reproducible format. It is proposed to use electrical Operational Amplifier (Op Amp) circuits as a stencil to represent processing of traffic- transfer relationships in an intermodal terminal for each unit process. Op Amps are active circuits, involving a combination of passive circuits, which can include feedback mechanisms. A stencil derivation of a unit process using a passive circuit with a storage term is depicted in Figure IV. A number of Op Amps can be used to represent one unit process. Op Amps have two salient characteristics which are valuable for the investigation of positioning terminals of certain functions in an intermodal production system:

· Performing mathematical operations on storage devices; and

· Providing physical realisation of controllers and compensators.

The demonstration of Op Amps supports the assessment of intermodal production systems as physically realisable: that there is continuity of flow (causation) and that they are stable or controllable within the itinerary of terminals that constitutes the system. 
<Figure IV>
We have abstracted terminal operations as Linear Time Invariant systems. This sparsity looses some detail; however, it captures significant performance such as transient responses, stability and steady-state errors. The mathematical language we are using is one of algebraic calculus through the Laplace transform, which is used for dynamical systems representation and their compensation process control (Dorsey, 2002). The stencil defines differential equations which capture certain values and interactions for parameters of resistance, R, and capacitance, C (storage). The stencil provides the canonical relationship between output and input. OP Amps represent the natural response of terminal unit processes and arrangement of its elements (R and C elements) results in a new set of capabilities i.e. how the handling operations interact with buffer storages. 
The transient storage is formed on the basis of the service rate of handling equipment, the number of times a consignment is handled (the lifting ratio) and the storage characteristics.  The second order transfer function, formed by the analog stencil with two or more memory (storage) elements, is critically defined by the parameters ω, the natural frequency, and ξ, the damping ratio. They represent the typical handling – storage relationship. Thus, we can use these parameters to represent the resistance interface between system resources. For instance, the more transfer equipment engaged the lower the impedance (and thus activity time) in unloading trains.

To analyze processes within a terminal we assume that the traffic – transfer relationship can be represented by transient storages:

· Arrival flows are an excitation which may be represented by pulses (trucks and trains).
· Transient storages from input pulses represent the unloading, sorting, re-loading resistance of equipment processes.
· Transient storages can be analyzed for synchronization between coupled processes.
· The critical time line of activities can be summarized as the network function and this is the characteristic impedance.
· Impedance matching parameters between the processes provide the decomposition analysis to ensure that the characteristic impedance is met.
The design of the functions of freight terminals using Op Amps can then lead to an understanding of:

· The trade-off between handling work and storage space (capability and capacity), as well as storage interactions; and
· Effects of coupling (queue interaction) with multi-function arrangements (section 4.3).
The Op Amp analog thus permits us the design flexibility to manipulate node impedance so to facilitate different combinations of the time composition of freight. In turn we can form itineraries through a decentralised control system which facilitates a load following response (section 5).  This allows us to scan the flexible capacity of a system.
The physical realizability between processes is based on determining their causality and stability (Kuo, 1966). The condition of Linear Time Invariant (LTI) systems implies that parameters are lumped and that flows are not sequential. Thus, the realizability between processes cannot be verified by this method alone. A means to consider the precision between processes may be obtained through applying the concept of impedance matching derived from electrical circuit design (Kuo, 1996). Impedance matching parameters specify the relationship between input and output signals and thus define the transformation to be designed in the process including the acceptable limits of operation. This allows both enumeration of the flexibility figures of merit outlined by Hulten (1997),  and that the individual operations are made compatible with top-down design specifications. 
In this section we have discussed the critical constitutional relationships for tracking consignment flows through terminal processes, driven by the work that needs to be enacted on consignments. In the next sections, the discussion extends to mass flow relations that track activity within a terminal and between terminals. These two levels of flow analysis, resolution of the driving force and mass flow continuity, are highly complementary and necessary to verify system feasibility.
4.3 Intra- and Inter-Terminal Coupling

To further define terminal characteristic impedance, a two port terminal can be drawn, which represents a multiple input-multiple output (MIMO) terminal system of multiple-path couplings. This terminal flowchart may include: input-output relations, conversions, and storages. Figure V represents a subset of processes that are planned to occur at the Enfield Inter-modal Logistics Centre in Sydney (SKM, 2005). 

<Figure V>

The topological complexity of the inter-modal terminal may be defined as including break-bulk activity (that is distribution and consolidation of consignments F1, F2) or a direct transhipment from road to rail (D) where the container is consolidated upstream. System delays through link separation are reduced if we have these functions at the one terminal and may affect how empty container resources (E) are accessed. This may lead to instability and would require enlarged storages to buffer the activities. In this case, the flow of empty containers is coupled to the operations of break-bulking and break-bulking production is coupled to the production of the train block. The time taken to make empty containers available can be compared with the time taken to collect partial flows, sufficient for container production to a like destination. In this way, we can compare how synchronized flows P2 and P3 are in order to produce the train block output frequency L1. Assessing transient storages between coupled processes with different input flows can also guide control strategies for bulk queues. Synchronising transient storages is a potent technique in engineering design.
Flow conversions within the terminal can be represented by network functions (transfer functions) which describe the delay and activity time for processing according to the coupling units engaged in the itinerary. These represent the response to the excitation signal of the input disturbance and are formed according the circuit analog stencil proposed in Figure IV and whose inter-action is depicted in the coupling diagram (Figure V).  These network functions are summarized in a coupling matrix C which represents the interaction steps between each carrier and each process (Figure VI). 

<Figure VI>

These coupling relations represent mass fluxes and the underpinning driving force laws. The diagonal elements represent the single transformation path of direct transhipments. Off-diagonal elements represent coupling between carrier flows along different paths. These are the indirect transhipments. Transmission delay effects to facilitate the connection amongst terminals may be incorporated by a preceding connectivity function matrix and a matrix of  carrier flows along specific paths i.e. 40ft container, 20 ft container, empty container, partial loads. These carrier types interact through the coupling of the terminals. These flows may cause different impedances at the terminal this can be accommodated by calling another coupling matrix. 
The process flowchart (Figure V) may also be used to structure a control approach. The control principles of the production system are postulated (Alstrom, 1997). The flowchart provides a decomposition of these principles as it further identifies the pairing of inputs and outputs. These groupings become sub-systems with their own control mechanisms.

4.4 Gateways: Cascade and Parallel Itineraries

We consider how this analysis gives us insight into the interaction of terminals of complementary function in cascade. Consider the simple seaport-hinterland arrangement in Figure VII. The engineering design approach is based on precision relations that ensure the time composition for certain freight services along itineraries are met. This is known as impedance matching. Here, precision relates directly to the feasibility of different itineraries for given flow-loads and provides a coordination signal for system availability. An itinerary is a path between terminals and within terminals. Each itinerary has a characteristic impedance, which may be one or a number of network functions. This characteristic impedance is defined by the multipath coupling of flows within the terminal, between terminals in cascade and between terminals in series (for ancillary services). The characteristic impedance may be defined by impedance matching parameters between any of the component parts of the itinerary. For a given characteristic impedance, the desired output flow or a required input flow may be calculated if one of the flow patterns is known. 
<Figure VII>
The precision model must also include a consideration of auxiliary flows. For instance, for partial load conversion to full containers, there must be an available stock of empty containers on site, or those which are being delivered in a synchronized fashion.

Through the use of parallel operations in simulating vehicle arrivals and dispatches, we may assess how the configuration of terminals of specific function best synchronizes. Through the modular approach we can consider the impact of assigning different topological complexities to hinterland terminals. By this means, we can simulate the dispersion of seaport precinct functions to the hinterland and observe the changing frequency, rhythm (cluster intensity of flows), storage requirements, and time- impedances. We can assess how this maintains train block frequencies to and from the seaport, of a certain prioritization which allow for better synchronization with outgoing ships and thus reduce seaport impedance.

4.5 Stability and Compensation Control
Stability becomes a prime verification tool when considering a node-centric model approach. Potential instability is due to the non-linearity from integro-differential equations that characterize the node activity. When considering what set of operations and their coupling should occur at a terminal, a transform method lends itself to stability analysis, testing different parameters for acceptable stable outcomes. When the interface resistance between system resources is analyzed we can also assess process-specific stability based on the transfer flow rate and the transformation combination required.

A transfer function can be assessed for its stability by analysis of its poles - the roots of the denominator network function expression. In second-order systems, figures of merit of stability include settling time and percent overshoot of an underdamped response. In our systems these represent transient queuing due to the handling-storage relationship that may be acceptable. Stability Analysis as a criterion for precision is insightful to undertake for wider system coordination in scheduling algorithms: as it shows the feasibility region of operation; as it can be used to control availability; and as it can be used to calculate a penalty.
Where a process is not stable, it can be controlled by a compensation mechanism. For instance, input and output flows of unsynchronized headways can be compensated for with additional transient storages and pipeline delays. Compensation mechanisms can be conveniently represented in the electrical circuit analog as operational amplifier circuits (Dorsey, 2002). These also are represented by convenient transfer functions which can be incorporated into the coupling matrix as a closed-loop characteristic impedance.
5 Extension to Coordination

Coordination is a more tractable solution method to resource routing under conditions of flow imbalances than a conventional allocation approach. The increasing asymmetrical nature of container flows in the Sydney basin place a larger burden on the re-positioning of freight resources (vehicles and empty containers). A dominating unilateral flow also drives the requirement for the injection of infrastructure supply, making commercial arrangements potentially fraught with difficulty. Port Botany is predominantly an importing seaport and is destined to grow rapidly. The land-use development of generators and attractors and hinterland deployment of freight infrastructure may further stretch the capabilities of the system to feasibly operate (SFC NSW, 2005). Harmonizing cycles then becomes the critical endeavour in ensuring resources (infrastructure availability, ancillary resources) are utilized in a way that minimizes any imbalance (Hulten, 1993). These cycles may involve a role for transient storages in intermediate terminals.

Electrical power distribution theory has developed a number of algorithms to analyze decentralized node generators because a major research endeavour is to assess the cost and energy savings and improved reliability of smaller generating plants.  Specific applications include introducing renewable energy sources to the existing power network (Korpaas, et al., 2005) and assessing the benefits of transient storages over augmenting transmission lines (Koeppel, et al., 2004). The two mechanisms at play are generative scaling and inter-temporal storage which combined can reduce the total supply effort required for the load demanded. Inter-temporal storage represents a dynamic cumulative function of a network. Generative scaling considers the feasibility of smaller terminals to service the same overall throughput. These coordinating concepts also have validity in the design of novel freight networks. Consignments arriving at different rates can be qualitatively transformed such that the next dispatch in the sequence of flows has higher load factors and characteristics which mean less handling complexity upstream. 

We now discuss how the attraction-impedance characteristic is related to the phenomena of route allocation. The enumeration of a characteristic impedance for an inter-modal production system is a sparse representation of terminal generation of services and provides the basis for generative control for coordination of logistical services. The capacity of the terminal is linked to respond to changing flow patterns. The ability of the network to switch flows enables us to investigate how different system formats coordinate freight flows most effectively. Significantly, when considering retrofitting terminals of distributed functions to an existing network, the time capacity, or temporal reserves of the system may alter significantly. Power Distribution Theory has developed methods in the coordination of the various components of time which connect the precision of operations with the infrastructure investment deployment (Wood and Wollenberg, 1996) (Figure VIII). This is a coordination approach over a conventional allocation approach, where the impedance mechanism is set a priori.

<Figure VIII>

In addition to considering capacity as a constraint-based phenomena, we consider how an allocation-search procedure engages the compensation mechanisms of an itinerary. These compensations may involve different combinations (or couplings) of processes and technologies within terminals (Load Following). The characteristic impedance function represents the dwell time for the required transformation and this generates an available cost-volume curve. Using the least cost points across the curves generated, a trajectory is found within the available technical envelope which involves both static and dynamic physical capacity for the lowest system cost (Economic Dispatch and Unit Commitment). Dynamic Scheduling requires polling of node itineraries of the inter-modal production system and the competing all-road system (Fuel Scheduling). This allows us to assess the benefits to accrue to a system with the retrofit of an intermodal sequence. The utilisation of intermodal production systems may be improved with the facilitation of dynamic routes. The load following response of the terminal itinerary is the key in assessing flexible capacity for a nominated system. This is based on the sparse representation of node topological complexity.

6 Conclusion

This paper has presented a conceptual model of  the engineering synthesis of node topological complexity of freight rail –road intermodal production systems. This approach recognizes that nodes are activity centres for the production of container freight services. This phemonologically novel approach to freight modelling allows investigations into the role of transient storages to reduce road freight intensity in a freight transportation network by increasing unit load capacity and designing operations compatible with desirable rail services. 

We have outlined that the investigation into intermodal infrastructure deployment requires an analysis of intermodal production systems as physically realizable systems. In this approach, impedance becomes an implicit engineering mechanism for precision assessment of freight services. Each terminal itinerary has a characteristic impedance that calculates the design delay for certain transformations in the terminal. In our example, this was distributing export break-bulk operations to intermodal terminals. The characteristic impedance is calculated by a transhipment calculus that represent steady state and transient dynamics of the processes within a terminal. This sparse representation of terminal functions considers node impedance in terms of stability and controllability. We anticipate that this becomes a basis for generative control of a coordination mechanism. A coordination mechanism, such as one conceptually outlined here, allows freight modelling of demand management initiatives associated with decentralised functions at intermodal terminals. This allows design of infrastructure to facilitate services to relieve growing impedances on seaport- hinterland productivity. High level analysis of impediments to system harmonisation can be obtained with an understanding of the trade-offs among complexity, capacity and controllability.
We anticipate that this design approach can yield some particular insights:

· How precision relationships amongst traffic and terminal transfer arrangements can be achieved. In particular, we may investigate how we to utilise terminal resources for the production of flow blocks which will best synchronise the avalanche of flows generated by and attracted to a container seaport; and

· Such a process design approach allows us to assess the requirements and benefits of composite functions we may ascribe to hinterland dry ports and the further effects of distributing these functions.
These insights provide a more robust capability assessment of proposed intermodal infrastructure configurations which can contribute to the improved harmonisation of the seaport with its hinterland.

Further research is underway in formulating a tractable model based on validating the transfer function relationships and parameters with interfaces at the terminal and then incorporating these characteristic impedance equations into scheduling algorithms applied from Power Distribution Theory.
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Figure I: All Road Haulage to Seaport Precinct for Break-Bulk (Elliptic arrows represent empty container return)

Figure II:  Inter-modal Terminals in the Break-Bulk Transhipment Task allowing rail leg (routes to the inter-modal terminals are dynamic)

Figure III: Terminal Impedance Response as a Resolution of Work from a Pulse Input

Figure IV: Stencil Derivation for Transfer Impedance for Operations at a Terminal

Figure V: A Multipath Coupling Diagram for Direct and Indirect Export Transhipment

Figure VI: Coupling Matrix Relating Input Flows (P) from Different Hub Connections and carriers (α..ξ) from different paths (i…n) to Outputs to Other Hubs (L)

Figure VII: Modular Approach to Developing an Itinerary

Figure VIII: Time Mechanism Components of  System Coordination
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Figure I All Road Haulage to Seaport Precinct for Break-Bulk (Elliptic arrows represent empty container return)
Figure II Inter-modal Terminals in the Break-Bulk Transhipment Task allowing rail leg (routes to the inter-modal terminals are dynamic)
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Figure III  Terminal Impedance Response as a Resolution of Work from a Pulse Input
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Figure IV Stencil Derivation for Transfer Impedance for Operations at a Terminal
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Figure V  A Multipath Coupling Diagram for Direct and Indirect Export Transhipment
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Figure VI  Coupling Matrix Relating Input Flows (P) from Different Hub Connections and carriers (α..ξ) from different paths (i…n) to Outputs to Other Hubs (L)
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Figure VII  Modular Approach to Developing an Itinerary
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Figure VIII  Time Mechanism Components of System Coordination
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