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Executive summary

Transport planning belongs to the most important functions of the GET Service platform since it
uses the information provided by the platform for finding the optimal plans needed for a successful
transport execution. The planning functionalities are subdivided into two: offline planning and
online planning. In case of offline planning the transport plan is created before the execution of the
transport based on the available data, whereas online planning serves for re-planning during the
transport execution in cases where the original plan cannot be fulfilled due to a disruption or delay.
Thereby previous Task 5.2 exclusively dealt with offline planning while this deliverable of Task 5.3
describes the approach used for online planning.

As it was also in Task 5.2, the developed approach has to reflect the realities of intermodal
transport chains as well as order-related requirements. Thereby, an intermodal transport chain
usually consists of a number of transport legs served by different transport modes. Between the
transport legs there are terminals where transhipment needs to be planned considering capacities,
costs and emissions. Departure times can be considered as another important factor since they
are relatively flexible for road transport but fixed for trains and vessels because they usually
operate according to fixed schedules. Moreover, the requirements of the order regarding the type
and amount of goods, origin and destination, pick-up and delivery dates as well as optimization
objectives have to be reflected by the model. The possible objectives can be transport costs, time
or COze emissions which can also be combined depending on the weights assigned to each of the
objectives. Last but not least, the uncertainty and possible disruptions happening in the real world
have to be taken into account.

This approach, in comparison to the approach presented in Deliverable 5.2, though, has to deliver
transport plans in real time and also be able to use real-time traffic information for the path
decisions. Thereby, at first, a feasibility check has to be developed which analyses the impact of
real-time status changes on the offline planned and currently executed plans. If these real-time
changes lead to infeasibility, the online plan has to be developed.

In order to include all necessary and above described factors into the planning model, Service
Network Design (SND) was chosen as the optimization modelling approach. In this approach
transports are modelled as services between two terminals characterized by a certain vehicle,
capacity, route, departure time, travel time, costs and emissions. The feasible services for a certain
transport order have to be chosen before the optimization which then shows the optimal result
according to the chosen criteria. The model can be run either in a deterministic or a stochastic
version. The deterministic version only considers certain data about the transport services and
state of the infrastructure known at the planning moment. In addition to that, the stochastic version
takes historical data and probabilities of occurring for certain events such as congestion or
accidents into account.

The stochastic version is solved using the Sample Average Approximation (SAA) method in which
a number of scenarios with different probability realizations are run and then the most robust route
is used. In this way the probability of arriving on time is increased and the need for re-planning is
reduced. Thereby, the amount of samples needed, in comparison to the offline planning approach,
is reduced in order to speed up the decision process.

The performance of the model is applied to an evaluation scenario. This scenario is based on
offline plans created by the offline planning algorithm described in Deliverable 5.2. During the
execution of these plans, though, events happen which might make re-planning necessary.
Therefore, at first, a feasibility check is executed. If this check results in high probabilities of
infeasibility for (some) transport plans, re-planning is triggered. Therefore, this scenario is based

GET Service ICT-2012-318275 ©GET Service consortium 8
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on offline plans which take uncertainties into account while after occurring events also showing the
ability of the GET Service platform to quickly re-plan in case of unexpected events.

In addition to the real-time planning algorithm, a methodology for vehicle allocation has been
developed within this deliverable. This algorithm helps with the identification and allocation of
vehicles to orders. Thus, it can be seen as additional element to the developed offline and online
planning algorithms. Specifically, a mathematical model with cost-based objective function is
developed. It resembles a Vehicle Allocation Problem (VAP) and is able to assign multiple vehicles
to multiple orders. Its functionality is exemplarily shown via Evaluation scenario 2 as the developed
VAP is applied to this scenario.

GET Service ICT-2012-318275 ©GET Service consortium 9
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1 Introduction

This deliverable presents the developed real-time planning approach used by the GET Service
platform needed for online re-planning activities. This section provides the background to this
deliverable, by presenting the goal of the project as a whole, the goal of this work package and the
goal of the deliverable itself. Moreover, a brief description of the approach is shown. Finally, it
presents the structure of the remainder of the deliverable.

1.1 Project goal

The GET Service platform provides transport planners with the means to plan transport routes
more efficiently and to respond quickly to unexpected events during transport. To this end, it
connects to existing transport management systems and improves on their performance by
enabling sharing of selected information between transport partners, logistics service providers
and authorities. In particular, the GET Service platform consists of components that: (i) enable
aggregation of information from the raw data that is shared between partners and transport
information providers; (ii) facilitate planning and re-planning of transport based on that real-time
information; and (iii) facilitate real-time monitoring and control of transport, as it is being carried out
by own resources and partner resources. By providing this functionality, the GET Service platform
aims to reduce the number of empty miles that is driven, improve the modal split, and reduce
transport times and slack, as well as response times to unexpected events during transport. Thus it
reduces COe emissions and improves efficiency.

1.2 Work package goal

Many transport and route planning tools are available in the industry but very often they are based
on deterministic data while the consideration of real-time and stochastic data is only limited.
However, the world in which transports are conducted does not fit into a deterministic and static
straitjacket. Thus, any decision, action, plan or schedule built on these unrealistic assumptions is
bound to be sub-optimal once realized. Hence, a comparison and review of the available tools and
their specifications needs to be conducted in order to identify their gaps with respect to the usage
scenarios and use cases defined in Deliverable 1.1. These gaps serve as a basis for the
development of improved offline planning algorithms using alternative objectives (e.g., transport
costs, time, CO2e emissions) and additional data sources made available by GET Service platform.
Moreover, online planning algorithms using real-time information for re-planning in case of
disruptions during transport execution are developed.

1.3 Deliverable goal

The deliverable® goal is to develop an online planning model which meets several requirements
predefined by GET Service platform and integrate the model into a prototype. The aim of this
online model is to enhance the plans computed by the offline model with real-time data to improve
planning quality. Besides, disrupted network sections can be avoided due to the implementation of
online data which, consequently, can contribute to lower CO.e emissions.

Thereby it is of utmost importance to develop a fast algorithm in order to have quick online
planning decisions. Therefore, once new real-time network data about disruptions is available, a
feasibility check is triggered. If the offline plan is still feasible, no additional actions are needed. By
the time new data changes the network®& status in such a way that the offline plan& feasibility is
not given any longer, though, a new plan has to be scheduled. This plan has to consider the same
environment of intermodality, multiple commaodities and mostly scheduled services as described in
Deliverable 5.2.

GET Service ICT-2012-318275 ©GET Service consortium 10
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1.4 Approach

Thus, again Service Network Design (SND) is used to find suitable solutions within a short period
of time. In that regard, scheduled transports are modelled as services. In addition, due to the size
of the problem and the fast computation times needed by GET Service platform, Sample Average
Approximation (SAA) is used as solution methodology. For online planning, though, the amount of
samples needed for statistically significant solutions diminishes, thus decreasing computational
times. This decrease in needed sample size is due to increased accuracy of information based on
its real-time status.

1.5 Deliverable structure

The remainder of this deliverable is structured as follows: Section 2 presents the overall planning
framework established within the GET Service project including offline and online planning. Section
3, then, depicts the real-time planning algorithm established for online re-planning while Section 4
focuses on the implemented feasibility check for transport plans. In Section 5 the mathematical
model used for vehicle allocation within this project is established. Section 6 illustrates the
application of the developed real-time planning algorithm within an evaluation scenario. Thereby
also the integration with and connection to other planning elements, like the offline planning
algorithm established in Deliverable 5.2, is reflected. Section 7 concludes this deliverable with final
and summarising remarks.

GET Service ICT-2012-318275 ©GET Service consortium 11
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2 Planning framework

Transport planning is a complex process depending on a number of different input data which
significantly influences the quality of the resulting transport plan. In case of purely deterministic
data it is possible to obtain a solution which is optimal based on the chosen criteria and does not
change since there is no change in deterministic data.

However, in practice, a big portion of the input data (e.g., the traffic volumes and the resulting
travel times, the exact number of units which have to be transported or even the capacity of a
vehicle) is unknown or at least uncertain at the time of planning. This stochastic data makes it
more complicated to arrive at a solution which would be optimal under all possible scenarios.
Therefore in this case a plan is created which is optimal based on the available data at the time of
planning but might change if more data becomes available.

As already defined in Deliverable 1.1 and shown in Figure 1, planning within the GET Service
platform can be divided into offline planning and online re-planning depending on the time of
planning and the data available at that time. The task of offline planning is to find the optimal
transport plan for transport demand received by the GET Service platform in form of customersé
orders. The orders are routed through the transport network consisting of terminals and links such
that a certain objective is achieved (e.g., minimization of transport costs, travel times and/or
emissions). The offline plan is created before the start of the transport and the algorithm can be
run either every time when a new order arrives or in regular time intervals for all orders that have
arrived within that time interval (e.g., once per day). Offline plans are based on deterministic data
which can be time-independent (e.g., distance, bridge heights, vehicle characteristics) or time-
dependent (e.g., weekend driving bans) as well as on stochastic data consisting mainly of different
travel time distributions. In addition, if real-time information about a disruption is available, this can
also be used as input for offline planning. In this way the robustness of the offline plans is
increased which is important for the creation of reliable plans without too many changes in case of
delays or disruptions.

PLANNING
ONLINE

Deterministic data Stochastic data Real-time data

time time time time time
independent dependent independent dependent dependent

Figure 1: Overview of planning functionalities
(Source: GET Service project, D1.1, 2013, p. 87)

Real-time data plays a very important role in case of online re-planning which is triggered by an
unexpected event happening during the transport execution. Although the reliable offline plan
should cover the most probable unexpected events, there still exist events with a very low
probability of occurrence or a very long delay (e.g., a complete blockage of both chambers of an
inland waterway lock for several days). If these events occur, it needs to be checked which
services and orders are affected and how their plans should be changed. As this happens during

GET Service ICT-2012-318275 ©GET Service consortium 12
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the transport execution when the vehicle is moving and could pass a terminal or junction at which
the route can be changed, a fast reaction of the system is required.

Given the different types of data required for each type of planning, cooperation among different
work packages is needed to ensure that both transport planning and transport execution processes

are working properly. Therefore a planning framework has been developed that is shown in
Figure 2.

GET Service ICT-2012-318275 ©GET Service consortium 13
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The planning process within this framework usually starts by creating an offline plan for the orders
received from customers as described in detail in Deliverable 5.2. The offline planning algorithm
uses the Service Network Design (SND) formulation where each connection between two terminals
is modelled as a service defined by its origin, destination, route, transport costs, emissions, travel
time, vehicle and capacity. The available services are either stored in the GET Service platform
database (if they have been already used in the past) or can be requested from the intermodal
services database (xServer) provided by PTV (WP3). When the offline plan is created, it is sent to
WP4 which creates the transport process based on this plan and this process is then used by WP7
to control the transport execution.

The transport network for offline planning consists of terminals and services which represent the
most important connections within the intermodal network. Besides that, there are also terminals
which enable transhipment between different transport modes but do not offer regular transport
services or even junctions where the optimal route for an order could be changed when needed.
Since these terminals would increase the complexity of the instance solved by the model without
offering additional transport options, they are not considered in offline planning. However, these
terminals can be useful in case of a disruption when the route or transport mode need to be
changed. Since a new solution in this case has to be obtained quickly because the vehicle is
moving and might pass an important transhipment point, the additional terminals located on the
routes selected in offline plans are immediately added to the GET Service platform database
together with services available at these terminals. Besides this extension of the network, the
capacities of the existing services have to be updated in order to reflect the results of offline
planning and the orders transported by these services.

The transport execution starts with loading of the vehicle which is usually the first step of the
transport process. The transport itself starts when the vehicle is loaded and has to be monitored in
regular intervals in order to be able to react quickly if a deviation from the original plan is identified.
In addition, WP6 is also monitoring events from external sources which might directly influence the
transport execution, such as weather, current state of the infrastructure, congestion, accidents,
blockages, maintenance works etc. If such an event is detected by WP6, it is necessary to estimate
the impact as well as the duration of that event and to relate it to a certain link or node in the
network. In this way it is then possible to identify which services are running through this link during
the time of disruption and which orders transported by these services can potentially be affected.
The information about the disruption and affected services and orders has to be sent to the GET
Service platform database where the transport times of the affected services now change to
deterministic based on the real transport time needed taking into account the disruption. This
updated information serves as new input for the planning model and also triggers the so-called
feasibility check described in Chapter 4 which decides whether the original plans for the potentially
affected orders are still feasible. If this is the case, no changes have to be made; otherwise the
affected orders require a re-planning process.

Before the planning model is run for online re-planning, the capacities blocked by the affected
orders for the remaining part of the route have to be made available since they most probably will
not be used by the affected orders anymore. Since the orders are on the way and not at their origin,
t hei r A n eawtd beaupdateditonthe mext terminal on the route where transhipment can take
place with the release time window equal to the expected arrival time to that terminal. In addition,
there might be some services where the travel time is now certain or there is more specific
information about the travel time available than only the travel time distribution based on historical
data used for offline planning. These travel times have to be updated in order to get more accurate

GET Service ICT-2012-318275 ©GET Service consortium 15
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results. Last but not least, new services starting at intermodal terminals which have not been used
before might be available. For these services, travel time distributions need to be created in order to
consider the uncertainty connected to these services.

After the model inputs have been updated according to the current state of the information, the
planning model can be run in order to obtain the new (optimal) routes for the affected orders. The
new results are again sent to WP4 to create the new transport process and the whole planning
process is repeated until the physical transport is successfully finished. A simplified version of the
currently described planning process is displayed in Figure 3 showing the individual steps which are
also illustrated by the Evaluation scenario 3 described in Chapter 6. The methodology as well as the
model used for online re-planning is described in Chapter 3.

. Capacity . " ] ]
Offline Ve 2 Transport Detection of Feasibility Cfr:‘:‘fgl':::‘;gr“ New online Transport
plan er:(?g]vgi:fn execution disruption check affected orders plan execution

Figure 3: A simplified version of the GET Service planning framework

GET Service ICT-2012-318275 ©GET Service consortium 16
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3 Real -time planning m odel

3.1 Methodological basis

As mentioned in Section 1.4, for the real-time planning algorithm developed for online re-planning
the same basic methodologies are applied as for offline planning. This has the following reasons:

1) The problem to deal with is not that different. It is still the goal to find the best sequence of
services in order to minimize an objective function. Therefore SND, again, is the
methodology of choice.

2) In order to again receive robust results, SAA is used to determine the solution quality and
consider uncertainties within the planning decision.

The big differences between offline planning and online re-planning, though, are the availability of
real-time information on one side and the amplified need for a fast solution methodology on the
other side. Gladly, these two specifics of online re-planning relate to each other.

The main focus is on the reduction of computational time by the reduction of the amount of needed
scenarios to receive a reliable and robust plan. The reason is that each scenario represents one run
of the deterministic mathematical model. Within SAA these scenarios are defined by the sample M
used to receive one planning solution (=batch size; & 1 0 ), the amount of planning solutions
(=number of batches; ¢ ) as well as the sample size used for the quality control of the ¢ solutions
(=SAA sample size; € ) (cp. Kenyon and Morton, 2003; Verweij et al., 2003). These sizes, therehy,
can be reduced in comparison to offline planning due to two facts:

1) The amount of scenarios needed for the SAA approach is dependent on the level of

uncertainty these scenarios have t o <cover. Thereby, t hdmeavai l

information reduces the amount of uncertainty and thus the amount of scenarios needed for
the SAA approach.

2) An elimination of a chance constraint, whose purpose it is to only allow plans which are
feasible with a probability higher than U
the variable was added in order to reflect penalty costs which amount

themselves in case of an infeasible scenario. These penalty costs, thereby, take a value
which leads to similar results as the formulation with the chance constraint. In order to
receive this value, a simulation comparing the optimal route when using the approach
mentioned in Deliverable 5.2 (with the chance constraint) and the approach mentioned
below (without the chance constraint, but with penalty costs for infeasibility) was performed.
In this simulation different values of ¢ and @ were used in order to receive a

value not just applicable in a small set of specific circumstances. Thus, the size of the set of
scenarios could be reduced while still receiving robust results.

3.2 Onlinere -planning model

The mathematical model presented within this section (based on SAA) is executed € times with a
sample size of 0 each time. In each of these executions, a network consisting of services i ¥ Y
(scheduled transports) and nodes "G 0 (transhipment locations) forms the basis for the routing
decisions. Each service, since it is connected to a schedule and vehicle, is unique and connects
transhipment locations “Cand "QIn order to improve the computability of the mathematical model, the
scope of the network is reduced beforehand to only reflect viable service options. The considered
transhipment locations result from these pre-selected services. The services are characterized by
their scheduled departure time ‘O and service time 6 as well as service slot price & and COe

GET Service ICT-2012-318275 ©GET Service consortium 17
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emissions per TEU Q. Service time uncertainties are reflected by multiple runs of the deterministic
optimization model with different samples taken from their distribution function (& N 0). It is
assumed that the service time for a service is a random variable which takes values in set %o . 0 is

the & element of set % with the corresponding probability “ . Services on the road as well as

transhipments are - due to their lack of scheduled supply in reality - assumed to be available when
needed. Their respective service times are dependent on data reflecting the traffic flow and
infrastructure utilization.

Transport orders ) O are represented by their demand at the origin and destination nodes ‘Q as
well as earliest release ( ) and due time ( ). While the release time represents a
hard time constraint to work with, the due time is represented as soft constraint, leading to penalty
cost for late deliveries. The decision variables include continuous variables for TEUs serviced
(w ,& ) as well as binary variables for the services in use in the resulting routing plans (w ,®). The
indices and variables used in the mathematical model are summarized in Table 1.

Indices:

P Set of transportation orders

S Set of transportation services

N* Set of start terminals of transportation orders
N~ Set of end terminals of transportation orders
N Set of all transhipment locations

M Set of scenarios with different service time val-

ues

o(s,i,j)  Set of services including origin and destina-  8(s,i, j) = {(s € S5)li € Nand j € N}
tion node

v(p, iy, jp) Set of orders including origin and destination (p, iy, j,) = {(p € P)|iy, € Nand j, € N}
node

Variables:
g
ﬁ}n’msv

Earliest release time of order p

‘ Due time of order p
duetime
g

£, Transportation time of service s in scenario m

dr Demand (in containers) of order p

mp'ji Free capacities of services s

D3, Departure time of service s in scenario 1

Aj, Arrival time of service s at terminal i in scenario m

f,‘:,lsw 1 if order p can catch ensuing service s2 after arriving at a node with preceding service

s!, 0 otherwise

i 1 if the current route for order p is feasible, 0 otherwise.
”5;!;5.—_«-,“ Delay of order p at destination node j, in scenario m
v, _1/5‘" A binary variable equal to 1 if service s is used (for order p)
xF The number of containers of order p carried via service s
nj The number of containers transhipped at terminal j

Table 1: Indices and variables used for the online re-planning model

The objective function minimizes the weighted sum of the total costs. The weights, thereby, enable
the reflection of individual preferences regarding direct transport, time-related and CO.e emissions-
related costs. The direct transport costs consist of transport costs per TEU and service & - which
include the fixed transport costs per service allocated to one TEU as well as the direct transport
costs per TEU - and transhipment costs per TEU (&). The time-related costs are represented in a
way to allow charges for delayed deliveries (& ) while the CO.e emissions-related costs per kg
(0 ) for the emissions consumed per TEU serviced (Q) and transhipped (Q) are also included.
The essential addition to the objective function compared to the algorithm presented in Deliverable
5.2 is the inclusion of penalty costs (& ) in case of route infeasibility in a specific scenario

Q).
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Constraints (5) to (7) manage the traffic/TEU flow. While constraints (5) and (6) focus on the origin
and destination nodes, constraint (7) manages the transhipment. Demand, in that regard, is positive
if more TEUs are planned to originate from a specific node than are destined for that node.
Constraint (8) ensures that capacity limits of services are adhered to. Constraints (9) to (11) make
sure that a service is only allowed to process any amount of TEUs when it is selected. While
constraint (12) tracks the transhipment necessary, constraints (13) and (14) ensure the timely
sequencing of the services within the network. As seen in constraint (13), each service has
interrelated departure, service and arrival times per scenario m. In addition to the synchronisation at
nodes in terms of loading units ((5) to (7)), constraint (14) takes care of the timely synchronisation. It
ensures the relation of sequential services at transhipment location. This is necessary due to more
or less fixed schedules of services, which permit services with earlier departure times than the
arrival times of possible preceding services from following up on them. Thus, for a plan to be
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feasible in scenario &, the arrival time of the preceding service (i ) at a transhipment location plus

the necessary unloading (0 ) and loading times (0 ) have to be fulfiled before the ensuing
service (i ) departs. In case of an infeasible plan for scenario & , constraints (15) to (17) ensure that
"Q 1 Constraints (18) and (19) provide the time frame for each order to plan within. The lower
limit (earliest pick-up time) is fixed while the upper limit (due date) can be bent with penalties - if
desired - allocated to late deliveries & . Constraint (20) gives the time window within which

services can depart with Y “Y  being valid for scheduled services. Constraints (21) and (22)
ensure that the feasibility of two consecutive services is only checked if these services are
designated to be used within the same plan.

3.3 Quality of the s olutio n

In order to test the quality of the planning decision of the model presented in Section 3.2, the SAA is
used. Thereby, as mentioned before, the solution quality of the model i which uses a smaller set of
scenarios ¢ times U T is compared to the solution with a much higher sample ¢ . The confidence
interval for these € solutions, and with an| -value reflecting the penalty costs used in the planning
model, is to be calculated and compared to the average objective function value of the ¢ solutions.
Here is a step-by-step breakdown of the applied quality check with the SAA:

1 Step 1. Calculate the lower bound of the confidence interval
@ € é é .best (lowest) objective function value of ¢ solutions
a é é é .z-value based on t-distribution and |
i € . é éstandard deviation of objective function values of € solutions
- MZ—_é . ariability factor of lower bound

1 Step 2: Calculate the upper bound of the confidence interval
@ é é é mean objective function value of ¢ solutions
G é é é z-value based on normal-distribution and |
. € é é standard deviation of objective function values of ¢ solutions
- 6 variability factor of upper bound

1 Step3: Calculate the confidence interval

O 0w - WO - € Confidence interval
1 Step4: Calculate the quality of the solution

i €a— ¢é solution quality

The solution quality, thereby, is excellent when i € amdt gs achieved.
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4 Feasibility check

The feasibility check is called upon the appearance of a disruption. As described in Chapter 2, WP6
identifies the orders which use a disrupted service or vehicle in their current plan and delivers the
information to WP5. Based on this information, the feasibility check is applied which determines the
portion of the orders whose transport plans are infeasible with a probability higher than 1-U. Once
these fAinfeasi bl eod ,the dnéne se-plannirg mddelt(see @haptee d), which
considers the disrupted service(s) or vehicle(s), generates a new robust transport plan. Thus, the
feasibility check builds the basis for the execution of the online re-planning.

What the feasibility check does is to check the feasibility of transport plans using another set of
travel time scenarios with sample size € (cf. Chapter 3). Thereby, in each scenario it checks for
each TEU of each order whether its plan works. It compares the start time windows of the to-be-
used services with the availability of these TEUs at the departure point of the service. If all TEUs
using one service are available for transport before the end of the start time window, this part of the
plan is feasible. If at least one TEU is not available before the closing of the start time window, this
part of the plan and thus the whole plan is infeasible. Repeating this check for all transhipment
points along the planned route ensures the feasibility of a plan in each scenario.
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5 Truck selection

5.1 Methodological basis

The Vehicle Allocation Problem (VAP) is the most common problem faced by logistics service
providers (LSPs) or freight carriers (Ghiani et al., 2004). The VAP can be modelled as "a minimum-
cost flow problem on a time-expanded directed graph" in which vertices represent origins and
destinations and arcs are used to describe loaded, empty and inventory (idle) movements.
Generally, the demand is assumed to be deterministic, and only the case when a single vehicle type
exists is widely studied. In the VAP, the planning horizon is known and assumed to be comprised by
a finite number of time periods. The objective function generally corresponds to the total discounted
profit over the planning horizon. The constraints ensure flow conservation and formation of loaded
movements according to the demand.

Costs and revenues are the two main aspects used by LSPs to assess the success of their
businesses. Many algorithms in the VAP literature (see, e.g., Ghiani et al., 2004; Chu, 2014) have
been created based on these two features. Apparently the algorithms used for the VAP need to be
based on either profits or costs to support high-quality decisions for the planners.

For the development of the VAP model for the GET Service project, the first study was done by
Raoufi (2013), who designed a cost-based VAP algorithm. Revenues on trucking companies
fluctuate more than costs as they depend also on the service level that customers demand. Hence,
the transport market is characterized by a low degree of transparency which makes revenues
harder to be controlled. For instance, if exclusive service is asked from a customer, this will offer
higher revenues than if no specific requirements have been determined. Costs, on the other hand,
although they get revised periodically, are more stable, and specific information regarding the cost
per activity and planning group can be used by the transport company. In particular, the transport
company has detailed information regarding the costs of all the activities that can take place
(loading/unloading, mounting/dismounting, positioning etc.) by establishing tariffs and including all
the various costs that apply (fuel, personnel, etc.), as well as the overhead expenses related to the
use of assets. Therefore, Raoufi (2013) studied a cost-based approach for the development of the
decision support model to support vehicle assignment decisions.

As a follow-up project, Dimarelis (2014) studied the VAP formulation and extended the base model
of Raoufi (2013) to a more practical version. In the coming subsection the base model of the VAP,
based on costs, will be introduced.

5.2 The formulation of the VAP

The main assumptions of the VAP can be stated as follows:
T The terms o6trucko and o6trailerdé are usededi
together
1 All demands are deterministic and each of them corresponds to one full truck
9 Service time (loading/unloading) at each location is equal to zero
91 Travel time between two locations is known in advance

The VAPs are faced by carriers that generate revenue by transporting full loads over long distances.
When the vehicles owned by the carriers deliver a load, these vehicles need to be repositioned to
the pick-up point of another load or to another location in anticipation of future demand. However,
as it was discussed above from an operational point of view, costs at logistics companies can be
controlled and predicted more easily than revenues, thus the transformation of the model, in order to
comply with this requirement, is found crucial. Two additional assumptions have been adapted only
to this basic model, except for the ones that have been reported above. These assumptions are:
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1 There is only one type of vehicle and one type of commaodity
1 There are always vehicles available to be allocated

Consider a set of nodes representing the locations that an LSP provides transport service from/to.
Let G=(N,A) in which N is the set of locations and A represents the arcs associated in the network.
Locations are indexed by i, j and k and the planning horizon is assumed to comprise a finite number
{0,..., T} of time periods, where t represents the defined time horizon of each period. Let tj, iT N,
jT N be the traveling time from point i to point j, and di;, iT N, jT N, t7 {0,...,T} is the number of full
loads/shipments (1 shipment = 1 trailer) available at time period t to be moved from origin i to
destination j. Moreover, fj, iT N, jT N is the cost of departing for a loaded vehicle from location i to j;
pui, iT N, KT N is the penalty cost of ordering an empty vehicle from location k to location i.

In addition, the parameter my, iT N, t7 {O0,...,T} was found important to be included in order to
represent the number of vehicles that enter the system in period t at point i. In essence, this
parameter is used to represent both the availability of vehicles and the external flow, if existing, into
the system. For instance a vehicle may appear later in the system because of maintenance.
Obviously, during the first period mi, i7 N,t7 {0,...,T} includes all the vehicles that are available in
the system and triggers the algorithm. A summary of the indices and parameters is given in Table 2.

Indices

N Set of nodes

A Set of arcs

T Planning horizon

Parameters

tj Traveling time between nodes i and |

dijt The number of full loads/shipments between
nodes i and j at time period t

fi The cost of departing for a loaded vehicle
from location i to |

Pki The penalty cost of ordering an empty vehicle
from location k to location i

Mit The number of vehicles that enter the system

in period t at point i
Table 2: Summary of the indices and parameters used in VAP

The following decision variables were determined:
T X iT N,j7 N, tT {0,...,T} - represents the number of loaded trailers to depart at time period t
from location i to j.
T v, iT N, ki N, t7 {0,...,T} - represents the number of empty trailers to depart at time period
t from location k to j. Obviously, vi, if N, t7 {0,..., T} represents vehicles staying idle on
location i at time period t (the so-called inventory movements).
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The deterministic revised VAP model can be formulated as follows:

-
min ZZ Z [ij%ije + Prillki (24)

=0 N jeNi#j
Subject to:
Z[-"":‘ja + Yije) — Z {-?';\-;';4_71_,.;. T EJ';;;'U_TA,]:' — Ysit—1 — My + Ygie = 0 V(i t) (25)
JeN keN kit =7
Tyt = dyjy ieN.jeNte0,..,T (26)
Tije = 0 ieN,jeN,te0,.,T (27)
Yijt = 0 iceN,jeN.t0,..,T (28)

The objective function is the total cost paid to serve all transport orders. Constraint (25) is the flow
conservation constraint, making sure at the beginning of each time period that no assets are lost.
Constraint (26) states that the demand is not higher than the number of loaded movements. All the
variables are integers and positive or equal to zero. Since the new parameter my, iT N,t7 {0,...,T}
was found significant to be included (for feasibility reasons), two more constraints are added to the
initial model. In particular:

Z{:?'U[] + yijo) + Yiio = Mo VieN,jeN (29)
JEN

Z (Thigr—rp,) + Yki(e—7y;)) + Yiie—1 + Mig = Yine YieN,jeN,te0,..,T (30)

REN k1,627,

Constraint (29) ensures that, at the beginning of the period, the number of vehicles that will be used
is equal to the available ones in the system. Constraint (30) explicitly dictates how the number of
idle/available trailers at each node of the network for each time period is formed.
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6 Evaluation scenario

In order to illustrate the benefits of the online re-planning approach, an extended version of
Evaluation scenario 3 from Deliverable 5.2 is used. Whereas a general description of the extended
scenario is provided in Deliverable 2.4.2, this chapter shows the required inputs, the planning
process and the benefits achieved from the planning perspective using the scenario as an example
for the planning process described in Chapter 2.

The starting point of the scenario is the offline planning process for four different orders which have
been received from customers during the last day and can be handled together since the planning
model is able to plan multiple orders at once. In this way an optimal solution is found not only for
every order individually but also from the global perspective. The orders, shown in Table 3, originate
either in Slovakia (Kechnec, an industrial park close to Kogice in Eastern Slovakia), or in Budapest
and have to be transported to destinations in Austria or Germany. In addition to origin and
destination, each order is characterized by the number of containers that have to be transported, the
release time and the latest delivery time accepted by the customer as well as by the penalty costs
for delayed deliveries. In case of the first two orders, the origin and destination is the same and the
number of containers is two in both cases which means that each order can be transported by one
truck or both orders can be transported together on a train or an inland waterway vessel. The
difference between the first two orders is in their release time as Order 2 can be picked up only
three hours later than Order 1.

Release Delivery time Penalty
4 costs (h)
1 Industrial park | Port of 5 Friday Friday in one 9 EUR
Kechnec Regensburg 9:00am week 9:00am
2 Industrial park | Port of 5 Friday Friday in one 8 EUR
Kechnec Regensburg 12:00pm | week 9:00am
Port of . Thursday | Thursday in one
3 Port of Lin 15 7 EUR
Budapest nz 4:00pm week 6:00am
Port of . Friday
4 Munich 20 Monday 6:00am| 10 EUR
Budapest 3:00pm y

Table 3: Orders handled within Evaluation scenario 3

The offline planning network has been extended to 14 terminals in Slovakia, Hungary, Czech
Republic, Austria and Germany. In this network transport is possible either by inland waterway on
the Danube between Budapest and Regensburg with intermediate stops in Vienna and Linz, by ralil
connections based on the publicly available timetables from Metrans (2015) and Kombiverkehr
(2015), or by road if no rail or inland waterway connections are available. In total, the network
consists of 85 services with departure times within a one-week planning horizon starting on
Thursday at midnight. The terminals and services available for offline planning are displayed in
Figure 4. Connections labelled with more than one service number represent multiple departures of
services on the same route within the planning horizon. The respective costs, travel times and
emissions were calculated based on via donau (2007) for inland waterway, PLANCO (2007) for ralil
and the PTV xServer for road.
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Figure 4: Offline planning network for Evaluation scenario 3

The described transport network including a three-point travel time distribution (cf. Deliverable 5.2)
for each service together with the information about orders is used to create a robust offline plan for
each of the four orders. If equal weights for transport costs, time and emissions are considered, the
resulting routes in Figure 5 and Table 4 show that the inland waterway services are used by the first
three orders due to their low transport costs and favourable position with regard to the origin and
destination of these orders. Order 4 then uses a direct train connection between Budapest and
Munich. As it can be seen from the plans, there are also buffer times included taking into
consideration the fixed departures according to schedules and also the travel time distributions.

Q .1!\
Port of . .
Regensburg [ ) '2' - Optlmal route with

%
Yo order number

Port of Lin:

Railway
terminal 4%
Munich

A

train

terminal Port of
Budapest (85
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Figure 5: Offline plan for Evaluation scenario 3
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Departure  ETA Travel Costs
(uncong) time (h) (EUR)
Budapest Friday Friday
Kechnec
69 | Truck Port 9:00am | 1:00pm 4 368 | 234
Budapest | Wien Friday Sunday
1 Vessel Port Freudenau | 6:00pm 8:00am 38 192 254
1 Wien Linz CCT | Sunday Monday
2 Vv I 29 126 106
esse Freudenau| Stadthafen | 11:00am 4:00pm
Regensburg
Linz CCT | RoLa Monday Wednesday
3 V I 47 204 172
esse Stadthafen| Terminal 7:00pm 6:00pm
Hafen
Budapest Friday Friday
70 Truck | Kech 4 370 236
FUCKE | REEANCC bt 12:00pm | 4:00pm
Budapest | Wien Friday Sunday
1 Vv I 38 192 254
esse Port Freudenau | 6:00pm 8:00am
2 Wien Linz CCT | Sunday Monday
2 Vessel 29 126 106
Freudenau| Stadthafen | 11:00am 4:00pm
Regensburg
Linz CCT | RoLa Monday Wednesday
3 Vessel 47 204 172
Stadthafen| Terminal 7:00pm 6:00pm
Hafen
Budapest | Wien Friday Sunday
1 V I 38 1,440 | 1,905
esse Port Freudenau | 6:00pm 8:00am
3
Wien Linz CCT | Sunday Monday
2 Vessel 29 945 795
Freudenau| Stadthafen | 11:00am 4:00pm
Budapest | Budapest Friday Friday
83 Truck 0.37 1,240 | 280
U port BILK 3:000m | 3:22pm
4
. Budapest | Miinchen Friday Saturday
62 T 13 3,660 | 1,420
an Bk Riem 8:00pm | 10:00am

Table 4: Offline plan for Evaluation scenario 3

Based on the offline plan, the capacities on used services need to be reduced according to the
number of containers transported on a particular service. Therefore the capacities for the inland
waterway services between Budapest and Vienna as well as between Vienna and Linz have to be
reduced from 60 TEU (full capacity of the vessel) to 41 TEU because Orders 1, 2 and 3 are
transported on these two services. Similarly, the capacities of other used services have to be
updated before the next offline planning process is started.

When the services and routes used by the orders are known, additional intermediate terminals or
other possibilities for changing services or routes have to be identified so that a fast online re-
planning process can be started in case of disruption. The inland waterway services are passing by
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four additional ports on their route from Budapest to Regensburg which can be potentially used for
transhipment of containers. These ports are Bratislava, Krems, Enns and Deggendorf and they are
added to the network together with services originating at them. Whereas in Deggendorf and Enns
the containers can only be transhipped to truck, Krems and Bratislava also offer train services to
Czech Republic. In a similar way additional railway terminals for the Budapest-Munich train service
are added to the GET Service platform database. The extended network is displayed in Figure 6.

ort of
Budapest

Figure 6: Extended network for Evaluation scenario 3

After these updates, the transports of containers can start and have to be monitored. Shortly after
the transport of Order 1 from Kechnec to Budapest by truck has started, information about a severe
accident on the highway between Miskolc and Budapest is received by the event engine of the GET
Service platform. The highway has to be closed for four hours due to this accident. Since only local
roads with insufficient capacity are available for detour, a delay of at least two hours is expected.

The orders potentially affected by this disruption are Orders 1 and 2 using services 69 and 70,
respectively. These services are trucks between Kechnec and Budapest. Whereas Order 1 is
already on the way to Budapest, Order 2 is still at its origin when the information about the accident
is received. The feasibility check shows that Order 1 can still use its original plan since there is
enough buffer time in Budapest for the containers to be loaded on the vessel. This is not valid for
Order 2 which should arrive to Budapest only 2 hours before the departure of the vessel and the
containers need to be transhipped from truck to vessel. Therefore the delay of 2 hours is too long
and Order 2 has to be re-planned.

The travel time for service Kechnec-Budapest is updated considering the delay and Order 2 is re-
planned. The new optimal route is to take the direct truck from Kechnec to Vienna and then continue
with the vessel as planned before. Since the travel time of the vessel is much longer in comparison
to the truck, the containers arrive to Vienna long time before the departure of the vessel and
therefore can be transhipped without problems. In this new plan, which is shown in Figure 7, the
transport costs of Order 2 are increased by 108 EUR due to the higher costs of truck transport but
the CO.e emissions are reduced by 40 kg since the distance for direct truck is much shorter than for
the combination of truck to Budapest and vessel to Vienna.
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Figure 7: Planned routes after re-planning of Order 2

After the problem with the accident on highway is resolved, transports are executed according to the
plan until the early morning on Monday, when an accident of two vessels in one of the chambers at
lock Abwinden between Vienna and Linz is reported. Since the second chamber is closed for a
longer time due to maintenance work, the lock is completely blocked and no ships can pass. The
disruption is expected to last 48 hours.

At this moment, the vessel from Vienna to Linz with Orders 1, 2 and 3 on board is already on its way
to Linz and all three orders can potentially be affected by this disruption. The feasibility check
reveals that Order 3 has enough buffer time in Linz before the final delivery time requested by the
customer and therefore a delay of two days is no problem. This is not valid for Orders 1 and 2 which
would arrive too late to Regensburg and therefore need to be re-planned. There are two possibilities
for transhipment between the current position of the vessel and the lock Abwinden, 7 port of Krems
and port of Enns. Therefore the origins of Orders 1 and 2 are changed to Krems as the closest
possible transhipment point and the service Vienna-Linz is divided into links Vienna-Krems, Krems-
Enns and Enns-Linz. The network is reduced to transport alternatives which can bring the
containers from Krems to Regensburg as shown in Figure 8 and a new plan for Orders 1 and 2 is
created. As displayed in Figure 9, according to the new plan both orders are transported to the port
of Enns and transhipped to trucks which bring the containers to Regensburg. In this way Orders 1
and 2 can also arrive on time although the transport costs and emissions are higher in comparison
to the original plan.
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Figure 8: Reduced network for re-planning due to blocked lock Abwinden

Figure 9: New plan for Orders 1 and 2 due to blocked lock Abwinden

ICT-201 2-318275 ©GET Service consortium

Public Document

30









