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RÉSUMÉ

Nous introduisons une approche descendante pour mettre en œuvre les décisions tactiques
dans la planification opérationnelle. Cette approche est composée des modèles d’optimisation
(planification tactique et opérationnelle) pour un réseau à segment unique, de leurs solutions,
des scénarios potentiels et des stratégies définies pour servir de guide pour exécuter les déci-
sions de planification tactique. Les scénarios potentiels sont définis pour montrer différentes
situations, y compris des conditions constantes, modifiées et nouvelles qui pourraient se pro-
duire lorsque nous appliquons les décisions de planification tactique à la planification opéra-
tionnelle. Ensuite, les stratégies sont générées pour prendre en compte différents niveaux
de flexibilité dans l’utilisation de l’optimisation pour sélectionner de nouvelles demandes et
offres, et de la réoptimisation pour modifier les affectations tactiques. Les modifications req-
uises dans la planification opérationnelle pour l’application de chaque stratégie pour chaque
scénario sont spécifiquement expliquées. Pour évaluer la performance de ces stratégies dans
différents scénarios possibles, une procédure est proposée qui simule un environnement opéra-
tionnel sur une certaine période. Les résultats obtenus en réalisant les expérimentations
numériques basées sur la procédure définie sont analysés et comparés. Les résultats mon-
trent la capacité des stratégies définies à atténuer les limites de la mise en œuvre directe
des décisions de chaque niveau de planification, à améliorer l’efficacité de la consolidation et
l’utilisation de la capacité des services ainsi que la rentabilité de l’ensemble du système.
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ABSTRACT

This study focuses on implementing the tactical planning decisions of an integrated multi-
stakeholders transportation system, Many-to-one-to-Many (M1M), at the operational plan-
ning level. In this consolidation-based system, demand requests from different shippers must
be consolidated into the selected service offers to maximize the total profit for all stakehold-
ers. To this end, the operational and tactical planning models are designed to make optimal
decisions including acceptance and rejection of shipper demand requests, selection carrier
service offers, and demand-to-service assignments, for the system at different times and with
different available data. Although the tactical planning provides the plan for the contracted
and regular requests and offers in advance while the operational planning aims to implement
the plan and make required adjustments, there is no structure to link these two planning
levels.
In this study, we introduce a top-down approach to implementing the tactical decisions into
the operational planning. This approach is made of the optimization models (tactical and
operational planning) for a single-segment network, their solutions, potential scenarios, and
the defined strategies to act as a guideline to execute the tactical planning decisions. The
potential scenarios are defined to show different situations including constant, changed and
new conditions that might happen when we apply the tactical planning decisions to the op-
erational planning. Then the strategies are generated to consider different levels of flexibility
in using optimization to select new requests and offers, and re-optimization to change the
tactical assignments. The required modifications in the operational planning for applying
each strategy for each scenario are specifically explained. To evaluate the performance of
these strategies in different possible scenarios, we propose a procedure that simulates an en-
vironment of operational time over a certain period. The results obtained by carrying out
the computational experiments based on the defined procedure are analyzed and compared.
The results show the ability of the defined strategies to mitigate the limitations of imple-
menting the decisions of each planning level directly. In particular, these strategies improve
the efficiency of consolidation and capacity usage of services as well as the profitability of the
whole system.
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CHAPTER 1 INTRODUCTION

In modern economies, freight transportation and logistics (TL), which deal with the move-
ment of goods ranging from raw materials to finished products, are key activities. While there
are many ways to organize freight transportation, a large fraction of freight movements rely
on consolidation principles. In consolidation-based transportation, shipments from various
shippers (manufacturers, wholesalers, distributors, etc.) are grouped together in vehicles (of
various modes) to achieve more efficient movements and lower costs. The consolidation-based
transportation industry is a highly competitive environment in which, on the one side, man-
ufacturers, wholesalers, and distributors aim to send their shipments to their destinations at
the desired time at a reasonable price. On the other side, consolidation-based carriers com-
panies provide services to transport the shipments in a timely and profitable manner (Lanza
et al., 2021). In between, there are some intermediary companies, third party logistics (3PL)
service providers, which offer a variety of outsourced logistics services and processes.
In this competitive and growing industry, operation research methods are providing different
methods to support decision-making in the platforms where carriers and shippers can nego-
tiate and find their partnerships. The development of integrated decision-making platform
tools to plan and optimize profitability and efficiency of TL operations not only enhances
economic benefits of all stakeholders, but may also decrease negative environmental impacts
on society by the consolidation of loads of different shippers into the same vehicles and syn-
chronization of activities.
The notion of Many-to-One-to-Many (M1M) as a future evolution of this system was in-
troduced by Crainic et al. (2021a). M1M is an integrated multi-stakeholders system that
is designed to consider the needs of all components of the TL sector simultaneously. It is
composed of three essential parts: many shippers, many carriers, and an intelligent decision
support platform (IDSP). Shippers, including manufacturers, wholesalers, and distributors,
send their demand requests to the system, carriers offer different capacity services to the sys-
tem simultaneously, and IDSP is an intelligent integrator and intermediary platform which
is responsible for making optimal decisions to satisfy the needs of all stakeholders. These
decisions, which include the selection of shipper demand requests, carrier capacity offers,
shipment-to-carrier assignments and shipment itineraries, must be made automatically.
In optimization terms, there are three planning levels including strategic, tactical and oper-
ational plannings that make the optimal decisions at different times by considering different
available data (sets), assumptions and constraints. In the M1M system, the decision-making
tools are provided based on the optimization models of the tactical and operational planning
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in the IDSP.
The tactical planning in the M1M system, aims to design the demand and supply sides of
the system simultaneously (Taherkhani et al., 2021) and plans the general activities for the
"next" season. The demands and carrier offers in the tactical planning are an approximation
of the contracted and regular requests and offers in the upcoming season. The decisions are
made to select regular demand requests and services offers and then satisfying the contracted
and accepted regular demands by the selected offers to maximize the whole profit. It also
determines the itinerary of each accepted demand. The time is finite (e.g., next six months)
and the plan is made once for predefined periods and used repeatedly for the entire planning
horizon. Direct implementation of the tactical planning decisions at the operations time,
might cause an increase in the number of unsatisfied demands and unused capacity of se-
lected services because the tactical decisions are made based on the predicted data around
75 to 80% accuracy (Crainic and Hewitt, 2021).
The operational planning as a short-term planning, aims to implement the plan, makes the
required adjustments and monitors operations. The decisions are made within the short
time for the current and few coming periods based on the prediction and exact available
information about contracted, regular and new requests and offers. The regular requests
and offers are regularly sent to the system (e.g., every week, monthly) and requests must
be shipped to the determined destinations often over long distances. Hence, they may need
to change their vehicle (service) several times. Moreover, carriers companies who provide
consolidation-based services aim to group and transport shipments within the same vehicle
to reduce their costs through economics of capacity utilization. In long-haul transportation,
services need to be synchronized to reduce potential delays for the shipments and vehicles in
intermediate terminals (Crainic and Hewitt, 2021).
It is noteworthy that, although the tactical planning make a plan for contract/regular re-
quests and offers that must applied to the next "season" and the operational planning aims
to implement and update the plan based on the changes, the link between these two planning
level and their potential impacts on each other have been rarely considered in the previous
studies. The literature shows that researchers focused on each level of planning individually
by neglecting the linkage between two levels.

In this study, we aim to understand the potential influence of the tactical level decisions on
operational planning and subsequently develop a procedure to consider them as a guideline
for the operational planning. The proposed procedure aims to employ outputs of the tactical
planning as inputs for the operational planning, so it must be capable of distinguishing
between decisions to be enforced directly in the operational planning level and those that
require modification(s). The extent of these modifications and their potential consequences
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on operations should be determined. To use these decisions of the tactical level in operation
time, the plan must set rules considering the differences between the attributes of the planning
levels. For example, quantity, time and other features of the demand at the tactical level
are approximations of their actual values in operation time. A change in one or a number
of these attributes may lead to decisions delay, low capacity utilization and increased overall
cost, so we need to develop some strategies to react to these changes in order to mitigate their
consequences. Moreover, in tactical planning, we make a decision for a predefined schedule
length, and it is used repeatedly for the several months, while, in operational planning, time
is infinite and decisions must be updated regularly. We need to consider these challenges in
order to maximize the profit of IDSP.
Finally, the performance of presented strategies must be evaluated and compared to each
other. To reach this goal, we defined some probable scenarios that might happen when we
aim to implement the tactical decisions in the operation time based on differences between
tactical and operational planning data. To apply the proposed strategies in each defined
scenario, some adjustments are required to be made to the optimization model. Then the
strategies are evaluated by computational experiments and result analysis.

This thesis is structured as follows. Chapter 2 provides the description of the M1M system,
components, objective and importance, and its planning tools. Chapter 3 states the problem
and objective of this study. Chapter 4 reviews the related literature. Chapter 2 presents the
problem settings and the tactical and operational mathematical models, generated strategies,
potential scenarios, and required adjustments to apply the strategies to operation time in
case of each defined scenario. Chapter 6 presents the computational experiments to evaluate
the performance of the generated strategies in terms of the defined performance indicators.
Chapter 7 presents the concluding statements and future research.
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CHAPTER 2 M1M SYSTEM PROBLEM SETTING

This chapter presents a general view of the M1M, Many-to-one-to-many, systems that were
introduced by Crainic et al. (2021a) and Taherkhani et al. (2022). In section 2.1, we introduce
the M1M system, its stakeholders and their communications. In section 2.2, we describe the
physical networks of M1M system. The shippers and carriers of the M1M system, and their
attributes are presented in sections 2.3 and 2.4, respectively. The M1M optimization tools
are discussed in section 2.5.

2.1 M1M system and elements

The M1M system, Many-to-one-to-many, is a business, communication, and decision-making
structure that is designed to consider the needs of all stakeholders and make optimal de-
cisions by deploying intelligent decision-making tools (Crainic et al., 2021a). It is made of
three main elements: shippers, carriers, and a decision maker. On the one side, some ship-
pers, which can be manufacturing companies, distributors, wholesalers, and logistic-service
providers, aim to ship their shipments from origins to destinations efficiently to reduce their
costs. Their requests have some attributes, such as item features, quantities, load characters,
origins/destinations, time attributes, etc. On the other side, we have some carriers, who offer
services, and capacities in different vehicles and/or warehouses to transport and store the
items. Their goal is to gain more profit from these activities. Their offers may be different
in terms of service schedule, frequency, capacity, transportation modes, etc.
An intelligent decision support platform (IDSP) is designed to take place in the middle of the
system to satisfy the requirements of the carriers and the shippers simultaneously by making
automated decisions and optimizing operations. The decisions include accepting/rejecting
demand requests, selecting service offers, and assigning accepted requests to selected offers.

The shippers’ requests and carriers’ offers are time-dependent, and the IDSP should receive
data from both sides, make a plan, and transfer decisions to both sides at the right time.
Figure 2.1 shows stakeholders’ communications and data flow.

This level of communication and sharing of resources increases the efficiency and profits of
the four groups that are leading to a four-win situation; 1) carriers are able to use their ca-
pacity as much as possible, 2) shippers pay much fewer transportation costs, 3) intermediary
benefits from more transaction, 4) society benefits from less traffic and pollution because of
consolidation-based transportation. M1M system gives a chance to carriers and shippers to
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Figure 2.1 M1M system structure, stakeholders communications, and decisions (Crainic et al., 2021a;
Taherkhani et al., 2022).

take advantage of consolidation by grouping loads of different shippers into the same vehicle
(Crainic et al., 2021a).

2.2 Physical Network

The physical network of the problem is represented by the graph Gp = (N p,Ap) where N p is
the set of physical nodes (terminals, shipper locations, and consignee facilities) and Ap repre-
sents the physical arcs that connect physical nodes. In Figure 2.2, zones illustrated through
the large disk that can be urban areas, geographically, administratively, or commercially
relevant area. They include a few small disks which display origin (shipper locations) and
destinations (consignee facility) in each zone. Let O and D represent the sets of all shipper
facilities. Each zone is served by one or even two close terminals, which are represented by
squares. Let θ be the set of all terminals. The terminals can perform different activities,
which are classified into four groups: 1) first-mile services, receiving picked-up shipments, 2)
classifying received shipments from zones and other terminals, 3) Crossdock transfer of ship-
ments between two vehicles without classification, 4) last-mile service, preparing a shipment
to delivery to the consignee.

The arcs link two nodes and can be represented differently based on transportation modes
that are used, e.g., roads, railways, and rivers. In general, three types of arcs make up a set
Ap. Long-haul arcs that connect two terminals, feeder arcs, linking the terminals to zones,
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and pickup-and-delivery (P&D) arcs that perform the collection of outbound shipments at
the shippers’ locations and deliver inbound shipments to customers within zones.

Long-haul arcs and a combination of feeder arcs and (P&D) arcs make up a segment.

In M1M system, three network structures are identified: 1) Single-segment corridors, illus-
trated in Figure 2.2, made up of a long-haul segment that connects two terminals, two feeder
segments to linke zones to terminals.

Figure 2.2 Single-segment corridor (Crainic et al., 2021a).

.

2) Multi-segment corridors, illustrated Figure 2.3, in which there are more than two zones
and terminals that all take place on a unique path.

Figure 2.3 Multi-segment corridor (Crainic et al., 2021a).

.

3) Hyper corridors, illustrated in Figure 2.4, contain a limited number of terminals and zones
which are connected by long-haul segments and feeder arcs respectively.
It is noteworthy that this study is defined on single-segment corridor.
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Figure 2.4 Hyper-corridor network (Crainic et al., 2021a; Taherkhani et al., 2022).

.

2.3 Shipper-demand requests for transportation

The producers, manufacturers, and wholesalers need to ship their products to customers
across the world. Let K be the set of shipper-demand requests. They make their shipper
demand requests with some specific characters. These requests depend on their volume, and
features can be moved as a whole or split into small parts. In this study, we consider demand
as unsplitable items with some attributes that are classified into three groups as follows:

2.3.1 Basic attributes

• Origin o(k): origin is the service zone of the shipper facility.

• Destination d(k): the service zone of the consignee facility.

• Volume: the number of standard loading units.

2.3.2 Time attributes

In practice, requests are divided into two groups based on their time schedules, Urgent and
Standard, which are different in terms of travel time and profit. The time attributes of the
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demand requests are as follows:

• Acceptance time window: the time interval within which the system must decide to
accept or reject the demand request.
[Request reception time, Latest acceptance time] =

[
αA(k), βA(k)

]
• Release time window: the time interval between the earliest and the latest time which

a shipment can be picked-up from its origin.
[Earliest release time, Latest release time]=

[
αR(k), βR(k)

]
• Anticipation time window: the available time between the earliest time that request

appears in the system and the latest time one has to start the activity.
[Request reception time, Latest release time]=

[
αA(k), βR(k)

]
• Due date window: the time interval between the earliest and latest delivery time of a

shipment to its destination.

– Early delivery: [Earliest, Latest]=
[
αE(k), βE(k)

]
– Late delivery: [Earliest, Latest]=

[
αL(k), βL(k)

]
– Target delivery: [Earliest, Latest] =

[
αA(k), βR(k)

]
Based on the problem’s assumptions, all or parts of these time attributes might be considered.
In tactical planning, for example, we assume only release and due date.

2.3.3 Economic attributes

Let us define the economic attributes of a shipper-demand request as follows:

• pk: unit revenue of shipper demand request k ∈ K for the IDSP to take care of the
shipment. It depends on the demand request’s basic and time attributes (type, delivery
time, etc.).

• Unit penalty costs: the IDSP is responsible for picking up and dropping off the ship-
ments at the desired time. It must pay penalty costs to the shippers for early or late
pick up and delivery as follows:

– Release: ψR(k), after the latest release time.

– Early delivery: ψE(k), before earliest delivery time.

– Late delivery: ψL(k), after the latest delivery time.
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2.4 Carrier capacity offers

Carriers c ∈ C offer a set of transportation services ϕ(c) that have several identical vehicles
of various modes, capacity, etc. These services are categorized based on some attributes,
including basic, time, and economic. Each service includes a sequence of capacitated legs
that link two consecutive terminals and have specific travel times that depend on the length
of service legs and deployed transportation mode.

The services with a predefined timetable are called scheduled services that can be classified
into fast and regular groups based on their travel time. In this study, we assume carrier
offers as single segment services that are explained in Figure 2.2. Each carrier Service offer
is characterized by basic, time and cost attributes as follows:

2.4.1 Basic attributes

• Mode: m(ϕ) ∈ M, the type of vehicle that carriers offer to the system.

• Origin: o(ϕ) ∈ O ∪ θ, the terminal or a shipper location where a service starts its
journey.

• Destination: d(ϕ) ∈ D ∪ θ, the terminal or a consignee location where a service termi-
nates its journey.

• Quantity: q(ϕ), the number of identical vehicles, which is defined when the shipments
are splitable.

• Capacity: the maximum volume of shipments that can be shipped by a service offer
(vehicle).

2.4.2 Time attributes

• Acceptance time window: the time window when the offer appears in the system and
the IDSP must decide to select it.
[Offer reception time, Latest acceptance time ]=

[
αA(ϕ), βA(ϕ)

]
• Schedule: the departure and arrival time of the scheduled service offer from its origin to

the destination and intermediate terminals. In this study, as we have a single-segment
corridor, there are no intermediate terminals.
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• Availability time window: the time window when the offer service (vehicle) is available
in the system and can be used.
[Offer reception time, Latest release time ]=

[
αA(ϕ), βR(ϕ)

]
• Travel time: the required time for moving from the origin to the destination which

is based on the general speed of vehicle and the distance between the origin and the
destination.
τϕ.

• Anticipation time window: the available time for making decisions and planning that
is between the time when the offer appears in the system, and the time when the IDSP
starts using the offer.
[Request reception time, Latest release time ]=

[
αA(ϕ), βR(ϕ)

]

2.4.3 Economic attributes

The costs attributes of carriers can be classified as follows:

• Fixed cost: f(ϕ) the cost to select and use a service offer.

• Transportation cost: ck
ϕ the unit cost for shipping each unit of a shipper demand request

that might be dependent on request and offer types.

2.5 M1M Planning and optimization tools

The optimization tools of the M1M system help the IDSP to make the optimal decisions
at the right time and include two mathematical models: the tactical planning model and
the operational planning model. Although these two planning models aim to improve the
total profit of the M1M system, they provide the optimal decisions independently at different
times and based on different available data.

2.5.1 Operational planning

The M1M operational planning aims to make optimal decisions for the current period t

and look ahead. The decisions are made on the acceptance and rejection of the demand
requests and service offers that are continuously received to the system and the assignment
of the demands to the services. In this integrated transportation system, the IDSP aims
to consolidate demands to provide more efficient utilization of the selected services. In
operational, short-term planning, we have an infinite time horizon, and time is continuous
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but is represented by discrete time instances. The problem planning happens for a given
schedule length of finite duration (e.g., one week, one month), which is divided into equal
periods (e.g., one day). The IDSP makes a plan for a certain short multi-period planning
horizon.
At the operational planning level, the IDSP receives the exact data from both shipper and
carrier sides about their demand requests and service offers and it is responsible to make
decisions about them at the determined time. These demand requests can be classified into
three categories: contracted, non-contracted regular, and new demand requests. Likewise,
the carrier offers include two categories; non-contracted regular and new service offers. In
addition, if the item cannot be assigned to an appropriate service offer in terms of cost, time,
and sufficient capacity to satisfy requests, we can ask a non-participating transportation
service provider to take care of the demand by paying higher transportation costs. It is
called spot-market (Crainic et al., 2021b).

The decisions at the operational planning may be made based on two contexts: myopic and
with look ahead. In the myopic context, decisions are made for the known requests and offers
without considering what may happen in the future. However, in a look ahead context, the
decisions at now have an impact on the future, in terms of performance and ability to make
decisions. We make decisions based on known and predicted information that are available
at the beginning of the operations planing horizon (OPH). OPH is made up of a number of
consecutive periods which start "now" at time instant t and finishes at time instant T . The
decisions for time t and associated to period t are generally implemented, but the decisions
for the following (look ahead) periods, t + 1 to T periods are temporary and are subject to
be updated after receiving new information. In this study, we assumed that the IDSP makes
decisions by taking a peek into the future and considering a look ahead component.
The decisions that must be made by the IDSP are as follows:

• Accept or reject demand requests;

• Select or reject carrier offers;

• Assign accepted requests to the most appropriate selected offers or send them via the
spot market.

The overall objective is to maximize the total profit calculated by the total gained revenue of
the accepted requests minus the costs (carrier selection, transportation, holding, assignment,
and spot market cost).
The list of outputs for the planning horizon contains the accepted demand requests, the
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selected carrier offers, and the assignments of the requests to the offers and spot markets,
which also determine the pick-up and delivery time of each request. The notation and model
of the operational planning level are presented in chapter 5.

2.5.2 Tactical planning

Tactical planning is medium-term planning that is often made before the start of the season
to determine an efficient service, resource utilization network, and schedule. With regards to
the tactical planning of a M1M system, the main goal is to make a tool that helps the IDSP
to make a plan for a predefined finite time horizon by considering the regularity of demand
requests and service offers to reduce the drawbacks of consolidation that might happen at
the operational time.
The M1M tactical planning is dedicated to building a scheduled service network design. This
plan is made for a short time schedule and then be used repeatedly for the entire planning
horizon. In this integrated consolidation-based transportation system, on the demand side,
we assume two types of demand: known and forecasted (regular). The known demands
are addressed by long-term contracts, and forecasted regular demands are estimated from
historical data, customer relations, and market conditions for the coming season and often
are reliable during any normal period. In the tactical planning, we focus on forecasted regular
demand requests and aim to accept the most profitable ones among all non-contracted regular
requests that receive to the IDSP. These requests have several features that were entirely
explained in section 2.3.
On the other hand, to satisfy these demands, we must select carrier offers among regular
scheduled service offers in the next season. These services might be offered individually or in
a bundle, and in this study, we assume them as individual services. All services are scheduled,
and we can only select and use them at the determined time periods. We then assign each
accepted demand to a selected scheduled service. If we cannot pick up and deliver demands
within their preferred time windows, the IDSP must pay the penalty cost to the shippers.
The decisions which are made in the tactical planning are as follows:

• Accept or reject the regular service offers;

• Accept or reject the regular demand requests;

• Assign the contracted and accepted regular demand requests to the selected regular
service offers.

The overall objective would be maximizing profits for the entire schedule length, which is
computed by calculating the difference between the gained revenue from demand requests
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and the total fixed and variable costs. The list of outputs includes accepted shipper requests,
selected carrier offers, pick-up and delivery time, traveling and holding arcs of accepted
demands that show demand itineraries. The notation and model of the tactical planning
level are presented in chapter 5.

As we mentioned before, at the tactical planning we evaluate and select contract and regular
requests and offers for the "next season" and make a plan for them. At operational planning
level, we implement the plan and make the required adjustments. In Figure 2.5, we present
these two planning levels and the required plan (guideline) that need to be considered to
apply the tactical planning decisions to the operational planning.

Figure 2.5 The relationship between the tactical and operational planning of M1M system

.
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2.6 Summary

In this chapter, first, we described the M1M as a comprehensive business, communication,
and decision-making system. Second, we explained its stakeholders and their attributes and
their communications together. The different physical networks and their attributes were
stated in the next section. Then two levels of planning (tactical and operational) of M1M
system, their goals, available data, assumptions, and decisions in the M1M system were
explained briefly. It is noteworthy that although these two plans were designed to help M1M
systems to make optimal decisions and gain more profit for the system at the right time,
they are made separately without considering decisions of another level.
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CHAPTER 3 PROBLEM DEFINITION

Our problem setting is defined on a single-segment corridor network of an M1M system where
freight exchanges take place between two regions. In this integrated consolidation-based
transportation system, there are many shippers on the one side, many carriers on the other
side, and an intelligent decision support platform, IDSP, in the middle. The IDSP receives
carrier offers and shipper requests and is responsible for planning and optimizing decisions to
accept/reject requests, select offers, and consolidate demand requests from different shippers
into service offers to meet the needs of both sides simultaneously. There are two levels of
planning, operational and tactical, which help the IDSP to make optimal decisions.
Operational planning makes decisions on acceptance/rejection of demand requests and service
offers, and decisions on demand-to-service assignments. This short-term planning is made
for current and look ahead periods based on receiving data from contracted, regular, and
new shipper requests and carrier offers. It aims to maximize the profit of the system through
consolidating demands of different shippers into the same vehicles and synchronizing activities
at terminals. Although the consolidation approach provides an opportunity for the system
to improve resource utilization and decrease tariffs for the customers, it may increase the
system’s drawbacks without planning in advance. When a shipper demand must be shipped
on the longer route via several vehicles and re-consolidated in terminals, it might increase
the demand’s delay and consequently penalty and holding costs, if not planned properly.

Tactical planning of M1M system develops a scheduled service network design model that
meets the needs of all stakeholders simultaneously. The plan is made in advance for the
predefined schedule length and is repetitively applied for the next season typically, 4 to 6
months. The tactical planning aims to streamline the system’s operations, mitigate the po-
tential drawbacks of consolidation and reduce the decision time. At the tactical planning
level, the IDSP concentrates on the contracted and regular demand requests and regular
consolidation-based service offers, which are an approximation of the actual data and are
predicted based on historical data; thus, executing tactical planning decisions directly at the
operational time, not only may increase the overall costs but may also be impossible. For
example, when our predictions about the time or quantity of the regular requests are not
precise enough, the costs of the system may increase due to unsatisfied demands at their
desired time windows and lower capacity utilization of the selected services.
As mentioned above, the tactical and operational planning decisions at M1M system are
highly related. The tactical planning evaluate/select contract and regular requests and offers
and make a service network design for the "next" season. At the operational planning IDSP
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must execute and adjust the plan based on the actual data. Neglecting the tactical decisions
in the operational planning of such a consolidation-based transportation system makes its
decisions costly and time-consuming. It also leads to missing many profitable opportunities
due to a lack of available capacity at the right time at a reasonable price. On the other
hand, direct implementation of the tactical decisions may result in decreased efficiency and
profitability of the system.
This study focuses on the linkage of two levels of planning with the implementation of tac-
tical decisions as inputs for operational planning. we aim to make a plan (guideline) to
implement the tactical planning to the operational planning. To this end, we must identify
the goals, decisions, and features of each single planning level. Then, we must address their
differences and similarities. The differences include the basic, time, and economic attributes
of the offers and carriers (inputs). For example, contracted and non-contracted regular re-
quest sizes at the tactical level are the approximation of the actual size (e.g., 75 - 80%) of
the normal requests, which are aggregated from different origins into a zone and assigned to
the closest terminal (Crainic and Hewitt, 2021). The time parameters associated with each
request includes release time, and due date are estimated time windows that may be earlier
or later than the actual time. On the carrier side, the predicted capacities of regular carriers
at the tactical level may be smaller or larger than what we will receive at the operational
level. Time attributes of the scheduled carrier offers at the tactical level (pickup, travel, and
delivery time windows) are approximations of the actual times at the operational planning
level. The tactical fixed and variable costs are estimations of the actual costs. Moreover,
we receive new non-contracted shipper demand requests and carrier service offers with basic,
time, and economic attributes at operational time periods, which were not predictable in
advance.
This linkage can be achieved through a spectrum of strategies. On the one extreme, all feasi-
ble tactical decisions could be directly implemented at the operational level. At the opposite,
the tactical decisions could be neglected, and the system makes decisions solely on the basis
of the operational data. Between these two extremes, strategies can be generated to decide
the optimum degree of flexibility in the decision-making system. To this end, some of these
decisions could be implemented directly into the operational level. Other decisions, however,
may need to be updated to be applicable to operational planning due to the differences in
their assumptions and available data. The former group is called fixed decisions and includes
the decisions about the selection of the contracted and regular shipper requests and carrier
offers. The latter forms flexible decisions such as the pick-up/delivery time of requests and
assignments of the contracted/regular requests to the contracted/regular offers at the tactical
level. These decisions can be changed for operational planning.
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The performance of the generated strategies must be evaluated and compared to each other.
This evaluation is based on their behavior in the potential scenarios that might happen when
we transfer tactical decisions to operational planning. Thus, we need to develop a simulation
environment over certain time periods that considers the differences and similarities of the
two planning levels, implements tactical decisions at the operational time with respecting
each strategy, and solves the operational model.

Objectives:

• Make a plan to apply the tactical planning of the M1M system to the operational
planning.

• Propose strategies with different levels of using optimization and re-optimization in
decision making to implement the tactical planning decisions into operational planning
level.

• Define the most probable scenarios to apply the tactical outputs at the operational
planning.

• Evaluate the performance of the generated strategies with implementation of the tac-
tical planning decisions into a simulation environment of operational time over certain
periods.
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CHAPTER 4 LITERATURE REVIEW

In this chapter, we review relevant literature on the two levels of planning in an M1M
system: tactical planning in section 4.1 and operational planning in section 4.2. Then, we
review papers that focused on linking these two planning levels in section 4.3.

4.1 Tactical planning

At the tactical planning of consolidation-based transportation systems, the literature ex-
tensively focused on building an efficient service network design and schedule. Crainic and
Laporte (1997a) classified the planning models in freight transportation systems into three
levels, strategic, tactical, and operational. They presented a comprehensive description of
the concerns, significant modelings, and related literature for each level of planning. They
focused on the long-distance transportation of goods at the tactical planning level and exam-
ined models for service network design and vehicle routing problems. Service network design
problems are designed to help carrier companies to build a plan for services that determines
their schedule, quantity, and itinerary. Crainic (2000) reviewed service network design mod-
els, which are made to select and schedule services and terminals; also, they introduced a
new classification for service network design problems emphasizing the functionality of the
formulations instead of the used transportation modes. Service network design problems are
reviewed by emphasizing the importance and challenges of the consolidation in Crainic and
Hewitt (2021). Cordeau et al. (1998) and Chouman and Crainic (2021) focused on proposed
optimization models in consolidation-based rail transportation.
A few studies considered revenue management concepts in freight transportation. Marasco
(2008), Wang et al. (2014), and Bilegan et al. (2015) addressed revenue management in in-
termodal transportation. Crevier et al. (2012) proposed a new optimization model to bridge
the gap between railroad freight transportation and revenue management. Recently Bilegan
et al. (2022) and Taherkhani et al. (2021) integrated revenue management with SSND at
the tactical planning level and proposed optimization models to maximize revenue. They
presented different demand classifications with several tariffs. Taherkhani et al. (2021) cat-
egorized demands according to their delivery time. They also considered penalty cost for
early and late demands.
In classical SSND, carriers companies make a plan for their own services, while in an M1M
system, the platform does not have any services, and IDSP receives many services offers from
different carriers and (3-4PL) service providers. During the last decades, the interest of re-
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searchers in 3-4PLs as external companies to perform logistic functions that may encompass
all logistic processes or part of these, has increased (Lieb, 1992). Nemoto et al. (2003) and
Aguezzoul (2014) provided literature on Third Party Logistics (TPL) and classified literature
in terms of their criteria and methodology. Jayaram and Tan (2010) compared the perfor-
mance of the supply chain with and without logistic providers.
Premkumar et al. (2021) reviewed literature to explore the gap between industry require-
ments from TPL services and academic research and real time electronic communication was
identified as an effective factor. Giusti et al. (2019) focused on synchoromodality and six fac-
tors of enabling technology. They addressed the significant role of information and intelligent
transportation system in having a flexible, relatable, and efficient supply chain. They then
identified 5PL as an orchestrator to provide and manage a platform to coordinate different
stockholders.
Physical internet (PI) as a concept was inspired of digital internet to connect and synchro-
nize operations in the networks to create collaborative and sustainable network (Ballot et al.,
2014). PI and synchromodality are new concepts in freight transportation that can enforce
each other to improve the quality of services in the freight transportation (Ambra et al.,
2019). Sternberg and Norrman (2017) presented a literature review on PI and examined it
based on four factors that include technological blueprints, external pressure, business model,
and adoption. Fazili et al. (2017) compared the performance of PI to explore the advantage
and disadvantages of using PI in the conventional logistic system. Using PI and synchro-
modality as an opportunity to improve efficiency and sustainability in freight transportation
and supply chain attracted much attention from the academic literature (Ballot et al., 2021),
(Pan et al., 2017), (Dong et al., 2018).
The M1M system as a communication and decision-making structure is designed to consider
the needs of both categories of stakeholders (carrier service companies and shippers) simul-
taneously (Crainic et al., 2021a). In an M1M system, the decisions are made automatically
using the Intelligent Decision Support Platform, IDSP, which in structure is very close to PI
and synchromodality concepts. These decisions are made at two levels of planning, tactical
and operational.
Tactical planning can be drawn up to guide operations while the performance of the system is
determined by the operational capabilities; hence operational planning has a significant role
in the profitability and efficiency of a freight transportation system (Crainic and Laporte,
1997b).
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4.2 Operational planning

At the operational planning level of consolidation-based freight transportation, decisions are
made for daily operations and mainly focus on monitoring activities, updating plans, and
managing resources (Crainic et al., 2016). SteadieSeifi et al. (2014) classified papers into two
main groups, resource management and itinerary re-planning. Zhang et al. (2019) designed
an integrated optimization model to optimize freight service quality in terms of pricing policy,
service queuing, and carbon emission. Synchromodal transport planning models are proposed
to deal with dynamic events at the operational planning level including new real-time data,
decisions, and system states (Crainic and Kim, 2007). Dynamic events include new demand
requests and service offers which continuously arrive to the system. Pérez Rivera and Mes
(2016) developed an algorithm to select service and assign new shipments to the selected
services dynamically. Guo et al. (2020) developed a centralized platform to provide online
matches between shipments and containers to move shipments from deep-sea ports to inland
terminals. They proposed a rolling horizon approach to model and generate six heuristic
algorithms to solve the dynamic problem. Crainic et al. (2021c) proposed two bin packing
models for operational planning with specific applications in freight transportation, which
considered bin selection and item-to-bin assignment costs. The optimization models were
designed for the single-segment network with single and multi-period planning. They assumed
all items must be shipped via the minimum number of regular bins and the spot market.
In an M1M system, we aim to maximize the total profit by accepting more shipper requests,
selecting minimum service offers, and assigning accepted requests to offers. Similar to Crainic
et al. (2021c), we consider the spot market to satisfy our demand requests that cannot be
shipped by selected service offers; however, in the M1M system, we are allowed to accept or
reject new requests.

4.3 The relationship between different levels of planning

Although tactical and operational planning of transportation systems may have significant
impacts on each other, this relation has been rarely considered in the literature. To the best
of our knowledge, in the field of consolidation-based freight transportation, this is the first
study that focuses on building this relationship with the implementation of tactical decisions
at the time of operations.
In supply chain management, the relationship between decisions at different planning levels
has rarely been considered in the literature. Bindi et al. (2009) showed the strong rela-
tion between decisions at different levels and Shen (2005) affirmed the necessity of designing



21

an integrated supply chain system. A top-down approach is presented by Manzini (2012)
for implementing strategic, tactical, and operational planning decisions in a multi-period
production, management, and transportation system. The proposed approach comprises
optimization models, their solutions, and a decision support system (DSS) to execute and
support decision-making at strategic, tactical, and operational planning levels. The author
classified the decisions at each level and presented an optimization model for each level. At
the strategic level, decisions include determining the best location of facilities, allocating
customer demands, and activating links between two generic entities. The tactical planning
determines the best fulfillment scheduling of deliveries in a distribution network and manage-
ment of a handling and storage center. Decisions at the operational planning level were made
for a daily setting and focused on vehicle routing problems. The author developed a flexible
software platform that is able to solve each operational models (i.e., strategic, tactical, and
operational models) separately or in agreement with an integrated top-down approach, which
gives the optimal or near-optimal solutions that can be used as a presetting for the following
planning levels. This decision-making platform supports mainly the managers of service car-
rier companies to make optimal or near-optimal plans to move shipments from their sources
to their destinations.
The literature shows that, although decisions made at different planning levels are highly
related, the amount of research that focused on this relation and the potential impacts that
it may have on improving the system has been relatively small.
To sum up, compared to the literature, an M1M system acts as an integrator between differ-
ent stakeholders to satisfy the needs of both shipper and carrier companies simultaneously.
The IDSP is responsible for making optimal decisions in an M1M system with a structure
close to IP and Synchromodality concepts. The IDSP depends on optimization tools at the
tactical and operational levels to make optimal decisions. Although these two planning mod-
els are made separately, respecting the tactical decisions at operational time can decrease the
operational planning complexity and improve the system’s performance and profitability.



22

CHAPTER 5 METHODOLOGY

This chapter explains the methodology for our study. We start with the mathematical model
for tactical planning in section 5.1 and the required notation to transfer the tactical planning
outputs to the operational planning model in section 5.2. The operational planning model
is presented in section 5.3, followed by the potential scenarios and strategies in section 5.4.
Then the required adjustments to the operational planning model by applying each strategy
for each scenario are presented.

5.1 Tactical planning model

The tactical planning of the M1M system aims to establish a transportation plan in advance to
select regular shipper requests and regular scheduled carrier offers and assign the contracted
and regular requests to selected regular offers. The tactical model of this study is inspired
by Taherkhani et al. (2021).

This study is defined on the single segment corridor transportation network where trans-
portation activities take place between two major terminals and one single corridor which
connects these two terminals together, as previously shown in Figure 2.2. The problem is
formulated on the space-time network G = (N ,A) by considering T as the schedule length
which is divided into the equal periods T = [1, ..., T ].
In this problem setting, we have two terminals: A and B. Figure 5.1 illustrates the physical
network in this case, whereas Figure 5.2 shows an example of the time-space network for the
schedule length of T = 6. In Figure 5.2, each node and arc are represented as (n, t) ∈ N for
n ∈ (A,B), ((n, t), (n̂, t̂)) ∈ A for (n, n̂) ∈ A, and (t, t̂) ∈ T × T where t ≤ t̂ ≤ T

Figure 5.1 Single-segment Physical
network

Figure 5.2 Space-time network where
|T | = 6 (Taherkhani et al., 2022)

The set of shipper demand requests is represented by K that includes contact-based and
non-contract regular shipper requests, K = KC ∪ KNC . Each k ∈ K is characterized by its
volume wk , origin o(k) destination d(k), and unit revenue pk. The desired time periods are
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defined for picking up and dropping off the request k ∈ K from its origin to its destination,
respectively, i.e., α(k) and β(k). The shippers allow to pick up and drop off the shipments
earlier or later than the desired time by paying a penalty cost. ψk

(o(k),t) defines the penalty
cost for picking up the request k ∈ K from its origin at time period t ∈ T and ψk

(d(k),t) defines
the penalty cost for delivering k ∈ K to its destination at time period t ∈ T . If the shipper
request k ∈ K is picked up or dropped off within the desired time window, the penalty costs
are equal to zero, (i.e., ψk

(o(k),t) = 0, when t ∈ α(k) and ψk
(d(k),t) = 0, when t ∈ β(k).

The set of regular carriers is represented by C and each carrier c ∈ C offers scheduled
services Φ(c). The set of all services offered to the platform by all carriers is denoted by
Φ = ⋃

c∈C Φ(c). Each service ϕ ∈ Φ has a physical route that specifies the origin o(ϕ), desti-
nation d(ϕ). In the time-space network, each service arc is called a service leg and we define
L(ϕ) = {al(ϕ)|l = 1, ..., |L(ϕ)|} as a set of service legs. Each service leg is characterized by
a departure time from its origin α(al(ϕ)), an arrival time to its destination β(al(ϕ)), the
maximum capacity that it can serve ual(ϕ), the fixed cost of using the service fϕ and the unit
transportation cost ck

al(ϕ) for transferring one unit of request k ∈ K.
As represented in Figure 5.2 each service has only one physical arc, called the service leg,
and one or two holding arcs are indicated by dash lines.
In the time dependent setting, we have two sets of arcs, execution and holding arcs, A =
AE ∪ AH . In this problem, as we have no intermediary terminals, holding arcs are placed
only in the origin terminal when the shipment is waiting to be shipped and in the destination
terminal before being delivered. Moreover, it is assumed that only individual services are
offered by carriers and no warehousing space limitation is considered in terminals A and B.
An example of the feasible options for pick-up and delivery of a request k ∈ K from its origin
and to its destination are illustrated in Figures 5.3 and 5.4.

For each shipper request k ∈ K, we define:

• wk: volume,

• (o (k) , d (k)): (origin, destination),

• (α (k) , β (k)): the desired time period for picking up and dropping off,

• ψk
(o(k),t): the unit penalty cost for picking up the request from its origin at period t ∈ T ,

• ψk
(d(k),t): the unit penalty cost for dropping off the request to its destination at period

t ∈ T ,
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Figure 5.3 Feasible options for
picking-up k ∈ K from its Origin
(Taherkhani et al., 2021)

Figure 5.4 Feasible options for drop-
ping off k ∈ K to its destination
(Taherkhani et al., 2021)

• pk: the unit profit.

For each service ϕ ∈ Φ offered by carrier c ∈ C, we define:

• uϕ: the capacity,

• fϕ: the fixed cost,

• (o (ϕ) , d (ϕ)): (origin, destination).

For each execution arc a ∈ AE and holding arc a ∈ AH , we define:

• (α (al(ϕ)) , β (al(ϕ)): the departure time from origin and arrival time to the destination
where al(ϕ) = a ∈ AE,

• Ck
a: the unit transportation cost on a ∈ AE ,

• Ck

a: the unit holding cost on a ∈ AH .

Decision variables:

• zk = 1, if shipper request k ∈ K is accepted, 0 otherwise,

• rk
(o(k),t) = 1, if shipper request k ∈ K is picked up from its origin o(k) at time period
t ∈ T , 0 otherwise,
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• xk
a = 1, if shipper request k ∈ K travels on arc a ∈ AE 0, otherwise,

• ξk
a = 1, if shipper request k ∈ K is hold on arc a ∈ AH 0, otherwise,

• rk
(d(k),t) = 1, if shipper request k ∈ K is delivered to its destination dk at time period
t ∈ T , 0 otherwise, (this is an Auxiliary variable),

• yϕ = 1, if service ϕ ∈ Φ is selected, 0 otherwise.

max
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∑
ϕ∈Φ

fϕyϕ

(5.1)

s.t.

zk =
∑
t∈T

rk
(o(k),t) k ∈ K (5.2)

zk =
∑
t∈T

rk
(d(k),t) k ∈ K (5.3)

rk
(o(k),t) +

∑
a∈AE(−)(o(k),t))

xk
a + ξk

((o(k),t−1),(o(k),t)) =

∑
a∈AE(+)(o(k),t)

xk
a + ξk

((o(k),t),(o(k),t+1)) k ∈ K, (o(k), t) ∈ N
(5.4)

rk
(d(k),t) +

∑
a∈AE(+)(d(k),t))

xk
a + ξk

((d(k),t),(d(k),t+1)) =

∑
a∈AE(−)(d(k),t))

xk
a + ξk

((d(k),t−1),(d(k),t)) k ∈ K, (d(k), t) ∈ N
(5.5)

∑
k∈K

wkxk
al(ϕ) ≤ ual(ϕ)yal(ϕ) a ∈ AE (5.6)

zk = 1 k ∈ KC (5.7)
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zk ∈ {0, 1} k ∈ KNC (5.8)

rk
(o(k),t) ∈ {0, 1} k ∈ K, (o(k), t) ∈ N (5.9)

rk
(d(k),t) ∈ {0, 1} k ∈ K, (d(k), t) ∈ N (5.10)

xk
a ∈ {0, 1} k ∈ K, a ∈ KE (5.11)

ξk
a ∈ {0, 1} k ∈ K, a ∈ AH (5.12)

yϕ ∈ {0, 1} ϕ ∈ Φ (5.13)

The objective function (5.1) maximizes the total profit, which is calculated by summing the
total revenue of satisfying the contracted shipper requests and the selected regular shipper
requests minus the total cost of selecting offers, penalty for early or late pickup and delivery of
the shipments, transportation and holding costs. Constraints (5.2) and (5.3) guarantee that
when a shipper request is accepted it must be picked up from its origin and delivered to its
destination as a whole. Constraints (5.4) and (5.5) represent the flow balance requirements
for each shipper request at its origin, destinations terminals. Also, they define the optimal
itinerary for each shipper request. Constraints (5.6) ensure that the summation of the shipper
request volumes on each execution arc is at most equal to the maximum capacity of the
selected arc. Constraints (5.7) ensure that all contracted shipper requests must be served.
Finally, constraints (5.8)-(5.13) enforce the binary requirements on the decision variables.

The tactical planning model provides a transportation plan in advance for the predefined
schedule length, which will be used repeatedly over the planning horizon. The model out-
puts include the list of the accepted non-contracted regular shipper requests, the selected
non-contracted regular carrier offers, and the pickups, deliveries, and assignments of the re-
quests to the offers.

We represent the outputs by:

• The set of accepted regular shipper requests, KNC =
{
k ∈ KNC |z⋆

k = 1
}
,
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• The set of accepted regular carrier offers, ΦNC =
{
ϕ ∈ Φ|y⋆

ϕ = 1
}
,

• The itineraries of the demand requests including the pick-up, delivery times, and the
assignments of contract-based KC and accepted regular requests KNC to the selected
services, ϕ ∈ ΦNC , rk∗

(o(k),t) = 1, rk∗

(d(k),t) = 1, xk⋆

a⋆ = 1, ξk⋆

a⋆ = 1.

5.2 Required notation to transfer the tactical outputs to the operational plan-
ning

This study aims to use the outputs of the tactical planning model in operational planning as
input. To achieve this goal, we must define new notation and subsets based on the tactical
planning optimal solution. As indicated in subsection 5.1, the optimization model results
in the list of accepted non-contract regular shipper requests, selected non-contracted regular
service offers, pick-up and delivery time of the contracted and accepted regular requests,
and their assignments to the selected services. Let us define the set of accepted regular
non-contracted shipper requests by KNC which is a subset of KNC (KNC ⊆ KNC) where
K

NC =
{
k ∈ KNC |z∗

k = 1
}
, we further refer to it as the set of the compulsory requests. On

the carrier side, we define the set of selected regular non-contracted service offers ΦCR, which
is a subset of offers (ΦCR ⊆ Φ), where ΦCR =

{
ϕ ∈ Φ| y∗

ϕ = 1
}
.

We also create a list of the assigned compulsory requests to the selected regular offers based
on the tactical planning outputs, where xk∗

a = 1 indicates the request k∗ ∈ KC ∪ KNC is
shipped by the service offer ϕ ∈ ΦCR with pick-up rk∗

(o(k),t) = 1 and delivery time rk∗

(d(k),t) = 1
and holding arcs at origins and destination being determined by terminals ξk∗

a = 1. All these
outputs informed us about accepted regular requests and offers and the itineraries of the
compulsory requests. Let us represent these outputs as following:

• KCR = KC ∪ KNC : the set of the contracted and accepted non-contracted regular
shipper requests.

• ΦCR: the Set of the selected non-contracted regular carrier service offers.

5.3 Operational planning model

We define the operational planning model of this study based on (Taherkhani et al., 2021)
by updating the problem for the single-segment network and applying the assumptions of
the operational planning level of the M1M system. At the operational planning of the M1M
system, the IDSP receives shipper demand requests that can be divided into three categories;
contract-based, non-contract regular, which were predicted at the tactical planning level, and
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new requests. In the first category, shippers negotiate in advance and make a contract for the
long term. According to the contracts, their requests must be served on time at a reasonable
price. The second category, regular requests, are predicted and accepted at the tactical
planning and must be shipped. The new requests are not predicted in advance, and the
IDSP receives them on short notice which can then be either accepted or rejected.
Each request is characterized by its desired pick-up and delivery time windows, volume,
origin-destination, revenue, and spot market assignment cost. Some of these attributes,
including the use of the spot market, are not considered at the tactical planning level, since
they are not relevant in that context.
On the carrier side, the IDSP receives carrier capacity offers that provide scheduled services
for transportation. Taherkhani et al. (2021) assumed there is one category of carrier offers
that can be selected. However, in the operational planning of the M1M system, offers are
classified into two groups, regular and new offers. The former corresponds to the case where
carrier offers are predicted and selected at the tactical planning, and we use them at the
operational time. New offers are made available at the system at the operational time, and
the IDSP is allowed to select and use them.
Each carrier offer is characterized by the basic, economic, and time attributes, which include
capacity, origin-destination, fixed and assignment costs, available time window, and travel
time. As this study focuses on a single-segment network, all these attributes are defined for
each carrier offer defining a service over a single leg. Each carrier can provide the scheduled
services associated with a certain departure time, arrival time to destination, and travel time
which are specified in advance.

When there is not enough capacity in the selected offers for shipping the accepted requests
at a certain time period, we may ask a non-participating transportation service provider,
through the spot market, with higher transportation cost, to ship the requests.

Let us denote the schedule length by T which is again divided into equal time periods,
t ∈ [1, ..., T ]. It is assumed that each time period in the operational planning corresponds
to a period in the tactical planning. To make this connection, we assume that the schedule
length and time periods for both the tactical and operational planning are the same.
Let K be the set of shipper requests which includes compulsory and new requests that the
IDSP receives at operational time, K = KCR ∪ KN .
For each shipper request k ∈ K, we define:

• wk: volume,

• (o (k) , d (k)): (origin, destination),
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• ((α (k) , β (k)): the desired time period for picking up and dropping off, where α(k) =
[α(k), α(k)], β(k) = [β(k), β(k)],

• ψk
(o(k),t): the unit penalty cost for picking up the request from its origin at period t ∈ T

which is out of desired time window α(k),

• ψk
(d(k),t): the unit penalty cost for dropping off the request to its destination at period

t ∈ T which is out of desired time window β(k),

• pk: the unit profit,

• qk: the request-to-spot market assignment cost.

let Φ be the set of carrier service offers which includes selected regular offers at the tactical
planning ΦCR and new one ΦN which the IDSP receives at the operational time, Φ = ΦCR ∪
ΦN . In this problem which is defined on the single-segment network, each carrier service offer
corresponds to an execution arc in the time dependent network, al(ϕ) = a ∈ AE.

For each service ϕ ∈ Φ offered by carrier c ∈ C, we define:

• uϕ: the capacity,

• fϕ: the fixed cost,

• (o (ϕ) , d (ϕ)): (origin, destination).

For each execution al(ϕ) = a ∈ AE and holding arc a ∈ AH , we define:

• (α (al(ϕ)) , β (al(ϕ)): the departure time from origin and arrival time to the destination
where al(ϕ) = a ∈ AE,

• ck
a: the unit transportation cost on an execution arc a ∈ AE,

• ck
a: the unit holding cost on a holding arc a ∈ AH .

List of parameters for shipper requests and carrier offers in the tactical planning and opera-
tional planning are presented in Tables 5.1, 5.2 respectively.
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Table 5.1 Parameters for each shipper request k ∈ K

Parameters
Tactical planning
(Contract and regular requests
k ∈ (KC ∪ KNC))

Operational planning
(All requests: contract, regular and
new k ∈ (KCR ∪ KN))

wk predicted volume Exact volume
pk predicted unit profit Exact unit profit

(o(k), d(k)) (Origin, destination)

(α (k) , β (k)) predicted desired time for picking
up and dropping off

Exact desired time for picking up and
dropping off

ψk
(o(k),t)

predicted penalty cost for picking
up the request from its origin at pe-
riod t ∈ T

Exact penalty cost for picking up the
request from its origin at period t ∈ T

ψk
(d(k),t)

predicted penalty cost for picking
up the request from its origin at pe-
riod t ∈ T

Exact penalty cost for picking up the
request from its origin at period t ∈ T

qk Unit spot market cost

Table 5.2 Parameters for each service ϕ ∈ Φ offered by carrier c ∈ C

Parameters
Tactical planning
(Regular offers ϕ ∈ ΦNC)

Operational planning
(All offers: contract, regular and
new ϕ ∈ (ΦCR ∪ ΦN)

uϕ Predicted capacity Exact capacity
fϕ Predicted fixed cost Exact fixed cost
(o(ϕ), d(ϕ)) (Origin, destination)

(α(al(ϕ)), β(al(ϕ)))
Predicted departure and arrival
time

Exact departure and arrival time

ck
a

Predicted unit transportation
cost on a ∈ AE

Exact unit transportation cost on
a ∈ AE

ck
a

Predicted unit holding cost on
a ∈ AH

Exact unit holding cost on a ∈
AH
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Let us define decision variables as follows:

• zk = 1, if shipper request k ∈ KN is accepted, 0 otherwise,

• sk = 1, if shipper request k ∈ K is assigned to the spot-market, 0 otherwise,

• rk
(o(k),t) = 1, if shipper request k ∈ K is picked up from its origin o(k) at time period
t ∈ T , 0 otherwise,

• xk
a = 1, if shipper request k ∈ K travels on arc a ∈ AE 0, otherwise, where xk

al(ϕ) = xk
a

for a = al(ϕ), ϕ ∈ Φ,

• ξk
a = 1, if shipper request k ∈ K is held on arc a ∈ AH 0, otherwise,

• rk
(d(k),t) = 1, if shipper request k ∈ K is delivered to its destination d(k) at time period
t ∈ T , 0 otherwise, (this is an Auxiliary variable),

• yϕ = 1, if service ϕ ∈ ΦN is selected, 0 otherwise.

max
∑

k∈KN

wkpkzk −
∑
k∈K

wk

∑
t∈T

ψk
(o(k),t)rk

(o(k),t) +
∑
t∈T

ψk
(d(k),t)rk

(d(k),t) +
∑

a∈AE

ck
axk

a −
∑

a∈AH

ck
aξ

k
a + qksk


−

∑
ϕ∈ΦN

fϕyϕ + (
∑

k∈KCR

wkpk −
∑

ϕ∈ΦCR

fϕ)

(5.14)

s.t.

zk =
∑
t∈T

rk
(o(k),t) + sk k ∈ KN (5.15)

zk =
∑
t∈T

rk
(d(k),t) + sk k ∈ KN (5.16)

∑
t∈T

rk
(o(k),t) + sk = 1 k ∈ KCR (5.17)

∑
t∈T

rk
(d(k),t) + sk = 1 k ∈ KCR (5.18)
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rk
(o(k),t) +

∑
a∈AE(−)(o(k),t))

xk
a + ξk

(o(k),t−1),(o(k),t) =

∑
a∈AE(+)(o(k),t)

xk
a + ξk

(o(k),t),(o(k),t+1) k ∈ K, (o(k), t) ∈ N
(5.19)

rk
(d(k),t) +

∑
a∈AE(+)(d(k),t))

xk
a + ξk

(d(k),t),(d(k),t+1) =

∑
a∈AE(−)(d(k),t))

xk
a + ξk

((o(k),t−1),(o(k),t)) k ∈ K, (d(k), t) ∈ N
(5.20)

∑
k∈K

wkxk
al(ϕ) ≤ ual(ϕ)yal(ϕ) a ∈ AE, ϕ ∈ ΦN (5.21)

∑
k∈K

wkxk
al(ϕ) ≤ ual(ϕ) a ∈ AE, ϕ ∈ ΦCR (5.22)

zk ∈ {0, 1} k ∈ KN (5.23)

rk
(o(k),t) ∈ {0, 1} k ∈ K, (o(k), t) ∈ N (5.24)

rk
(d(k),t) ∈ {0, 1} k ∈ K, (d(k), t) ∈ N (5.25)

xk
a ∈ {0, 1} k ∈ K, a ∈ AE (5.26)

ξk
a ∈ {0, 1} k ∈ K, a ∈ AH (5.27)

yϕ ∈ {0, 1} ϕ ∈ ΦN (5.28)

sk ∈ {0, 1} k ∈ K (5.29)

The objective function (5.14) maximizes the total profit that is calculated by summing up
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the total revenue of satisfying accepted new requests minus the total penalty cost of picking
up and dropping off requests out of their desired time windows, the traveling, and holding
costs, the fixed costs of selecting new offers, the spot market costs. The last two terms in
the expression are a constant defined as the total profit is obtained from the compulsory
requests minus the total fixed cost of selecting regular offers that we must consider them in
our objective to calculate the exact net profit. Constraints (5.15) and (5.16) guarantee that
when a new shipper request is accepted it must be picked up from its origin and delivered to
its destination or be shipped via the spot market as a whole. Constraints (5.17) and (5.18)
guarantee that the compulsory requests must be picked up from their origin and delivered to
their destination or be shipped via the spot market as a whole. Constraints (5.19) and (5.20)
represent the flow balance for each shipper request at its origin and destination terminals.
Also, they denote the optimal itinerary for each shipper request. Constraints (5.21) and
(5.22) ensure that the summation of the shipper request volumes on each execution arc is at
most equal to the maximum capacity of the selected arc. Constraints (5.23)-(5.29) enforce
the binary requirements of the decision variables. The outputs of the model include the list
of accepted new shipper requests, selected new carrier offers, as well as the pickup, delivery,
and assignment of the compulsory and new shipper requests to the selected regular and new
carrier offers.

5.4 The potential scenarios and generated strategies to implement the tactical
outputs in the operational planning

To implement the tactical planning decisions into the operational planning, there are some
different situations that may happen according to the differences and similarities that may
be observed between these two levels of planning, such as their goals, planning time, and
available data. The tactical planning decisions are made based on approximate data (i.e.,
predicted values defining the tactical context), while at the operational time, we receive actual
data that might be different. These situations can be classified according to the consistent
and changeable decisions and data which are transferred from the tactical planning level to
the operational level. In the first scenario, we assume there is no changes in the contract and
regular requests and offers while the IDSP receives new requests and offers, but in scenario
four, we not only have changes in our prediction about time and capacity/volume of offers
and request, but also receive new requests and offers.
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Table 5.3 The potential scenarios to transfer the tactical decisions to the operational planning.

Scenario Constant decisions Constant Conditions(data) Changes and new conditions

1
Contracted requests
Accepted regular requests
Selected regular offers

No changes in request/offers time
No changes in requests/offers
quantity/capacity

New requests
New offers

2
Contracted requests
Accepted regular requests
Selected regular offers

No changes in request/offers
quantity/capacity

New requests
New offers
Changes in request/offers time

3
Contracted requests
Accepted regular requests
Selected regular offers

No changes in request/offers time

New requests
New offers
Changes in request/offers
quantity/capacity

4
Contracted requests
Accepted regular requests
Selected regular offers

New requests
New offers
Changes in request and
offers quantity/capacity
Changes in requests/ offers time

In Table 5.3, the potential scenarios are classified into four general groups based on constant,
changed, and new conditions that might be observed at the time of operations compared with
the conditions (i.e., parameter values defining the informational context) that were predicted
for the tactical planning. The table is horizontally divided into four parts to present the
conditions and decisions for each scenario. The second and third columns show the constant
decisions and conditions (data) that may happen when we implement the tactical planning
decisions to the time of the operations, respectively. The last column presents possible
changes and new conditions. We observe that in all scenarios, the IDSP must serve all possible
compulsory requests and use the selected regular offers. In the first scenario, we assumed
that the data at the tactical level were predicted accurately, and there were no changes in
time and quantity/capacity of the compulsory requests and offers at the operational level. In
the second and third scenarios, we have changes in one attribute, quantity/capacity, or time
of request/offers, respectively. The fourth scenario assumes the situation when the actual
data at the operational time differs from the tactical approximation in terms of time and
quantity/capacity of requests and offers. It is noteworthy that in all scenarios, the IDSP
receives new requests and offers.

Any of these scenarios might be observed when we implement tactical decisions in the op-
erational planning. Thus we need to define some strategies that aim to apply the tactical
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outputs into the operational planning as inputs and allow the decision maker whether to
use optimization to select new requests and offers and assign requests to offers and also
use re-optimization to change the tactical assignments or not. Therefore, we generated four
strategies illustrated in Figure 5.5.
Each strategy corresponds to a vector that is included in Table 5.4.

Figure 5.5 Strategies

Table 5.4 Strategies

Strategies
Use optimization to select new shipper requests
and carrier offers and assign new requests to
new/contracted/ regular offer

Reoptimize assignment of con-
tracted/regular shipper requests to
contracted/regular carrier offers

Vectors

Strategy 1 N N
⌈[

N
N

]
Strategy 2 N Y

⌈[
N
Y

]
Strategy 3 Y N

⌈[
Y
N

]
Strategy 4 Y Y

⌈[
Y
Y

]

According to Figure 5.5, we define the four strategies as follow:

1. Do not use optimization (reject all new requests and offers) and do not use re-optimization
(do not change the assignment of compulsory requests and offers) everything that can-
not be shipped by the tactical assignments goes to the spot market.
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2. Do not use optimization (reject all new requests and offers), use re-optimization (reas-
sign the compulsory requests to the contracted and regular offers), everything cannot
be shipped by the tactical assignments goes to the spot market.

3. Use optimization (accept new requests, select new offers, and assign new requests to the
residual capacity of the selected services included in the tactical plan and new offers),
do not use re-optimization to re-assign the tactical assignments (do not change the
assignment of the compulsory requests and offers), everything that cannot be shipped
by the tactical assignments goes to the spot market.

4. Use optimization (accept new requests, select new offers, and assign new requests to the
residual capacity of the selected services included in the tactical plan and new offers),
use re-optimization (reassign the compulsory requests to the contracted, regular, and
new offers).

Each strategy can be implemented by making changes (imposing limitations) on the mathe-
matical reference model. We define these adjustments for each scenario as follows.

1. Scenario one: In the first scenario, we assume that there are no changes in the com-
pulsory requests and selected regular offers of the tactical planning while the IDSP
receives new requests and offers.

(a) Strategy one:
Decisions:
1. Reject all new requests, remove the set of new requests KN , (or KN = ∅),
2. Reject all new offers, remove the set of new offers ΦN , (or ΦN = ∅),
3. Do not change the tactical assignments,
rk∗

(o(k),t) = 1, rk∗

(d(k),t) = 1, xk⋆

a⋆ = 1, ξk⋆

a⋆ = 1.
In this case, as we have no changes in compulsory requests and offers, we can
implement all the tactical planning decisions.

(b) Strategy two:
Decisions:
1. Reject all new requests, remove the set of new requests KN , (or KN = ∅),
2. Reject all new offers, remove the set of new offers ΦN , (or ΦN = ∅),
3. Reassign the tactical assignments.
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The reference model must be changed as follows:
Changes in the sets: remove sets KN , ΦN .
Changes in the objective function: objective function (5.14) turns into (5.30)

max
∑

k∈KCR

wk[pk −
∑
t∈T

ψk
(o(k),t)rk

(o(k),t) −
∑
t∈T

ψk
(d(k),t)rk

(d(k),t) −
∑

(al(ϕ)=a∈AE |ϕ∈ΦCR)
ck

axk
a−

∑
a∈AH

ck
aξ

k
a − qksk] −

∑
ϕ∈ΦCR

fϕ

(5.30)

S.t.
Remove constraints (5.15), (5.16),
No changes in constraints (5.17), (5.18),
Replace the set k ∈ K with k ∈ KCR in constraints (5.19), (5.20),
Remove constraints (5.21),
Replace the set k ∈ K with k ∈ KCR in constraints (5.22),
Remove constraints (5.23),
Replace the set k ∈ K with k ∈ KCR in constraints (5.24), (5.25),(5.26), (5.27),
Remove constraints (5.28), (5.29).

(c) Strategy three:
Decisions:
1. Accept new requests,
2. Select new offers,
3. Do not change the tactical assignments.

As there are no changes in the compulsory requests and offers, the requests can
be shipped by their tactical assignments. We have the itineraries of the compul-
sory requests; we can remove set KCR. The changes in the reference model are as
follows:
Changes in the sets: remove set KCR,
Changes in the objective function: Let us define the net revenue of the tactical
planning by:
N RT = ∑

k∈KCR wk(pk −∑
t∗∈T ψ

k
(o(k),t) −∑

t∗∈T ψ
k
(d(k),t) −∑

a∗∈AE ck
a −∑

a∗∈AH ck
a −

qksk) − ∑
ϕ∈ΦCR fϕ
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Objective function (5.14) turns into (5.31) as follows:

max
∑

k∈KN

wk

pkzk −
∑
t∈T

ψk
(o(k),t)rk

(o(k),t) −
∑
t∈T

ψk
(d(k),t)rk

(d(k),t) −
∑

a∈AE

ck
axk

a −
∑

a∈AH

ck
aξ

k
a − qksk


−

∑
ϕ∈ΦN

fϕyϕ + N RT

(5.31)

s.t.
No changes in constraints (5.15), (5.16),
Remove constraints (5.17), (5.18),
Replace set k ∈ K with k ∈ KN in constraints (5.19), (5.20), (5.21),
Replace set k ∈ K with k ∈ KN and ual(ϕ) with úR

al(ϕ), (residual capacity), in
constraints (5.22),
No changes in constraints (5.23),
Replace set k ∈ K with k ∈ KN in constraints (5.24), (5.25),(5.26), (5.27),
No changes in constraints (5.28),
Replace set k ∈ K with k ∈ KN in constraints (5.29).

(d) Strategy four:
Decisions:
1. Accept new requests,
2. Select new offers,
3. Reassign requests to offers.
In this case, we do not change the reference model and use it to select new requests
and offers and assign requests to offers.

The required changes in the reference model regarding the four strategies are summa-
rized in Table 5.5. The table is vertically divided into four parts to show the decisions,
the changes in sets and parameters, the required changes in the reference model, and
explanation of each strategy, respectively.
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Table 5.5 Required adjustments to the reference model in Scenario one

Strategy Decisions Changes in sets and
parameters

Changes in the reference operational
model Explanation

1

Reject all new requests
Reject all new offers
Do not change the tactical
assignments

KN = ∅
ΦN = ∅ Do not change and use the reference

model

Do not use optimization
and reoptimization. We
have the optimal assign-
ments for k ∈ KCR, ϕ ∈
ΦCR:
rk∗

(o(k),t) = 1
rk∗

(d(k),t) = 1
xk⋆

a⋆ = 1
ξk⋆

a⋆ = 1

2

Reject all new requests
Reject all new offers
Reassign the tactical as-
signments

KN = ∅
ΦN = ∅

Change objective function (5.14) to
(5.30),
Remove constrains (5.15), (5.16),
(5.21), (5.23), (5.28).
Replace the set k ∈ K with k ∈
KCRin constraints (5.19), (5.20),
(5.22), (5.24), (5.25), (5.26), (5.27).

Reoptimize the tacti-
cal assignments but as
we have no changes in
the compulsory requests
and offers, their as-
signments will not be
changed.

3

Accept new requests
Select new offers
Don’t change the tactical
assignments

Remove KCR.
ual(ϕ) = úR

al(ϕ).

Change objective function (5.14) to
(5.31),
Remove constrains (5.17), (5.18).
Replace the set k ∈ K with k ∈ KN

in constraints (5.19), (5.20), (5.21),
(5.24), (5.25), (5.26), (5.27), (5.29).
Replace the set k ∈ K with k ∈ KN

and ual(ϕ) with úR
al(ϕ) in constraints

(5.22).

As we assigned compul-
sory requests, rk∗

(o(k),t) =
1, rk∗

(d(k),t) = 1, xk⋆

a⋆ = 1,
ξk⋆

a⋆ = 1 and do not need
to change them, we re-
move their sets. Re-
place the regular offer
capacity with the resid-
ual capacity, ual(ϕ) =
úR

al(ϕ).

4

Accept profitable new re-
quests
Select new offers
Reassign the assignments

No changes No changes

Use optimization to ac-
cept new requests/offers
and re-optimize the tac-
tical assignments

2. Scenario two: In the second scenario, we assumed that there are no changes in quan-
tity and capacity of the compulsory requests and selected regular offers while their time
might change and also the IDSP receives the new requests and offers.
The time changes that might occur in the desired pick-up time α(k) and desired deliv-
ery time β(k) of the compulsory requests are shown by ∆α(k) and ∆β(k) respectively.
We present these changes as follows (early or late demand requests):

• α(k) ± ∆α(k)

• β(k) ± ∆β(k)

Time changes also might occur in the desired departure time α(ϕ) and the arrival time
β(ϕ) of the selected regular offers which are defined by ∆α(ϕ) and ∆β(ϕ), respectively.
We present these changes as follows (early or late service offers):
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• α(ϕ) ± ∆α(ϕ)

• β(ϕ) ± ∆β(ϕ).

(a) Strategy one:
Decisions:

1. Reject all new requests, remove the set of new requests KN (or KN = ∅),
2. Reject all new offers, remove the set of new offers ΦN (or ΦN = ∅),
3. Do not change the tactical assignments.

In this case, we have changes in the desired pick-up/delivery and departure/arrival
time of some requests and offers; hence based on the problem assumptions, if the
time differences between pick-up and departure time or delivery and arrival time
of requests and offers, respectively, are more than two periods, the tactical assign-
ment is impossible and requests must be rejected or sent via the spot market. We
define uR

al(ϕ) as the residual capacity of the offer and also define a metric called
acceptable capacity usage (%λϕ ∀ϕ ∈ ΦCR) to indicate the minimum capacity
usage for each offer that is acceptable. When the capacity usage of the selected
service is smaller than %λ, opening this service is not profitable for the system.
Specifically, if

ual(ϕ)−uR
al(ϕ)

ual(ϕ)
< %λϕ, the offer must be rejected.

To account for the compensation that is applied given the time changes occurring
on the requests and offers, we make the following adjustments:

• For the changed requests, their unit profit are increased: pk = pk + %αpk,
• For the changed offers, their fixed costs are decreased: fΦ = fΦ − %βfΦ.

In this case, we do not use and change the reference model. We implement pos-
sible tactical decisions, and early or late requests which cannot be shipped via
the tactical assignments and services with smaller capacity usage of the defined
minimum rate must be rejected.

(b) Strategy two:
Decisions:

1. Reject all new requests, remove the set of new requests KN , (or KN = ∅),
2. Reject all new offers, remove the set of new offers ΦN , (or ΦN = ∅),
3. Reassign the tactical assignments.
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The reference model must be changed as follows:
Changes in the sets: remove the sets of KN , ΦN , or put them equal to the empty
set.
Changes in the objective function: objective function (5.14) turns into (5.30) and
also apply these changes in the data.

• Early and late requests, α(k) = α(k) ± ∆α(k), pk = pk + %α× pk.
• Early and late offer, α(ϕ) = α(ϕ) ± ∆α(ϕ), fΦ = fΦ − %βfΦ

s.t.
Remove constraints (5.15), (5.16),
No changes in constraints (5.17), (5.18),
Replace the set k ∈ K with k ∈ KCR and al(ϕ) = a ∈ AE with al(ϕCR) = a ∈ AE,
also change α(k) = α(k) ± ∆α(k), α(ϕ) = α(ϕ) ± ∆α(ϕ) in constraints (5.19),
(5.20),
Remove constraints (5.21),
Replace the set k ∈ K with k ∈ KCR and change α(ϕ) = α(ϕ) ± ∆α(ϕ) in con-
straints (5.22),
Remove constraints (5.23),
Replace the set k ∈ K with k ∈ KCR in constraints (5.24), (5.25),
Replace the set k ∈ K with k ∈ KCR and al(ϕ) = a ∈ AE with al(ϕCR) = a ∈ AE,
also change α(ϕ) = α(ϕ) ± ∆α(ϕ) in constraints (5.26),
Replace the set k ∈ K with k ∈ KCR in constraints (5.27),
Remove constraints (5.28),
Replace the set k ∈ K with k ∈ KCR in constraints (5.29).

(c) Strategy three:
Decisions:

1. Accept new requests,
2. Select new offers,
3. Do not change the tactical assignments.

In this scenario, the desired time of picking-up/dropping off the compulsory re-
quests and the departure/arrival time of the regular offers are changed, and also
we are not allowed to change the tactical assignments. Therefore, if the requests
cannot travel according to the tactical assignments, they must be shipped via the
spot market. Hence, we add the new parameters (sk

a ∀k ∈ KCR, a ∈ AE) to the
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objective function, which are multiplied by the request to offer assignment decision
variables, xk

a, where k ∈ KCR. This parameter forces each request k ∈ KCR to be
shipped according to the tactical assignment a∗

l(ϕCR) = a∗ ∈ AE or via the spot
market.

sk
a =

1, if xk∗
a = 1 (tactical assignments)

M, otherwise
(5.32)

"M" is a large number associated with assignment decision variables except where
the tactical assignments of the compulsory requests to the regular offers are equal
to one, xk∗

a = 1.
The constraints of the reference model do not change , while the profits and
fixed costs of the compulsory requests and offers are changed. Thus we make the
required changes in the reference model as follows:
Changes in the sets: no changes,
Changes in objective function:

• Early or late requests, α(k) = α(k) ± ∆α(k), pk = pk + %α× pk.
• Early or late offer, α(ϕ) = α(ϕ) ± ∆α(ϕ), fΦ = fΦ − %βfΦ

max
∑
k∈K

wk

pkzk −
∑
t∈T

ψk
(o(k),t)rk

(o(k),t) −
∑
t∈T

ψk
(d(k),t)rk

(d(k),t) −
∑

a∈AH

ck
aξ

k
a − qksk


−

∑
k∈KN

∑
a∈AE

wkck
axk

a −
∑

k∈KCR

∑
a∈AE

wksk
ack

axk
a −

∑
ϕ∈Φ

fϕyϕ

(5.33)

s.t.
No changes in constraints, (5.15), (5.16), (5.17), (5.18), (5.19), (5.20), (5.21),
(5.22), (5.23), (5.24), (5.25), (5.26), (5.27), (5.28), (5.29).

(d) Strategy four:
Decisions:
1. Accept new requests,
2. Select new offers,
3. Reassign requests to offers.
According these decisions, the reference model must be changed as follows:
Changes in sets: no changes,
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Changes in objective function: change the objective function (5.14) as follows: for
the changed contracted/regular requests and offers:

• Early and late requests, α(k) = α(k) ± ∆α(k), pk = pk + %α× pk.
• Early and late offer, α(ϕ) = α(ϕ) ± ∆α(ϕ), fΦ = fΦ − %βfΦ

s.t.
No changes in constraints (5.15), (5.16), (5.17), (5.18), (5.19), (5.20), (5.21),
(5.22), (5.23), (5.24), (5.25), (5.26), (5.27), (5.28), (5.29).

The required changes in the reference model regarding the four strategies in scenario
two are summarized in Table 5.6.

Table 5.6 Required adjustments to the reference model in Scenario two

Strategy Decisions Changes in sets and
parameters Changes in the reference operational model Explanation

1

Reject new requests
Reject new offers
Don’t change the tacti-
cal assignments

KN = ∅
ΦN = ∅
α(k) = α(k) ± ∆α(k),
pk = pk + %α × pk.
α(ϕ) = α(ϕ) ± ∆α(ϕ),
fΦ = fΦ − %βfΦ

Do not change and use Reference model

Do not use optimization and reoptimiza-
tion, reject all new request and offers.
If time differences between desired time of
requests and offers in the tactical assign-
ments are larger than two periods, request
must be rejected.
If the capacity usage of an offer is less than
the defined acceptable rate %λ, the offer
must be rejected. Also we have:
1. Early or late request; pk = pk+%α×pk.
α(k) = α(k) ± ∆α(k),
2. Early or late offer; α(ϕ) = α(ϕ)±∆α(ϕ)
fΦ = fΦ − %βfΦ.

2

Reject new requests
Reject new offers
Reassign the tactical as-
signments

KN = ∅
ΦN = ∅
α(k) = α(k) ± ∆α(k),
pk = pk + %α × pk.
α(ϕ) = α(ϕ) ± ∆α(ϕ),
fΦ = fΦ − %βfΦ

Change objective function (5.14) to (5.30)
while pk = pk + %α × pk, fΦ = fΦ − %βfΦ
Remove constrains (5.15), (5.16), (5.21),
(5.23), (5.28).
Replace the set K with KCR and al(ϕ) =
a ∈ AE with al(ϕCR) = a ∈ AE in con-
straints (5.19), (5.20), (5.26).
Replace the set K with KCR in constraints
(5.22), (5.24), (5.25), (5.27), (5.29).

Reoptimize the tactical assignments,
increase the profit of the changed requests,
(pk = pk + %α × pk)
Reduce the fixed costs of the changed of-
fers, (fϕ́ = fϕ́ − %β × fϕ́).

3

Accept new requests
Select new offers
Don’t change the tactical
assignments

α(k) = α(k) ± ∆α(k),
pk = pk + %α × pk.
α(ϕ) = α(ϕ) ± ∆α(ϕ),
fΦ = fΦ − %βfΦ

Change the objective function (5.14) to
(5.33)
Change pk = pk + %α × pk and fΦ =
fΦ − %βfΦ,
Do not change the constraints.

Use the optimization model to accept new
requests and offers but do not change the
tactical assignments, the requests k ∈
KCR must be shipped by the tactical as-
signments or go to the spot market. Hence
we add parameter sk

a to objective function.
Also, change profit and fixed costs in the
objective function.

4
Accept new requests
Select new offers
Reassign the assignments

α(k) = α(k) ± ∆α(k),
pk = pk + %α × pk.
α(ϕ) = α(ϕ) ± ∆α(ϕ),
fΦ = fΦ − %βfΦ

Change pk = pk+%α×pk, fΦ = fΦ−%βfΦ
in the objective function,
Do not change the constraints.

Use the optimization model to accept new
requests/offers and re-optimize the tacti-
cal assignments, Also, update profit and
fixed cost in the objective function.
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3. Scenario three: according to the third scenario, there are no changes in the time
components of the compulsory requests and selected regular offers while their quantities
and capacities may change, and the IDSP receives new requests and offers. Let us
denote the residual capacity of offer ϕ ∈ ΦCR with uR

al(ϕ). In this case, we have two
possible problematic situations, when the quantity of request k ∈ KCR increases (∆wk)
or the capacity of offer ϕ ∈ ΦCR decreases (∆ual(ϕ)).

Case 1: The quantity of some requests increase, wk = wk + ∆wk, and the summation
of their changes is bigger than the predicted residual capacity (i.e., ∑

k ∆wk >

uR
al(ϕ)).

Case 2: The capacity of the offer decreases, ual(ϕ) = ual(ϕ) − ∆ual(ϕ) and this change
is bigger than the predicted residual capacity in the tactical plan (i.e., ∆ual(ϕ) >

uR
al(ϕ)).

(a) Strategy one:
Decisions:
1. Reject all new requests, (or KN = ∅),
2. Reject all new offers, (or ΦN = ∅),
3. Do not change the tactical assignments:
rk∗

(o(k),t) = 1, rk∗

(d(k),t) = 1, xk⋆

a⋆ = 1, ξk⋆

a⋆ = 1
.
In the first strategy, we do not change and use the reference model. We implement
the possible tactical decisions as follows:
The requests must be shipped via the tactical assignments based on the first come,
first go (FCFG) method. The requests that cannot be assigned must be shipped
via the spot market or be rejected.
The unit profit of the changed requests are increased, (pk = pk + %α× pk).
The fixed costs of the changed offers are reduced, (fϕ = fϕ − %β × fϕ).

(b) Strategy two:
Decisions:
1. Reject all new requests, KN = ∅,
2. Reject all new offers, ΦN = ∅,
3. Reassign the tactical assignments.

The Reference model must be changed as follows:
Changes in the sets: remove the sets of new requests, KN and new offers ΦN .
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Changes in the objective function: the objective function (5.14) turns into (5.30),
also update wk = wk + ∆wk, pk = pk + %α× pk, and fϕ = fϕ − %β × fϕ,
s.t.
Remove constraints (5.15), (5.16),
No changes in constraints (5.17), (5.18),
Replace K with KCR and al(ϕ) = a ∈ AE with al(ϕCR) = a ∈ AE in constraints
(5.19), (5.20),
Remove constraints (5.21),
Replace K with KCR and al(ϕ) = a ∈ AE with al(ϕCR) = a ∈ AE and change
ual(ϕCR) = ual(ϕCR) − ∆ual(ϕCR) in constraints (5.22),
Remove constraints (5.23),
Replace K with KCR in constraints (5.24), (5.25),
Replace K with KCR and al(ϕ) = a ∈ AE with al(ϕCR) = a ∈ AE in constraints,
(5.26), (5.27),
Remove constraints (5.28),
Replace K with KCR in constraint (5.29).

(c) Strategy three:
Decisions:
1. Accept new requests,
2. Select new offers,
3. Do not change the tactical assignments,
rk∗

(o(k),t) = 1, rk∗

(d(k),t) = 1, xk⋆

a⋆ = 1, ξk⋆

a⋆ = 1.

According to these decisions, we make the following changes in the reference model:
Changes in the sets: no changes in the sets,
Changes in the objective function: change the objective function (5.14) to (5.33)
and update wk = wk ±∆wk, pk = pk +%α×pk of the changed compulsory requests,
and fΦ = fΦ − %βfΦ of the changed regular offers.
s.t.
No changes in constraints (5.15), (5.16), (5.17), (5.18), (5.19), (5.20),
Replace wk = wk±k of changed requests k ∈ KCR in constraints (5.21),
Replace wk = wk ± ∆wk in of changed, ual(ϕCR) = ual(ϕCR) − ∆ual(ϕCR), in con-
straints (5.22),
No changes in constraints (5.23), (5.24), (5.25), (5.26), (5.27), (5.28), (5.29).
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(d) Strategy four:
Decisions:
1. Accept new requests,
2. Select new offers,
3. Reassign requests to offers.

Change the reference model as follows:
Changes in the sets: no changes in the sets,
Changes in the objective function: change the objective function (5.14) by replac-
ing wk = wk + ∆wk, pk = pk + %α × pk of the changed compulsory requests, and
fΦ = fΦ − %βfΦ for the changed regular offers,
s.t.
No changes in constraints (5.15), (5.16), (5.17), (5.18), (5.19),(5.20),
Replace wk = wk +∆wk for the changed compulsory requests in constraints (5.21),
Replace wk = wk + ∆wk and ual(ϕCR) = ual(ϕCR) − ∆ual(ϕCR) for the changed com-
pulsory requests and offers in constraints (5.22),
No changes in constraints (5.23), (5.24), (5.25), (5.26), (5.27), (5.28), (5.29).

4. Scenario four: According to the fourth scenario, there are changes in both time and
quantity/capacity of the contracted/accepted regular requests and selected regular of-
fers while the IDSP receives new requests and offers.

(a) Strategy one:
Decisions:
1. Reject all new requests, KN = ∅,
2. Reject all new offers, ΦN = ∅,
3. Do not change the tactical assignments:
In this case, we might have changes in both the time and quantity/capacity of the
requests/offers. Hence, early, late, or increased volume requests probably cannot
be shipped via the tactical assignments where we observe changes in capacity/time
of service offers. Moreover, the changed offers must be paid while they may be
almost empty. Therefore, the changed requests and offers that cannot be satisfied
and filled effectively must be rejected.
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Table 5.7 Required adjustments to the reference model in Scenario three

Strategy Decisions Changed sets and pa-
rameters Changes in the reference operational model Explanation

1

Reject new requests
Reject new offers
Don’t change the tacti-
cal assignments

KN = ∅,
ΦN = ∅,
wk = wk + ∆wk,
pk = pk + %α × pk,
fϕ = fϕ − %β × fϕ,
uϕ = uϕ − ∆uϕ

Do not change and use the reference model

Do not use optimization and reoptimization,
Use first come first go (FCFG) method to ship
the requests via the tactical assignments, (pk =
pk + %α × pk).
(fϕ́ = fϕ́ − %β × fϕ́)).
Requests which cannot be assigned, must be
shipped via the spot market or be rejected.

2

Reject new requests
Reject new offers
Reassign the tactical as-
signments

KN = ∅,
ΦN = ∅,
wk = wk + ∆wk,
pk = pk + %α × pk,
fϕ = fϕ − %β × fϕ,
uϕ = uϕ − ∆uϕ

Change objective function (5.14) to (5.30)
and update wk, pk, fϕ.
Remove constraints (5.15), (5.16), (5.21),
(5.23), (5.28).
Replace the set K with KCR and al(ϕ) = a ∈
AE with al(ϕCR) = a ∈ AE in constraints
(5.19), (5.20), (5.22), (5.26), (5.27),
Replace K with KCR in constraints(5.24),
(5.25),
Change wk and ul(ϕ) in constraints (5.22).

Reassign the compulsory requests to the se-
lected regular offers while adjusting the quan-
tity and profit of the changed requests, and
capacity and fixed cost of the changed offers.

3

Accept new requests
Select new offers
Do not change the tac-
tical assignments

wk = wk + ∆wk,
pk = pk + %α × pk,
fϕ = fϕ − %β × fϕ,
uϕ = uϕ − ∆uϕ

Change the objective function (5.14) to
(5.33), and update pk = pk + %α × pk,
fΦ = fΦ − %βfΦ, and wk = wk + ∆wk.
Change wk = wk +∆wk in constraints (5.21),
(5.22), and uϕ = uϕ − ∆uϕ in constraints
(5.22).

Accept new requests and offers, do not change
the tactical assignments by multiplying the pa-
rameters sk

a to the assignment variables for
compulsory requests.
Update the quantity/capacity and profit/fixed
cost of the requests and offers in the reference
model.

4

Accept new requests
Select new offers
Reassign the assign-
ments

wk = wk + ∆wk

pk = pk + %α × pk,
fϕ = fϕ − %β × fϕ,
uϕ = uϕ − ∆uϕ

Change pk = pk + %α × pk, fΦ = fΦ − %βfΦ
and wk = wk +∆wk in the objective function
(5.14),
Change wk = wk + ∆wk, uϕ = uϕ − ∆uϕ in
constraints (5.22).
Change wk = wk + ∆wk in constraint (5.21).

Use optimization to accept new requests/offers
and re-optimize the tactical assignments, up-
date quantity/capacity and profit/fixed cost of
the changed requests/offer.

In this case, we do not change and use the reference model.

(b) Strategy two:
Decisions:
1. Reject all new requests, KN = ∅,
2. Reject all new offers, ΦN = ∅,
3. Reassign the tactical assignments.

Change the reference model as follows:
Changes in the sets:remove sets KN and ΦN ,
Changes in the objective function: change objective function (5.14) to (5.30) and
make the following changes in objective function (5.30):
wk = wk + ∆wk, α(k) = α(k) ± ∆α(k), pk = pk + %α× pk,
α(ϕ) = α(ϕ) ± ∆α(ϕ), f(ϕ) = f(ϕ) − %βf(ϕ)
s.t.
Remove constraints (5.15), (5.16),
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No changes in constraints (5.17), (5.18),
Replace K with KCR and al(ϕ) = a ∈ AE with al(ϕCR) = a ∈ AE in constraints
(5.19), (5.20),
Remove constraints (5.21),
Replace K with KCR, change ul(ϕ) = ul(ϕ) − ∆ul(ϕ), α(ϕ) = α(ϕ) ± ∆α(ϕ) and
wk = wk + ∆wk in constraints (5.22),
Remove constraints (5.23),
Replace K with KCR in constraints (5.24), (5.25),
Replace K with KCR and al(ϕ) = a ∈ AE with al(ϕCR) = a ∈ AE in constraints
(5.26),
Replace K with KCR in constraints (5.27),
Remove constraints (5.28),
Replace K with KCR in constraints (5.29).

(c) Strategy three:
Decisions:
1. Accept new requests,
2. Select new offers,
3. Do not change the tactical assignments, xk⋆

a⋆ = 1.

Although the time and quantity/capacity of the requests and offers have been
changed, they are not allowed to change their assignments and if they cannot be
transported according to the tactical assignments, they must be shipped via the
spot market. Change Reference model as follows:
Changes in sets: no changes in the sets,
Changes in objective function: replace the objective function (5.14) with (5.33)
and updating wk = wk + ∆wk, α(k) = α(k) ± ∆α(k), α(ϕ) = α(ϕ) ± ∆α(ϕ),
f(ϕ) = f(ϕ) − %βf(ϕ),
No changes in constraints (5.15), (5.16), (5.17), (5.18), (5.19), (5.20),
Change wk = wk + ∆wk, in constraints (5.21),
Change wk = wk + ∆wk and ul(ϕ) = ul(ϕ) − ∆ul(ϕ), in constraints (5.22),
No changes in constraints (5.23), (5.24), (5.25), (5.26), (5.27), (5.28), (5.29).

(d) Strategy four:
Decisions:
1. Accept new requests,
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2. Select new offers,
3. Reassign the requests to the offers.

In this case, we make the following changes in the Reference model:
Changes in sets: no changes in the sets,
Changes in objective function: modify the objective function (5.14) by changing
wk = wk+∆wk, α(k) = α(k)±∆α(k), α(ϕ) = α(ϕ)±∆α(ϕ), f(ϕ) = f(ϕ)−%βf(ϕ)
No changes in constraints (5.15), (5.16), (5.17), (5.18), ((5.19), (5.20),
Change wk = wk + ∆wk, in constraints (5.21),
Change wk = wk + ∆wk and ul(ϕ) = ul(ϕ) − ∆ul(ϕ), in constraints (5.22),
No changes in constraints (5.23), (5.24), (5.25), (5.26), (5.27), (5.28), (5.29).

The required changes in the reference model regarding the four strategies in scenario
three are summarized in Table 5.8.

Table 5.8 Required adjustments to the reference model in scenario four

Strategy Decisions Changed constraints Changes in the reference operational model Explanation

1

Reject all new requests
Reject all new offers
Don’t change the tactical
assignments

KN = ∅
ΦN = ∅
wk = wk + ∆wk,
α(k) = α(k) ± ∆α(k),
pk = pk + %α × pk,
α(ϕ) = α(ϕ)±−∆α(ϕ),
ul(ϕ) = ul(ϕ) − ∆uϕ,
fϕ́ = fϕ́ − %β × fϕ́

Do not use and change Reference model

Don’t use optimization and reoptimiza-
tion
Reject changed offers and requests, which
cannot travel according to the tactical
plan.

2

Reject new requests
Reject new offers
Reassign the tactical as-
signments

KN = ∅
ΦN = ∅
wk = wk + ∆wk,
α(k) = α(k) ± ∆α(k),
pk = pk + %α × pk,
α(ϕ) = α(ϕ) − ∆α(ϕ),
ul(ϕ) = ul(ϕ) − ∆uϕ,
fϕ́ = fϕ́ − %β × fϕ́

Replace objective function (5.14) with
(5.30) and change wk, pk, α(k), α(ϕ), fϕ.
Remove constraints (5.15), (5.16), (5.21),
(5.23), (5.28).
Replace K with KCR in constraints (5.24),
(5.25), (5.27), (5.29).
Change wk and ual(ϕ) in constraints
(5.22).
Replace K with KCR and al(ϕ) = a ∈ AE

with al(ϕCR) = a ∈ AE in constraints
(5.19), (5.20), (5.22), (5.26)

Remove the sets of new requests and of-
fers, Change the quantity/capacity and
time of the changed requests and offers in
the model, wk, pk, α(k), α(ϕ), fϕ,
Reassign the tactical assignments:

3

Accept new requests
Select new offers
Don’t change the tactical
assignments

wk = wk + ∆wk,
α(k) = α(k) ± ∆α(k),
pk = pk + %α × pk,
α(ϕ) = α(ϕ) − ∆α(ϕ),
ul(ϕ) = ul(ϕ) − ∆uϕ,
fϕ́ = fϕ́ − %β × fϕ́

Replace the objective function (5.14) with
(5.33)and updated wk, pk, α(k), α(ϕ), fϕ

in it.
Change wk = wk + ∆wk, ul(ϕ) = ul(ϕ) −
∆uϕ in constraints (5.22),
Change wk = wk + ∆wk in constraint
(5.21).

Accept new requests and offers.
Enforce k ∈ KCR to be shipped via the
tactical assignments xk∗=1

a or spot market
by adding new parameter sk

a,
Update the parameters, wk, pk, α(k),
α(ϕ), fϕ, in objective function and con-
straints.

4

Accept new requests
Select new offers
Reassign the requests to
the offers

wk = wk + ∆wk,
α(k) = α(k) ± ∆α(k),
pk = pk + %α × pk,
α(ϕ) = α(ϕ) − ∆α(ϕ),
ul(ϕ) = ul(ϕ) − ∆uϕ,
fϕ́ = fϕ́ − %β × fϕ́

Change wk, pk, α(k), α(ϕ), fϕ in objective
function (5.14).
Change wk = wk + ∆wk, ul(ϕ) = ul(ϕ) −
∆uϕ in constraints (41),
Change wk = wk +∆wk in constraint (40).

Use optimization model to accept new re-
quests/offers and re-optimize the tactical
assignments.
Change wk, pk, α(k), α(ϕ), fϕ, ul(ϕ) in ob-
jective function and constraints.
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5.5 Summary

In this chapter, the tactical planning model proposed in Taherkhani et al. (2021) was simpli-
fied to be applied for the single-segment corridor network that applies in our problem setting.
The operational (Reference) optimization model was designed based on the assumptions of
the problem. Then we generated four strategies to implement the tactical decisions into the
operational planning by considering different levels of flexibility. The first strategy forces
the system to reject all new requests and offers and respect the tactical assignments. The
second strategy enables the system to change the tactical assignments while rejecting all
new requests and offers. According to the third strategy, although the system can accept
new requests and offers, it must respect the tactical assignments. In the fourth strategy, the
system is allowed to select new requests and offers and reassign all accepted requests to all
selected offers.
To evaluate these strategies, we considered four general scenarios that might be observed
when we apply the tactical planning outputs to the time of operations. Then all required
changes in sets, parameters, objective function, and constraints of the reference model were
indicated for each scenario while applying each strategy. The summary of all required ad-
justments is summarized in Table 5.9. In the next chapter, we evaluate the performance of
the defined strategies by carrying out a series of computational experiments.
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Table 5.9 Required adjustments to the reference model in the four scenarios

aaaaaaaaaaa
Scenarios

Strategies
1: Reject new requests/offers

Do not change the tactical assignments
2: Reject new requests/offers

Reassign the tactical assignments

3:Select new requests/offers
Do not change the tactical assignments

4:Select new requests/offers
Reassign the tactical

assignments

1: No changes in KCR,
ΦCR

New requests and offers

Reject KN , ΦN

Implement the tactical decisions
rk∗

(o(k),t) = 1, rk∗

(d(k),t) = 1, xk⋆

a⋆ = 1, ξk⋆

a⋆ = 1

Reject KN , ΦN

Replace objective (5.14) with (5.30)
Replace K with KCR in all con-
straints
Remove all constraints for KN , ΦN .

As there are no changes in compul-
sory requests and offers and we have
their itineraries, we remove their
sets.
Replace objective function (5.14)
with (5.31)
Replace the regular offer capacity
with the residual capacity
Replace K with KCR in constraints

Do not change the reference
model.

2:Changes in time:
Early/late compulsory
request
Early/late regular offer
α(k) = α(k) ± ∆α(k),
pk = pk + %α × pk,
α(ϕ) = α(ϕ) ± ∆α(ϕ),
fϕ́ = fϕ́ − %β × fϕ́
New requests and offers

Reject KN , ΦN

Do not change and use the reference
model:
If time differences between desired time of
requests and offers in the tactical assign-
ments are larger than two periods, request
must be rejected.
If Capacity usage of offer is less than de-
fined acceptable rate %λ, the offer must
be rejected

Reject KN , ΦN

Replace objective (5.14) with (5.30)
Update α(k), pk, α(ϕ), fϕ́ in objec-
tive function (5.30) and constraints,
Replace K with KCR in all con-
straints
Remove all constraints for KN , ΦN

Replace objective function (5.14)
with (5.33),
Update pk, α(k), α(ϕ), fϕ.

Do not change the reference
model,
Update pk, α(k), α(ϕ), fϕ.

3: Changes in quan-
tity/capacity of the
compulsory requests
and regular offers
wk = wk ± ∆wk,
pk = pk + %α × pk,
ul(ϕ) = ul(ϕ) ± ∆ul(ϕ),
fϕ́ = fϕ́ − %β × fϕ́
New requests and offers

Reject KN , ΦN

Do not change and use the reference
model, Use first come first go (FCFG)
method for shipping the requests via the
tactical assignments,
Requests which cannot be assigned, must
be shipped via a spot market or be re-
jected

Reject KN , ΦN

Replace objective (5.14) with (5.30)
Update wk, pk, ul(ϕ), fϕ́ in objective
function (5.30) and constraints,
Replace K with KCR in all con-
straints
Remove all constraints for KN , ΦN .

Replace objective function (5.14)
with (5.33),
Update wk, pk, ul(ϕ), fϕ.

Do not change the reference
model,
Update wk, pk, , uϕ, fϕ in
objective function and con-
straints.

4:changes in time and
quantity/capacity of
the compulsory requests
and regular offers
new requests and offers

Reject KN , ΦN

Don’t change and use the reference model.
Reject changed offers and requests, which
cannot travel according to the tactical
plan

Reject KN , ΦN

Replace objective (5.14) with (5.30)
Update wk, α(k), pk, ul(ϕ), α(ϕ), fϕ́

in objective function (5.30) and con-
straints,
Replace K with KCR in all con-
straints
Remove all constraints for KN , ΦN

Replace objective function (5.14)
with (5.33),
Update wk, α(k), pk, α(ϕ), ul(ϕ), fϕ

Do not change the reference
model,
Update wk, pk, α(k), α(ϕ)
, ul(ϕ), fϕ in objective func-
tion and constraints.
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CHAPTER 6 EXPERIMENTAL ANALYSIS AND RESULTS

In this chapter, we conduct a series of computational experiments to evaluate the performance
of the strategies generated in section 5.4 based on scenario two as a highly probable and
problematic situation that might happen when we have changes in time of requests and
offers and then we compare their behaviours in terms of the defined indicators.
This chapter is organized as follows: Section 6.1 proposes a procedure to carry out the
experimental analysis and evaluation. Section 6.2 presents the performance indicators to
compare the computational results and evaluate the performance of each strategy. Section
6.3 presents the characteristic of the data generation for the computational experiment. we
generate data for the tactical planning and operational planning. Section 6.4 presents the
solutions obtained from applying the strategies in the second scenario and compares them in
terms of the defined performance indicators. Section 6.5, summarizes this chapter and draws
some conclusions.

All computational experiments were carried out on a laptop with an Intel (R) Core (TM)
i7-7500U 2.70GHz CPU and 8.00 GB of RAM. For data generation we use Python language
version 3.10.4. The mathematical (tactical and operational) models were solved by IBM
ILOG CPLEX Version: 20.1. All instances were solved to optimality using the default
settings. The computational time was negligible, hence we do not consider it as an indicator
to show the difficulty of the problem solving.

6.1 General procedure

In this section, we propose a procedure for carrying out the computational experiments and
the performance evaluation of the strategies.
The tactical planning is designed for a schedule length of one week, which is divided into
14 time periods, and the designed model is used repeatedly over the planning horizon. To
implement the tactical decisions at the operational time and have a simple picture of how
respecting the tactical plan with different levels of flexibility may impact on operations, we
need to simulate the operations over some certain periods of time. We solve the operational
model at each period by considering the tactical outputs, generated strategies as a plan,
updated data, and new data. Then, in the next period, we have again new data, updated
data from the previous period, generated strategies, and optimization model to make new
decisions.
We make the procedure as follows:
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1. Generate data for the tactical planning;

2. Solve the tactical model and obtain the results;

3. Adjust the tactical planning outputs based on the selected scenario (Scenario two);

4. Generate data for the operational planning;

5. Adjust the Reference optimization model for applying each generated strategies in case
of scenario two (based on Table 5.9);

6. Solve the adjusted reference models;

7. Analyze the results.

The procedure is shown in Figure 6.1.

Figure 6.1 The procedure to evaluate the generated strategies

6.2 Performance indicators

We consider some indicators to evaluate the performance of each defined strategy as follows:

• Relative yield: the total profit divided by total cost. This metric indicates the prof-
itability of the satisfied demands.

• % Transportation cost: percentage of total transportation cost.

• % Fixed cost: percentage of total cost of selecting and using service offers.
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• % Spot market cost: percentage of total cost of sending demand requests by spot
market.

• % Penalty cost: percentage of total cost of satisfying demand requests outside of their
desired time windows.

• % Holding cost: percentage of total cost of holding requests at origin and destination
terminals.

• % Satisfied demands: percentage of demands which are accepted and satisfied.

• % Open services: percentage of selected services.

• % Capacity usage: percentage of the total capacity of selected services that is filled by
accepted demands. We calculate this indicator as follows:

Capacity usage = 100 ×
∑

k∈K
∑

a∈AE Wkxk∗
alϕ))∑

a∗∈AE ual(ϕ)
(6.1)

Also some indicators are defined to measure the capability of each strategy to respect
the tactical planning decisions:

• % Satisfied compulsory demands: percentage of demand are accepted and satisfied.

• % Open regular services: percentage of regular selected services.

• % Capacity usage of regular services.

• % Compulsory demands which are shipped by the tactical plan assignments.

6.3 Data generation

We generate data for the tactical and operational planning levels based on the realistic data
from Taherkhani et al. (2021) by considering some adjustments that we made to simplify the
model (i.e., single-segment network).

6.3.1 Tactical planning

For the tactical planning, we generate instance data based on uniform distributions for the
shipper demand requests and carrier service offers. We have a single-segment corridor network
that includes two terminals. The scheduled length of the problem is one week, which is divided
into 14 time periods. The structure for generating data for the demand side is as follows:
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• Three different sets of data for shipper demands are generated with 30, 60, and 120
requests. Each set includes two categories of demand requests, contract-based and
non-contract (regular), with an equal number of requests.

• The desired time for picking up a request from its origin is generated uniformly between
one and seven. The required time to deliver the request to its destination is generated
between one and six. In Taherkhani et al. (2021), requests were divided into two groups
based on their delivery duration, which is not considered in this study.

• To have a more flexible system, we are allowed to pick up and drop off requests two
periods earlier or later than their desired time by paying a unit penalty cost equal to
0.5 per time period.

• The volume of the demand requests for each instance set is generated randomly based
on uniform distributions between 10 and 50% of the capacities of the service legs (i.e.,
between 40 and 200).

• The unit revenue from each request is generated uniformly between 25 and 100.

On the supply side of the tactical planning we generate data as follows:
We have one set of 170 regular carrier capacity services.

• The departure time of these service offers are generated uniformly distribution between
one and seven, while the travel time between their origin and destination is generated
between one and four time periods.

• The fixed cost of selection a carrier offer depends on its travel time and is calculated
by fΦ = 480

τϕ
.

• The unit transportation cost is considered homogeneous for all carrier offers and equal
to two.

• The capacity of each service carrier offer is generated by using an uniform distribution
between 200 and 450; however, in Taherkhani et al. (2021), all services offers have 400
capacity.

6.3.2 Operational planning

At operational planning level, we have two sets of demand requests and service offers, com-
pulsory and new. For the compulsory requests and offers sets, we need to change the outputs
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of the tactical planning based on scenario two (when we have changes in time of picking
up/dropping off the requests and time of departure/arrival of the service offers). We ran-
domly select a reasonable percentage (0.25) of the contracted, accepted shipper requests and
selected carrier offers, then increase or decrease their pickup/delivery and departure/arrival
time between 1 to 4 periods randomly. Also, the profits and fixed costs of the changed re-
quests and offers must be updated. The profits are increased by 15% and fixed costs are
decreased by 15%. It should be noted that to generate data without any historical sources,
we consider reasonable percentages or values.
For the new requests and offers, we randomly generate data sets as follows:

• On the demand side, we generate the set of new demand requests by applying the
same structure as we used in the tactical planning with the reasonable size (2/3) of the
contracted and regular requests (20, 40, 80).
The spot market cost is considered for all requests (compulsory and new requests) and
for each request is set to 60% of its unit profit.

• On the supply side, we generate 60 new carrier offers for each set of the demand request
by using the same structure that we use to generate regular carrier offers at the tactical
planning.

We generate five set of instances for each contracted, regular and new demand request sets,
and the regular and new service offer set.

6.4 Computational results and analysis

In this section, the results of the optimization models (tactical and operational by applying
each strategy) are reported and evaluated in terms of the defined performance indicators in
section 6.2. This section organized as follows:

Section 6.4.1 reports the results of the tactical planning. The required adjustments to the
reference model and analysis of the computational results are presented in section 6.4.2.

6.4.1 Tactical planning solution results

First, we solve the tactical planning model with data generated according section 6.3.1. The
average results obtained are presented in Table 6.1. The values of each row in the table are
the average of the five different instances. The tactical outputs are listed in the first column
and their obtained results for demand sizes of 30, 60, and 120 are presented in the second,
third, and fourth columns, respectively.
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Table 6.1 Computational results of the tactical planning for different demand sizes

Tactical planning outputs Demand size 30 Demand size 60 Demand size 120
Percentage of accepted requests 100 100 100
Percentage of selected offers 7 13 24
Total revenue 27236 58142.2 110565.8
Fixed cost of selecting services 191.2 348 673.6
Holding cost 5.96 32.72 32.72
Transportation cost 737 1468.28 2418.24
Penalty cost 124.25 156.49 195.59
Total profit gained 26179.25 56078.51 106672.19
% Capacity Usage 85 87 92

From Table (6.1), we observe that all demand requests in all cases are accepted while the
percentages of the selected offers are quite Small. This observation and the values of capacity
usage in the last row (85, 87, and 92%) imply the IDSP prefers to use the capacity of the
selected offers and consolidate demands efficiently rather than selecting new ones. In all
instances, transportation cost ranks first in terms of cost contribution to the total cost, and
fixed cost, penalty cost, and holding cost are the following ones. The values of this table can
be used as a benchmark for evaluating the strategies in terms of respecting the tactical plan.

6.4.2 Required adjustments and computational analysis

To apply each strategy in the case of scenario two, we need to make some adjustments to
the reference model. These required adjustments were completely explained in chapter 5 and
summarized in the third row of Table 5.9. Here, we present and analyze the results obtained
in terms of the indicators defined in section 6.2 to evaluate the performance of each strategy
and compare the behavior of strategies with each other and also with the tactical outputs.
Note that the values in the tables are the average of different generated instances for each
size of demand set (30, 60, and 120).
Table 6.2 reports the total profit, the standard deviation of the total profit, and relative
yield of the system by applying each strategy. The tactical model and applied strategies
are mentioned in the first column. The total profit gained for the system with demand size
30, 60, and 120 and their standard deviations are presented in the second, third, and fourth
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columns, respectively. Similarly, the columns under Relative yield show the profitability of
the satisfied demand by applying each strategy for different sets of demand (30, 60, 120).
This observation indicates that if the IDSP follows the all tactical decisions and also rejects
all new requests and offers, the total profit of the system will decrease, but relative yield ranks
second in comparison with other strategies. This is because the total cost of the system is also
decreased. The increase in profit of strategy two compared to strategy one shows that the
system can make more profit by only reassigning the compulsory requests without accepting
new requests and offers. The new requests can be accepted in strategy three and use the
residual capacity of the selected regular offers, which results in more effective consolidation
and gaining more profit for the system. The relative yield of the strategy four and three
shows that although accepting new requests increase the total profit, respecting the tactical
assignments in strategy three may increase total costs.
The standard deviation, σ, of the total profit for all strategies indicate that the total profit
does not vary significantly for the all instances with the same demand and service sizes,
respectively. This observation implies that the total profit values are fairly reliable.

Table 6.2 Total Profit, Standard deviation, and Relative yield

Strategy & model

Total profit Relative yield

30 60 120 30 60 120
Tactical 26179.25 56078.51 106672.19 24.73 27.17 30.96
σT actical 3119.63 3089.27 2291.16

ST1 17716.51 43717.93 86822.86 20.43 20.44 19.79
σST 1 1770.62 3295.14 7196.96
ST2 26547.62 57889.34 109879.52 15.56 22.35 21.97
σST 2 3392.95 3484.72 3038.08
ST3 40606.78 87316.93 171077.25 7.85 9.08 9.11
σST 3 3357.92 5348.60 5174.12
ST4 43886.19 93237.08 182289.68 22.08 24.99 24.06
σST 4 3493.56 5918.86 5625.58

The total cost is a summation of fixed, traveling, penalty, spot market, and holding costs. In
the following, we report and investigate the percentage contribution of each cost to the total
cost of the system when applying each strategy.
Table 6.3 presents the percentage contribution of fixed, traveling, and penalty costs to the
total cost when applying each strategy.
We observe that the contribution of fixed and travel costs in all cases is less than the contribu-
tions of these costs in the tactical planning results. The first strategy aims to implement all
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tactical decisions to the greatest possible extent but the early or late requests which cannot
be shipped must be rejected. Also, late or early offers which their capacity usage is lower
than the determined minimum rate must be rejected. Hence, the percentage of fixed and
transportation costs are lower than in tactical planning. The percentage of the penalty cost
of scenario two indicates that the percentage of the compulsory demands that are shipped
out of their desired time windows is high. In all instances, the contribution of the fixed and
traveling costs in the third strategy is lowest compared to other strategies while in strategy
four these costs are higher than others. This might be because in strategy three we must
respect the tactical assignments while in the fourth strategy, we are allowed to reassign com-
pulsory demands to the regular and new offers instead of sending them via the spot market.
This is more obvious in Table 6.4, where the percentage contribution of the spot market cost
to the total cost is presented. The results show that the percentage of using spot market to
satisfy demands in strategy three is higher than in other strategies while in the first strategy
we do not pay spot market cost; delayed or early requests that cannot be shipped by regular
offers must be rejected. The contribution of spot market cost in strategy two ranks second
because requests can not be shipped via new offers. They only can be assigned to other
regular offers or to a spot market.

Table 6.3 Percentage of fixed, transportation and penalty costs

Strategy & model %Fixed cost %Travel cost %Penalty cost

30 60 120 30 60 120 30 60 120
Tactical 18 17 20 70 71 70 12 11 9

ST1 15 14 13 58 53 52 8 8 9
ST2 13 13 13 51 56 56 16 14 10
ST3 6 5 5 19 22 23 5 5 5
ST4 16 16 15 61 64 63 11 11 8
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Table 6.4 Percentage of spotmarket and holding costs

Strategy & model %Spot market % Holding

30 60 120 30 60 120
Tactical 0 0 0 0 1 1

ST1 0 0 0 20 25 25
ST2 17 15 18 3 3 2
ST3 70 66 66 0 1 1
ST4 10 8 12 2 2 2

Table 6.5 presents the percentage of satisfied shipper requests, open carrier services, and total
capacity usage for each strategy for each demand set. In strategy one, the tactical plan must
be executed at the operational time without any flexibility. The changed requests and offers
that can not be shipped by tactical assignment must be rejected. Hence, the IDSP can satisfy
small percentages (40, 46, and 48%) of demand requests, which is lower than other strategies.
Strategy two allows the IDSP to reassign the compulsory demand to regular offers, thus all
compulsory requests are satisfied. We observe that, in strategies three and four, when the
plan is more flexible and the IDSP is allowed to accept new requests and offers, the system
accepts all compulsory and new demand requests.
The values under the column "% Open services" show a reasonable trend and indicate that
when the accepted demand increases, the number of open services increases as well. For
instance, in strategies four and three, the system opens more services to satisfy accepted
demands; this is because, in these strategies, the IDSP is allowed to accept new requests,
unlike the two first strategies. In all strategies, the percentage of selected services in all
demand sets is fairly small. This observation indicates that in all strategies, the IDSP
prefers to better use the capacity of open services and consolidate demands effectively, rather
than selecting more service offers. The values under "% capacity usage" confirm this. In all
instances, more than 70 percent of the selected services are used that shows the high efficiency
of the plans to consolidate demands and resource (capacity) utilization. The fourth strategy
has the highest capacity usage while strategies three, two and one, follow. It is noteworthy
that the capacity usage in strategy three is higher compared to the second strategy; this is
because in strategy three, the IDSP is allowed to accept new requests and use the residual
capacity of the selected regular services.

To better understand the performance of each strategy in terms of respecting the tactical
planning decision, we present the following results: Table 6.6 provides a comparative analysis
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Table 6.5 Percentage of open services, satisfied demand and capacity usage

Strategy & model
%Open
services

%Satisfied
demand

%Capacity
usage

30 60 120 30 60 120 30 60 120
Tactical 7 13 24 100 100 100 85 87 93

ST1 4 7 15 40 46 48 71 82 86
ST2 5 9 17 60 60 60 75 84 91
ST3 8 15 27 100 100 100 78 85 93
ST4 9 16 30 100 100 100 83 89 96

between capacity usage of regular and new selected service offers. The percentage of used
capacity of new offers in tactical planing and in the two first strategies is equal to zero
because we reject all new offers and all accepted requests are shipped by regular offers. The
comparison of values under columns "% capacity usage of new offer" and "% capacity usage
of regular offer" indicates that, in strategies three and four, the system uses the capacity
of regular offers in a more efficient way; this mainly because the system prefers to use the
capacity of accepted regular services and rely on consolidation to provide efficient resource
utilization, than accept new services. This means that although we have changes in time
of requests and offers, the capacities of regular offers are filled efficiently. The comparison
between the percentage of services opened by strategies three and four and their capacity
usage in Tables 6.5 and 6.6 indicates that in strategy four we open more services because
early or late demands can be assigned to new services rather than shipping via the spot
market. Table 6.7 presents the percentage of satisfied compulsory demands and selected
regular services in each strategy. The results obtained indicate that the tactical decisions
about satisfying the compulsory demands and using regular services are respected in all
strategies except strategy one when the system aims to implement the tactical decisions
without any changes in the assignments of the compulsory demands. Accordingly, the early
or late demands which can not be shipped via the tactical assignments must be rejected.
Also, the regular offers with a capacity usage lower than the accepted minimum percentage
are rejected as well.

The values under "% Satisfied compulsory demand" column show the percentage of the com-
pulsory demands that are shipped via the tactical assignments. In strategy three, the per-
centage of the compulsory demands that are satisfied with the tactical assignments is higher
than in other strategies. This is mainly because, the flexibility of the strategy three to change
the tactical assignments is lower than in strategies two and four. Strategy one, which aims to
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Table 6.6 Percentage of capacity usage of regular and new service offers

Strategy & model
%Capacity usage

of new offers
%Capacity usage
of regular offers

30 60 120 30 60 120
Tactical 0 0 0 85 87 93

ST1 0 0 0 71 82 86
ST2 0 0 0 75 86 91
ST3 73 82 88 80 87 94
ST4 81 88 95 83 89 97

Table 6.7 Percentage of satisfied compulsory demands and open compulsory services

Strategy & model

%Satisfied
compulsory
demands

%Open
compulsory

services
30 60 120 30 60 120

Tactical 100 100 100 100 100 100
ST1 67 77 80 70 80 85
ST2 100 100 100 100 100 100
ST3 100 100 100 100 100 100
ST4 100 100 100 100 100 100

implement tactical decisions without any changes, ranks second. This is because some of the
requests and offers, which are too late or too early, are rejected. The results of strategies four
and two indicate that, although the IDSP is allowed to reassign the compulsory demands, at
least 35% of compulsory demands travel according to the tactical plan.

6.5 Summary and results

In this chapter, we conducted computational experiments to evaluate the performance of the
generated strategies for the second scenario in terms of the defined performance indicators. To
carry out this evaluation, as we aimed to implement the tactical decisions in the operational
planning, we made a procedure to simply simulate the operation over a certain periods
of time. We then solved the operational planning model, which was modified based on
each strategy. The results obtained were reported and analyzed in terms of the defined
performance indicators. The results indicated that, in a consolidation-based transportation
system, forecasting regular demands and services and making a plan for them in advance is
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Table 6.8 Percentage of satisfied compulsory demands with the tactical assignments

Strategy & model % Satisfied compulsory demands

30 60 120
Tactical 100 100 100

ST1 68 78 80
ST2 42 45 48
ST3 78 81 81
ST4 35 37 39

profitable for the system, even when our predictions are not completely accurate. Strategy
one forces the IDSP to implement all the possible tactical decisions. The overall profit of
the system is lower than other strategies, but the profitability of the satisfied demands ranks
second. The second strategy allows the IDSP to reassign the compulsory demands to regular
services while rejecting all new ones. This strategy makes more profit for the system with a
better use of the capacity of regular offers but the percentage of demands that are satisfied
out of their desired time windows is higher than in other strategies. To have more flexibility
in implementation of the tactical decisions, strategy three was generated, which allows the
system to accept new demand while it forces the compulsory demands to remain on the
tactical assignments or go to a spot market. This strategy provides more efficient utilization
of the regular services by accepting new demands to be shipped via the residual capacity of the
regular demand, which results in more effective consolidation as well as making more profit
for the system. Strategy four only respects the tactical decisions about accepting/selecting
regular demands and offers. This flexible strategy allows to the IDSP to not only accept new
demands and services, but also reassign/assign the compulsory/new demands to a new or
regular services and has the lowest percentage of the satisfied compulsory demand via the
tactical assignments.
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CHAPTER 7 CONCLUSION AND RECOMMENDATIONS

In this study, we proposed a new approach to link the tactical and operational planning levels
for an integrated multi-stakeholder consolidation-based transportation, M1M, system. The
proposed approach comprises four general strategies that consider different levels of flexibil-
ity in implementing the tactical decisions (including acceptance of profitable requests from
regular shippers, selecting appropriate carrier offers, and assigning and consolidating the re-
quests to the carrier offers) into the operational planning. The first strategy that forces the
system to respect all tactical planning decisions, to the fourth strategy allows the system to
re-optimize the decisions. These strategies enable the system to make unified decisions that
not only mitigate the potential drawbacks of the consolidation approach in the operational
planning level but also improve the efficiency and profitability of the entire system.
We proposed two mathematical formulations for the tactical and operational planning prob-
lems; the former is the updated version of the M1M tactical planning model for the single-
segment corridor network, and the later is designed based on the system’s assumptions at the
time of operation that simulates the environment of the operational planning over the con-
sidered periods. We defined four general scenarios based on what decisions and information
remain constant and what may change when we aim to apply the tactical planning decisions
to the operational planning as inputs. Then we show how the strategies are applicable in all
defined scenarios by making the required adjustments to the mathematical model.
A procedure was proposed to create a simulation environment for a given planning hori-
zon to evaluate the performance of the generated strategies in the likely scenario, when we
have changes in the desired pick-up/drop-off and departure/arrival time of the compulsory
requests and offers, respectively. We further analyzed the results of the performed compu-
tational experiments in terms of profitability for the system, capacity usage, satisfied com-
pulsory demands, and the percentage contribution of the different costs to the system’s total
cost. The results showed that the IDSP could make more profit for the system by applying
the generated strategies. Moreover, prediction the regular demand requests and carrier offers
and making a plan for them in advance, provide an opportunity for the system to increase
the capacity usage of the services and improve the efficiency and profit of the whole system.
The IDSP can decide to implement the plan with varying levels of flexibility by applying
each of the proposed strategies and reduce the delayed requests, penalty and holding costs
of the system due to consolidation at the time of the operations.

For future research, in terms of modeling the operational planning level, we can consider a
rolling horizon framework that controls the performance and re-optimizes the decisions when
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new shipper requests and carrier offers appear in the system dynamically. Furthermore, the
current study focused on the single-segment corridor network with two terminals, origin and
destination, which can be extended to the hyper-corridor network by considering intermediate
terminals with different applications. In such systems, that involve additional consolidation
terminals, the importance of the linkage between tactical planning and operational planning
will be more pressing. Lastly, in terms of the evaluation, we carried out the computational
experiments for only one scenario, while the performance of the strategies in three other
scenarios would also be worthy of being evaluated in future research.
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