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Abstract 

This study analyzes the processes for outsourcing of transportation jobs. lt identifies how 
transaction castscan be lowered and dealscan be improved through automated multi
attribute, multi-item negotiations. Actual order data shows that bundling can lead to 
additional profits of over 10%. As the concept of negotiation is navel in this setting, bath 
the negotiation design and a technica! design are presented. 



Management summary 

In the study on hand, the outsourcing processes of Vos Logistics Organizing (VLO) have 
been analyzed. In these processes, the terms under which to carry out a transportation 
job are negotiated about with several partners. With one of these partners an agreement 
must be reached. This project addresses the derivation of proper models for this process, 
with an eye on the development of possible ICT solutions to automate these. 

Project surroundings 

This specific study is part of a larger project setting, known as the Distributed Engine for 
Advanced Logistics or DEAL project. This project is executed by a consortium of 
partners, including Almende, Carrierweb, the Center for Mathernaties and Computer 
Science (CWI), Erasmus University Rotterdam, Radboud University Nijmegen, Free 
University Amsterdam, Post-Kogeko and Vos Logistics. 

Vos Logistics, one of the largest logistics service providers of Europe, is increasingly 
working withother companies and participating in partner networks to provide best-of
breed solutions. VLO was founded in 2004 as a separate cluster to handle the fourth 
party logistics ( 4PL) activities of the Vos Logistics group. 4PLs collect, coordinate and 
manage information to design the most efficient solutions and orchestrate their clients' 
supply chains. They function as an orchestrator of the logistics process, leaving asset 
management of transportation units and warehouses to third party logistics (3PL) service 
providers. 

Although shippers can deal with 3PL organizations directly, most large shippers prefer 
to work with a 4PL company. The main reason for this is that small companies do not 
have sufficient capacity to fulfilllarge orders. As a result, shippers would have to 
subdivide their orders among many small companies, which increases administration 
burden. Another argument to work with a 4PL company is that such a company has a 
better understanding of the transportation market. A 4PL might decide to outsouree a 
transportation job to one of the 3PLs in its closed group of known carriers, or to 
outsouree it to the open group, e.g. by offering it on electronk freight exchanges such as 
Teleroute1• A visual representation of these interactions is given in Figure 1. 

I http://www.teleroute.nl 
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Ooscd uscr group ncgotiarion 

Figure 1: Interactions within a complex Jo gistics setting 

Approach 

U ponthestart of this study, a partial problem definition had already been formulated. 
This problem definition was confirmed and could be finalized rather qukkly: 

What should the process for the outsourcing of transportation jobs to a limited group of partners -
in which an agreement must be reached with one of the partners -look like, given the desire to 
imprave the attractiveness of the deal and meanwhile decrease transaction casts? 

Automation is essential in decreasing costs and improving the attractiveness, e.g. because 
an automated salution can evaluate much more alternatives. Therefore research into 
electronk negotiations and state-of-art ICT paradigms was conducted along with an 
analysis of the transportation and logistks domain and current business processes. 

Electronk negotiations 

Traditional negotiations suffer from severallimitations, including limited transparency, 
e.g. on prke, a shortage of offers and counter-offers and only a limited number of 
counterparts. This means that on top of explicit costs (e.g. man-hours, telephone bills) 
such negotiations might also suffer from large implicit costs (e.g. large concessions, 
suboptimal allocation). Electronk negotiations, defined as negotiation processes in whkh 
information is exchanged via electronk media, promise higher levels of process efficiency 
and effectiveness. They offer a higher quality and faster emergence of agreements [5). 

Despite these advantages, e-negotiations are no panacea and should be applied with 
great care. They might be ineffective and potentially destructive in complex or vaguely 
defined negotiation situations, as even the most intelligent systems are insuffkiently able 
to deal with the complex social trade-offs between goals, rules and the social fabric . In 
these kinds of situations human-controlled, traditional negotiations will probably be 
more efficient and effective, as the communkation and formulation of offers and making 
of concessions is a vehicle for both consensus and understanding. 

Intelligent agents 

The concept of autonomous softwareagentsis a relatively new paradigm within the area 
of Information- and Communkation Technology (ICT) . Software agents should beseen 
as autonomous software modules, situated insome environment, whkh try to achieve 
their goals both reactively and proactively. They might do so in collaboration withother 
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(human or software) agents. An intelligent software agent constructs, analogous to the 
brain, a model of the world (albeit limited of scope). It uses this model, which is 
constantly being refined using artificial intelligence and genetic algorithms, as the basis 
for its decisions. Depending on the context, this might imply that agents need a lot of 
cases in order to learn effective behavior. In the context of e-negotiations, this means that 
they are most suited for well-defined and reoccurring transactions. 

Business processes 

The possibilities and limitations of both electronk negotiations and intelligent agents 
have been used in identifying the application areas at VLO. The outsourcing of large, 
complex projects has been discarded as they are complex trajectories and involve lots of 
aspects, for which electronk negotiations are not suitable. The current dissatisfaction 
with respect to Internet tenders, including the ones held by VLO's customers, confirms 
this mismatch. Dedicated desksalso do notoffer much potential as they use preferred 
carriers. This might be because the shipper desires this (Beiersdorf), or because the 
handling of shipments requires special care (e.g. cleaning in the case of DSM). The 
forwarding desk holds the most potential in this respect. The issues negotiated about are 
limited and fixed (price, volume, pickup time windows, delivery time windows, etc.). On 
top of that, they are micro-transactions, which means that a software agent has enough 
possibilities to learn effective behavior. Human intervention would then only be needed 
in special cases, enabling the adoption of aso-called management-by-exception policy. 

It may be clear in this context that, along with lowered transaction costs, such 
negotiations may also offer better deals. The same carrier is unlikely to be in the best 
position to take on a certain freight all the time, as it depends on its fleet positions and its 
own order set. A different carrier might be in the neighborhood or might be able to 
combine the transportation job offered by VLO with one of its own, leading to significant 
cost reductions. If they are to be contacted by phone however, as is the case right now, 
only a very small number of carriers can be approached. The proposed automated 
solution doesnotsuffer from a limitation of this kind. 

lmprovements 

Based on the business processes and the capabilities of intelligent agents, a fair number of 
improvements have been identified. Several of them however were considered to be 
automation only, and were investigated no further. The improvements that offered 
benefits beyond automation only, can be categorized as multi-issue or multi-item. Both 
types of improvements try to create win-win situations, either by introducing extra issues 
to negotiate about or by bundling multiple items. 

In the case of multi-issue negotiation, the most promising concept (apart from 
negotiating on price) was considered to be the introduetion of negotiation on time 
windows. In this case, more freedom is introduced in the actual pickup and delivery time 
windows, by allowing VLO to viola te time windows at the cost of predetermined 
penalties. Because of the extra freedom a carrier might be able to combine it with orders 
from his own order set or tobring it more in line with actual or expected fleet positions. 
The cost reductions that can be offered by the carrier in these cases might outweigh the 
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penalties VLO has to pay totheshipper for vialating the original time windows. Table 1 
illustrates this principle using a fictional example. 

Three days Two days Oneday Original Oneday Twodays 
earlier earlier earlier date later later 

Original 
€ 650,00 

amount 
Penalty for 

Unacceptable € -150,00 € -50,00 €0,00 € -150,00 Unacceptable 
violation 
Actual n/a € 500,00 € 600,00 € 650,00 € 500,00 n/a 
revenue 
Best priced n/a €530,00 € 530,00 €630,00 € 490,00 n/a 
carrier' s offer 

Cross margin of n/a € -30,00 €70,00 €20,00 € 10,00 n/a 
VLO 

Ta bie 1: Illustration of penalties for time window violabons 

Bundling multiple orders can be applied in two cases; combining multiple part loads 
with correspondence in pickup and delivery locations and time windows and/or by 
offering a corresponding return or subsequent shipment. Simulation over actual order 
data of 2004 has shown that by making bundies using return or subsequent shipments, 
savings of over 10% can be achieved. The effect of bundling part loads is smallerif 
looked at from the 2004 order set, about 1% to 2%. These savings are depicted in Tab ie 2. 

Savings over the total Savings over the value of 
value of L TL orders all orders in the order set 

Bundling of L TL shipments 19% 2-3% 
Bundling of FTL shipments n/a 12% 

Ta bie 2: Potential gains based on historie order date for 2004 

The number of LTL orders is expected to increase, which would lead to more 
opportunities for bundling and higher savings than those depicted in Tab ie 2. If 
negotiation is extended to include multiple issues, e.g. time windows, the number of 
bundling opportunities will increase even further. 

Negotiation design 
Two main options for electronk negotiation exist; the alternate-offers protocol, in which 
both sides exchange offers and counter-offers, and an auction type of protocol. Although 
an alternate-offers protocol offers more flexibility, for the situation on hand the quick and 
efficient allocation of auctions was considered to be predominant. Furthermore, research 
has shown that the value of negotiating skill is small relative to the value of additional 
competition. Commonly known mechanisms such as auctions with their low harriers of 
entry are expected to be more successful at attracting extra bidders. 

The value of a transportation jobs to a carrier is partly private, as it depends on his own 
order set and actual fleet position. However, it also depends on values common to all 
bidders. If an order is unloaded in a fruitful region, where many other orders will 
become available, this order is worth more, although there is uncertainty as to how 
much. For these cases, the English auction, in which bids are increased incrementally, has 
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proven to generate the most revenue for the seller, or, conversely, the lowest costs. 
Therefore it has been chosen as the base protocol for the negotiations. 

Technica! design 

Using the agent oriented software engineering methodology of Gaia [76], a technica! 
design has been made for the system. This involves identifying the various roles, 
protocols, activities, permissions and responsibilities. Fora detailed description the 
reader is referred to the report. Repetitive tasks, such as inviting carriers to bid or 
iocrementing bids to stay on top of the auction, are automated. However, the system is 
envisaged to work more as a decision support tooi which helps to explore various 
allocation scenarios, rather than areplacement for human negotiators. Ranking within 
the auction will not be price-dependent only, but the agent responsible will also take into 
account such factors as the carrier quality rating. This information will be protected, so 
that business rules of VLO to judge bids are not exposed and carriers do not have access 
toeach other's bid attributes, quality rating and so on. They are only allowed toseetheir 
own rank within the auctions they are participating in. 

Conclusions and recommendations 

From the report it can be concluded that better deals can in fact be reached at lower 
transaction costs by means of automation. Automated negotiation allows bundies to be 
discovered jointly with the carrier, by complementing the carrier's own order set. Data 
analysis over historie order data has shown that VLO can even gain considerable savings 
by bundling items from within it's own order set. 

The variant of the English auction that has been proposed, provides an efficient and 
intuitive protocol to outsouree transportation jobs handled by the Forwarding desk. The 
design choices made in the report make a pilot project feasible, despite the relatively low 
level of automation that is common within the transportation and logistics sector. To 
make a successful transfer from this report into an ongoing real-world project, a number 
of recommendations have been given. As pilot project partners, carriers of a small to 
moderate size should be selected. They depend on VLO for a significant part of their 
business and are therefore more likely to participate in such a project. Getting the carriers 
to a dopt the new technology is a delicate issue, which should be handled with care. 
Furthermore, VLO should communicate clearly and continuously about the pilot project, 
in order to embed it successfully and potentially expand it into other clusters. 

The report has also recognized two research questions, with the most notabie one being 
that of the extensible time windows. lf this opportunity is to be implemented in a real
world scenario, negotiation in the form of an alternating offers protocol becomes a much 
more viabie protocol, as multi-attribute combinatorial auctions posses a lot of intrinsic 
difficulties and little research is done in this area. However, such negotiation protoeals 
will become feasible only as the planning at each of the carriers is to be automated. 

Finally, it should be mentioned that a system such as the one proposed benefits from 
periadie evaluation, and one should regularly look for options to imprave or fine-tune 
the process. This might include such things as increased learning and automation of the 
system at VLO as well as reducing the computational burden for the carriers. 
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1 Introduetion 

The research performed in this individual study is part of a larger research project, the 
Distributed Engine for Advanced Logistics or DEAL project. The DEAL project is 
executed by a consortium of partners, including Almende, Carrierweb, the Center for 
Mathernaties and Computer Science (CWI), Erasmus University Rotterdam, Radboud 
University Nijmegen, Free University Amsterdam, Post-Kogeko and Vos Logistics. In 
this chapter, the goals of this project are outlined along with short descriptions of the 
organizations at which this specific study is conducted, Vos Logistics and CWI. At the 
end of this chapter, the problem definition, assignment formulation and research 
questions will be proposed. 

1 .1 The DEAL project 

The DEAL project aims to solve both ecological and economical inefficiencies related to 
road transportation. These inefficiencies are, toa large extent, due to the centralized 
nature of current planning systems. The complexity due do the large number of variables 
involved and the unpredictable external influence factors lead to suboptimal planning 
decisions, despite the usage of advanced planning systems. As a result, the current 
national and international transport performance2 is only between 40% to 60% [16] . 

The goal of the DEAL project is to come up with a generic planning platform, as well as a 
spot market basedon this platform, totrade remaining capacity. Such a spot market 
should be able to automatically trade transport capacity through (amongst others) a 
wireless ICT infrastructure based on real-time data of position and time as well as 
information about constraints that might apply. This results in the ability to continuously 
optimize and update the planning on hand as incidents occur and new opportunities for 
profit arise. 

2 Transport performance is defined as the extent to which a transportation unit is fully utilized, usually in 
tonkilometer. A truck that is fully loaded has a transport performance of 100%. A truck driving with only half 
of its capacity used has a transport performance of 50%. 
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Vos Logistics has interest in the DEAL project in two areas. First, the distributed 
planning mechanism might prove beneficia! in the deptoyment of their own assets. The 
second aspect, which is closer related to this specific study, is the fact that automated 
negotiations with several partners are in line with Vos Logistics' vision that it should 
collaborate withother companies and participate in partner networks to provide best-of
breed solutions. One of the goals in the DEAL project is to develop automated ICT 
solutions to carry out such negotiation processes totrade transport capacity. 

l.l .2 CWI ond the DEAl 

The CWI is the national research institute for rnathematics and computer science. It 
performs frontier research in various projects, including evolutionary systems and multi
agent systems (adaptive algorithms, market mechanisms and negotiations). In its 
research it tries to collaborate with knowledge institutes and trade and industry. The 
DEAL project offers a socially relevant and academically challenging research topic 
which is in line with current research areas. 

1.2 Campony profile 

Vos Logistics Organizing B.V. (VLO) is a subsidiary of Vos Logistics B.V., one of the 
larger logistics service providers of Europe, with over 3000 trucks, 6000 trailers and 
containers, 500000 square meters of warehousing sites, 500 storage silos and 2 rail service 
centers. Vos Logistics employs over 4000 employees workingat more than 30 offices 
throughout Europe. These national and international offices provide transport for a 
wide-ranging customer base in Europe. The company uses various means of 
transportation to serve its customers - mega-trailers, high volume tilter units, bulk 
transporters, tankers, containers and intermodal transport - by road, sea/waterways, rail 
and through pipelines. Annual sales are in excess of Euro 800 million. The organogram of 
the organization is depicted in Figure 2. 

Figure 2: Organogram Vos Logistics 
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Through third party logistics (3PL), Vos Logistics manages the logistical chain for 
customers, with an emphasis on the centralization of planning and order intake, on-site 
logistics, lead-time reduction, bespoke stock replenishment and consultancy. Vos 
Logistics wants to develop further into a Lead Logistic Provider. Through fourth party 
logistics (4PL), the company will design supply chains. This involves (re)designing a 
customer's entire logistical chain and orchestrating all third party logistics activities. 

Organizations increasingly outsouree their logistics activities tothese fourth party 
logistics service providers. Vos Logistics Organizing (VLO) was founded in 2004 as a 
separate cluster to handle the 4PL activities of the Vos Logistics group. 4PLs collect, 
coordinate and manage information to design the most efficient solutions for their 
clients' supply chains. They act as an orchestrator of the logistics process, leaving asset 
management of transportation units and warehouses to third party logistics service 
providers. 

Shippers can deal with 3PL organizations directly, but most large shippers prefer to work 
with a 4PL company. The main reason for this is that small companies do nat have 
sufficient capacity to fulfilllarge orders. As a result, shippers would have to subdivide 
their orders among many small companies, which could lead to problems with billing 
and following up. Another argument to work with a 4PL company is that such a 
company has a better understanding of the transportation market. 

When VLO decides to outsouree transportation jobs they basically have three options. 
First, it could be the case that there is a preferred carrier for the job. This usually happens 
in case of a long-term contract with a shipper. In such cases, either the shipper or VLO 
decides to work with a preferred carrier for certain shipments, for example because the 
handling of the transport requires a steep learning curve due to complex procedures. 
Preferred carriers are usually appointed per lane3 and per shipper. 

The second option is that the job is negotiated among a closed user group. This group 
consists of the carriers known to VLO but can be restricted by VLO itself and/or the 
shipper. This is the case when orders for a specific customer are negotiated among a 
group which is restricted to, for example, 5-10 companies, which are known to be able to 
cape with the job in question. These companies have been pre-selected to simplify the 
actual allocation of jobs to orders, i.e. to prevent VLO from having to search within the 
entire carrier base of approximately 700 active carriers every time an order arrives. 

The third option to outsouree the job is to place it on the open market, by using e
marketplaces for example. Although some e-marketplaces offer the possibility to 
negotiate the order among a closed user group, usually VLO displays the job publicly 
and all parties connected are allowed to inspeet and respond to the job offered. 

The interachons described are displayed in Figure 3, which was adapted from [49]. 

3 An example of a specific lane would be a trip from a factoryin Bomtoa distribution centrein Mechelen. 
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Figure 3: Interachons between parties in a complex logistics setting 

Currently, transaction casts for all these options are high, due to human intervention. 
Market transachons consist of information, trading ( intention and agreement) and 
settiement processes [54][55][60]. A diagram of these phases is depicted in Figure 4. 
Current solutions, including e-marketplaces, are primarily targeted at the information 
phase of a transaction, leaving a lot of human intervention still required. 

Figure 4: The interaction phases of electronic transachons 

This results in high transaction casts and suboptimal decisions, e.g. due to simple rules of 
thumb such as 'agree to the first deal that offers a margin of x%'. Combined with the 
pressure from heavy competition in the transportahon sector this results in low profit 
mar gins. 

Whereas humans are limited to handle only several transachons per hour, the ICT 
salution envisioned through the DEAL project is capable of handling million transactions 
per second. More alternatives can be examined to come to a better deal while transaction 
casts decrease dramatically at the same time, offering a lot of potenhal to significantly 
increase VLO' s profit margins. 



1.3 Problem definition and research questions 

Basedon the information above, the problem definition has beenstatedas follows: 

What should the process for the outsourcing of transportation jobs to a limited group of partners -
in which an agreement must be reached with one of the partners -look like, given the desire to 
imprave the attractiveness of the deal and meanwhile decrease transaction casts? 

From this problem definition, the following preliminary assignment tormulation has 
been derived: 

Derive models to automate the negotiation process carried out when outsourcing transportation 
jobs to a limited group of partners. 

Such models are anticipated to be based on intelligent software agents. Within this study, 
the following three research questions are considered: 

What does the current process of outsourcing look like and what adaptations to 
this process are desired or needed, e.g. which options exist to add value? 
What should the negotiation protocollook like, given the requirements and 
constraints? 
Which strategy or set of strategies should Vos Logistics Organizing employ, 
given the requirements and constraints? 

1 .4 Research model 

This study can be globally divided into two main activities: diagnostic research (to come 
from a problem definition to an assignment formulation) and design oriented research 
(to come from the assignment tormulation to a solution). The research model for the 
diagnostic research, which has been formulated basedon Verschuurenen Doorewaard 
[66], is given in Figure 5. The research model for the design oriented part can only be 
finalized after the diagnostic research and is therefore not depicted here. 

Interviews with experts 
and (participating) 
observation 

Autonorneus agents 
thcory and D EAL 
documentation 

Electrooie negotiations 
thcory 

Logistics service 
provider theory 

r------' 
Benchmark 
instrument 

D iagnosis and 
exploration o f 
directions for 
solutions 

Currcnt 

outsourcing 
proccss 

Figure 5: Research model used for diagnostic research 

5 



2 Theoretica! background 

In this chapter the context of this project is analyzed and described. This process has been 
basedon course materials, hooks and articles, the TU/e library" and Internet searches. A 
search on relevant terms was performed at multiple websites5• A start was made with 
more generic terms which were later refined based on search results. Several results have 
been found by following references from previously found results, as well as through 
visiting websites from leading authors6, organizations7 and events8• 

Paragraph 2.1 describes developments in the transportation and logistics sector. The 
relatively new ICT paradigm of autonomous agents and multi-agent systems is discussed 
in paragraph 2.2. Finally paragraph 2.3 deals with (electronic) negotiations. 

2.1 Tronsportotion ond logistics 

According to Shapiro [57] the concept of logistics can be defined by theseven R's: 
ensuring the availability of the right product, the right quality and in the right condition 
at the right place, at the right time, for the right customer, at the right cast. Usuallyin 
freight logistics the transportation represents the most important single element in 
logistics casts for most firms [3]. A number of developments happening bath at shippers' 
companies as well as at logistics service providers have led to significant changes in the 
way these latter companies do business. 

2.1. i Developments anö trends 

The most significant development and trends include: 
Increasing competitiveness, which leads to an increase in scale and a stronger 
focus on care competencies at shippers' companies, which in turn results in an 
increased desire to outsouree logistics activities 

4 http:Uwww.tue.nl/bib 
5 Including http:Uciteseer.ist.psu.edu. http:Uwww.springerlink.com and http:Uwww.interscience.wiley.com. 
6 Including http:Uwww.ecs.soton.ac.uk/-nrj and http:Ucommerce.concordia.ca/gkersten/index.html 
7 Including http:Uwww.agentlink.org and http:Uwww.intemeg.org. 
8 Including the AAMAS conference, the most recent editions at the time of writing can be found at 
http:Uwww.aamas2005.nl and http:Uwww.fun.ac.jp/aamas2006. 



The rise of mass-customization, which leads to an increased complexity in 
delivering such customized solutions at a competitive price 
Globalization, which leads to an increase in physical flows as companies produce 
their goods in those places where it is most efficient 
A focus on chain wide integration, which increases dependendes between the 
supply chain partners, as companies realize that it is not individual companies 
competing but supply chains instead 
An increase in e-commerce applications, which leadstosmaller shipment sizes 
and more complex logistic processes 
An increase in transparency throughout the supply chain and increased 
capabilities to track shipments 
The increasing buying power of companies such as Dell, which allows them to 
order varying quantities from their suppliers at very short notice, which are to be 
delivered JustIn Time, thereby increasing the complexity of logistic activities 
An increase in the capabilities of ICT and a decreasein the costof such solutions, 
which has leveraged the possibilities of logistics service providers to further take 
over these activities from their customers. 

2. 1 .2 Lo~jistics service providers 

The developments mentioned in the previous paragraph have led to stronger demands 
placed u pon logistics service providers and have given rise to opportunities for logistics 
service providers to expand their services. Parties that are able to add value beyond basic 
transportations services are able toenlarge their profit margins. Ploos van Amstel and 
Van Goor [ 46] describe two types of chain orchestrators: 

The Third Party Logistics service provider (3PL) orchestrates the logistics 
processes and assures they are well executed according to the current logistics 
concept; 
The Fourth Party Logistics service provider (4PL) orchestrates the logistics 
processes and is responsible for the design of the logistics concept. 

The evolution from insourcing to 4PL is depicted in Figure 6 [17]. 

huoul'\':ing 
1970s· 19805 

B<-< ---->1)1 JPL Providen I 

Oicnt lnk m.J Logistia 
Opef*tions 

Figure 6: Evolution in supply chain outsourcing 
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2.1 .3 lntormotion systems 

The 4PL is a supply chain provider that participates in supply chain coordination rather 
than in supply chain operational services. A 4PL is highly information based and 
coordinates multiple asset-based players on behalf of its clients. This implies a great 
focus on using information and ICT to support supply chain competitiveness [24]. In the 
evolution of ICT solutions, a change of focus can be noticed from the automation of 
internal processes, via internal integration and external integration into a focus on 
network integration. These stages are discussed in more detail in Appendix A. 

2.2 Intel ligent agents 

The concept of intelligent agents can be thought of as a new ICT paradigm. In this section 
definitions will be given and concepts surrounding the operabon and usage of such 
agents will be described. 

2.2.1 Overview 

Softwareagentscan beseen as autonomous software, acting on behalf of their owner. A 
software agent is more formally defined as 'a computer system (module) that is situated 
insome environment and that is capable of autonomous action in this environment in 
ordertomeet its design objectives (goals)' [74]. Agents decide what actions to perform 
based on their observations of the environment, their goals and their state. Intelligent 
agents are a special subclass of agents and have the following characteristics [74]: 

Reactive; the agent perceives and responds to its environment 
Pro-active; the agent is able to take initiative, where its behavior is goal-directed 
Social; the agent can interact with other agents to achieve goals 

Software agents can be used for actions and transactions for which hu man intervention is 
expensive, such as the selling of news or personalized advertisement space, the planning 
of transport, the scheduling of production runs, etc. In a multi-agent system or MAS, the 
agentsof multiple persons, departments or companies interact They might cooperate 
tagether to perform complex tasks or to jointly solve difficult problems or they might 
compete with each other for transactions. An overview of the various agent types and 
their roles and responsibilities are given in Appendix B. 

Strengths 

The main strength of intelligent agents technology with respect to this study is that it is 
suitable for interorganizational systems, due to it's distributed nature. The main 
advantages of using such a distributed system over a centralized salution are: 

Local control; parties control their own destiny and act from their own position 
Local information; agents use local knowledge systems, databases, etc., which 
means data can be kept private 
Local computation resources; this allows for the possibilities of GRID computing 
and network applications amongst others. 
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Intelligent agents have the added advantage of being adaptive and self-initiative. 
Different parties can use very different sets of logic for business processes. Furthermore, 
this business logic and other data can be kept private, as the agent is not an integral part 
of a centralized solution, but interacts withother agents by means of an interface. 

Papazoglau [44] identifies the learning abilities of the intelligentagentsas a strength 
above existing technologies. These learning availabilities have a double advantage. First, 
intelligent agents can evolve along the developments of an organization, in contrast to 
traditional software that needs to be upgraded. Second, intelligent agents can be 
instructed by the user (human or agent), but can also learn from the behavior of this user. 

Weaknesses 

Intelligent agents a lso have their limitations. In the study on hand, physical flows are 
involved. Whereas agents could operate all by themselves in the transaction of 
information goods, human interaction is still needed when outsourcing transportation 
jobs for example. When the Vos Logistics Organizing agent assigns a transporttoa 
specific 3PL agent, one or more employees at the 3PL are assigned the taskof cantrolling 
the execution. If sarnething goes wrong, employees from both the 3PL and the 4PL need 
to intervene and solve the problem. 

Human controllers are not likely to give agents all responsibility for all processes. Since 
notall activities can/need/want to be outsoureed to intelligent agents, a multi-agent 
network could find its bottlenecks in hu man interaction. If 3PLs are not willing to 
implement agents at their own companies, the human interaction needed such as the 
approval or input to the Vos Logistics Organizing agent could be the bottleneck. 

Furthermore, the speed of an agent to learn effectively may be too low at the beginning. 
With small profit margins and a desire for fast return on investments, there is not much 
room for error (not finding the right carrier brings withit large costs) and Vos Logistics 
Organizing is not willing to wait long before the agent functions like it is supposed to. 

2.2.2 Application aroas 

The concept of distributed control has great potential in applying agent technologyin 
supply chains, where parties exchange information and orders, but no single authority 
governs the entire chain. As a result, the use of intelligentagentsin supply chain 
management has received great attention in both practice and academie research. 

Of particular interest to this study, is the classification of agent applications for supply 
chain management that has been proposed in Verduin et al. [65] . The frameworkis based 
on the characterization of interorganizational systems based on horizontal and vertical 
linkage, as proposed by Hong and Kim [26] . 

The framework is further refined based on the sourcing and delivery processes as 
defined by the Supply Chain Operations Reference (SCOR) model [61]. A detailed 
description of this model is outside the scope of this paper, but some key concepts will be 

9 



mentioned here. The SCOR model is based on five distinct management process areas: 
plan, source, make, deliver, return. These processes are explained in Table 3. 

Process Definition 
Plan Processes that balance aggregate demand and supply to develop a course of action 

which best roeets sourcing, production and delivery requirements. 
Souree Processes that procure goods and servicestomeet planned or 

actual demand. 
Make Processes that transform product to a finished state to meet planned or actual 

demand. 
De !i ver Processes that provide finished goods and services to meet planned or actual 

demand, typically including order management, transportation management, and 
distribution management. 

Return Processes associated with retuming or receiving returned products for any reason. 
These processes extend into_l)_ost-delivery customer Sll}'I>_Ort 

Table 3: SCOR key process areas 

The souree process of a party upwards in the chain interfaces with the delivery process of 
the party one step downwards. In the case of returned goods (where the product flow is 
backwards), the return processes of the parties interface with each other. This notion is 
illustrated in Figure 7. 

I 
I 
I 
I 
I 

Supplier's 1 
Supplier 

Supplier Your Company Customer 

Int~mal or Extemal lntemal or Extcmal 

Figure 7: Supply Chain Operations Reference model 

I 
I 
I 
I 
1 Customer's 

Customer 

As the focus of the framework was on B2B agents, like the study on hand, the framework 
is limited to the Souree and Deliver processes, as these processes are connected to those 
of other companies in a different tier. The resulting frameworkis depicted in Figure 8. 
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Figure 8: Classification of agent-based collaboration structures 

The seven types are discussed in more detail in Appendix C. With respect to this 
framework, the study on hand can be classified as 'vertical sourcing'. This type will be 
described in more detail here. In vertical sourcing, a buyer identifies potential suppliers 
and negotiates product price, service and quality elements. Next, the buyer selects a 
supplier through setting (weighed) priorities and camparing the offerings. 

The capabilities of agents to autonomously move across and search the network for 
supplier information allow them to support in the identification of parties in the bidding 
process. Autonomous agentscan further be used to negotiate with each other basedon 
their own goals. Agents can jointly explore possible contract combinations, including the 
possibilities of negotiating over bundies of inter-related orders. Finally, the buyer agent 
can assist the buying party in winner determination and contract awarding. 

By taking away the manual steps and the waiting times that go along with it, agent 
technology can helptoshorten sourcing cycles. Furthermore, much more alternativescan 
be evaluated and, as a result, there is an increased chance of coming toa better decision. 

2.3 Negotiation 

Negotiation is the key decision-making approach used to reach consensus in the form of 
an agreement whenever a person, organization or another entity cannot achieve its goals 
unilaterally [5] . Negotiations take on many forms, are used in various situations and are 
influenced by ethica!, cultural and social circumstances. As a result, many researchers 
from many disciplines have stuclied the variety and diversity of roles of negotiators and 
negotiation situations [5] . A schematic representation of the different perspectives and 
influences on negotiations research is presented in Appendix E. 
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2.3. 1 Traditional negotiations 

Most traditional negotiations have been conducted in a bilateral marmer; face-ta-face, in 
writing, or via telephone and facsimile. Such bilateral negotiations are difficult to 
manage, time consuming, require significant cognitive efforts and might be prone to 
misunderstanding. As a result, traditional negotiations suffer from the following 
drawbacks [64)[69]: 

Limited transparency of the negotiated issues, e.g. low price transparency; 
Large implicit transaction casts, for example due to a shortage of offers and 
counter-offers with large bid-offer spreads; 
Large explicit transaction casts, such as labor and equipment. 
Suboptimal allocation, as the number of potential counterparts is inherently 
restricted, since, for example, the human capacity of handling multiple 
telephone calls simultaneously is limited; 

2.3.2 Elcctronic negotiations 

Electronic negotiations, defined as negotiation processes in which information is 
exchanged via electronic media, promise higher levels of process efficiency and 
effectiveness. They offer a higher quality and faster emergence of agreements [5]. The 
concept of electronic negotiations is a very braad one. lt covers a whole spectrum of 
negotiations ranging from the unstructured exchange of messages using email and chat 
systems, to partially structured e-negotiations supported by negotiation support systems, 
negotiating software agents or online auctioning platforms for selected tasks, to 
completely structured negotiations conducted autonomously by computer systems [5]. 

When information technology is used only to communicate electronically, its impact is 
limited. Mail-based and email-based negotiations share many of the same problems. 
However, the potential impact of information technology is far greater. It can change the 
way a negotiation problem is represented and the way a negotiation process is 
structured. The usage of information technology can be extended to include [5]: 

Efficient matching of potential negotiators 
Exchange, comparison and categorization of rich data 
Data collection, problem structuring and analysis and interpretation of offers 

Despite the advantages mentioned above, automated negotiations are of course no 
panacea and should be treated with care. In human-controlled, traditional negotiations, 
the communication, formulation of offers and making of concessions is a vehicle for bath 
consensus and understanding [28]. In vaguely defined negotiation situations, a human
eontrolled negotiation process will probably be more efficient and effective than what 
would be possible with even the most sophisticated intelligent agents currently available. 
The software agents are "blind to the complex social trade-offs between goals, rules and 
the social fabric. [ ... ] Experiments at bath IBM and MIT with agentsin apparently 
frictionless markets indicate potential for destructive behavior." [9, pp. 51-52]. 

A classification of negotiation situations in electronic commerce has been given by 
Bichier [6]. Negotiations are classified according to cardinality (the number of parties on 
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each side), single-unit versus multi-unit negotiations and heterogeneity versus 
homogeneity of the goods. Figure 9 depiets this classification. 

Single-Unit Multi-Unit 
Number of 
participants Homogeneaus Heterogeneaus Homogeneaus Heterogeneaus 

Goods Goods Goods Goods 

1:1 

1:n 

m:n 

Figure 9: Classification of negotiation situations in electronk commerce 

2.3.3 Audion likeversus neç)oliol!c n like protocols 

The rules governing the ways the negotiation is carried out are referred to as the 
'negotiation rules' or the 'negotiation protocol' . The rules used by an individual party to 
determine his or her behavior are referred to as 'negotiation strategies'. These are the 
rules used by the buyer or sellers to achieve their goals. When compared toa chess game, 
the protocol can beseen as thesetof rules that define what is allowed, e.g. which pieces 
can be moved at what moments. The strategies can be seen as the players' decisions to 
actually select (allowed) moves in their attempt to win the game. 

In negotiations, two distinct protocolscan be distinguished. There are auction-like 
protocols on the one hand and negotiation-like or alternating offers protocols on the 
other hand. There is however considerable disagreement between researchers 
surrounding the usage and meaning of these terms. 

Some researchers have argued that auctions are not negotiations, because, for example, 
there is no logrolling9 in auctions. However, with the emergence of new auction types 
this argument no Jonger holds, as multi-issue and combinatorial auctions for example 
allow trade-offs and logrolling [53][62]. 

On the other hand, there are those researchers whohave claimed that negotiations are 
auctions (75]. McAfee and McMillan (36] have defined an auction as 'a market institution 
with an explicit set of rules determining resource allocation and prices on the basis of 
bids from the market participants'. It has therefore been claimed that all electronk 
negotiations should beseen as auctions, as, due to the desired automation, all rules need 
to be clearly identified. 

As the problem of automating one-to-many negotiation has proven to be hard (45], initia! 
e-market development efforts concentrated on fixed-price and single-issue auction 
systems (32][6]. E-markets that provide buyers and sellers with auction mechanisms are 
well known and widely used, e.g. consumer-to-consumer auctions such as eBay, 
YahooAuctions, AmazonAuctions and business-to-business auctions such as Ariba and 

9 Logrolling is the term used to describe a kind of trade-off between two or more decision makers: giving fa vors 
or making concessions on condition of receiving other fa vors. 
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Combinenetl0• Increased sophistication of e-market systems and maturity of e-commerce 
led to the recognition of negotiation as an effective mechanism for business transactions 
[30][56][59]. 

The differences between auction-like and negotiation-like protoeals onsome important 
attributes are described below. The emergence of forma! negotiation procedures and 
protoeals in order to automate negotiation has introduced some new negotiation 
protocols, including auction protoeals with combinatorial bids on product bundles, 
supply curvebidsin volume discount auctions, multi-attribute auctions, iterative double 
auctions. This emergence of new auction types has begun to blur the difference between 
auctions and negotiations. Where applicable, this will be discussed in more detailfora 
specific property. 

Offer specification 

Auctions deal with the placement of bids on well-known and well-defined objects, while 
negotiations can also include extending these objects and refining the participants' own 
perceptions and preferences, e.g. by adding new issues like time delay or complementary 
objects. Auctions are seen by many, especially in the field of economics, as an efficient 
way of allocating resources [6]. Their most important and appealing features are process 
efficiency, ease of use, reach and their ability to simultaneously manage very large 
numbers of bidders [28). However, the processof alternating offers allows for ill-defined 
and difficult issues to be negotiated and forengagement of subjective perspectives in 
creating a shared meaning. Negotiations require rich communication; they involve 
learning, accommodation of positions, construction of alternatives and modification of 
constraints [28]. 

Information flow 

A significant limitation of auction based negotiation systems is that they do notexploit 
the flow of information in both direction~, and thus do not allow for interactive 
negotiation basedon exchanging offers and counter offers [ 47). In the case of 
transportation settings, carriers might have important information which they cannot 
express when there is no two-way information flow. To illustrate, consider orders to 
Scandinavia which can be transported using a tunnel or by a ferry connection. The 
transport by ferry takes Jonger but is significantly cheaper. It could be the case though 
that the transport by ferry cannot be realized within the time windows specified by the 
auctioneer, i.e. the shipper. The shipper could however be very interested in such a small 
vialation of these time windows if the savings are considerable. In auctions, there is no 
intuitive means of expressing such information. 

Number of negotiation strategies 

Auctions do not allow for different negotiation strategies for different opponents, 
whereas alternating offer protoeals do. In the Kasbah [13] system, one of the first online 
agent systems for negotiating consumer products, buyers have some freedom in selecting 
an appropriate strategy for each good they want to buy or sell. Although Kasbah does 

to The websitescan be found at http:Uwww.ebay.com, http:Uauctions.yahoo.com, http:Uauctions.amazon.com, 
http:Uwww.ariba.com and http:Uwww.combinenet.com respectively. 
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notsupport using different negotiation strategies for different opponents, users can select 
from one of three strategies for each product: anxious, cool-headed and frugal. In a 
similar way, one could use different strategies for different opponents. 

Although these simple strategies are not likely to lead to optimal outcomes, they 
adequately model typical haggling behavior found in classified ad markets. These 
strategies were chosen to make it intuitive for users to understand what their agents are 
doing in the marketplace, which turned out to be important for user acceptance, as was 
observed in a large-scale experiment with the system [12]. Figure 10 depiets the user 
interface of the Kasbah system where a user enters his or her data and selects an 
appropriate strategy. 

• When 4o you vut 10 Mll 1he abcm good 'by? 

I J1Jly I f2ä I tm I by fl fööl ._ ...~:Pill;.;;;_~ 
• WM.t Î" ~UI d~d pD::e? ~ 
• WM' ill1he bvest po$Si'ble p:cict you e.re Villill( \:! $tll Col'? ~ 
• What klxl4 of pm 4ecay tuncll>n 4o you want 10 U$$? 

Figure 10: Kasbah Graphical User Interface 

Options for differentiation 

New auction types have emerged that are able to cope with multiple issues, which allows 
for competing on other issues than price, but classic auction types have generally been 
a bout price only. This has led to a negative view on auctions, as most business-ta
business providers do notwant to compete on price alone. From the three well-known 
generic business strategies available - cost leadership, differentiation and focus - most 
companies prefer the differentiation strategy [50]. 

This negative view on auctions is certainly true in the area of transportation, where most 
carriers have a strong aversion against auctions, which are currently used by shippers to 
request for bids on long term contracts for multiple shipments. Although shippers have 
no obligation toselect the lowest priced carrier and aftentimes do not do so, carriers feel 
that shippers have used online auctions in the past to incur competition on price, 
resulting in zero-sum games, i.e. win-lose situations. 

Number of bidders 
In the case of auctions there is a certain amount of bidders required to gain benefits. 
During some of the peak periods in a transportation setting this number might not be 
reached. This objection does not hold true in the case of negotiation, where there is no 
similar problem when offers are exchanged with only one carrier. 
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3 Current situation 

In this chapter the current situation at Vos Logistics will be discussed. This situation will 
be analyzed basedon four aspects; processes, control, information, organization [21]. 
These aspects will be discussed in sections 3.1 through 3.4. The analysis has been made 
based on existing documentation and reports as well as participatory observation and 
interviews with experts. 

3.1 Processes 

The possibilities and limitations of bath electronk negotiations and intelligent agents 
have been used in identifying the application areas at VLO. The outsourcing processes 
for large, complex projects, known as tenders, has been discarded in this respect as they 
are complex trajectories and involve lotsof issues, for which electronk negotiations are 
nat suitable. The current dissatisfaction with respect to Internet tenders, including the 
ones held by VLO' s customers, confirms this mismatch. Dedicated desks also do nat offer 
much potential as they use preferred carriers. This might be because the shipper desires 
so or because the handling of shipments requires special care, e.g. cleaning in the case of 
DSM. The forwarding desk, which handles orders on a day-to-day basis, holds the most 
potential in this respect. The issues negotiated a bout are limited and fixed . On top of that, 
they are micro-transactions, which means that a software agent has enough possibilities 
to learn effective behavior. 

The overall process of order handling by the forwarding desk is described in section 
3.1.1. Carrier selection and negotiation, which is part of order handling, will be, due to its 
importance for this study, discussed in more detailinsection 3.1.2. Two other process are 
included in the appendices to provide extra context. The handling of customer requests 
for quotations, is described in Appendix E. Order tracking and exception handling is 
discussed in Appendix F. The settiement process, including such things as handling the 
invoices of carriers, has notbeen examined in detail, as this is less relevant to this study. 

The processes are represented by activity diagrams as defined by the Unified Modeling 
Language (UML). UML is arguably the most commonly used language for rnadeling nat 
only application structure, behavior, and architecture, but also business process and data 
structure. The activity diagram is one of thirteen types of diagrams, and is especially 
suited to capture behaviaral flow information. 
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3.1' Ordor handling 

The order handling process is displayed in Figure 11. 
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Figure 11: Order handling process 
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The most important and non-obvious activities from Figure 11 will bedescribed in more 
detail below. 

Submit order/Receive order/Examine order 

When an order is submitted by the shipper, through EDI, fax, telephone or email, VLO 
examines it and when everything is in order, the process continues. If something is not in 
order, the shipper is notified. The shipper might then decide to modify the order and 
resubmit it. 

The charaderistics for revenue, gross margin and pickup date are given in Table 4. These 
charaderistics were calculated from the data of the Porwarding desk over the entire year 
of 2004. This data in turn has been extracted from Cognos, the data warehouse in place at 
Vos Logistics, which holds the data of the LoVos Transport Management System. 

Revenue Gross margin Pickup_ date 
Minimum € 50,00 Minimum -317% Minimum Same day 
Average €450,00 Average 9% Mode11 Nextday 
Maximum € 3600,00 Maximum 71% Maximum 1n two weeks 

Table 4: Order charaderistics for revenue and pickup date 

As can be seen from Table 4, orders vary in size between € 50,00 and € 3600,00. On these 
orders, gross margins range from -317% to 71%. So, fora given order for which VLO gets 
paid € 200,00 by its customer, purchase cost for the actual transport capacity could range 
from € 58,00 up to € 834,00. 

The majority of orders consist of so-called today-for-tomorrow12 shipments. Rush orders 
consist of today-for-today13 shipments where a truck needs to pickup the shipment on the 
same day the order arrives. The maximum time between the notification of a shipment 
and the actual pickup date is often no more than one week, but at times it might be two 
weeks. At this moment, the handling of such orders is postponed until the day before the 
actual pickup needs to be made. The reason to do so is that carriers will want to postpone 
the acceptance of an orderuntil more is known about their other shipments, to come up 
with an efficient routing. For difficult orders, e.g. to fruitless 14 regions, carriers are sought 
several days in advance. 

Accept order/Enter order/Select carrier 

If an order has been examined and accepted, two processes can occur in parallel. The 
order is accepted or entered into the system, depending on how it has been received, and 
the process of selecting a carrier who at that moment has the capacity to fulfill the order 
is started. The processof selection is described in more detail in paragraph 3.1.2. 

11 Mode is the data element which occurs most frequently. 
12 1n the case of today-for-tomorrow shipments the shipments need to be loaded the day after the notification of 
the shipment arrives. 
13 1n the case of today-for-today shipments the shipments need to be loaded on the same day the notification of 
the shipment arrives. 
14 A fruitless region is a region in which a limited amount of freights is offered. As a result, the truck probably 
has to drive many empty kilometers to the next pickup location. 
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Notify shipper/Receive notification/Retract order/Loosen constraints 

If no match is found, the shipper is notified. If it is possible to modify the order in such a 
way that it impraves the chancesof finding a match, i.e. by loosening the constraints, 
VLO might propose such a course of action to the shipper. The shipper decides to allow 
the relaxation proposed, or might counter propose a different way of loosening the 
constraints. If there is no viabie option to relax the constraints in such a way that the 
order is (likely to be) fulfilled, the order is cancelled. However, this is a highly 
undesirable option, astheshipper will nat accept such cancellations of their orders toa 
aften. With respect to loosening constraints, one can think of allowing an extra day for 
delivery or allowing VLO to use a different carrier than the preferred one(s), for example 
by allowing VLO to place it on Teleroute [ 63], an online freight exchange platform. 

Allocate carrier to orderiSend confirmation 

If a match has been found, the carrier is allocated to the order and a confirmation is sent 
to the carrier. 

3.1 .2 Ccmicr sciccrion oncJ negolietion 

The carrier selection and negotiation process is a complex part of the order handling 
process which was described at a higher level in the previous section. The processof 
carrier selection and negotiation is displayed in more detail in Figure 12. 
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The most important and non-obvious activities from Figure 12 will bedescribed in more 
detail below. 

Start carrier selection 

In about 70% of the cases, VLO works with carriers from a closed group, due to quality 
requirements of the elient which can not be guaranteed when working with an open 
group. In 30% of the cases VLO is free to choose. In one-third of the open group cases or 
a totallO% of the orders, a carrier is contacted from one of the carriers already known to 
VLO. In two-third of these cases or a total of 20% of the orders, the order is placed 
directly on Teleroute [63]. Telerouteis an online platform where all connected partiescan 
look for freight offers as well as capacity (truck) offers for certain lanes, from one specific 
region toanother region. Teleroute charges a fixed fee as wellas variabie amounts based 
on the transactions performed. A table of their tariffs is given in Appendix E. 

Place freight offer on Teleroute/Await response 

VLO enters the freight charaderistics as well as their contact details, a process which 
takes approximately one to two minutes. If a carrier is browsing Teleroute and is 
interested in the freight, he cantacts VLO by phone and both parties try to come to a deal. 

Search for matching capacity on Teleroute 

Sometimes, VLO actively looks for capacity on Teleroute and when capacity is found, 
VLO cantacts the conesponding carrier. This processof actively looking for freight can 
occur up to 3 times a day and takes a couple of minutes each time. 

Refresh offer on Teleroute 

When a couple of hours have passed since the order was placed and a carrier has not yet 
been found, the freight offer is refreshed to put it on top of the list. This indicates to 
carriers that it is still vacant. If time is running out and no positive responses have come 
from Teleroute, VLO resorts to the processof finding a carrier using their own list of 
carriers. 

Select carrier from base 

The totallist of active carriers is about 700 narnes long. Several relatively straightforward 
criteria can be used for pre-selection. If the freight involves hazardous materials, such as 
those referred to as ADR, the carrier is required to have proper certification do deal with 
such shipments. 

Furthermore, the shipper or the freight itself may impose certain constraints on the type 
of trucks to be used. If a truck needs to be loaded or unloaded sideways, a certain type of 
truck is required . If the shipment contains valuable goods, a different type of truck is 
needed, one that is more protective and less prone to burglary. In these cases, VLO also 
prefers to work with Western European shippers insteadof Eastern European carriers. 
Furthermore, a shipper could demand that the driver of the truck speaks a certain 
language, e.g. Englishor Dutch, which limits the choice of carriers, and so on. 

Overall, to select the most promising narnes on the list a complex decision process is 
used. Two major factors are the design of the carrier' s network and the current order 
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portfolio. For example, if a shipment is to be loaded on Friday and unloaded on Monday, 
a carrier is sought who has his home base close to the unloading destination. As a result, 
the driver can pickup the goods on Friday, drive home to the carrier's home base and rest 
for the weekend. On the next Monday, only a small distance has to be covered, as the 
unloading destination is close to the home base. Similarly, if a carrier has subsequent 
shipments close to the unloading area, the price offered will be lower as the empty 
kilometers of the truck are limited. 

Select carrier from list 

For some of the larger customers with repeated shipments, a separate, smaller list is kept. 
This list is sorted according to preference. When a shipment arrives, usually the first 
party on the list is called and it is checked whether the carrier has capacity available. If 
so, they try to come to a deal. When this process fails, the second party is contacted and 
so on. 

One other aspect that needs to be mentioned hereis that VLO tries to distribute orders 
among carriers more or less evenly. There are two main reasons to do so. One is to keep 
or to attract the loyalty of the carrier. If a carrier almost never gets a freight, he will not be 
likely to help out if VLO is having trouble finding a carrier at a certain moment in time. 
His own customers will get priority. If VLO regularly allocates freight, chances are a lot 
higher that this carrier will put everything to work to help out VLO. The other reason for 
distributing the repeated orders from one shipper over a number of carriers, is that it 
helps to reduce the chances that a carrier approaches the shipper directly with the 
request to handle all of these shipments at a much lower price, as the overhead costs of 
VLO can then be avoided. 

Respond to request/Negotiate on price 

Oftentimes, in about 60-70% of the cases, tariffs with carriers are fixed. Margins are too 
low and current transaction costs are too high to renegotiate tariffs for repeated 
shipments. As such, more profit can be made by negotiating once over fixed tariffs. These 
agreements contain information on how to deal with extra charges due to legislation 
(such as the MautJS) and increasing or decreasing fuel prices. If fuel prices increase or 
decrease 3 cents compared to when the tariff has been set, the tariff is adjusted by 1% in 
the corresponding direction. 

If tariffs are not fixed, negotiation over these tariffs takes place. This is usually a very 
short and simple negotiation, as low margins do not allow for high transaction costs. This 
is also one of the reasons why aftentimes the first deal that is offered is taken. The costs 
for finding a different carrier are higher than the expected benefits. Another reason is 
that, especially for FTL shipments, which constitute the largest part of VLO's business, 
prices from the different carriers are not that far apart. If there is known to be a large 
surplus of capacity however, more pressure is put on the carrier and a more favorable 
deal can be made. 

15 Extra charge which has to be paid as of January 1'' 2005 when traveling through Gerrnany with heavy 
transportation vehicles such as trucks 
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When VLO cannot find capacity at reasonable cost, there are two options. If it is an 
important customer or if firm agreements have been made between the customer and 
VLO with respect to finding capacity, VLO incurs the extra cost. Profits made on other 
shipments for this customer should compensate for this loss. In other cases, VLO 
approaches the customer with the request to loosen some of the constraints, e.g. 
postponing the pickup date with one day. 

3.2 Control 

From the UML activity diagramsof section 3.1 and the descriptions in the 
subparagraphs, the information surrounding the control of the processes can be derived. 
Swimming lanes were used to denote which activities take place at which parties 
(shipper, VLO, carrier). Furthermore, the conditions influencing the decisions made are 
specified at the decision points, which are shown in the diagramsin the form of 
diamonds. Where necessary, the control of the process has been clarified in the 
accompanying description. 

3.3 lnformation 

The Transport Management System (TMS) is arguably the most important information 
system in use. The TMS is used to enter or accept orders, based on whether they are 
received through EDI or through phone, fax or email. The TMS is also used to assign a 
carrier to a transport order and to print confirmations which are sent to the carrier and 
used for internat archiving. 

Currently, three competitive TMSs are in use. The forwarding desk uses Lovos, which 
was developed in-house and Chainware, which has been developed by Interchain16• 

Chainware has recently been selected and implemented as the TMS of choice for VLO as 
well as for the forwarding cluster, which is located at another office in Breukelen. 
Another desk uses LMS, a spin-off of Lovos which has some added functionality. 

With respect to VLO, Lovos and LMS can be seen as legacy systems. They are currently 
still in use mainly due to EDI connections that have not yet been implemented in 
Chainware. Lovos will continue to be used throughout other partsof the Vos Logistics 
group. At VLO, the Lovos and LMS systems will be completely replaced by Chainware 
within several months. 

Once a day, at nighttime, orders which have been entered in Chainware, Lovos or LMS 
are passed on to Coda, the financial system in use by the entire Vos Logistics group. This 
system is used to follow up on invoices. 

16 http://www.interchain.nl 
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Besides the information systems just mentioned, Teleroute, an e-marketplace is regularly 
used as wellas various reporting systems from shippers as discussed in Appendix F. 

3.4 Organization 

In Figure 13, the organogram for Vos Logistics Organizing is displayed. 

Figure 13: Organogram Vos Logistics Organizing 

The four main departments will be described here briefly: 
Sourcing is responsible for maintaining the carrier base as well as selecting and 
contrading the right carriers for some of the larger assignments from customers, 
where one or a limited number of pre-defined carriers are used for specific 
shipments. 
Business development is responsible for maintaining the customer base and 
acquiring assignments. 
Engineering (re)designs supply chains and implements solutions in order to 
more efficiently manage the supply chain. 
The Back Office consistsof Operations and Finance & Administration, and is 
responsible for (optimizing the) handling of the operational tasks. 

Finance & Administration is responsible for (invoice) administration and follow ups on 
invoices sent. Operations is responsible for the actual allocation and monitoring of 
logistic activities. This includes amongst others allocation of shipments to carriers, 
exception handling and quotation processes for small tenders or individual requests. 
Dedicated desks have been installed to handle large accounts, including DSM and 
Beiersdorf, whereas smaller accounts are handled by the Porwarding desk. 
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4 Analysis 

This chapter will identify the areas where exactly agent technology might support the 
outsourcing processes of VLO. For this purpose, a benchmark instrument has been 
constructed, which will be presented and discussed in paragraph 4.1. In sections 4.2 
through 4.4 this instrument will be applied to the current process. 

4.1 Benchmark instrum nt 

The media reference model (MRM), which has been proposed by Schmid [55], identifies 
four phases of interaction, which were already mentioned in chapter 1 and are explained 
in more detail here. They are visually displayed in Figure 14 and consist of: 

Knowledge; gathering of information concerning products, participants, etc. 
Intention; specification of supply/demand with offers to sell and offers to buy. 
Agreement; identification of the terms/conditions and signing of a contract. 
Settlement; execution of the contract, payment, post-sales support, etc. 

Negotiation, the subject of this study, centers around the intention and agreement phase 
[60]. As such, the discussion's focus will be on these two phases. However, where 
applicable, the knowledge and settiement phase will bedescribed briefly. This focus on 
the intention and agreement phases is also illustrated in Figure 14. 

Figure 14: Interaction phases of the MRM modeland the focus of this study 
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The environment with which the agent interacts consists of subjects which the agent can 
sense and on which it can act, as wellas of other (human or software) agents with which 
the agent can communicate [73]. This notion is illustrated in Figure 15. 
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Agent Agent 

sensing acting 

Env1ronment ! 

Figure 15: Interaction between an agent and i t's environment 

In order to identify where the proposed agent technology might have an impact, the 
relevant agents and subjects will be identified and held against the various interaction 
phases of electronk negotiations as defined by the MRM. As interaction with an agent, 
which has its own goals and handles autonomously, is different from interaction with 
subjects, two distinct matrices will be used. The matrix for interaction with an agent is 
displayed in Figure 16. 
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Figure 16: Matrix for interaction with another agent in the environment 

The matrix for interaction with a subject is displayed in Figure 17. 

•• !<noil~~~ Agreement Setdement r--

~ 
Vl 

.!i 
1l 
Vl 

~ 

-

Figure 17: Matrix for interaction with a subject in the environment 
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From the processes which have been described in chapter 3, the relevant subjects and 
agents can be identified. Two subjects and two agents have been identified: 

Order set (subject) 
Shipper (agent) 
Carrier (agent) 
Teleroute (subject) 

The order set consists of orders placed at VLO by the shippers. For these orders VLO 
selects an appropriate carrier, sametimes with the help of Teleroute. Teleroute can be 
seen as a subject as it doesnothave any goals of its own but purely provides information 
and matchmaking services for the parties (agents) participating in the platform. As the 
focus of this study is on the process of outsourcing transportation jobs to carriers, 
communication with the shipper will not be considered here. The following paragraphs 
will discuss improvements in the order set, the carrier and Teleroute respectively, with a 
focus on the intention and agreement phase, as already mentioned above. 

4.2 Order set 

Paragraphs 4.2.1 through 4.2.4 discuss improvements for the four phases with respect to 
the order set. Paragraph 4.2.5 presents a graphical overview. 

4.2.: Knowledçac 

Currently no knowledge is inferred from the order set. Although (agent) technology 
might be able to retrieve valuable information (e.g. market trends or seasonal effects) 
from analyzing this set, this aspect will not be considered here in more detail. 

4.2.2 inteniion 

Making bundies out of individual orders is a well known way to add value [58]. With 
respect to the own order set, two potential improvements have been found; 

Offer multiple Less-Than-Trucklaad (LTL) shipments with overlap in route 
Offer return shipments or subsequent loads at the unloading destination 

Although providing several shipments with no direct relation to a carrier can provide 
significant savings in the strategie sourcing process, as it enlarges the carrier's total 
volume, this does not hold true for orders on a day-to-day basis. The carrier can not 
account for this in its long term planning and/or asset management and no significant 
benefits arise from offering a bundie of unrelated shipments on a day-to-day basis. It is 
therefore not taken into account here. 

Bundie LTL shipments 

VLO can gain considerable savings when multiple LTL shipments or part loads, with 
overlap in (part of their) route, are affered as a bundle. A typical price table, using actual 
carrier data, is depicted in Figure 18 which displays the price per pallet for the various 
loading percentages of a truck. This price clearly drops as the size of the load increases. 
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Figure 18: Relationship between load and price per pallet 

This process of bundling is currently executed by hand for one of the customers of VLO. 
A number of solutions exist, both agent-based and non agent-based, to automate and 
optimize the process of making efficient bundies out of a given set of orders. 

Bundie subsequent or return freight 

For the bundling of a shipment with a corresponding subsequent or return shipment, the 
notion of fruitfulness plays a key role. In a fruitful region many freights are offered and a 
truck only drives empty for a limited amount of kilometers, whereas in a fruitless region 
not much freights are offered. In these regions, trucks on average have to drive a 
significant amount of empty kilometers before they can pickup their next freight. 

Depending on the fruitfulness of the unloading area and the quality of the carriers own 
network and his own capabilities in matching demand and supply, a truck has to run a 
certain number of empty kilometers from the delivery point to the next pickup location. 
If VLO was to offer a new freight at or close to the unloading location, it might get a 
significant discount from the carrier as its truck is minimizing the empty kilometers. 
Savings depend on the area the new freight is offered in and the quality of the carrier' s 
own network. If a lot of freight is offered in the region anyway, the discount will be 
smaller. Similarly, if a carrier's own networkis mature and the carrier is very capable of 
finding subsequent shipments, the discount will be smaller. 

However, carriers with such networks incur high overhead costs and are usually more 
expensive than carriers with less mature networks, e.g. so-called pop-and-mom 
businesses. Currently, when there is a single international freight, one of the larger 
carriers is contacted, as smaller carriers would run too many empty kilometers and 
would be more expensive. If VLO was to provide a return shipment however, it could 
however use a pop-and-mom-business, which would lower costs significantly. Currently 
this process is done by hand for only one of the customers of VLO. A number of solutions 
exist to automate and optimize this process for the entire set of orders. 

Sense remaining truck capacity 

Besides using the own order set to create efficient routes or full truck loads, an alternative 
would be to offer remaining truck capacity in order to attract freight, which canthen be 
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used to make bundles. If VLO has a freight order with a loading percentage of 50%, it 
could offer the remaining half of truck capacity to its known carriers or on Teleroute. As 
about 75% of the FTL price is paid for half a truck load, VLO gets paid around 150% of 
the FTL price in total if another freight is found. VLO consolidates the freights, charters a 
full truck and pays only the carrier's FTL price (possibly with some extra costs for extra 
loading and unloading), thereby increasing its earnings withup to 50% of the FTL price. 

4.2,3 Agreement 

The agreement phase consistsof identifying the terms/conditions of the transaction and 
signing a contract. It includes allocatinga carrier to an order, as was described in 
paragraph 3.1. 

Allocate carrier to order 

Once an agreement has been reached, the carrier is currently allocated to an order by 
means of manual data entry. If the agent communicates with the carrier directly, this step 
can be eliminated as the agent itself can allocate the carrier to the specific order. 

t!./.4 Sertiement 

With respect to the settiement phase, one could think of agents keeping track of the 
order's status, automatically sending out a requesttosend an invoice, etcetera. However, 
as mentioned before, this is outside the scope of this study and various systems for this 
purpose already exist17. 

4.2.5 Overview 

An overview of the improvement areas described above is displayed in Figure 19. 
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Figure 19: lmprovements for the intention and agreement phase (order set) 

17 Kg, Transwide (http://www.transwide.com) and Informore (http://www.informore.nl) 
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4.3 Carrier 

Paragraphs 4.3.1 through 4.3.4 discuss improvements for the four phases with respect to 
the carrier. Paragraph 4.3.5 presents a graphical overview of the improvements against 
the benchmark instrument. 

Agent technology might prove useful in analyzing the data available on carriers (e.g. to 
support Supplier Relationship Managementor to identify black spots with respect to the 
number of carriers known fora certain region). Also autonomous agents could be used to 
automatically request missing information from existing carriers (e.g. ISO certification) or 
to approach new carriers with a request for information. However, these areas are left for 
future research and the carrier base is considered a given in this study. 

4.3.2 intention 

The intention phase deals with specifying supply and demand with offers to sell and 
offers to buy. From the process description of paragraph 3.1, it can beseen how VLO 
approaches carriers with an offer. Furthermore, from interviews it has been found that 
VLO's closed group of carriers contacts VLO when it has overcapacity and VLO in turn 
contacts carriers to notify them when it expects a (temporary) increase in demand. 

Receive truck capacity offer 

If a carrier expects to run empty in a certain areaandit knows that VLO often has 
freights available there, it contacts VLO by phone to inform about its available capacity. 
If the handling of this information is done by (agent) technology, VLO can reduce its 
transaction costs for receiving and using this information. 

Send expectation of peak in freight offers 

When VLO knows that it can expect a peak indemand from (one of) its customers, 
carriers are informed. When these carriers have trucks in the areas and at the time 
windows identified by VLO, they approach VLO with a request for freight. The carrier 
benefits from minimizing his efforts to find (return or subsequent) freight and VLO 
benefits from minimizing their efforts to find carriers and increases its chances that all 
freights are taken on. This process is currently executed by phone and transaction costs 
could be reduced if this process was to be automated. 

Send (bundled) freight offer 

Currently, carriers are contacted by phone, one at a time, until one is found that can take 
on the job. When carriers are contacted through an autonomous system, efficiency and 
effectiveness are improved. Efficiency is improved as transaction costs (which are a result 
of human labor, telephone costs and equipment) are reduced. Effectiveness is improved 
as more carrierscan be approached with an increased chance of finding a good match 
between a carrier and the offered shipment. 
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Furthermore, carriers are currently contacted only about one day in advance. When 
carriers are contacted earlier they aftentimes do nothave insight into their order portfolio 
yet. Contacting carriers at multiple points in time is not an option as transaction costs 
would become too high. However, if orders are entered into a system as they come in at 
VLO, they can be made available for a longer period of time without extra costs. 
Whenever a carrier knows his order portfolio relevant to the order VLO is offering, 
whether it be 1, 2 or even more days in advance, he can respond to the order in question. 

Send truck capacity offer 

The advantages of offering remaining truck capacity have been described in paragraph 
4.2.2. VLO could notify its known group of carriers of this capacity. If these carriers have 
freight for which they have nocapacity themselves or if VLO can do it cheaper, e.g. due 
to a more beneficia! routing, the carriers could ask VLO to carry their freight. VLO in its 
turn can charter the truck from yet another carrier at better conditions. 

A(,;rccrnc':ît 

The agreement phase consistsof identifying the terms and conditions of the transaction 
and the signing of a contract. A transportation job can be defined along a number of 
characteristics18 [17]. Currently shipments are only negotiated on price, as high 
transaction costs associated with human negotiation do not allow for complex and time
consuming negotiations. If such negotiations were to be automated, more issues could be 
considered in order tobetter match supply and demand. From the order characteristics, 
three issues have been identified as negotiable; price, time windows and equipment type. 

Negotiate on price 

If fixed tariffs haven't been set, negotiation takes place on price. This negotiation 
currently happens over the phone. If this process were to be automated, transaction costs 
could be reduced, thereby improving efficiency. Furthermore, electronk negotiations 
overcome some of the problems associated with traditional negotiations, such as large 
bid-offer spreads, a limited number of counterparts and other problems which have been 
outlined insection 2.3.1, thereby increasing the effectiveness of the deal made as well. 

Negotiate on time windows 

Currently, time windows are considered to be fixed. It has however been indicated that 
VLO's customers would be willing to consider them to be flexible, if this would result in 
substantial savings. There are two ways to handle this option. VLO could give a discount 
if shippers would be willing to extend time windows, e.g. a 5% discount if they are 
increased from 1 to 3 days. This would require that VLO knows what savings can be 
achieved in various situations, to make sure that the discount percentage given is a 
realistic one. The other option is to let the customer specify discounts or penalties. Table 5 
illustrates, using fictional data, how VLO could possibly benefit from deviating from the 
original date, e.g. because capacity on the original date is hard to find and prices are 
high. 

18 Volume, weight, pickup location, pickup time window, loading time, delivery location, delivery time 
window, unloading time, hazard category of dangerous goods and equipment necessary to handle the order. 
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Three days Twodays Oneday Original date Oneday Twodays 
earlier earlier earlier later later 

Original 
€ 650,00 

amount 
Penalty for 

Unacceptable € -150,00 € -50,00 €0,00 € -150,00 Unacceptable 
violation 

Actual n/a € 500,00 €600,00 €650,00 € 500,00 n/a 
revenue 
Best priced n/a € 530,00 € 530,00 € 630,00 €490,00 n/a 
carrier' s offer 

Gross margin of n/a € -30,00 € 70,00 €20,00 € 10,00 n/a 
VLO 

Table 5: Indication of margin fluctuation with flexible time windows 

There are a number of reasons why rates could fluctuate during these days. Roughly, 
they fall into two categories, market-wide effects and carrier-specific effects. Market-wide 
effects could first of all be due to seasonal effects. For example, every end of the month 
truck available capacity goesdown as a lot of shippers want totransport goods to get 
them out of inventories. 

Secondly, there could be special events. If there is a holiday during a week, a strike or 
another reason why trucks cannot drive, about the same amount of goods needs to be 
transported in the remainder of the week, leading toa higher demand for capacity. 

With respect to carrier-specific effects, there is first of all the possibility that extended 
time windows allow the carrier tobetter match freights with the location of a his vehicles. 
For example, in the case of shipments from Germany to the Netherlands, a Dutch carrier 
will be cheaper as they have freights from the Netherlands to Germany and can pickup 
this freight on the way home. However, these carriers do not arrive in Germany until 
Tuesday, as trucks and drivers return to their home base during the weekend. If the time 
windows for a freight which is scheduled at Monday are extended by 1 day, a Dutch 
carrier is able to take on this shipment, whereas VLO otherwise would have to go with a 
more expensive German carrier. 

Second of all, extended time windows might also lower specific costs. Again, a simple 
example helps illustrating this principle. Consider a freight from the Netherlands to the 
north of France with an original pickup date of Wednesday and one from the north of 
France back to the Netherlands with an original pickup date of Thursday. If the time 
windowsare extended, the carrier could load the freight toFrance very early Wednesday 
morning for example and drive to the north of France. If the carrier can pickup the return 
freight that same Wednesday right after unloading, he can drive back the same day. As a 
result, instead of chartering an international driver19, a much cheaper so-called national 
driver2o can take care of these shipments, as there is no need to sleep over in the truck 
and wait to pickup the freight the next day. 

19 An international driver is scheduled forshipmets over Jonger distances. As a result, the driver might be 
several days away and has to sleep over in his truck. Because of this inconvenience as well as for the extra costs 
incurred (e.g. buying dinner in a restaurant) the driver gets paid extra. 
20 A national driver is scheduled for shipments overshorter distances. The driver starts from and returns to his 
home base each day. 
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Negotiate on equipment type 

Configuration on equipment type can also best be illustrated by means of a simple 
example. Consicter a shipper with 300 pallets to ship. What happens at this moment is 
that this shipment is divided into smaller shipments, e.g. for large-volume combinations 
which can take on 38 euro pallets21 , 5 more than a usual trailer. This makes the large
volume combination cheaper on a per pallet basis. However, given the current market 
situation it could be that there is excess supply of regular trailers and a shortage on large
volume combinations. In such caseschartering trailers might be cheaper, even though 
you would need one truck extra. 

Send order confirmation 
Currently, once an agreement has been reached, sending an order confirmatien happens 
manually. This processcan easily be automated to reduce transaction costs. 

4.3.4 Setriement 

The settiement process between VLO and the carrier has not been examined in detail, as 
it was considered to be outside of the scope of this study and did not hold a particular 
research interest, as a lot of automated solutions already exist. One could however think 
of systems for example that automatically send invoices and do the follow up as well. 

4.3.5 Overview 

An overview of the impravement areas described above is displayed in Figure 20. 

Knowledge Intention Agreement Settiement -

Supplier Receive Au10macic 
Relationship truck Negotiate scndi.ngand 

Manage- capKity on price foUowing up 
offer ofinvoi~s 

S<nd 
expttalion Negotiate 
ofpeak in on time 

Ë fn::ighr windows 
of fen 

-~ ·a 
" e u e 
0 S<nd 

Ncgotiatc u (hun dl cd) 
fn::ight on equiP' 

offer ment type 

Send truck Sendorder 
capaciry confir-

offer m ation 

-

Figure 20: Improvements for the intention and agreement phase (carrier) 

21 A euro pallet is 1,20 meters wide and 0,80 meter long. 
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4.4 T eleroute 

Paragraphs 4.4.1 through 4.4.4 discuss improvements for the four phases with respect to 
the carrier. Paragraph 4.4.5 presents a graphical overview of the improvements. 

Teleroute hosts a large amount of data concerning its participants, including such things 
as carriers' home bases and specialisms. This data might be automatically gathered by a 
mobile agent to fill up the previously mentioned black spots. The data on these newly 
found carriers might then be used in the strategie sourcing process where they are 
approached for the large tenders with long term contracts. However, a further 
investigation of such improvements is left for future research. 

4.4.2 intention 

The Teleroute platform is used when there are no specific limitations, e.g. there is no 
preferred (group of) carrier(s) and there are no strict quality requirements which can not 
be realized when using an open group. It is also used to find a carrier when the carriers 
from the closed user group are not available. The Teleroute platform allows its 
participants to specify supply and demand. VLO can use the platform to place its own 
offers (both freight and capacity) as well as to do a search for freight or capacity. 

Search for L TL shipments 

In order to create efficient bundles, VLO could make use of the freights offered on 
Teleroute. An agent could automatically sense if there are freights offered which can be 
used in combination with the current order set to create efficient bundles, e.g. to 
consolidate multiple LTL shipments with conesponding pickup and delivery locations. 

Search for return or subsequent shipments 

Similar to the previous point, VLO could use Teleroute to search for a matching return or 
subsequent freight, in order to get the advantages from offering a bundietoa carrier. 

Search for truck capacity offers 

This process is currently done by hand, as was described in chapter 3. This process can be 
automated by using an agent which automatically senses ifcapacity is offered that can be 
matched withorders from the current order set. 

Send (bundled) freight offer 

Orders are currently placed on Teleroute by hand. An agent could be used toplacethese 
orders, which might have been efficiently bundled in an earlier stadium. 

Send truck capacity offer 

The advantages of offering truck capacity have been described above. VLO could place 
remaining truck capacity on Teleroute. If participants have freight they can contact VLO 
to carry this for them. VLO in turn can charter a truck from a carrier at better conditions. 
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4.4.3 1\grccrncnt 

Teleroute has no support for the agreement phase and it has therefore no implications on 
this phase. 

AAA Set+icrnenl 

The settiement phase is not supported by Teleroute. 

4.4 .5 ()vervicvv' 

An overview of the impravement areas described above is displayed in Figure 21. 
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Figure 21 : Improvements for the intention and agreement phase (Teleroute) 
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5 Assignment 

In the previous chapter, a number of potential improvements have been found. These 
improvements will be analyzed and priorities will be established in paragraph 5.1, in 
order to identify those improvements that offer the most potential. This prioritization 
will be used in paragraph 5.2 to support in formulating the design assignment. 

5.1 Prioritization 

Of the improvements that have been defined, several will nat be considered further in 
the remainder of this study. Those improvements that do nat impact the intention and 
agreement phase, and were discussed only briefly in the previous chapter, will nat be 
taken into account here, as the scope of this study is on negotiation. Of the improvements 
that do impact those two phases, several improvements consist of automation only and 
as aresult have practically no research interest. This leaves a total of nine options 
remaining, which are: 

Bundie L TL shipments from the own order set 
Bundie subsequent or return shipments from the own order set 
Create bundies by attracting freight through offering capacity to known carriers 
Create bundies by attracting freight through offering truck capacity on Teleroute 
Create bundies of LTL shipments by searching Teleroute 
Create bundies of subsequent or return shipments by searching Teleroute 
Negotiate on price with prospective carriers 
Negotiate on time window with prospective carriers 
Negotiate on equipment with prospective carriers 

5.1 . 1 Ful! onolyticol c:itc:rio rnethoc! 

To support in prioritizing and eventually selecting between improvements, the full 
analytica! criteria method, referred to as F ACM in the remainder of this study, will be 
used. F ACM is a simplified adaptation of an even more rigarous model known as the 
Analytica! Hierarchy Process and is basedon the workof Saaty [51]. 

The reason for choosing F ACM over other approaches such as the Mul ti Criteria 
Evaluation (MCE), lies in the fa ct that F ACM requires no explicit assigning of the weights 
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and scoring of the options. Instead, criteria and options are compared with each other. 
Given the explorative and indeterministic nature of (most of) the improvements, this 
method is better suited to prioritize them, as MCE would most likely lead to a much 
more biased weighing and scoring process. F ACM consists of the following steps: 

1. Agree on the ultimate goal; In this case, the goals consists of selecting the best 
improvement(s) that should be researched in moredepthand for which a 
solution should be designed. 

2. Create the list of criteria; See subparagraph 5.1.2 for details. 
3. Weigh each criterion against each other; See subparagraph 5.1.3 for details. 
4. Compare all options relative toeach weighed criterion; See subparagraph 5.1.4 
5. Compare each option basedon all criteria combined; See subparagraph 5.1.5 
6. Choose the best option across all criteria; This step is a little different from the 

usual scenario, as the options are not mutually exclusive (which would be the 
case in selecting the best software application for example) . Instead, the end 
scores are taken into account in the formulation of the design assignment, which 
is described in paragraph 5.2. 

5. 1 .2 Lis t of criteric 

Three criteria have been chosen to evaluate the alternatives on: 
Business impact: For VLO as a sponsor of this project the impact of the 
improvements on its business (e.g. lowered transaction costs and/or increased 
profit margins) is a critica! factor 
Research interest: CWI is another sponsor of the project and is interested in the 
more fundamental aspects (e.g. increased overall transport performance) and in 
the extent to which it can contribute to its knowledge and existing research 
literature. 
Feasibility: As the scope of a master's thesis is limited, scoring the impravement 
on the criterion of feasibility serves the purpose of making sure that it is not too 
complex to deal with in the remainder of this study. 

5.1 .3 Criterion weighing process 

The same importance has been assigned to all criteria, as can be seen in the calculations 
from Appendix H. As already briefly mentioned above, the impravement should score 
high on business impact, academie research interest and feasibility. All three criteria have 
therefore been given a similar importance, as none of the criteria should prevail. 

S.l A Cornporiscm en eoch criierion 

In this step, the nine options which will be evaluated shall be compared against each of 
the three criteria identified; business impact, research interestand feasibility. Scores have 
been attributed based on interviews with experts at VLO and CWI as well as through 
analysis of the historica! dataset over the year 2004. The results and more detailed 
explanations as well as the results from the dataset analysis are included in Appendix I, 
Appendix J and Appendix K respectively. 
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5.1 .5 Cornparisorl on cornbine(J uiteria 

The final results from the three comparisons in the previous step, are combined with the 
weighing scores calculated in paragraph 5.1.3. Table 6lists these results and holds the 
total score for each option. Again, please refer to Appendices H through K for the 
detailed calculations and explanations of the results. 

Relative 
Business impact Research interest Feasibility RowTotal 

Decimal Value 

Bundle-Part-Ship 
0,04 0,02 0,04 

0,10 0,10 
(0,33 * 0,12) (0,33 * 0,07) (0,33 * 0,13) 

Bundle-Full-Ship 
0,05 0,02 0,04 

0,11 0,11 
(0,33 * 0,16) (0,33 * 0,07) (0,33 * 0,13) 

Offer-Cap-Carrier 
0,00 0,00 0,08 

0,08 0,08 
(0,33 * 0,00) (0,33 * 0,01) (0,33 * 0,25) 

Offer-Cap-Tele 
O,ül 0,00 0,08 

0,08 0,08 
(0,33 * 0,03) (0,33 * 0,01) (0,33 * 0,25) 

Search-Part-Tele 
0,05 0,02 0,03 

0,10 0,10 
(0,33 * 0,14) (0,33 * 0,07) (0,33 * 0,09) 

Search-Full-Tele 
0,07 0,02 0,03 

0,12 0,13 
(0,33 *0,2) (0,33 * 0,07) (0,33 * 0,09) 

Neg-Price 
0,07 0,07 0,01 

0,15 0,16 
(0,33 * 0,21) (0,33 * 0,21) (0,33 * 0,04) 

Neg-Time-Window 
0,04 0,08 0,01 

0,13 0,14 
(0,33 * 0,11) (0,33 * 0,24) (0,33 * 0,03) 

Neg-Equip-Type 
0,01 0,08 0,00 

0,09 0,09 
(0,33 * 0,03) (0,33 * 0,24) (0,33 * 0,00) 

I Grand 
total: 

0,96 

Table 6: L-shaped matrix for comparison of options based on all criteria combined 

5.2 Design ossignment 

From Table 6 it can beseen that offering capacity to the closed group of carriers and to 
Teleroute have the lowest overall scores. Furthermore, their score is entirely aresult of 
feasibility, as business impact and research interest are close to zero (please refer to 
Appendix I for an explanation). They wil! therefore not be considered further in the 
remainder of this study. 

A group of improvements with intermedia te overall scores exists, with results ranging 
from 0,10 up to 0,13. These include creating bundies from both the own order set as wel! 
as by using the external order set of Teleroute. Bundling of multiple part loads (with 
matching pickup and delivery locations) as wel! as bundling of return or subsequent 
loads (with the pickup location of one load close to the delivery location of another) for 
both the own order set as wellas by searching within and using orders from Teleroute 
look promising. However, they do notscore highest overalland a number of solutions 
already exist, some of which are already basedon agent technology, e.g. the solution by 
Whitestein Technologies [17], carrying the benefits discussed in paragraph 2.2. Almende, 
one of the project partners in DEAL, is also working on a similar solution. As a result, the 
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creation of bundies has notbeen made an explicit focus point and a specific bundling 
algorithm is not presented here. However, given the impact bundies might have on 
VLO's business, it is assumed that bundies of loads will be offered to carriers. Relevant 
aspects with respect to the creation and outsourcing of bundies will be discussed where 
applicable. 

From Table 6 it can beseen that negotiation on price and negotiation on time window are 
the most promising improvements overall. In line with the previous chapters, a design 
will be made for the electronk negotiation on the outsourcing of transportation jobs. This 
design will include such aspectsas the negotiation protocol (i.e. the rules of the game), 
taking into account the various strategies (i.e. the rules used by the players todetermine 
their behavior). Negotiation on equipment type will be left for future research, due to its 
limited business impact. It shall be examined whether, and if so, how configurable time
windows should be implemented. This involves such factors as deciding on the 
feasibility, given the fact that humans are only capable and willing to handle a limited 
amount of options in this case. If it is decided to be feasible, a design choice needs to be 
made on discrete or continuous time intervals and how penalties for vialating time 
windows should be implemented for example. 

The proposed salution will also include how to deal with bundles, as they provide a 
promising option for VLO to add value to its services and as aresult to increase its profit 
margin. As already mentioned above, the creation of bundies itself will not be an explicit 
focus point of this study. However, in negotiations, a bundie might be affered and it 
should be known how to deal with such offers (e.g. deciding on the share of the benefits). 
Furthermore, a carrier might not always be interested in a bundie of loads. For example, 
the carrier might just be looking for a smallload to combine with its own loads in order 
to get a truck fully loaded. The design should specify how to deal best with such 
situations. The negotiation design is presented in Cha pter 6. 

5.2.2 T echnicol design 

The teehoical design will specify whether, and if so, how certain aspects of the 
negotiation can be automated. It includes design choices on whether the system is tot be 
fully automated or whether the system should support a predominantly human process. 
Human intervention might be desired or needed either because the current level of 
automation might not allow fora fully automated system or in order to take advantages 
of the human effectiveness in coming toa deal in circumstances a priori unknown. The 
teehoical design is presented in Chapter 7. 
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6 Negotiation design 

Like any design process, e-negotiation design camprises two primary tasks: analysis and 
synthesis [70]. The analysis task refers to the investigation of the negotiation situation, 
leading to a requirement profile. The synthesis task involves a decision on which 
negotiation scenariotoselect in order to match the requirement profile. As the 
requirement profile has already been derived in previous chapters, this chapter will focus 
on the synthesis task. 

The contents of this chapter have been given form based on literature research, 
interviews with subject matter experts at VLO and CWI, as well as the results of a 
workshop which was organized at VLO for this specific purpose. The workshop 
attendees consisted of the back office manager, a process manager, a sourcing manager, 
an engineer and a senior forwarder. To make sure all relevant aspects were covered, the 
Montreal Taxonomy [60] has been used as a reference throughout this process. 

6.1 Mechanism design 

Mechanism design is the art of designing the rules of the game (or mechanism) so that a 
desirabie outcome (according toa given objective) is reached despite the fact that each 
agent acts in his own self-interest. Examples include the design of auctions, voting 
protocols, and divorce settiement procedures [52] . In Chapter 2 auction-like and 
negotiation-like protoeals have been compared on their characteristics. Negotiations do 
offer substantial benefits over auctions, including the ability to introduce new issues and 
providing for two-way information flow. 

However, in the case of the daily outsourcing of transportation jobs these specific 
benefits do not fully apply. The issues for example are well-determined and fixed. 
Furthermore, the price a carrier is willing to pay depends largely on his own order set 
and fleet position, both of which are obviously not available to VLO. This also has its 
impact on the offering of bundles; VLO cannot possibly tell which bundies makes sense, 
as this also depends on the carrier's order set and fleet position. As a result, there is no 
significant advantage stemming from a two-way information flow, since there is not 
much VLO can do to imprave the efficiency of the process. 
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Therefore, all options need to be offered and it is up to the carrier to indicate, by means of 
the value of its bid, how attractive a certain order or bundie of orders is. In this respect, 
the notion of fast and efficient allocation in auctions becomes predominant (see e.g [68]). 
Furthermore, auction-based negotiations can be relatively easily implemented in a 
computational system. Finally, an auction with no reserve price and N+ 1 parties brings in 
more revenue than an optimally-structured negotiation with one less bidder [10] . This 
suggests that the value of negotiating skill is small compared to the value of additional 
competition. 

One final aspect that should be noted in this respect is Sandholm's theory of automated 
mechanism design [52] . In automated mechanism design, a seller's revenueis maximized 
mathematically by creating an optimal auction for every negotiation instance. Besides 
being a rather complex theory that has to be executed for every negotiation instance, it 
also suffers from problems with fairness. As mentioned above, no amount of bargaining 
power is as valuable to the seller as attracting one extra bidder. If the mechanism is 
perceived as unfair, it will be harder to attract such a bidder. 

This has led to the choice for auctions as the primitive form on which the protocol will be 
based. Despite their advantages which were mentioned in paragraph 6.1, auctions are not 
without their own problems. The most notabie ones are the computational burden, full 
exposure and the long term detriment due to carrier dissatisfaction of paying more than 
the value of a product. Negotiation could overcome some of these problems. The 
computational burden might be decreased by suggesting only viabie alternatives. 
Negotiations arealso better capable of supporting supplier-consumer relationships. 
However they are not the best choice at the moment, given the desire tostart a pilot 
project within a reasonable amount of time. Where applicable, it will be suggested how 
negotiation might be used in the future to overcome or minimize the impact of the 
problems auctions might give. 

6.2 Auction schem 

This paragraphs outlines important aspects and properties of auctions and presents 
design choices for the situation of VLO. 

62_: Revenue equivclence H1eorem 

The four most common auctions include the English, Dutch, first-price and second-price 
auctions. These auction types are explained in more detail in Appendix L. Vickrey, in his 
seminal paper in which he also introduces the second-price auction [67], uses the Nash 
equilibrium to prove that when bidders' values for anitem are independent of one 
another, the four common types all produce the same expected revenue for the seller, or, 
equivalently, minimal costs for the buyer, as in the case of VLO. This result, known as the 
revenue equivalence theorem, has been generalized by Myerson [39]. Again under the 
assumption of independent (or private) values, he proves that the theorem holds true for 
all auctions that award the item to the bidder who values it most . 
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6.2.2 Private and cornmon voiues 

As said before, in the case of independent private values, bidders' values for the object 
auctioned off are a function of their own types only. Although val u es of carriers will be 
privatefora large part (e.g. as it depends on a carrier's order set, his network and actual 
position of his fleet), there is also a common value, i.e. a value that does not depend on 
the bidder's situation, but is common to all bidders. To illustrate the notion of common 
values, consider for example an auction on the rights to exploit oil fields. Each of the 
parties bidding has their own cost function which determines the profit they can make 
basedon the oil that is in the ground (private value), but there is uncertainty as to how 
much oil is in a certain oil field (common value). 

The same holds true for transportation jobs, in which there is also uncertainty with 
respect to the expectation that the current freight can be matched with other freights, 
which will be up for auctioning (relating to the notion of fruitfulness) . This common 
value in part determines the bid value that should be placed upon the current offering. 
Forthese cases, Milgrom and Weber prove that the English auction will produce the 
highest revenue for the seller [37]. As it is basedon incremental bids, i.e. a series of 
amounts, bidders can see how high the others are going which is not possible in sealed
bid auctions for example. As such, a bidder will be less afraid he has overestimated and 
will bid more aggressively. Milgrom and Weber have also showed that in this case it is in 
the seller's interest to disclose any information about the item's value [37]. In case of 
items with uncertainty, a bidder should shade his bid, to minimize the winner' s curse22 

phenomenon [71]. If information about the value of anitem is exposed, uncertainty is 
reduced which will lead to less shading and more revenue. 

In auctions, bids are considered binding. In the setting on hand at VLO, the auction 
should be able to cope with the relative slow response times of humans as compared to 
software agents. Therefore it should last for some period, in which at least a considerable 
number of carriers are capable of examining and bidding on the job at hand. During this 
auction, bids should be committed. Otherwise, acceptance of the bid will require a 
second negotiation, which may itself succeed or fail. If a carrier is no langer able to honor 
its bid, the other carriers that originally bid may well have already accepted other 
commitments and no langer he in a position to accept that commitment [44]. The whole 
bidding process might then have to be restarted, for which no time might he left, because 
transportation is due. 

Furthermore, if a job is available several days beforehand, the question arises when in the 
period of these couple of days to execute this process. If the process is too short, it might 

22 Imagine a jar of nickels is being sold in a sealed first-price auction. The jar holds € 10 in nickels, but none of 
the bidders know that; all they can see is how big the jar is. The players independently estimate how much the 
jar is worth. Let's say Alice guesses right, while Bob and Charlie guess the jar holds € 8 and € 12 respectively. 
Diane and Ethel are farther off, putting the value at € 6 and € 14 respectively. If all the bidders bid what they 
think the jar is worth, Ethel will win but she'll pay € 14 for € 10 in nickels. The dominant strategy fora bidder is 
to assume he has overestimated, and lower his bid somewhat. This strategy will bring his bid more in line with 
the actual value of the item [31). 
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I ' miss out on opportunities. If the processis too long however, the carriers might object to 
the uncertainty that it provides. A carrier might not be willing to wait 3 days before 
getting to know whether he'll get the order or not. In the current process which is 
executed by phone, this feedback happens immediately. 

A solution would be to make use of the extension proposed by Lee and Chang in the 
context of a Contract Net Protocol [33], using bid expiration times. In this case the auction 
would start at the moment the order becomes known to the system. One carrier for 
example could then bid right at day 1 of this process and make a bid valid for three days 
while another one would make a bid on day 2 valid for one day only. An online search 
strategy would be required to evaluate right before the expiration time of each bid 
whether to take it or whether there is a better bid or it can be expected that a better bid 
will occur in the remainder of the process [7][18]. 

6.3 Clossification criteria 

An explicit classification along the lines of the Montreal Taxonomy for electronk 
negotiations was considered to be out of scope, but the important and/or non-obvious 
exogenous classification criteria values are presented here: 

Admission; Closed. Only carriers that are invited by VLO are allowed to bid. 
Identity; Exposed. Identification of agentsis possible, but only by VLO. 
Attributes; Multiple. Although price might be the only issue negotiated about in 
first instance, it will be extended with negotiation on time windows and maybe 
other issues. Quality is used but considered to be fixed and is set by VLO. 
Structure; Fixed. The number and kind of attributes are not changed. 
Object; Multiple. An agent can specify multiple heterogeneaus objectsin one 
offer, e.g. related transportation jobs. Also known as a combinatorial auction. 
Direction; Reverse-directed. VLO posts an offer (request) for a job while sellers 
compete with offers forthebest conditions that the buyer will accept. 
Value; Descending. New bids have to be lower than previously submitted ones. 
Provision; Offer-dependent The bidder has to pay the price specified in the 
winning offer (in contrast to second-price auctions for example, see Appendix L). 
Ratings; Appraisal-based. In the case of closed group negotiations, this identity 
is used to assign a quality charaderistic to the carrier, based on historica! order 
information and other records available at VLO. This quality profile is then used 
in ranking the agent' s bids, e.g. a carrier with a good quality rating might be 
assigned a higher rank than that of a carrier with a low quality rating, even 
though the price might be higher. 
Transparency; Protected. Only the carriers involved in the processcan access the 
status information. They can see their rank for each of the processes they're 
involved in, but as explained above, they cannot see who they are competing 
against. Furthermore, they do nothave access to actual bid attributes, as this 
would, along with the rank information, enable them to infer the relations 
between price and quality and how they and others are rated on quality. For 
obvious reasons, VLO wants to keep this information private. 
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7 Technica! design 

In this chapter, the focus will be on the technical aspects of the system. It identifies how 
the system can be embedded within the VLO organization and at its partners. Actual 
implementation wilt start with a pilot project, which will be based on the results of this 
study. The most important considerations for such a project wilt therefore be discussed 
here. The focus wilt be on the setup of a feasible system that is able to quickly confirm or 
reject the advantages that are promised. Where applicable, it wilt also be discussed how 
the system might be improved upon in the future. To maintain a certain degree in 
flexibility in the final decisions surrounding the pilot project, three options wilt be 
suggested for vital activities that need to be performed; basic, intermediate and 
advanced. A design choice with respect to the pilot is then proposed for each of them. 

7.1 Go ia methodology 

To support the analysis and design of the system itself, the Gaia methodology has been 
chosen. The Gaia methodology was one of the first Agent Oriented Software Engineering 
(AOSE) methodology and was first presented in 2000 [72]. Some of its limitations were 
addressed in 2003, when an extended edition was presented [76). One of the main 
reasons for choosing Gaia over other AOSE methodologies has been its architectural 
independency, in contrast to Prometheus [ 43] and Tropos [8] for example, which are 
closely tied toa Beliefs-Desires-Intentions (BDI) architecture [48]. Another reason for 
choosing Gaia has been its explicit focus on the organizational metaphor. 

Gaia focuses on the development of medium to large size systems that have to guarantee 
predictabie and reliable behaviors. It is therefore considered to be the most appropriate 
methodology for the situation on hand. By relying on agents playing well-defined roles 
and interacting according to institutionalized patterns, the organizational metaphor 
promotes control, both at the agents' level and at the system level, over the design and 
understanding of the overall behavior [76). Other metaphors (e.g. ant colonies and 
artificial societies) focus on the achievement of an average macro-level behavior of the 
system, and thereby often sacrifice the micro-level aspects (i.e. individual agents matter 
little or not at all). While this may be acceptable in application domains such as wide-area 
file sharing, it is definitely not in manufacturing control systems, enterprise information 
systems and electronk marketplaces, where each agent is important in its own right [76]. 
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The Gaia methodology consists of an analysis and a design phase, which is divided into 
architectural design and detailed design. The output of the analysis phase consists of, 
amongst others, preliminary role and interaction models, which are finalized in the 
architectural design phase, based on the organizational structure. For reasons of brevity 
and because the organizational structure is rather intuitive, as it mimics a real world 
scenario, analysis and architectural design have been combined in the paragraph below. 

7.2 Analysls and architectural design 

The main goal of the analysis phase is to organize the collected specifications and 
requirements for the system-to-be into an environmental model, preliminary role and 
interaction models and a set of organizational rules. These structured specifications have 
to be used in the architectural design phase to identify an efficient and reliable way to 
structure the organization and complete the preliminary roles and interactions models 
accordingly. As mentioned before, due to the intuitive character of the organizational 
structure, these two activities are described below as a single step. 

7.2.1 Oroonizofcns 

The first phase of the Gaia analysis is concerned with determining whether multiple 
organizations have to coexist in the system. If the system mimics the structure of the real 
world, as is the case, identifying such organizations is reasonably easy. First, there is 
VLO, responsible for submitting the jobs, collecting the bids on these jobs, allocating the 
jobs and notifying the carriers of the allocation. Second, there are the carriers, responsible 
for bidding on the jobs. They are of course also responsible for the actual handling of the 
job, but this is considered to happen outside the scope of the system. The shipper is not 
considered here, but in the future one could imagine a shipper agent talking directly to 
the agent of VLO that handles the orders. 

7.2.2 Fnvircnrneniol model 

The Gaia methodology suggests treating the environment in terms of abstract 
computational resources, such as variables or tuples, made available to the agents for 
sensing (e.g. readingtheir values), for effecting (e.g. changing their values) or for 
consuming (e.g. extradingthem from the environment). The resources handled by the 
agents are described in the role schemata later on in this chapter. 

7.2.3 Fzolos ond intercelion model 

The role of an agent defines what it is expected to do, both with respect to other agents as 
well as with respect to the organization itself. A role gives an agent a well-defined 
position in the organization, with an associated set of expected behaviors. Interaction 
models describe the protoeals that govern the interactions between the roles. Moreover, 
the interaction model describes the charaderistics and dynamics of each protocol (e.g. 
when, how and by whom a protocol has to be executed). 
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Each agent within the system can be seen as playing one or more specific roles. This role 
comes with a well-defined set of responsibilities or sub-goals in the context of the overall 
system and, inherently to the concept of Multi-Agent Systems, the agent is responsible 
for pursuing these goals autonomously [76]. 

The reallife scenario in place at VLO has served as a starting point to derive these roles 
for the system. Referring to Figure 12 , roles can be conceived by looking who takes on a 
taskor a combination of tasks (if they are strongly correlated). The roles are chosen such 
that they could be executed by different people (based on the observations), without 
introducing a lot of inefficiencies upon transferring responsibility from one role onto the 
other. Because multiple roles can later on be combined into a single agent, the roles have 
been chosen to be as smallas possible, while ensuring a coherent, well-defined set of 
responsibilities that can be handled autonomously. 

The check at the arrival of an order will be performed by the OrderHandler, and it 
decides whether or nottostart the carrier selection using this system (e.g. whether the 
order charaderistics make it a good fit for the system). If the order enters the system, a 
different role, the BidCatcher, will be responsible for selecting the carriers and notifying 
them. An alternative would have been to separate the act of approaching carriers, e.g. for 
technical reasons, by building a separate agent that holds the communication logic. 1t is 
seen here however purely as an act of sending out a message and therefore not as a full 
fledged role with its own set of responsibilities or goals. 

In the current situation, a carrier responds with a simple yes-or-no answer. With the 
introduetion of the auction, the roles performed by the carrier will increase. A carrier 
should decide whether to bid on an order, and when it decides to bid, it should monitor 
the auction to makesure the desired result is achieved (e.g. by increasing its bid when 
the ranking changes). In reallife, these roles are most likely to be played by the same 
person, in the case of the carriers. The BidWatcher has however beendefinedas a 
separate role, based on the foreseen technical implementation and the charaderistics of 
agent-based information systems. For larger organizations one could easily envision a 
lead 'procurement officer' who decides what auctions to pursue and what constraints 
should be set. The responsibility for actually monitoring those auctions could then be 
delegated to others. 

The bids submitted by the carriers should be evaluated on the side of VLO. The role of 
ranking these bids along multiple criteria, will be handled by the BidCollector. Finally, 
the negotiation design from Chapter 6 proposes a concept of bid expiration time. This 
creates a separate set of responsibilities, i.e. whether to award a contract and terminate 
the auction prematurely. This role will be performed by the WinnerDeterminator. 

A summary of the various roles is given below: 

OrderHandler; This role will filter out those orders that cannot be efficiently 
handled by the system. 
Bid Catcher; If the order can be handled by the system, this role will be 
responsible for selecting carriers and submitting an invitation to bid . 

46 



Bidder; this role will be played by the carriers, when they decide whether to 
place a bid and if so, how to structure it. 
BidWatcher; This role, owned by the bidder (the carrier), is created after bidding 
and notifies the bidder of any changes in a particular auction, e.g. rank (the 
position the carrier holds in the auction, basedon his bid) . 
BidCollector; This role will be in charge of collecting the bids and ranking them. 
WinnerDeterminator; This role is responsible for determining whether to award 
the contract, e.g. when individual bid deadlines expire and when the auction 
itself expires. 

Figure 22 provides a high level overview of how the various roles and protoeals interact. 
This overview is notpart of Gaiaandis presented here for illustrative purposes only. 

~ 
ln fonnForOr<rr 

, ................... - .. ---------- --·········· 

BloCATCHER ··-~"'-K~~:~ 
· { rnamu l Întervention} 

BIDWATCHER 

VLO 

Figure 22: Schematic overview of roles and proloco Is 

7 .2.4 Role sc:hen<ato 

For each of the roles, permissions and responsibilities will be defined. Permissions are 
used to define what can and cannot be spent while carrying out the role. These attributes 
are mainly aimed at identifying the resources that can legitimately be used to carry out 
the role and stating the resource limits within which the role must operate [76]. 
Responsibilities determine the expected behavior of a role and, as such, are perhaps the 
key attribute associated with a role. Responsibilities are divided into two types: liveness 
properties and safety properties [35]. Liveness properties intuitively state that 
"something good happens", i.e., describe those statesof affairs that an agent must bring 
about, given eertaio conditions. In contrast, safety properties are invariants, i.e. 
constraints on the situation that must always be satisfied. Intuitively, a safety property 
states that "nothing bad happens", i.e. that an acceptable state of affairs is maintained. 

The role schemata, including permissions and responsibilities, for the various roles are 
discussed in more detail below. Role narnes use small capitals, activities are denoted by 
underlining them and protoeals are presented without any specific text decoration. The 
activities that are performed by the various roles are discussed below, whereas the 
specifications for the protoeals have been included as Appendix M. 
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OrderHandier 

Table 7 depiets the role schema for the OrderHandler. 

Rok Srhl'lll.l Onh·III,IIldkr 

Description 

This role involves evaluating orders as they come in at VLO, to decide whether they can be handled through 
the system. Orders that are either too smallor of the wrong type (e.g. bulk, liquid) are handled in the traditional 
marmer, the suitable orders are passed on. 

Protocols and activities 

AwaitOrder, EvaluateOrder, InformForOrder 

Permissions 

reads I Orders I //all orders that enter the system 

changes I new Orderinfo I /1 the necessary details for orders that are handled 

Responsibilities 

Liveness: 

ORDERHANDLER = (AwaitOrder.EvaluateOrder.InformForOrder) w 

Safety: 

• true 

Table 7: Schema for role OrderHandier 

As mentioned before, not all orders can be handled by the system. The following options 
are suggested to deal with order selection, as denoted by the EvaluateOrder activity: 

Basic; Although contrary to the concepts of automation and autonomous agents, 
manual selection of suitable orders could be an option in case of a pilot project. 
Orders are manually selected and possibly even fed into the system manually, to 
prevent expensive links between the system and the Transport Management 
System (TMS) currently in operation. 
Intermediate; Orders are automatically selected based on certain characteristics, 
such as order size, order value and shipper for instance. This would require a 
link between the system to be developed and the TMS currently in use 
(Chainware). 
Advanced; An agent is responsible for filtering out those orders that are suitable 
to be handled by the system. This is the most expensive alternative, both in terms 
of development costs as well as in terms of training and learning costs. 

Design choice: Basic. 
VLO should identify some simple heuristics to decide which kind of orders it wants to be 
handled by the system. Details of these orders can then be entered in the system. This 
eliminates the need for inlegration with the TMS currently in use. Manualentry of the 
orders takes only 1 to 2 minutes and currently also happens for orders that are placed on 
Teleroute. 

BidCatcher 

Table 8 depiets the role schema for the Bid Catcher. 
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Roll' Sch,•m,l BJdC,ltLhl'r 

Description 

This role involves evaluating orders as they come in at VLO, to decide which carriers are applicable for the job 
and inviting these carriers to bid on this job. 

Protocols and activities 

InformForOrder, SelectCarriers, InformForBidRequest 

Permissions 

reads I Orderinfo I // for all orders it receives 

changes I new BidRequest I // one for each of the orders 

Responsibilities 

Liveness: 

BIDCATCHER = (lnformForOrder.SelectCarriers. InformForBidRequest) "' 

Safety: 

• true 

Table 8: Schema for role BidCatcher 

For each order it has to be decided which carriers are invited to place bids on a certain 
order, denoted by the SelectCarriers activity. Again, three options have been identified, 
which are as follows: 

Basic; For each order, carriers are selected by hand, based on historica! order 
data and any information a bout current situations of carriers that VLO might 
have, such as the current fleet position that VLO has been informed about. 
lntermediate; Based on order characteristics, such as pickup and delivery 
locations for instance, a number of matching carriers are selected 
Advanced; A software agent learns to select high potential carriers, e.g. by 
comparing the order on hand to outcomes of earlier bidding processes on similar 
orders. 

Design choice: Basic. 
Any level beyond the basic level would require information that is currently not yet 
available at VLO. Carrier's expertise areas, such as a specific type of freight or certain 
geographic regions, have notbeen modeled yet. An option would be that the system 
builds this model over time, while the system is operational, by registering which carriers 
are selected and invited for which kind of orders. It could then after a while suggest 
carriers or make this selection fully automatically. 

Bidder 

Table 9 depiets the role schema for the Bidder role. 
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Rllll' Sdwma B1ddl'l 

Description 

This role wil! be played by the carriers and wil! involve evaluating bid requests and submitting bids on orders. 
If the bidder decides to respond to the bid request, a BidWatcher is assigned which canthen be instructed. 

Protocols and activities 

InformForBidRequest, EvaluateBidRequest, AssignBidWatcher 

Permiss i ons 

reads I BidRequests I 11 for all orders it is invited for 

changes I new BidWatcher I 11 zero or one for each of the orders it is invited for 

Responsibilities 

Liveness: 

BIDDER= (InformForBidRequest.EvaluateBidRequest.[AssignBidWatcher])w 

Safety: 

• number_of_bidwatchers <= number_of_bidrequests 

Table 9: Schema for role Bidder 

The EvaluateBidRequest and AssignBidWatcher activities will be, at least for the 
foreseeable future, handled manually by the carrier, e.g. through a GUJ23. Planning, order 
set data and fleet positions are aftentimes not digitally available, and an agent would 
have to need access to this data, in order to construct a well-founded bid. 

BidWatcher 

Table 10 depiets the role schema for the BidWatcher role. 

Rok Sdwma B1d\Vatdwr 

Description 

This role wil! be responsible for watching the auction that the bidder has entered. If the ranking of the bid 
changes, the agent itself changes the bid or it notifies the bidder u pon which he rnight issue a bid change. 

Protocols and activities 

ConstructBid, InformForBid, InformForRank, CheckRank, PresentRank, InformForOutcome, PresentOutcome, 
ChangeBid 

Permissions 

reads j Ranks I I I for all orders it is invited for 

changes I Bids I I I zero or one for each of the orders it is invited for 

Responsibilities 

Liveness: 

BIDWATCHER = (ConstructBid.(lnformForBid.MonitorRank I I Monitorüutcome)w)+ 

MONITORRANK = InformForRank.CheckRank.([PresentRank]l [ChangeBid.InformForBid]) 

MONITORÜUTCOME = InformForOutcome.PresentOutcome 

Safety: 

• true 

Table 10: Schema for role BidWatcher 

23 Graphical User Interface; A method of interacting with a computer through a metaphor of direct 
manipulation of graphical images and widgets in addition to text. 
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The type of functionality provided by the BidWatcher is common in auctions and enables 
the bidder to start out low, but increment the bid automatically throughout the bidding 
process if necessary to stay at the top of the auction. Such rules can be specified and later 
on changed by the user in the ConstructBid activity, using the same GUl for example. If 
the agent is informed that the rank has changed unfavorably, it checks the rank, by 
means of the CheckRank activity. If a bidder is not or no longer at the top of the auction 
and its agent has no mandate to automatically increment the bid above the current value, 
the agent informs the user of this fact through the PresentRank activity. In this case the 
user decides how to handle, e.g. by modifying its rules to increase the maximum amount 
its willing to pay or by deciding not to pursue this order any further. If there is room to 
increment the bid, the BidWatcher increments it automatically through the ChangeBid 
activity and notifies the Bid Collector. It also notifies the user of the results when the 
auction has ended, by means of the PresentOutcome activity. 

BidCollector 

Table 11 depiets the role schema for the BidCollector role. 

Roll' Sdwm,1. BidColll't tor 

Description 

This role wiJl be in charge of collecting and ranking the bids and wiJl be played by an agent owned by VLO. 
After ranking the bids, one or more BidWatcher instances wiJl be notified about a changeintheir rank through 
the InformForRank protocol. It also monitors the auction to see if the deadline is due or if there are any bids due 
to expire and notifies the WinnerDeterminator if so. 

Protocols and activities 

lnformForBid, RankBid, InformForRank, MonitorAuction, InformForDeadline 

Permissions 

reads I Bids I // bids that are entered in the auction 

changes I Ranks I // modifles the ranking of a bid 

Responsibilities 

Liveness: 

BIDCOLLECfOR = (InformForBid.RankBid.InformForRank+ 11 MonitorAuction.InformForDeadline)>w 

Safety: 

• true 

Table 11: Schema for role BidCollector 

The three scenarios for ranking, which happens in the RankBid activity, are as follows: 
Basic; This type of ranking is basedon price only. It is similar tosome of the 
systems currently in use24• The outcome then needs to be reviewed manually, 
when other factors such as quality and incumbency are taken into account. This 
might often lead to VLO overruling the auction results, as price is aftentimes not 
the (only) determining factor . 
lntermediate; In this case, the ranks arebasedon multiple factors2s. Lookup 
tables might be used in which carriers have been assigned a certain quality rating 

24 See for example http://www.ariba.com or http://www.freighttraders.com 
25 By assigning weights to individual attributes and then multiplying attribute scores by these weights the total 
score can be calculated. This means that a carrierwhodoes nol have the best score on certain attributes (e.g. on 
price), can still come out first overall (e.g. due toa high score on quality). 
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for example. VLO still has the option to override the outcomes of the auction, but 
these will be exceptional cases. 
Advanced; The outcomes are final. This has the advantage of transparency, and 
no human intervention is needed, but it does require complex modeling. 

Design choice: Intermediate. 
Assigning quality attributes to the closed group of carriers is a relatively modest 
undertaking and in line with current organizational efforts and goals. The advanced 
option is expected not to be worth the extra effort. It may be clear that as the ranks 
presented to the users might be overruled, a disclaimer is needed as well as good 
communication between VLO and its carriers to prevent the impression of prejudice. 
Please note however that although carriers obviously see all of their own bid attributes 
and their resulting rank, they cannot see bid attributes of others competing in the 
auction, only their rank. They are notallowed to see who they are competing with (e.g. 
other carriers' names) and as they see ranks only, they cannot derive the formula that 
VLO uses torank the bids (e.g. which weight is placed on quality rating for example). 

WinnerDeterminator 

Table 12 depiets the role schema for the WinnerDeterminator role. 

RuiL• Sdwm.1: \Villlll'l Dt'l t ' l nun.1to1 

Description 

This roleis responsible for determining whether to award the contract (e.g. when bids expire or when deadlines 
are due) and if so, to whom. It is responsible for sending an acceptance message and for notifying the other 
carriers that the auction has ended. If no acceptable bids are found, an exception is thrown, u pon which the 
order is handled manually (e.g. outsourcing it to the open group). 

Protoeals and activities 

InformForDeadline, EvaluateBids, InformForOutcome 

Permissions 

reads [ Bids I // bids that are entered in the auction 

changes .l Order I // assigns the winner to the order 

Responsibilities 

Liveness: 

WINNERDETERMINATOR = (InformForDeadline, EvaluateBids.InformForOutcome)• 

Safety: 

• number of orders = number of winners + number of open auctions + number_of_exceptions 

Table 12: Schema for role WinnerDeterminator 

In Chapter 6 the concept of bid expiration times has been introduced. This idea will 
probably not be implemented in the pilot projectfora number of reasons26• In the pilot, 
the auction duration will be set beforehand, e.g.basedon business rules which are in 
turnbasedon order type or the shipper's preferences for example. As a result, the role of 
the WinnerDeterminator is limited toawarding the order to whoever is ranked highest 

26 It would require a very sophisticated agent to delermine whether better bids are to be expected and the 
ranking would have to be final, otherwise a manual check would be needed each time a bid expires. Also, most 
orders are nol known very far in advance, which decreases impact. Finally, there are big penalties for making 
wrong decisions, e.g. not a warding a contract while nol finding another carrier afterwards. 
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the moment the auction is closed, as determined by the BidCollector. A manual check is 
made whether to indeed award the order or whether bids are too low. 

7 .2.5 Orqonizoh.YlCJ! rul es 

Organizational rules capture the general relationships between roles, between protocols 
and between roles and protocols [76] . They have been put forward throughout this report 
and will not be repeated and made explicit here for reasoos of brevity. 

The detailed design consists of identifying the agent model and the services model, 
which, in turn, act as guidelines for the actual implementation of agents and activities . It 
is presented in a very limited fashion here, as most of the information is considered to be 
very implementation specific and should be handled in later stages. 

7 .3. l Agenl rnodel 

The agent model identifies which agent classes are to be defined to play specific roles and 
how manyinstances of each class have to be instantiated in the actual system [76]. In 
genera!, there will be a one-to-one mapping between agent roles and agent classes. There 
are however situations where it is beneficia! to package a number of roles into a single 
agent class. The role of OrderHandier will be handled by a separate agent class which 
has exactly one instance, which is denoted by the annotation 1 in the following 
representation: 

ÜRDERHANDLERAGENTl -> ÜRDERHANDLER 

There will also be exactly one BidCatcher agent: 

BIDCATCHERAGENT1 -> BIDCATCHER 

The BidHandlerAgent is an example of an agent in which two roles are combined. 
Because the WinnerDeterminator needs access to the bids it is convenient to bundie it 
with the BidCollector, so that it has access to its data27• Although one could think of 
multiple BidHandlerAgent instances, e.g. one for each order, it has been chosen to use 
only a single instance. This agent handles all the bids, and it is therefore easier to detect 
synergies. One could for example detect that a carrier has outstanding bids on several 
orders and propose an offer for the bundie of these orders, reducing the computational 
burden. The representation is as follows: 

BIDHANDLERAGENTl -> BIDCOLLECTOR, WINNERDETERMINATOR 

27 A requirement for bundling agent roles into a singleclassis that organizational efficiency is not affected, 
bounded rationality problems do not emerge and organizational rules are notviolaled [76]. It is easy to verify 
that all of these constraints are satisfied in this particular situation 
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In the system, there will be several agents playing the role of Bidder. The annotation +in 
the following representation marks that one ore more BidderAgent instances will play 
this role: 

BIDDERAGENT'" -> BIDDER 

In practice the role of Bidder will be most likely handled by a user providing the input to 
the system. An instanee of a BidWatcherAgent will be assigned toeach bidder for each 
order that he bids on. Theoretically zero instances can exist, if no carriers make a bid, but 
in practice there will be multiple instances. The annotation * denotes that there are zero 
or more instances: 

BIDWATCHERAGENT' -> BIDWATCHER 

7.3.2 Services rnoue! 

The services model has notbeen derived here as it was considered to be toa 
implementation specific. U pon actual implementation, theservices model can be derived 
relatively easily from the list of protocols, activities, responsibilities and properties of the 
roles discussed above. 
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8 Conclusions and 
recommendations 

This chapter will summarize the main conclusions from the report. Recommendations for 
future acitivities and further research will also be presenled here. 

8.1 Conclusions 

The project started from a well-defined problem definition, which is given below. 

Problem definition 

What should the process for the outsourcing of transportation jobs to a limited group of partners -
in which an agreement must be reached with one of the partners -look like, given the desire to 
imprave the attractiveness of the deal and meanwhile decrease transaction casts? 

Three research questions have been derived from this problem definition that needed to 
be answered. These questions and their answers are summarized below. 

Research question 1 

What does the current process of outsourcing look like and what adaptations to this process are 
desired or needed, e.g. which options exist to add value? 

Given the aforementioned objectives, the possibilities and limitations of current state-of
the-art ICT systems and implications of electronk negotiations play an important role in 
identifying those outsourcing processes that offer the most potential. The daily 
outsourcing processes handled by the Porwarding desk at VLO proved to be the most 
promising in this respect. 

Analysis of these processes identified a large number of potential improvements. Those 
improvements that offered benefits beyond that of pure automation, e.g. by increasing 
the effectiveness of the deal as well, were researched in more detail. 

Bundling of orders proved to be an important way to add value. Bundling can be 
performed in two ways, by combining part loads and by offering return or subsequent 
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shipments along with the original shipment. An analysis on the subset of the VLO order 
set of 2004 handled by the Forwarding desk has shown that these types of bundling lead 
to significant savings of over 10%. 

Research question 2 

What should the negotiation protocollook like, given the requirements and constraints? 

A variation on the English auction proved to be the most suitable negotiation protocol in 
this case, given the low level of automation that is common in the transportation sector. 
However, as time evolves and the level of automation increases, other protoeals might 
come into play. Fortheshort term, the speed and efficiency of auctions have been 
considered to be predominant. Given the business scenario of VLO, the English auction 
can be expected togenera te more revenue for the seller than other auction types. 
Furthermore, auctions are expected to be more capable of attracting extra competition, 
due to the fact that they are well-known, relatively easy to understand and require only a 
limited amount of human effort when compared to negotiations with alternating offers. 
This is an important finding as attracting one extra bidder generates more revenue than 
optimally structuring the negotiation process with the same number of bidders. 

Research question 3 

Which strategy or set of strategies should Vos Logistics Organizing employ, given the 
requirements and constraints? 

As opposed to an alternating offers protocol for example, an auction is single-sided as 
only carriers submit offers. This means that no bargaining strategy for VLO has to be 
developed. There are still important decisions to be made however, such as deciding 
which carriers to invite and how to rank their bids. A technica! design has been made 
which specifies how an automated system could handle such decisions. The necessary 
roles have been identified and for several of these roles a number of scenarios have been 
devised as to how they could be fulfilled. This allows for some flexibility in the 
implementation of a pilot project, as the intent to do so has been expressed by project 
partners CWI and VLO. The design choices that have been made allow for such a pilot 
project, while accounting for the relatively low level of automation that is common 
within the transportation and logistics sector. 

The proposed solution also fits well within the overall strategy of Vos Logistics, as one of 
its four strategie pillars focuses on operational excellence. 

8.2 Recommendotions 

A number of recommendations can be identified which will be discussed below. 

Selection of and communication with pilot project partners 

In the workshop which was held at VLO, one of the main discussion points revolved 
around the question of which project partners to select. The consensus seemed to be that 
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carriers should be selected of a small to moderate size, as larger carriers might have their 
own agendas and might therefore be less willing to cooperate. Smaller sized carriers 
depend on VLO for a significant part of their business and are therefore more likely to 
participate in such a project, which might have a significant impact on their way of 
working. However, adoption of a new technology remains a delicate issue. 

In the communication with these project partners, it is important to stress the win-win 
character of the negotiations. Bundling and negotiating on multiple issues provide 
benefits to both VLO and the carriers. Furthermore, as explained in the report, the 
negotiation implicitly makes use of actual fleet position, soit should not be perceived as a 
price war kind of auction . 

• 
Embedding and expansion within VLO 

The proposed soluhon which handles the outsourcing of transportahon jobs more 
intelligently fits nicely with the role that VLO has within the Vos Logistics group. Even 
though its role has been redefined several times, derivation of knowledge and the 
implementation of smart solutions have always been part of it. It is therefore 
recommended to continue this project into the pilot project phase. If successful, it could 
be extendedtoother offices that deal with forwarding services28 • Armouncement and 
continued updates of the pilot project within the Vos Logistics organization should 
therefore become part of VLO's communication strategy, and one should think of sharing 
the costs of the pilot project between these offices. 

Research into negotiation on time windows 

In this report a number of ways have been identified as to how negotiation on time 
windows could lead to win-win situations. Further research is needed in order to 
quantify these benefits and to identify how easily they could be realized, e.g. by 
discussing this concept with carriers and shippers. 

Research into bid expiration times and winner determination 

Currently there is a limit to the duration of an auction, as carriers are only willing to wait 
for the outcome of an auction fora relative short period. The concept of bid expiration 
times allows auctions to be extended, as they canthen indicate how long they want their 
bid to be valid. This increases the chances of efficient allocahon. It does however mean 
that when a bid expires, it has to be decided whether to award the contract or whether it 
is expected that a better bid will come up in the remainder of the auction. Determining 
the potenhal benefits and the degree of risk level an agent should use in this case, given 
the high penalty for not finding a carrier, might prove to be an interesting research area. 

Continuous improvement 

One final recommendation that should be mentioned hereis that a system such as the 
one proposed could benefit from periodic evaluation. The influence of the system ranges 
from its impact on the bottorn line to the relationships with carriers. One should therefore 
continually look for possibilities to improve u pon the system. This might include things 
such as increased automation at VLO as the system learns from the transachons made 

28 Including Breukelen, Ede, Surhuisterveen, Barendrecht, Veendam, Warschau (Poland) and Jedburg (UK). 

57 



through it. lt might also include options to reduce the computational burden at carriers, 
in order to increase their commitment or in order to allow more carriers to be invited for 
a transportation job. Finally, one should also look for opportunities to increase potential 
win-win situations, e.g. through multiple bilateral negotiations instead of an auction, in 
order to strengthen relationships with carriers as tools that support this become 
available. 

8.3 Reflection 

In this study a large number of design choices and tradeoffs had to be made, as the 
transfer from human controlled one-to-one negotiations on individual orders to 
automated one-to-many negotiations over bundies of orders is a significant one. One 
particularly hard design choice that is given some extra attention here has been the 
choice between an alternating offers protocol and an auction-like protocol. The system 
was originally envisaged as a multi-agent system, where the VLO agent(s) would 
alternate offers with the various carrier agents based on actual planning data. If this 
exchange happens through concurrent bilateral negotiations, the amount of exposure for 
each of the carrier agents is minimized. 

However, given the current business context of VLO, this is nat a realistic scenario. 
Planning at the carriers is nat automatedat all, or nat to the degree that it can be handed 
overtoa so-called proxy agent that would negotiate on the carrier's behalf. The auction 
mechanism has therefore been chosen, as it quickly and efficiently elicits the preferences 
over individual orders and bundies of orders. This choice carries with it the previously 
mentioned disadvantages of exposure, sharing of planning information and the need to 
trust the auction center (VLO). lt is also less similar to the current way of doing business 
and less capable of fostering relationships with carriers. 

An auction protocol is however believed to be the best choice to startup a pilot project. 
Automated planning at all or most of the carriers will nat be a reality for at least the 
foreseeable future. Auctions do allow for fast and efficient allocation, as a result of which 
the required human labor is expected to outweigh the benefits, which have been shown 
to be significant in this report. As such, the overall system is envisaged to work more like 
a decision support tooi which helps to explore various allocation scenarios, as opposed to 
a replacement for human negotiators. 

In summary, the auction protocol should nat be considered as the only or optima! choice, 
though it is arguably the best choice for the short term. One should however be on the 
lookout to seize opportunities to implement negotiations through the mutual exchange of 
offers. This would allow the project partners to put theoretically promising findings into 
practice in order to increase mutual insight into the effects that such a system might have 
in a real business scenario, as VLO and CWI continue their relationship. 
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