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Abstract

Collaboration between partners is a very populajesi in both logistics and decision support
research. However, transport management is oft@mtmto account only as an external cost,
without integration in collaborative reasoning. §paper proposes a framework to assess
collaborative solutions in the context of logistarsd freight transport, as well as to describe
the links between freight transport and supply mhaanagementin terms of collaboration
techniques. First the main concepts of collaboeakbgistics in the distribution and transport
fields are presented, highlighting the links betweellaboration, freight transport and supply
chain management. Then, the method to assess @@itade logistics and freight transport
solutions is proposed. This method includes a desigheme, a hierarchic clustering
techniqgue and a dominance analysis method to th&yassessment of each individual and
prepare collaborative research for a common salutidter that, the method is applied to the
assessment of five scenarios derived from a raatgn for the urban area of Lyon, France)
to illustrate how difficult convergence towards sensus is. The results show that a global
optimal solution for the entire set of stakeholdsrmsot easy to identify, and how the proposed
method can be helpful for decision makers to aehaeeonsensus of common objectives.

Keywords. collaboration, resource sharing, logistics andngpart design, simulation,
scenario assessment
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1. Introduction

Logistics and freight transport represent majorrsesi of employment and are among the
mainstays of national economic development. Howeterse sectors also produce external
costs, such as for example environmental and sacishnces, which negatively affect the

quality of life, particularly in urban areas (Crimiret al., 2004). New trends in retail and

business organisation, along with technologicabwations in supply chain and distribution

planning have led decision-makers to consider bolative strategies to reduce the overall
cost of the supply process (Lambert, 2008). Althoulge main aspects of collaborative

logistics have recently been reviewed (Roy et28Q7; Simonot and Roure, 2007; Lambert,
2008), collaborative strategies in the field ofigie transport have been given less attention,
even if they are often implemented in reality (Galez-Feliu and Morana, 2011; Gonzalez-
Feliu, 2012a). Collaboration is based on both groe@soning and information sharing

management. It takes place at different echelona stipply chain even in a competitive

environment (Gonzalez-Feliu and Morana, 2011).

In classical logistics research, most of the ligma is focused on individual reasoning even
when dealing with collaborative approaches. Initattand operational planning — i.e. at
medium-term and daily horizons — individual reasgnassumptions often prevail over group
reasoning, mainly in real-time operations manager{@rainic and Laporte, 1997). However,
in long-term horizons (strategic planning), grogeidion-making can have a strong influence
on the development of a common strategy. Such idesishave a direct impact on the
project’s duration, stability and sustainability di@zalez-Feliu and Morana, 2011). In any
case, freight transport is often considered asxéermal cost and is not explicitly considered
(Gonzalez-Feliu, 2013). Moreover, most works deéhwhe individual consequences of
collaboration, and group reasoning in logistics &e@yht transport is only roughly presented
without in-depth examination of the impacts colledimn has on individuals and as a group
(Gonzalez-Feliu and Morana, 2011). Although collaltiwe decision making methods exist in
other fields (Yearwood and Stranieri, 2011), they laased on optimization or on automatic
solution selection, proposing a substitution to hamelations and negotiation. In transport
management, the human factor is crucial (Gonzaéizrland Morana, 2010), and a decision
making tools should not become a substitute butotld rather be considered a support to
human choice making.

Furthermore, the current economic context is pughite main decision-makers to adapt
collaborative strategies (Danielis et al., 2010;rdh@ et al., 2013). Therefore, it is important
to study collaborative transport from a global dymain viewpoint, rather than from that of

each separate component or stakeholder involvedeler, the system optima usually differ

from the sum of individual optima (Wardrop, 195B)r this reason, it seems appropriate to
analyse both system and individual visions whil&ing decisions about collaboration

alternatives.

The present paper describes collaborative freiglmsport, its links with supply chain

management, and aims at framing an assessment dniethguch systems based on group
decision-making algorithm. Therefore we proposer@ug decision model to help decision
makers in strategic collaborative logistics, tramsplesign and planning. More precisely, the
paper presents a procedure to identify decisionmggdrom q set of comparable solutions,
given a set of stakeholders. This method aims mgfite a unique choice (or a selection of
solutions) but proposes classify classificationtled solution space in order to get a clear
description of the possible decision groups andr thetential incompatibilities. The data

inputs and the individual estimations of each sohg are not explicitly addressed here and
are supposed as known and made comparable by Wem gtakeholders. The paper is



organised as follows. Section 2 introduces the neaimcepts of collaborative logistics and
freight transport systems. Section 3 proposes aipgrdecision support procedure for
collaborative transport strategic planning. Theppsed method aims at guiding decision-
makers in the design of integrated collaborativgsticcs. To illustrate the proposed method,
Section 4 assesses five scenarios related to atopetogistics solutions for the urban area
of Lyon (France). This section presents the siniatresults for each scenario and discusses
the possibilities of derived consensus. Finally gaper concludes with the main lessons
learned from the scenario assessment results amgbges further developments of the
proposed method.

2. An overview of collaborative logistics

Over recent years, several strategies and logmstidels have been developed in order to
increase supply chain efficiency. Collaboratiome of the most promising areas of study in
supply chain management (Simatupang and Sridh&@@¥®; Roy et al., 2006; Simonot and

Roure, 2007; Lambert, 2008; Evrard Samuel and 8pala, 2009; Blanquart and Carbone,
2011; Gonzalez-Feliu and Morana, 2011). In logsstia collaborative approach requires
sharing common goals and resources throughoutféheyicle of the collaboration (Blanquart

and Carbone, 2011). This life cycle could be madklinto four stages (Simatupang and
Sridharam, 2002): (1) engagement process, (2) -dgpendence management, (3)
implementation of operations and (4) evaluatiooafaboration.

2.1. Typesof collaboration

Collaboration is seen all along supply chains (BreW001), at different horizons and levels
(Gonzalez-Feliu and Morana, 2011). In general, ttypes of collaboration can be
distinguished, i.e. vertical collaboration and horital collaboration.

2.1.1. Vertical collaboration

Vertical collaboration is defined as (Becker, 2008)common process management in a
supply chain by sharing complementary knowledge rasdurces in order to efficiently use
synergies for planning, deployment, operation folap and contrél In vertical
collaboration, three main approaches can be found:

1. Efficient Consumer Response (ECR) can be defined @®perative technique whose
goal is maximizing total satisfaction of consumdrg improving the economic
performance of different actors within a supply ioh&CR is used first to promote
automatic procedures to deal with supply chaindiakd thus reduce costs related to
manual transactions such as command transmissehibing operations. In a second
moment, all the processes are integrated in a arpgocurement-distribution scheme
for a better management of the entire supply cflaarLonde and Pohlen, 1996).

2. The Vendor Management Inventory (VMI) can be coed as the logical evolution
of ECR (Roy et al., 2006). In this collaborativehrique, the supplier is jointly
responsible for warehouse re-supply on the basisatés forecasts. This involves
using collaborative actions (Waller et al., 1999he Collaborative Planning,
Forecasting and Replenishme(EPFR) extends the VMI to the entire supply chain
(Fliedner, 2003), mainly piloted by a supplier, wtalaborates with a set of retailers
and one or more logistics operators to coordinatess commands, stocks and
shipments for a better operational managementeodligtribution supply chain.

! In 1998, the Voluntary Inter-Industry Commerce Siamls committee® (VICS) published the VICS CPFR
Guidelines, available online dtttp://www.vics.org/committees/cpfr/




3. The Shared VMI technique has been developed irUKend France (Simonot and
Roure, 2007) and differs from the classic VMI imttlt is developed and managed by
a consortium of supply chain stakeholders sharorgrmoon destinations, i.e. retailers
and/or facility areas. The shared CPFR extendsctiiaborative approach to a
consortium of producers and/or grouped distribustakeholders that pool their sales
and logistics information to optimize their commmsources (Rakotonarivo et al.,
2009).

All these approaches have been mainly developegidoery, textile and healthcare sectors
(Roy et al., 2006), assume the use of outsourcatsport. Transport carriers are seldom
invited to discussions and strategic planning bseathey are considered only as
subcontractors providing a specific service.

2.1.2. Horizontal collaboration

The second type of collaboration is the horizoontdlaboration (Rakotonarivo et al., 2009). It
is defined as the collaboration between a grougtakeholders of different supply chains
acting at the same levels and having analogoussndadthe distribution supply chain,
horizontal collaboration often takes place betwé&a or more transport carriers (mainly
small and medium sized companies), between two orendistribution companies (for
example wholesalers), or between two or more er&ailTo the best of our knowledge, this
type of collaboration related to distribution ldgis is not explicitly defined in the literature,
in terms of typology and characterisation, sina ¢bncepts are new and start to be studied.
We subdivide horizontal collaboration into thredegmries, which can be linked with the
above vertical collaboration:

1. Bilateral collaboration is defined as the collalio@ between two peers of the
distribution supply chain, i.e. between two stakdbrs belonging to the same echelon
of the chain. Several types of bilateral collaboratcan be observed. For example,
producers can be associated for supply sharingderao make bigger orders and
reduce supply costs, or develop co-production esfias (TL&Associés and LET,
2009). Distribution companies can stipulate supgiiaring agreements or common
infrastructures like collaborative warehouses olarsti cross-docking facilities
(Rakotonarivo et al., 2009). Finally, retailers qarform minor actions more related
to supply grouping than to logistics management.

2. Collaboration of logistics networks (Simonot and uRm 2007): most logistics
networks involve companies of the same type, asekample in the case of small
transport operators, sales grouping networks failegs or wholesalers associations.
The main functions of these networks are relatesufuply coordination and logistics
organization, and can be the organized extensidnlateral collaboration to three or
more stakeholders.

3. Collaboration of open e-marketplace platforms: thisn of collaboration is based on
an electronic information exchange system by wipictential customers for logistics
services use to meet potential providers (Rakotemast al., 2009). Specific services
such as transport, storage, consolidation, or pmega are offered by various
providers.

In both vertical and horizontal collaborations,igte transport can be consolidated and pass
through one or more warehouses and/or transhippiatforms (lannone and Thore, 2010;
Gonzalez-Feliu, 2012b, Lam et al., 2012). Moreovke stakeholders including transport
operators, warehouse keepers, logistics provigeoslucers, retailers, distribution companies
and other agents can be involved in collaboratbgstics at different levels. According to



Gonzalez-Feliu and Morana (2011), the first collation phase involves transactions. In this
phase, the only collaboration is related to theremrexecution of transactions by each
involved stakeholder. Then, subsequent informati@wdlaboration concerns information
exchange that represents the basis of cooperatiwrebn stakeholders. Finally, the decisional
collaboration phase involves decision making deds#nt levels (i.e. operational, tactical and
strategic planning) and is usually based on pashigs or cooperation agreements (Lambert,
2008).

2.2. Theinvolvement of different stakeholdersin collaboration

Since collaboration involves at least two differeamdividuals, it is important to define the
involved stakeholders in logistics and freight sport organizations to understand how the
collaboration can affect current logistics scherf®sathopoulos et al., 2011). All along each
supply chain, several stakeholders interact to detamll the tasks necessary to produce and
distribute a product. These stakeholders are &dreifit nature and present different levels of
involvement (Lambert et al., 1998).

First, the “shippers” are the stakeholders thatatrie origin of a delivery (Marcucci et al.,
2004, Lam et al., 2012). The stakeholders thataactleliveries’ destinations are called
“receivers” (Gonzalez-Feliu and Morana, 2011).Thay be the different producers involved
in the manufacturing phases of a product (mainly products, components, or machines)
such as final product manufacturers, logistics plens, distribution and gross commerce
enterprises. The retailers can be considered asnthledestination of the products (Marcucci
and Gatta, 2013a), except for home delivery sesyigehere a new stakeholder (the end
consumer) is added (Russo and Comi, 2006). Thendecategory of stakeholders is that of
the “transport providers”, defined as the staketiddthat physically execute a transport
operation (McKinnon, 2001). This category includemsport carriers that actually make a
delivery and the shippers or receivers making eseeunt transport (Ambrosini and
Routhier, 2004). A third category includes the iwed value stakeholders all long of the
supply chain (Brewer, 2001) such as platform mamesge companies, logistics providers and
transport management services (Danielis et al.5R00ansport providers play a crucial role
of collaborative logistics initiatives, mainly irhan areas (see, for instance, Mufiuzuri et al.,
2005; Dablanc, 2007; Paglione and Gatta, 2007; dtarmand Danielis, 2008; Marcucci et al,
2012; Morana et al., 2013). Yet other involved staMders can be considered: public
administrations, highway companies or customs dpesygRakotonarivo et al., 2009). Their
possible implication in logistics collaboration seeless important with respect to the three
main categories since they are mainly seen asmattactors of the supply chain. Their
collaboration is mainly related to transactions dnagic communication. In any case, the
heterogeneity of the involved stakeholders anddifferent goals and degrees of implication
for each member has to be considered (Marcuccl.eR@l2; Gatta and Marcucci, 2013;
Marcucci and Gatta, 2013a,b).

In cooperative process, the decision concerns llbbé&e from a set of possible strategies or
solutions implemented for middle and long-term tsfgges. In this context, two or more
decision-makers collaborate at a decisional leodirtd a common organizational solution.
These decision-making processes need to take auouat not only individual but also the
group viewpoint. This highlights the need for cdiation between each individual’s
viewpoint and a systemic perspective that is n@ags close to individual optima. In the past,
the notions ofyroup decision-makingndreasoning communitiesave been studied in-depth
in some fields such as healthcare or aeronautiear(ood and Stranieri, 2011) or household
location choice (Marcucci et al., 2011). A reasgn@ommunity can be defined as a group or
community of individuals that engage in dialoguehweach other in order to reason toward



action (Yearwood and Stranieri, 2008)oreover, this community engages in a process that
involves three main phases (Yearwood and Strardefi)):

* Individual reasoning: each individual seeks eviggnorganises it and ultimately
establishes claims that represent his or her pegfgrosition or beliefs.

 Communication of reasoning: this phase describegrinsmission of all aspects of
individual and coalesced reasoning to others.

» Coalesced reasoning: this phase seeks to obtaataaptable solution for the entire
community. Coalesced reasoning does not mean thagr@ement is reached but each
individual's choice is understood and acceptedasi by the community even if the
divergence of views is such that agreement is isiptes

3. Collaborative transport design and strategic planning: an
integrated approach

Collaborative logistics involves several stakehcddeMoreover, transport management is
often externalized and is not explicitly taken irdocount in logistics and supply chain
management issues. This section describes the chathassist stakeholders in collaborative
logistics and freight transport solutions, in atgic planning horizon. This method aims at
assisting both the communication of reasoning dedcbalescent reasoning phases and at
identifying whether consensus can be reached, athen negotiation is necessary. The
decision support methodology can be summarisedllasvk:

1. Strategy design: given a group of decision makedstheir main goals, a set of envisaged
strategies can be defined. For this purpose, pattean be derived from the conceptual
scheme proposed abdve

2. Strategy simulation: each stakeholder calculatesdicision function for each strategy
envisaged by using existing tools in a comparaldg.vA global decision function taking
into account a systemic approach is then estimated.

3. Individual clustering phase: this phase correspodendividual reasoning. For each
decision-maker, solutions are compared and groupedder to define their main groups
of interests. A clustering tree and decision ragkire built for this issue.

4. System clustering phase: by analogy to the indaliddlustering phase, the same
clustering analysis for the value of the decisiomction is applied to the global system.

5. Dominance phase: for each solution, the dominante nespect to the other solutions is
examined at individual and system levels.

6. Decision group identification: decision groups atefined based on the dominant
solutions obtained at the previous phase. Then ralysis of solution selection is
performed to help the decision-makers reach comsenisadapt their decision criteria to
converge at a common position.

In the next section, more details of the proposesthod are presented by providing a
description of each of the phases defined above.

2 In this study, and more precisely in the scenaiioukation example, we assume a set of
strategies, although in a more general framewaeesyy design would be supported by a
dialog and analysis process that allows to idemti§et of suitable solutions.



3.1. Collaborative transport design in the context of supply
chains

The first phase includes designing suitable strase@f integrated logistics and freight
transport. In this phase, the main elements of lgugpain and transport management are
combined to define an integrated solution that mdbe targets of their potential users
(Blanquart and Carbone, 2008). As seen in sectjore@ical and horizontal collaborations
can take place complementarily on transportatioareiwouse and platform management
schemes. Then graphic presentation can be propoegskd form of a diagram. This diagram
uses the concepts of geographical and institutipraaimities (Blanquart and Carbone, 2008)
and should aim at facilitating the optimization thfe supply chain, inventories, freight
transport and level of service at a strategic plamnrmorizon (Crainic and Laporte, 1997;
Gonzalez-Feliu and Morana, 2011). Although theredggeneral agreement on the design of
the graphic presentation use@, well-executed map can enhance the strategic mulam
process, ease distribution on key information, liate supply chain redesign or
modification, clarify channel dynamics, provide aonumon perspective, enhance
communications, enable monitoring of supply chaiategy, and provide a basis for supply
chain analysis” (Gardner and Cooper, 2003). Consequently, theviatlg diagram to link
logistics and transportation collaboration (seauFadl).

This diagram specifies the various relationshipsctvtbind the stakeholders in the supply
chain. It is important to include transport managatrissues in strategic logistics planning.
Although many authors have studied collaboratigskics (Lambert et al., 1996; Simatupang
and Sridharam, 2002, Min et al., 2005; Simonot Rodre, 2007; Lambert, 2008), the main
works are related to production coordination andseimtorying-sales informational
collaboration. However, transport management seldakes into account other logistics
operations (except for inventory). Therefore, ie tturrent economic and legislative context
Diaz-Hernandez et al., 2012), it seems vital fané to associate (or re-associate) transport
and logistics flows for both economic and policgsens (Gonzalez-Feliu and Morana, 2011).



Upstream
(Multipick)

V' 3

SUPPLIER/INDUSTRY

Figure 1. Collaborative practices connecting distributiogistics and freight transport

< NEED FOR LEADERSHI >

This leader can be a producer or manufacturesstaldition company, a
platform management company, a 3PL/4PL enterpriseconsultant

|

|

|
Z I
o |
— |
< |
0 |
O |
m I
< WAREHOUSE / !
3 LOGISTICS PLATFORM |
O |
2 |
< |
O |
= |
o |
L |
> |

|

|

1. Distribution pooling «—
2. Single VMI — CPFR —
3. Mutual VMI - Mutual CPFR—

Geographic proximity

Downstream
(Multidrop)

/1

DISTRIBUTOR

1
HORIZONTAL COLLABORATION IN TRANSPORT (Transport operators and freight forwarders):
1. Transport pooling® 2. Closed or semi-closed netwotks3. Open collaborative platforms

Organisational and institutional proximities

L 7

Remarks*VMI: Vendor Management InventoRGPFR: Collaborative Planning-orecasting and Replenishment



At this point, a key element appears in the impletaion of collaborative practices, namely the
need for all the individuals in the supply chain lbe involved in its operations. These
collaborative practices highlight the "relationatusture of the supply chain" (Lambert et al,
1998). Little can be proposed without considerimgitole of power and influence in relationships
between two or more individuals (Bonet-Fernand€@992; however, recognition of the work of
each member of the supply chain facilitates theesss of collaboration.

3.2. Strategy simulation method

The strategy simulation is an important stage efdbcision support methodology since in this
phase the different solutions defined in phaseclaasessed by each stakeholder. To do this, it is
important to have an integrated tool that estimttesosts(and or benefits) of each solution for
each stakeholder in a similar way in order to makesible a comparison not only among
solutions for a single stakeholder but also amoiffgrént stakeholders. At this stage, several
simulation methods can be used. In general, thethads need to follow three general steps to
support a collective solution search:

1. Scenario construction: from the solution set defime phase 1, a set of scenarios is
defined. Each scenario represents a realistictgituavhere the corresponding strategy is
deployed. Therefore the resulting logistics anddpmrt system is assumed operational. In
order to compare these scenarios, the logisticaddmust be the same for all of them,
as well as the decision variables, i.e. the measunmeeasures used by each stakeholder to
compare two or more solutions.

2. Decision function definition: from the decision iables, a standard decision function is
chosen. This function should meet the needs of ebedision maker to assess and
evaluate the possibilities of each strategy withpeet to his or her goals and stakes.
Moreover the chosen decision function is estimdt@deach stakeholder on the same
assumptions and estimation methods to make itfeeatde to each decision maker.

3. Transport service simulation: in order to simuldte scenarios, it is suitable to estimate
the transport plans related to the organizationdl technical choices. For each scenario,
the different stakeholder’s transport servicessaneulated using a tactical planning tool
and the decision variables are calculated.

4. Decision function estimation: to prepare the comization among partners and support
the search of consensus, it is important to prosidaified evaluation based on the same
decision function for each involved decision makesr this reason, from the results of
the transport service simulation, the decision fiencis estimated for each solution and
stakeholder.

The decision function associates to each solutidadsion value. In other words, it is the result
of a decision support analysis that quantifies gdhigability of a solution for a decision maker.
Note that the decision function can be issued f¢rint decision support methods. In this paper
we do not aim at making an extensive literatureen@won this subject but at proposing a set of
the most common methods in transport sciences. @atabial optimization is often used in
freight transport planning (Crainic and Laporte979Nemhauser and Wosley, 1999; Barnhart

% These costs are defined by the group of collabmyatakeholders that need to agree into a starmeidestimation
in order to support the search of a consensusdRail., 2002)



and Laporte, 2007), mainly dealing with strategmd gactical planning. Economic analysis
methods are used in strategic and long term isagesssment, for instance in cost-benefit
analysis approaches for infrastructure and higlestment project evaluation (Prest and Turvey,
1965; Layard and Glaister, 1994; Tudela et al.,.62@MG REGIO 2008). Econometric methods
are also used in forecasting studies (Johnstor®; M@@nnering and Hensher, 1987; Washington
et al., 2003). Moreover, multi-criteria decisiorpport is also used in project assessment or in
pilot evaluation (Velton and Stewart, 2002; Tudetaal., 2006; Campos Gouvéa et al., 2009).
Other methods are adopted in more pluri-disciplinapproaches, such as empirical and
statistical methods (Wonnacott and Wonnacott, 188Bamp and Blaas, 1994) or mathematical
modelling (Ortuzar and Willumsen, 2001; Hensher &utton, 2001; Kutz, 2003; Wadell and
Ulfarsson, 2004; Marcucci and Musso, 2010; Portegh2011).

3.3. Individual clustering phase

Once the strategies envisaged are defined and sdisdu each decision-maker starts his/her
individual reasoning phase. At this point, eachisien-maker analyses and assesses each
solution in order to define priorities and orieetéhe goals in a further phase of discussion and
guest for consensus. Therefore, it is importardeiine a homogeneous set of decision variables
in order to compare each individual's choices. Mprecisely, the goal of the individual
reasoning support method is to group the solutioltshomogeneous clusters, then to provide a
key for comparison. This is done by carrying outi@rarchical cluster analysis (Ward, 1963).
According to Tan et al. (2006), two types of methoare distinguishedAgglomerative
approachesbegin withn clusters, one for each solution, and merge themnatively until one
cluster consisting of atlh objects remains (Kaufman and Rousseeuw, 1990;dSamiand Ravi,
2005).Divisive approache¢Boley, 1998; Hastie et al., 2009) work in an ocgipoway. Indeed,
these approaches begin with one clusten objects; then it is split iteratively until singleton
clusters are defined.

To identify these decision groups, it is necessamxplore each decision-maker’s solution space
and group the alternatives into solution clustées, subsets of solutions considered close or
equivalent by the decision-maker. The next stap @erform a group analysis to find similarities
and synergies between each decision-maker’s solalissters. In this paper we chose an adapted
agglomerative nesting algorithm, also known as Agalgorithm (Struyf et al., 1996), for the
following reasons. The Agnes cluster method alloveking groups by aggregating step by step
the solutions in a more intuitive way than diviseygproaches (Lattin et al., 2003). Moreover, it is
possible to evaluate the distance between twoasistt each step, making it easy to find a set of
clusters that meet the decision makers’ constrairtie details of the Agnes clustering method
are presented in Appendix.

3.4. Group clustering phase

Analogously to the individual clustering phase, lastering analysis can be carried out on a
systemic perspective. In this case, the same decisinction is used on both the individual

clustering phase and on the overall system. ThenAgnes clustering algorithm is used on the
system decision function set in the same way asthvidual clustering.

10



3.5. Dominance phase

The dominance phase is performed after definingitméarity clusters to analyse the dominance
relations between clusters. Each solution is exathin comparison to the others on the basis of
the value of the decision function. A table showihg dominances between solutions is used to
report all the solutions for each strategy and etethsion-maker. This is done by extending the
concept of dominance used Wierzbicki (1980) andBrans and Vincke (1985), which is very
common on several families of non-additive multtesia methods. However, additive functions
or operators are not used to define dominance $rithe clustering analysis to find the dominant
solutions to make the method suitable for both ttaive and qualitative definitions of the
decision function. Given two strategi@sandB for each decision makdts whereA andB are
included in different clustersandj*, we can state tha dominatesB if the distance between
these two clusters is greater than the correspgritgision threshold®. That can be formalised
mathematically as follows:

A>Bif AOI,BOj,i # jandd; >0 Ok

, WwhereA > B meansA dominatesB. Then, for each strategy and decision-maker,halldther
strategies dominated by the one considered camrseptred in a dominance tree (Cimitile and
Visaggio, 1995) or in a dominance table.

3.6. Decision group identification

Afterwards, the decision groups can be definedhogsing all the data of the dominance table.

To do this, the Agnes algorithm is applied to tfeadissued from the dominance phase. The
algorithm is used to group the stakeholders undera more groups of envisaged solutions. In

other words, a set of decision groups is identjfeet the distances between these groups. If only
one decision group is found, the selected solutimes Pareto optimal, i.e. are considered as
equivalent for each stakeholder. In the case twmarre groups are found, a further analysis of

consensus mechanisms or compensation strategiesessary to find a consensual decision for

the entire set of stakeholders.

4. An example of application

To illustrate the method proposed, five scenarios farmulated for assessing collaborative
strategic transport planning. Although the proposethod is designed to support decisions in
general supply chain and transport managementpritygosed application aims to focus on last
mile distribution for two reasons. The first is tHast mile optimization is one of the most
challenging subjects in both research and praglicgh and Vigo, 2002). The second is that
several collaborative approaches have started tebeloped in this context, mainly in the last
years (Mufuzuri et al., 2006; Allen et al., 200%&nilloun et al., 2010; Gonzalez-Feliu and
Morana, 2010; Russo and Comi, 2011). Collaborasieems to be an important issue for urban
goods transport optimization, but currently thesérpg studies related to urban logistics and
transport management deal mainly with individuasning (Crainic, 2008; Russo and Comi,
2011). For all these reasons, the example of aggpdic will deal with LTL distribution in urban
areas.

*If AandB are in the same clusték,andB are considered as equivalent, so no dominanceeaefined
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4.1. Scenario description

The proposed scenarios involve five LTL transpgrerators. Each operator has a depot, several
satellites for consolidating the cargo, and tweaetleof trucks, which are different for each
company (one fleet of light goods vehicle and deetfof standard trucks)The total number of
customers is 408, and there are 12 satellites. dwere each customer can be served by more
than one carrier.

We simulate a total of five scenarios, describdde

S0.No collaboration with distribution using currenghicles.The reference situation represents a
non-collaborative strategy where only big trucke ased. A large number of customers are
visited due to the bigger capacity of the vehicldss scenario is the reference situation.

S1.VMI strategy with usage of small vehicles instefthe current big vehicle$n this scenario

it is assumed that each operator follows a VMItettge. No horizontal collaboration is supposed,
and vertical collaboration leads to a more frequisthivery service. The demand to deliver is then
lower than that of SO, which makes possible theaisemall vehicles. This results on a larger
number of small routes due to the smaller capatitize vehicles.

S2. VMI strategy with two-echelon transport and croesking systemsStarting with the
assumptions of S1, the transport system is modi6adtroduce a two-echelon schema where the
big trucks are used for distributing the cargo he satellites, and from them to the final
customers using the smaller vehicles. As for Slheorizontal collaboration is supposed, and the
vertical collaboration presents also the co-ordamabetween the two transport echelons.

S3. Collaborative VMI with transport pooling betweenat carriers, and S3 strategies for the
other three carriersThis scenario presents a shared VMI approach in@lwo operators, the
others implementing a classic VMI approach as ie #econd scenario. The collaborating
customers share their satellites, and consolidatgoadestined for the same customers which also
share their fleets of small trucks.

S4. Collaborative VMI among all carriers with a transft pooling system.The last scenario
assumes a collaborative transportation sharingor&twhere all the operators collaborate, using
all the cross-docking platforms to consolidate tdaego destined for the same customers and
sharing their fleet of small trucks.

Each transport company is supposed to assessltli®mss on the basis of its yearly operational

cost. To do this, a yearly distribution profiledsfined (mainly two period: regular weeks and

holiday weeks), and standard routes are planne@doh week. Thus, we define two demand
profiles, i.e., two typical delivery days, one feach period. Although these scenarios are
analysed from the viewpoint of transport companilesir integration in global logistics systems

have been taken into account. More precisely, ste®® is built on the basis of regular routes
without a link with sales forecast and inventorynagement while scenarios S1 to S4 result from
VMI approaches that lead into a more complex trartspchema presenting two main periods
and more frequent routes.

® A light vehicle is assumed to have a maximum toteight of 3.5 tones. The total weight of a staddauck is
between 7 tones and 12 tones.
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The demand used to define the non-VMI and the VMififes is issued from estimation
following the estimations provided in Rakotonaretoal. (2009). The demand is estimated on the
basis of standard censorial data from the Frenstitdite of Statistics (SIRENE file of year 2005)
using the Freturb model (Gonzalez-Feliu et al.,2@D13), to generate the number of deliveries
corresponding to a set of establishments. The stueg is Lyon’s urban regioin 2006, this
area consisted of about 2.000.000 inhabitants 880 households. The application database
derives from the 2006 household trip survey of Lygban area (Sytral, 2006), from which
related demography information can be extracte@nTinom the SIRENE file of year 2005 the
information related to retailing activities is red to each zone of the urban area (the overall
surveyed territory has been divided into a setbaiud 750 zones. From the SIRENE file the data
corresponding to the small grocery retailers of Lyand Villeurbanne is extracted (about 400
establishments). These retailers will be the fadedtinations of the freight to be delivered and are
grocery retailers with a total surface lower thd&® 4n2. Then 12 cross-docking platforms are
created and located in the near periphery of aiginly in industrial zones, extracted from the
SIRENE file. The depots are located in the periaarbrea, also known as the far periphery of the
city. After that, a quantity of freight is assoedtto each delivery as on Gonzalez-Feliu and
Salanova (2011).

To simulate the freight routes distribution, eadmpany’s transport plan is estimated using the
fast heuristic algorithm designated for two-echelwansport optimization in urban areas

(Gonzalez-Feliu and Salanova, 2011). First, a neralchical clustering method is applied to

assign customers to a set of vehicles. Secondydhies are built based on a semi-greedy
algorithm. The cost of the routes are fixed cosltsvér basically) and variable costs (length,

time, consume and contamination). To estimate réneel time, average speeds are used, with
higher values for the access to the route, andrieadeies for the in-route travel.

4.2. Reaultsof analysis

We present below the main simulation results a$ aseé collaborative decision making analysis.
To assess the scenarios, we defined the decisiartidn as the yearly cost by converting the
distance travelled of each route to a monetary, amsshg the ratios of Generalitat de Catalunya
(2011%. The values of the decision function are showiiable 1. From this table, it is difficult
to decide what the best solution for all transpgerators is. By applying the method proposed,
we obtain the following decision function values éach transport operator (see Table 1):

5 We consider fuel costs, maintenance and vehicleramce (related to the distance travelled) and casts, related to travel
time (in hours). This travel time estimated frore thistances travelled and average urban speedzé@arr-eliu et al., 2012)
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Table 1. Values of the decision functibfor each transport operator

Operator

. Total
Scenario 1 2 3 4 5
SO | Big vehicles 84 963112 114 121 066 99 713 139 439 557 295
S1 | Small vehicles 97 784110 39% 103 740 81 569 138 862 532 349
S2 | Single VMI 103 185139 660 106 75% 104 069 102 962 556 632
S3 | Bilateral Poolingl 100 77439 660 78 040 104 069 102 962 525 50%
S4 | Network 98 9119154 27¢ 91604 62304 75052 482 154

We observe that each transport operator has diffgméorities and costs. For example, transport
operator 1 seems to perceive a loss in all thetisok with respect to the reference situation
whereas transport operator 5 has a strong preferimcscenario S4 (a collaborative network
between all the partners), but the global “optimuhét satisfies every decision-maker cannot be
found without more detailed analysis.

4.2.1. Individual reasoning phase

To pursue the analysis for each individual transmmerator, we calculate the dissimilarity
matrixes for each decision-maker as the percentagation of each solution’s cost with respect
to SO. The same is done for the entire system. M@m each transport operator defines a
decision threshofd, reported in Table 2.

Table 2. Decision threshold values of the function for eaansport operator

Operator | Decision threshold¥
10%
15%
10%

5%
15%

QB |W(N|F-

We apply the Agnes algorithm on each decision nigkdssimilarity matrix and construct their
corresponding cluster tree and decision rankinge Tasults of the clustering phase are
synthesised below. Note that for transport opesa2pd and 5, solutions 2 and 3 present the same
cost, since these solutions assume collaboratidyp between transport operators 1 and 3.
Therefore, in the clustering analysis, solutionarl 3 are already grouped for these three
operators, resulting in 4 starting clusters instefaiive.

" Annual costs in euros estimated from the simutatisults (travelled distances and travel times)quthe cost tables proposed
by Generalitat de Catalunya (2011)

8 The decision treshold defines the margin within e solutions can be considered as equivalert gcision maker. Their
inclusion on the Agnes method is explained in Agibed.
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Transport operator XFigure 2): The clustering analysis shows two nsalution clusters whose
average radiug’ is less than the decision threshdfd The first contains only solution 0, and the
second includes all the other solutions. Moreoves, observe that these two clusters are not
close: the radius of a cluster grouping all thessohs is about 18%. On the other hand, solutions
1 to 4 are very close: their cluster radius is a8, very far from the decision-maker’s limits
(5%). When observing the decision ranking, it cansken that solution O is preferable to the
other solutions, showing that all the proposedadtives result in significant cost increases.

TTITT

r‘’=1.3% r’=2.8%

r’=2.1%

-

r°=17.9%|

Agnes Cluster Tree Decision Ranking

Figure 2. Cluster Tree and Decision Ranking for transpodrafor 1

Transport operator ZFigure 3): From the clustering results, two solutclusters can be defined.
The first contains solutions 0 and 1, which ares lel®se and the second includes all the other
solutions. The second includes solutions 2, 3 arithé first cluster presents a very small radius,
whereas the second is near the decision-makerissliimdeed, the second cluster’s radius is
almost 6%, which corresponds &/2. Moreover, these two clusters are less close thase of
transport operator 1, i.e. the radius of a uniduster grouping all the solutions is close to 30%,
which is almost twice that observed for transp@erator 1. The decision ranking shows similar
results: solution O is preferred, although transpperator 2 also includes solution 2 in the first
cluster.
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r°=0.8%
/
r°=29.7%)|

Decision Ranking
Agnes Cluster Tree

Figure 3. Cluster Tree and Decision Ranking for transportaioe 2

Transport operator IFigure 4): In this case, four solution clusters i@entified. Indeed, a result
with fewer clusters presents at least one clusteyse radius is higher than the decision-maker’s
limits. The decision ranking shows that solutiors 3he most efficient in terms of annual cost,
followed by solution 4. Solutions 1 and 2 are lgs®d but they still represent a significant
improvement with respect to solution O.

OOOOG B
L
r’=1,2% °
T |
©

r’=13,9% |
r’=21,2%

Agnes Cluster Tree Decision Ranking

Figure4. Cluster Tree and Decision Ranking for transpodrafor 3
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Transport operator 4Figure 5): The resulting decision tree is diffar&om the other operators.

We observe three solution clusters, but two of thmantain only one solution. The cluster
containing all the solutions presents a large madabout 30%). Regarding the decision ranking,
strategy no. 4 is the most efficient, followed lmjusion 1, both of which are better than the other

alternative strategies.

(°=29.7%)| @

Agnes Cluster Tree Decision Ranking

Figureb5. Cluster Tree and Decision Ranking for transpodrajor 4

Transport operator §Figure 6): In this case, also three clustersdafned. Indeed, grouping
solutions into two clusters leads to a cluster witarge radius (20%), and a unique cluster would
present the largest radius (more than 30%). Whamaxng the decision ranking, it can be seen
that solution 4 is the best solution, followed b ttluster containing solutions 2 and 3, then by
solutions 0 and 1.

D o

r°=0.2%
r°=20.0% @

r°=32.6%
Agnes Cluster Tre Decision Ranking

Figure 6. Cluster Tree and Decision Ranking for transpodrafor 5
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4.2.2. Group clustering resultsand dominance analysis

Finally, to analyse the system’s viewpoint, we edpe same analysis taking into account the
global costs for the system (Figure 7). In ordeestablish a set of suitable clusters, we consider
the lowest threshold of all the decision-makes, 5%. Two groups are then identified: the first
contains solution 4; the second includes all tiexst, with a radius of about 2%. The radius of a
cluster containing all the solutions is about 1Bégarding the decision ranking, we observe that
the cluster of solution 4 surpasses the other eusb it can be said that solution 4 is more
suitable than the others.

©) 4

r’=0.1% r’=1.2%

r’=2.3%
/\/ 0,2,1,3
r°=10.9% |
Agnes Cluster Tree Decision Ranking

Figure7. Cluster Tree and Decision Ranking for the ovesgditem

In order to group the transport operators befoee dbnsensus research phase, we propose to
synthesize the clustering analysis results in Table

Table 3. Dominance table.

Transport operator System
1 2 3 4 5
SO >All >2,3,4 ND ND ND ND
S1 ND >2,3,4 >0 | >0,2,3 ND ND
S2 ND ND >0 ND 0,1 ND
S3 ND ND SAll ND 0,1 ND
S4 ND ND | >0,1,2( >All >All All
Envisaged solutionsfor 5o | so,s1| S3,54 S1,94 S2,5] S4
considered operator

Remark: ND means non-dominance
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According to table 3, we can establish two maingiec groups and select two main strategies to
be discussed by different decision makers in theirsensus research phase. S4 seems a good
solution for operators 3, 4 and 5 and SO seemmthst efficient for operators 1 and 2. Regarding
S3 (which mainly concerns operators 1 and 3, sinisebased on their bilateral collaboratioa),
priori it is a good alternative for operator 3 but not éperator 1, so it seems preferable to
abandon it. Let us examine them more precisely.dfseoperators 3, 4 and 5 seem to reach easy
agreement on strategy S4, it will be more diffidolt operators 1 and 2. For operator 1, S4 leads
of an 18% cost increase, whereas for operatorig jrthrease is about 20%. On the other hand,
operator 3 makes 13% savings on costs, and opgratand 5 make respectively 40% and 60%
savings on costs. A strong-dominating solutionas identified, but strategy 4 seems to be the
preferred by both a slight majority of the decisimakers and by the system. Negotiation (Raifa
et al., 2001) is then required to make the decisiakers converge to a consensual choice.

4.2.3. An argument discussion for research of consensus and negotiation

To initiate the discussion on negotiation, we caynthat each adoption of a solution will lead to a
compensation mechanism if all the partners areitoip a consortium agreement. Focusing on
solution 4, transport operators 1 and 2 will reguiompensations to accept the solution proposed
since it is more costly for them than the currehtagion. Using the method proposed, we will
assess four compensation strategies, and compa&m® tlo a reference situation. Each
compensation strategy is noted as a “hypothesa’ghould not be confused with the solutions
examined above (as we focus on solution 4 in thiasp). The hypotheses proposed are the
following (the results of this simulation are pnetl in table 4 after the description of the
hypotheses):

* HO: Reference, i.e. a hypothesis of no compensatioils assumed that each transport
operator accepts the cost increases or gains yaitbestated in the simulation of solution
4. This hypothesis has a strong impact on decisiakers 1 and 2, since solution 4
represents a non-negligible cost increase for them.

» H1: equal distribution of cost savings. This hymsils assumes that all the partners
communicate their cost increases or savings, th@ulate the overall cost savings with
respect to solution 0 and then they divide thera fhequal parts. The impact is strong for
all the partners but in different ways: transpgrertors 1 and 2 and 3 have small cost
savings with this hypothesis, since the distributaf the overall savings compensates
their respective cost increases. Transport opefatoas a slightly lower cost saving in
comparison to hypothesis HO, but transport opesatand 5 have significant differences:
their cost savings are bout half those of hypothES§i.

* H2: compensation of cost increases without othestridution of savings. In this
hypothesis, cost increases are compensated bysewosigs, proportionally. In other
words, the amount of the overall cost increasdsanfsport operators 1 and 2 is deducted,
proportionally, from the cost savings of the remajnoperators. The remaining savings
are not re-distributed, so operators 1 and 2 ptessther cost increases nor savings, and
operators 3 to 5 conserve a large part of theingayv

» H3: compensation of cost increases with equalidigion of remaining savings. The last
hypothesis assumes the same compensation mechahisost increases as for H3 but
adds an equal distribution of the remaining savinghkis hypothesis leads to a
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homogeneous distribution of savings (all operapsesent savings from 15 to more than
18%), but it mainly penalises the operators whgs=ational costs are lower (operators 4
and 5).

Table 4. Cost savings in comparison to the current situa{®olution 0), for each transport
operator and in averages (in percentage)

HO H1 H2 H3

Operator 1 -18.2%| 8.6% | 0.0%| 18.49
Operator 2 -20.0%| 3.1% | 0.0%| 16.09
Operator 3 22.0% | 13.4% 9.0% | 15.2%
Operator 4 40.1% | 22.0% 27.7%| 15.5%
Operator 5§ 59.9% | 23.1% 41.5%| 15.8%

Average | 16.19%4 15.8%015.6%| 16.2%
Remark: Percentages are estimated according esthanption that prices of freight transport servie@l remain
unchanged for each operator.

(=]

(=]

We apply the proposed method and report the restilise dominance phase in table 5. In this
case, it can be seen that one of the solutionshasitall the decision-makers’ dominant solution
set. Indeed, since the marginal savings are highrdasport operators 3 to 5, we observe that all
the transport operators consider hypothesis H2res aj the dominant solutions. Moreover,
decision makers 1 and 2 can adopt all the compenssthemes, the only unsuitable hypothesis
being HO.

Table 5. Dominance table for compensation situations.

Transport operator

1 2 3 4 5
HO ND ND >All >All >All
H1 >0 >0 ND >3 >1,3
H2 >0 >0 ND >3 ND
H3 >All >All ND ND ND
Situations envisaged f{ 1,2,3( 1,2,3/0,1,2,30,1,2( 0,2
operator considered

Remark: ND means non-gh@amce

We can conclude that in this situation consensnsheareached, but it requires a discussion and
information exchange phase that is difficult to siate. Whatever the case, the method proposed
would guide and support this discussion, by engbfjroup decision-making and the quest for
consensus by all the decision makers.

5. Conclusion

In this paper we defined vertical and horizontdlatirative logistics and freight transportation,
and proposed a framework to support the main sgfi@atplanning decisions from a group
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viewpoint. After reviewing the main forms of collatation, we proposed a method to assist each
stakeholder for analysing each solution and comoatimg with the other stakeholders in order
to reach consensus. This framework is based orerarbhical cluster analysis and a decision
ranking method. To illustrate the method, we pregoan assessment of five possible strategies
for collaborative transportation in last-mile fretgdistribution. The simulation results show two
identified decision groups, and a consensus seerbg difficultly reached without negotiation
(the convergence towards a unique solution for oglérators is not explicit). To support
negotiation, three compensation hypotheses areopenp and assessed using the proposed
algorithm. The results show an application of thethmd and how it can support a group of
heterogeneous decision makers in the choice ofnammm collaborative freight distribution
strategy. However, the method is not able to sulstireal negotiation, but can be a decision
support tool for dialogue and communication ingkarch of agreement or consensus.

In conclusion, collaborative logistics and freiginansport systems appear to be interesting
strategies but each involved decision maker caerdes from the others on the best form of
collaboration. Consequently, it is necessary toettgy decision support systems that involve all
the decision makers concerned, by preparing thenmbeopredisposed to discussion and
convergence through consensus. The proposed methodassist decision makers but it is
important to note that the final decision has tadlen by these stakeholders. Although private
stakeholders often have a cost-reasoning orientaticstrategic decision making, other criteria,
such as quality and service accuracy, are elentieat€annot be neglected. Moreover, real estate
and public authorities’ stakeholders often adopinalti-criteria viewpoint when dealing to
strategic decision making. Further extension inetudpplying the proposed framework to cost-
benefit analysis and multi-criteria decision-makungder stochastic demand (Carrillo Murillo,
2011) in order to introduce tactical decisionstimategic planning.
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Appendix: Adaptation of an Agnes clustering algorithm to
collabor ative decision support

The Agnes clustering method proposed in sectiand&rived from Struyf et al.’s (1996) method.
It can be defined as follows.

Take a group oM decision-makers discussing the development oflbotative logistics and a
transport system, and a set dfpossible strategies. Each decision-maker is cersidas an
individual and each strategy to be assessed catebtfied as a solution of the decision problem
envisaged, i.e. the objective of group reasoninghis context the decision problem is to reach
consensus on choosing the best strategy for thgghut this solution does not necessarily lead
to an optimal system. It is assumed that eachisalwtill be examined by each decision-maker
and that each of the latter has the same informatmcerning the potential costs and benefits of
each strategy, in order to assess if it is advaaiag for them. Moreover, each decision-maker
uses the same techniques and assumptions in oréestre the use of a homogeneous decision
scale. To assist each decision-maker to find thestnsoitable solution and examine the
difficulties preventing convergence to consensuwdision, the paper proposes to analyse the
main decision groups in the community. A decisioaup is defined as a group of individuals
converging to the same solution. In other wordss & subset of decision-makers who consider
the same solution as good for them, even if itas always the best alternative, and agree to
implement it.

Denote the set of decision-makersvas{1; ...; k; ...; M}, and the set of strategies ¥s={0; ...;
i; ...; N}. Each strategy is then assessed by decision-makesn the basis of the decision
functionf(i). Each decision-makérdefines a vectdf* of the decision functions as follows:

2y

F“=| ) | wheref () is the value of the decision function for stratégy

| F(N) |

Therefore each decision makedefines their dissimilarity matri®* as follows:
0 .. Df .. D]

D“=|D§ .. 0 .. D |whereD is the distance between solutiorend,.
Dy - Dy o 0]

Given F* and D¥, we can then explore the solution space of eadisida-maker, using the
agglomerative nesting algorithm which works asdwk. First, in the initialization phase, we
define N clusters (one for each solution of decisiectorF*). We define each cluster’s centroid
G as a dummy solution whose decision function isaherage of the values for each solution
included in the cluster. In the initialization pkashis centroid is characterized t§g)=f(i) and
D.ii=0. Then, at iteratioe, we compare all the clusters and merge the twivatteaclosest to each
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other. In other words, given s&; of clusters at iteratiore, we merge clusters and | if
D < Dg,;0,hOV,.

gh?

This cluster is denoted &sand then the cluster’s centroid is associated eod#cision function
f*(c) as follows:
f*(c)= Averagéf ().
ifc
Next, each distance to the cluster’s centroid éaleilated in the following way:
D=f “(k)- f*(c)

We define the cluster radiu& as the average distance between a solution ioltiséer and its
centroid, i.e.r= AveragdD¥|.

idc
Although the main clustering methods merge clusbsreairs, we consider that the situation
where a cluster has the same or a very similaamiist to two others can occur. Consequently, we
define the incomparability threshaldfor each decision-makéy and given a cluster compared
to other two clustergsandl.

If ‘Di}‘ - DH <u, we merge clusteiigj andl, and calculate all the corresponding attributethef
new cluster (decision function, centroid and, factesolution, its distances to the centroid).

The iterations are repeated until it is found al&rcluster grouping all the solutions. Then, for
each decision-maker, we select the number of aecidusters to be retained for analysis. To do
this, each decision-makér defines a comparability thresholil as the distance between two

solutions under which he/her considers that theybsdong to the same cluster. In other words,
k

. . . . o
we consider that clustersindj have to be taken into account separately/if> <5

Once the number of solution clusters has been el&fiwe build a solution ranking diagram in
which the priorities are represented.

30



ﬁ)@g (&) (@) ()

(e
= — o
| (23)

Agnes Cluster Tree

Decision Ranking

Figure 8. Example of a cluster tree and a decision rankimgfdecision-maker having a
set of six solutions

Analogously to the individual clustering phase, @@ define the decision function veckoand
dissimilarity matrixD by taking a systemic view. Indeed, if we aggregate values of each

decision-maker’s decision function for solutigrwe obtain the value of decision functifi) for
the global system:

]

F =| f(i) | wheref(i) is the value of the decision function.

L (.N)_

Then, the dissimilarity matrix can be defined dkfes:
0 .. D; .. Dy

D=| D, .. 0 .. Dy |whereDj is the distance between solutiorand;.
_DNl DNij 0 i
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Then, hierarchical clustering is carried out inrailsr way for each decision maker. The function
values are, therefore, those corresponding to @msys approach integrating all the individuals.
In other words, the values Bffor the system do not show explicitly which deaisimakers are
the most advantaged or disadvantaged, but only shewalue of the decision from a system
viewpoint. The Agnes cluster Tree and the Decistamking are then calculated using the same
algorithm as for individual clustering but on atgysic perspective.
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