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Abstract: Today’s suppliers are challenged to deliver quality to their customers. Managers need to create and
sustain internal systems and controls to ensure that their customers-focused strategies are being implemented.
Many companies increasingly turn to their core activities to improve their reactivity and to manage their costs.
This paper proposes an approach for self-organized control of relations between companies in which all the
members of a partnership negotiate to guarantee good quality connections between customers and suppliers.
Each partner is associated with a decision- making entity named “Autonomous Control Entity” (ACE) through
which he can evaluate his performance. The integration of these ACEs into a holonic control system is
presented. Operations of an ACE have been modelled through the Discrete EVent system Specification
(DEVS) formalism. Then, the validation of such a control system for a self-organized logistic partnership

network was done through a distributed High Level Architecture (HLA) simulation environment.
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1 Introduction

The evolution and the development of the economical world lead to a new competitiveness in the industrial
area. Companies try to achieve the common goal of satisfying customers’ needs through partnership.
Consequently, changes appear generally in customer supplier relationships: a strong evolution of partner
relations has occurred since a few years in order to obtain better internal management of each partner and
improved overall performance. Partnership control involves all the actions developed together in order to
achieve common objectives and to timely react to any failure of any partner. Negotiation between partners is
thus required involving each partner management and production organization. This situation makes difficult

to obtain the best response with respect to the need of each customer.

For that, a new approach is proposed for customer-supplier relationship control, in which the partnership is
considered in the context of an association of potential suppliers within a network. The goal of the partnership
is to collectively ensure the dispatching of orders from different customers, while respecting each partner’s
interest. The proposed approach allows data confidentiality for the different network partners. Indeed, a supplier
provides only a single data to the network which is its performance value for a given CFP. Consequently, the
approach can be applied within a logistic network in which there is mutual trust among the partners or in a
multi-sited company. Such an approach is in the framework of the Holonic Manufacturing System (HMS)

approach developed in the IMS (Intelligent Manufacturing System) (IMS, 1997).

Our approach is described with the support of the reference architecture PROSA (Van Brussels, Wyns,
Valckenears, Bongaerts and Peeters, 1998) which allows to specify holonic approaches according to a
breakdown into holons like Product, Resource, Order and Staff. In our case, each enterprise involved in a
logistic chain becomes a Resource Holon when it is associated with a decision making entity providing the
capability to interact with other enterprises. All the Resource Holons make a network of logistic partnership
encompassing the concerned enterprises. The decision making entity is called ACE, standing for Autonomous
Control Entity. Each ACE is modelled according to the Discrete Event system Specification (DEVS) formalism
and is integrated into a High Level Architecture (HLA) simulation environment allowing to validate a self

organized logistic network partnership.

In the following, a review of the work carried out on company relationship improvement is made. Then, the
proposed approach is described. HLA concepts are briefly addressed and the tests that were used to validate the

approach are presented.
2 Literature review

Many studies have been conducted in order to propose tools allowing companies to achieve their goals of
performance improvement and profit maximization. Research was focused on time and cost reductions and on
increasing product diversity and quality (Gentilli, Cicco and Santucci, 2004). Industry globalization, customer
requirements evolution and appearance of complex products, allow companies to realize that internal
improvement and external competitive environment improvement are important but not sufficient. These
pushed researchers to go further to prove that integrating companies into a network is essential. In other words,

a company development does not depend only on the improvement of its internal performance but requires the



use of external resources (Brito and Roseira, 2004; Cousins and Spekman, 2003; Faems and Van, 2003;
Pradosh, Sandhya and Mrinalini, 2005). This made companies to use outsourcing to produce complex products.
Through outsourcing, companies tend to gather to perform in a joint project, thus forming a supply chain
network seeking to optimize customer satisfaction. With the aim to answer the objectives of enterprises
involved in a network, research was focused on both network modelling and methodologies allowing modeling
of this type of network (Chen, Amodeo and Chu, 2001; Despontin, Briand and Esquiral, 2001; Villa, 1998;
Dong, Zhang and Nagurney, 2002).

On the basis that creation of reliable industrial relationships is the key for a better productivity and
effectiveness, studies were conducted on the durability of customer supplier relationships (Alcouffe and
Corrégé, 2004; Corrégé, 2001), on the dynamics of these relationships (Haurat, 2002) and on their influence on
inter company costs (Brun and Staudacher, 2000; Harri, 2002). In addition to this work, we can mention the
studies of (Toolea and Donaldsonb, 2002) on customer/supplier relationship performance and of (Nesheim,
2001; Holmlund-Rytkdnen and Strandvik, 2005) on the impact of bidding on customer/supplier relationships.
Other studies were rather focused on the definition of concepts in order to ensure a better cooperation between

companies (Telle, 2003; Lauras, 2004).

In order to go further in the interactions and information exchanges for decision making, it is necessary to
introduce inter company coordination and negotiation capabilities. Our approach proposes a Customer-Supplier
(C-S) relationship control in which all (C-S) partners negotiate according to a protocol inspired from Contract-
net (Smith, 1980), in order to respond as best as possible to customer requirements. In other words, our approach
proposes to answer Calls For Proposals (CFPs) launched by customers, and to exploit in better ways the
suppliers’ capacities (Mekaouche, Ounnar, Pujo and Giambiasi, 2005¢). The ACE of each supplier allows self
evaluation of his performance in order to be able to take part in negotiations within a self organized network

(Ounnar and Pujo, 2005).
3 Operation of the proposed approach

The proposed approach increases the autonomy of the network entities. The entities common goal is to
collectively ensure the dispatching of orders coming from different customers, while respecting everyone’s
interest. This can happen only if the entities have the capability to negotiate and communicate between
themselves. When a customer launches a Call For Proposals (CFP), the potential suppliers negotiate in order to
provide answers to the launched CFPs and the best answer for each CFP will emerge from the negotiations.
This can only be obtained if each supplier is able to self evaluate himself and to judge if he can take part in the
negotiations. A customer does not negotiate with suppliers. Instead, the potential suppliers negotiate between
themselves with the aim to seek the best response to a CFP launched by the customer. After the negotiation
deadline given by the customer, the order related to the CFP is carried out by the supplier having the best
performance. This leads to the idea of self-organized control. The concept of self organization is subordinated
to use a decentralized decision structure and to take into account the specific behaviour of each component.
With this approach there is no estimated organization. Self organization is akin to a real-time decision making
operating mode. A common goal is necessary for the organization to work; this can be translated into
cooperation and negotiation terms. At the end, the solution emerges from the negotiation that makes the

components of the self organized system operating.



3.1 Holonic architecture of a self-organized control system

In a context of several enterprises linked through customer supplier relationships, product flows are generally
static after a commercial negotiation. This can make flow management difficult, in particular when work

overloads occur for one supplier.

In a self-organized control system of a logistic network each supply flow is considered with respect to all
potential suppliers. For that, each supplier participates in a common goal achievement by organizing its own
control (Ounnar and Pujo, 2001). In our proposal, decentralized self organized control is characterized with an
organizational architecture of the type flat holonic form. Each Resource Holon has the capability with its ACE
to self evaluate its performance for executing a proposed task, with the aim to participate in the negotiations
for allocating this task. The reference architecture PROSA is used to describe our flat holonic form (Ounnar,
Pujo, Mekaouche and Giambiasi, 2007). In this architecture, the basic role of the ACEs is to manage all
information exchanges in the network linking the different entities and to organize information processing
leading to decision making. The ACEs are in fact in the hart of the relationships between the base holons of the

PROSA model:

. The Resource Holons (RH) corresponding to the enterprises of the logistic network partnership; and

which, besides the ACE capability to ensure their own control, carry production capacity characteristics;

. The Order Holons (OH) representing the organizational aspect of the product manufacturing tasks to

be performed by the resources.
. The Product Holons (PH) providing a technical description of the manufactured products.

All the information needed for performance evaluation by the ACEs is in these holons. Each ACE has privileged
exchanges within the Resource Holon it is associated with, which provides for instance information on its
planning, its capability, etc. The data associate with the Order Holons and the Product Holons circulate in the

network via Calls For Proposals (CFPs). Interactions between the base holons and an ACE are shown in figurel.

Figure 1 Interactions between the base holons — ACE

PH; CFP, m RCFPix

Each ACE is composed of three modules: Interaction, Optimization and Planning Modules.



3.2

3.2.1

3.2.2

Description of the ACE modules
The different modules and the operations of an ACE are described below.
Interaction Module

This module ensures order assignment to the various entities (suppliers) of the network. Assignment is based
on decision-making linked to competition between the entities (Mekaouche, Ounnar, Pujo and Giambiasi,
2005d) and common rules and criteria applied to all entities. The main functionalities of this module are

summarized in two points:

*  Publication of information about the calls for proposals and of responses to received Calls For

Proposals (CFPs).

. Sorting entities according to the received Responses to Calls For Proposals (RCFPs): for each received
new RCFP, the corresponding call for proposals is updated with this RCFP if it is the first one or if it is better
than the best RCFP already received.

The order assignment process is inspired from the Contract-Net Protocol (CNP). A CFP is always launched to
all the participants by an initiator entity, with a deadline. Each participant studies all the messages concerning
this CFP and builds its answer. A participant answers as soon as possible and only if its proposal is better than

those already sent on the network.
Optimization Module

This module allows self evaluation concerning a received CFP, based on quantitative and qualitative criteria,
in order to estimate a participant own capacity to answer a call (Ounnar, Pujo, Mekaouche and Giambiasi,
2004). Performance evaluation is based on the multicriteria method named Analytic Hierarchy Process (AHP)
(Saaty, 1980; Ounnar, 1999). AHP is a flexible decision-making tool for complex problems involving multiple
qualitative and quantitative criteria. This method is also used in related domains to solve similar problems of
decision-making process. For example, (Moynihan, Saxena and Fonseca, 2006) have developed a prototype
decision support system for procurement including vendor selection and development of an optimal
procurement strategy. The AHP method ensures the classification of CFPs according to the entity capacity to

treat them. Only the CFP ranked first will be analyzed by the entity.

The AHP method helps decision-makers to structure the significant components of a problem in a hierarchical
tree-like structure. Figure 2 represents an illustration of a decomposition of a problem into a hierarchical
structure. The first level corresponds to the Global Objective (G. Ob). The second level represents the
considered Criteria (Ci). Each criterion is defined by a set of Indicators (Iij) which are presented at the third
level. The last level corresponds to the different Alternatives (Ak: CFPk in our case) (Mekaouche, Ounnar,
Pujo and Giambiasi, 2005d). AHP is a decision-making process that directly interprets the data by forming

judgments through a scale of measurement inside a hierarchical structure.

AHP has advantages over other decision-making approaches. These include the ability to: (i) handle tangible
and intangible attributes; (ii) hierarchically structure the problems to gain insights into the decision-making
process; and (iii) monitor the consistency of the judgments of a decision-maker. The optimization module starts

to apply the AHP method when the ACE has received at least two CFPs. The method uses qualitative and



quantitative criteria to classify CFPs, among which is the operating time given by the production system

planning.
Figure 2 Example of a decision-making hierarchical process
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3.2.3 Planning Module

This module allows calculating the operating time related to a given CFP through the application of an
analytical method based on the different planning states of the production system (Mekaouche, Ounnar, Pujo
and Giambiasi, 2006). Otherwise, the planning module sends the CFP and its associated operating time to the
optimization module in order to finish the application of the multicriteria method. The optimization module
calculates the entity performance with respect to the CFP ranked first. Then, it sends to the interaction module

the entity response to the CFP, together with its performance and its commitment date.

The planning module ensures the execution of a CFP suppression order coming from the interaction module. A
CFP is suppressed from the entity planning when another entity has launched a better response concerning this
CFP. After removing the CFP, the planning module re-evaluates all the CFPs downstream of the removed CFP.
Then, it sends the new dates to the optimization module in order to recalculate the performance associated to

these CFPs.
4 Presentation of the self evaluation process

Two filters are applied before performance calculation when a CFP is received by an ACE. The first filter deals
with verification of the CFP technical feasibility by the interaction module. If feasibility is verified, the CFP is
sent to the planning module via the optimization module. Then the CFP is subject to the second filter dealing
with the possibility of its insertion into the planning. When insertion is possible, the ACE evaluates the entity

performance related to the CFP.

A launched CFP includes information such as name of the transmitting entity (customer), description of the
requested product, quantity expected by the customer, end of negotiation lead time, delivery lead time, etc.
which is received by all the network ACEs. When an ACE receives a CFP, the interaction module transmits it
to the optimization module which applies the AHP method in order to classify all the received CFPs, according
to the entity processing capacities. Application of the method requires a set of qualitative and quantitative
criteria (Ounnar, Pujo, Mekaouche and Giambiasi, 2004), some of which, such as delivery lead time, expected
quantity, etc., are defined by the customer in the CFP. Other criteria are parameterized by specific supplier’s

characteristics, such as lead time, order delivery time, delivery cost, order cost, etc. The operating time is one



of the criteria defined by the supplier. This data, which depends on planning state and on equipment availability,
is supplied by the planning module. The interaction module matches the performance given by the optimization
module with the better known performance and sends it to the network if it is the best one (Figure 3). The
various messages circulating on the network can be summarized as follows: CFP, RCFP, LCFP (Local Call For
Proposals launched by the entity), RLCFP (Response to a local Call For Proposals: response proposed by one
partner of the network), ERCFP Entity Response to a Call For Proposals launched by a partner).

Figure 3 Autonomous Control Entity incorporated into a supplier Resource Holon
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In the proposed approach, each network partner contributes to achieve the common goal of collectively ensuring
the dispatching of orders coming from different customers through a competition between the potentially able
suppliers, while respecting the interest of each partner. Because each supplier has a finite capacity, it is
necessary to respect a balance between load and capacity at supplier level. As a consequence, load curve
smoothing is automatically produced, which allows establishing a fair load sharing scheme among the network

suppliers.

It can be noticed that network partners can have divergent interests in the proposed approach. Indeed, this is
taken into account by the possibility for each customer to indicate that he prefers to work with a designated
supplier, knowing the eventual productivity loss that such a decision might yield. Each supplier can define his
own preferences regarding the criteria and indicators that are used to evaluate his performance for identifying
the calls for proposals (CFPs) on which he will negotiate. Thus, this approach allows ensuring automatic order
distribution through negotiation between potential suppliers able to respond to a CFP, based on common and

impartial rules, while leaving some degrees of freedom to each partner.

With aim to verify the validity of the proposed self organized control approach, a set of tests have been
performed in two steps. First, conventional operations of a whole logistic chain, working in parallel and sharing

enterprise occupation in a pre-established way have been modelled and simulated with the ARENA tool. Then,



the same set of tests has been performed with the self organized environment, enhancing dynamic allocation of
orders. Comparing the results obtained with the two types of simulations allows pointing out the benefit of the

proposed approach.

Each ACE was modelled according to the DEVS formalism (Mekaouche, Ounnar, Pujo and Giambiasi, 2005b)
in order to integrate the models into a distributed simulation environment (Ounnar, Pujo, Zahaf and Giambiasi,
2006) for the simulation of the self organized approach. In distributed simulation, the partners of a logistic
chain can study the chain optimization via simulation without sharing confidential data. It is this particular
advantage that lead to choose distributed simulation to validate our method. We looked at the HLA (High Level
Architecture) standard which ensures synchronization between the simulations, contrary to all the other
architectures (DIS, ALSP, CORBA, etc.). HLA is also characterized by the two important properties of

interoperability' and reutilisability?.

The following section includes an overview presentation of HLA and the presentation of the mock-up for self

organized control of a logistic partnership network.
5 Simulation mock-up

HLA (High level Architecture), which was proposed by the DMSO (Defense Modelling and Simulation Office)
under the sponsorship of the US Department of Defense, is a distributed simulation environment. In HLA, each
participating simulation is called federate. It is interacting with other federates within a HLA federation. The
Run Time Infrastructure (RTI) is the distributed exploitation system through which all federated simulations
communicate. It implements the programming interface specifications. It offers common services to all

federates (Figure 4).

Figure 4 Operating principle of HLA

Run Time Infrastructure

The HLA architecture is described on one hand by the set of rules defining responsibilities of the federates and
of the federation and their relationships (IEEE P1516). On the other hand, it is described by the OMT (Object
Modelling Template) (IEEE P1516.2) which provides a common standard documentation for the two types of
object models specified by HLA, the Simulation Object Model (SOM) and the Federation Object Model (FOM).
The first model defines all the objects and their interactions related to a federate, while the second model defines

all the object models, the communication between federates and other information related to the interoperability

! This concept implies the capability to combine simulation components on distributed platforms of different types,
often with real-time operation capability. This approach implies to rethink the way simulation components interact
with each others in a traditional program on a single computer, for the context of several programs executed in
distributed computers and interacting on each others through a real-time distributed exploitation system.

2 Means that the models of the simulation components can be re-used in different simulation applications. Reusable
simulation components can be combined with other components without code development.



of the federates within a federation. Finally, HLA is described by the HLA interface specifications (IEEE
P1516.1) representing the functional interface specification between federates and the RTI. In other words, the
HLA interface specifications indicate how federates interact during the execution of the federation through the

RTL

The self organized approach described in the above sections was implemented in a mock-up using JAVA
language. Simulating the approach allows to illustrate the internal behaviour of an ACE and the behaviour of
an ACE with other ACEs (i.e., the self organization) in their attempt to seek the best response to a call for
proposals. Starting from the interface (Figure 5), a partner can become a member of an enterprise network (A)
or resign from a network (B). The interface offers to each ACE the possibility to launch local calls for proposals
(C). Each ACE can receive answers to local calls (D). It can also receive answers to calls for proposals launched

by other members of the enterprise network.

Figure 5 ACE federate interface
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Let us suppose that a customer (customerl) on figure 5, broadcasts on the network a call for proposals
containing the following information: the work type to be performed (in technical terms), the maximum
expected delay (here, 10 days)... The CFP will be broadcasted to all the network partners through the HLA

interactions. Figure 6 shows a CFP reception by a supplier (Supplier 2).

The mock-up presented above was used to validate the self organized control approach with a set of tests.



6 Validation

A set of realistic tests was built in order to evaluate the proposed approach. The tests were first modelled and
simulated with the ARENA tool (Taibi and Ounnar, 2006). Then, they were implemented in the self-organized
environment. Comparing the results from both simulations allows pointing out the advantages of self

organization.

Figure 6 Reception of a CFP by a Supplier
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The tests are related to a network made of 17 enterprises (Ai, Bj, Ck, DI, Em, Mn) whose activities are

summarized in table 1.

Table 1 Enterprise activities

Activities Enterprises
Cosmetic product design and production Al, A2, A3, A4
Plastic product fabrication Al,C1,C2,C3
Product conditioning in glass containers Al, A4,D1,D2,D3
Paper and cardboard production and transformation B1, B2, El, E2
Paper packaging of products B1, B2, B3
Printing M1, M2
Serigraphy B2, M1, M2
Plastic conditioning for products A2,C1,C2,C3
Flexible tube manufacturing D1, D2, D3
Flexible tube conditioning D1, D2, D3

Glass container manufacturing D1, D2, D3




These enterprises are involved at different level of the logistic chain (Figure 7) and can produce 16 types of
products coming from 5 base products. An enterprise can be a customer or a supplier according to the
manufactured product (for instance A2 may subcontract printing to M1 or to M2). Each enterprise is
characterized with its name, activities, activity codes, load per activity, maximum capacity per activity and
number of resources per activity. There are 16 logistic chains corresponding to the flows of the 16 different
product types. The tests have been designed so that small perturbations with respect to nominal operations (such
as the increase of ordered product quantities) generate strong organizational perturbations in flow progress

(blockage, saturation).

Level 4 Level 3 Level 2 Level 1

®O®®
QIOIO
OlOO

OO

Figure 7 Sub contracting levels

6.1 ARENA simulation: the classical approach

Modelling and simulation of the manufacturing of 16 product types by the 17 enterprises of the network was
done with ARENA (Figure 8). The aim was to show the impact of perturbations on customer/supplier

relationships all along the production cycle.

Figure 8 The global Arena Model
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We consider in this paper a reduced number of enterprises; those for which their operations are the most
sensitive to flow variations. This led to consider seven product types out of the sixteen (types 3, 4, 5, 6, 7, 10
and 12). The bill of materials and the enterprises involved in manufacturing the seven product types are shown
in table 2. It can be seen that for product type 3, enterprise A3 manufactures the product and subcontracts
flexible tube conditioning to enterprise D1. On its side, D1 is supplied by C2 with plastic items for container
closing. Then, D1 subcontracts printing to M2 and paper packaging to B3 which is supplied with paper packages
by enterprise M2.

Table 2 The selected seven product types

Nomenclature Type Chain / Steps Chain / Enterprises Supply
Product 3 Product production A3
Packaging for flexible Flexible tube manufacturing D1
Paper packages Flexible tube conditioning Dl
Container closing D1 C2 (Lids)
Printing M2
Paper packaging B3 E1 (Paper packages)
Serigraphy M2
Product 4 Product production A3
Flexible tube manufacturing D1
Flexible tube conditioning D1
Container closing D1 C2 (Lids)
Printing M2
Paper packaging B3 E1 (Paper packages)
Serigraphy M2
Product 5 Product production A3
Flexible tube manufacturing D2
Flexible tube conditioning D2
Container closing D2 C3 (Lids)
Printing M1
Paper packaging B3 E1 (Paper packages)
Serigraphy M2
Product 6 Product production A4
Flexible tube manufacturing D1
Flexible tube conditioning Dl
Container closing D1 C2 (Lids)
Printing M2
Paper packaging B3 E1 (Paper packages)
Serigraphy M2
Product 7 Product production A4
Glass container Liquid conditioning in glass containers A4 D2 (Glass containers)
Paper packages Container closing A4 C3 (Lids)
Printing M2
Paper packaging B3 E1 (Paper packages)
Serigraphy M2
Product 10  Product production A2
Glass container Glass container manufacturing D3
Paper packages Liquid conditioning in glass bottle D3
Spray assembly D3 C2 (Sprays)
Container closing D3 C3 (Lids)
Printing M2
Paper production and transformation B2
Paper packaging B2
Serigraphy B2
Product 12 Product production A3
Glass container manufacturing D3
Liquid conditioning in glass bottle D3
Spray assembly D3 C2 (Sprays)
Container closing D3 C3 (Lids)
Printing M1
Paper packaging B3 E1 (Paper packages)

Serigraphy M2




The considered perturbation is to increase the ordered quantity of each of the seven product types. During a

same period (same week), all the final customers of the seven logistic chains order product quantities larger

than what they usually ask for. Increased quantities are summarized in table 3.

Table 3 Batches orders by customers

Customer Product Type Usual Batch Quantity New Batch Quantity
Customer 1 Type 3 20000 25000

Type 4 15000 17000
Customer 2 Type 5 30000 34000

Type 6 17000 21000
Customer 3 Type 7 43000 51000
Customer 4 Type 10 18000 26000

Type 12 22000 27000

A reporting system was put in place in the ARENA model of the seven chains with the objective to collect data
on circulating products, such as batch arrival date or total time in enterprise, in order to study perturbation

impact on the chains.

Size increase of all the ordered batches leads to exceed the maximum capacity of the enterprises belonging to
several chains concerned with perturbed product flows. Figure 9 shows capacity overshoot for enterprises B3,
El and M2 which are interacting with respect to product type flows 3, 4, 5, 6, 7 and 12. These overshoots are
rather important, contrary to the capacity overshoot of enterprise D3 which is concerned only by product type
flows 10 and 12.

Figure 9 Global load of enterprises B3, D3, E1, M2
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- "INIT" represent the initial load, identified for each company.
- "Pert_TypeY" represent the launched AO, this AO relates to the disturbance for the type product “Y”.

The impact of batch size perturbations with the same product types is presented below for the self organized

model in order to compare the classical approach with the self organized approach.



6.2 Mock-up simulation: self organized approach
Calls for Proposals (CFPs) have been launched at four levels.

First level: This is the same as for the ARENA simulation. The four customers launch seven CFPs for the
manufacturing of cosmetic products: type 3 (CFP N°2), type 4 (CFP N°3), type 5 (CFP N°4), type 6 (CFP N°5),
type 7 (CFP N°6), type 10 (CFP N°7) and type 12 (CFP N°8).

Enterprises Al, A2, A3 and A4 enter in competition to answer the CFPs. For that, they evaluate themselves by

using the multicriteria methods AHP.

Simulation results are illustrated in table 4.

NUM_CFP TRANSMITTER_RCFP |__TRANSMITTER CFP PERFORMANCE COMMITMENT_DATE
R Ad Supplier 1 4222628639351 934 1840
2 |° [ Supplier 3 0.3842282551410961 740
3 |’ B Supplier 4 0.4222226771913369 1740
4[5 A3 Supplier 2 0.44112341082774%5 1240
5 [* A2 Supplier 2 0.44114163718881458 1140
s |2 il Supplier 1 0.45833527272316954 8.0
7 B E Supplier 1 0.45833527272316964 ]

Table 4 Responses of enterprises Al, A2, A3 et A4

Results show that Al is better for product types 3 and 7, A2 is better for product types 4 and 5 while A3 is
better only for type 6. A4 is better on the two remaining product types 10 and 12.

Second level: Enterprises Al, A2 and A3 launch CFPs for flexible tube conditioning concerning product types
3,4, 5, 6 (Table 5), in the following order: type 3 (CFP N° 2), type 4 (CFP N°3), type 5 (CFP N°4) and type 6

NUM_CFP | TRANSMITTER_RCFP ‘ TRANSMITTER_CFP | PERFORMANCE | COMMITMENT DATE | RESPONSE_DATE ‘ END_NEGOTIATION_RC IP|
1 |5 D3 A3 0.3314369494691497 (930 97.0 500
2 |2 o1 Al 0.4161385260304833  |61.0 BA0 300
3 |4 oz a2 (0.38143694946914597  |B1.0 ER0 500
4 |3 D2 A2 0.36238005470621766 |51.0 55.0 500
(CFP N°5).

Table 5 Responses of enterprises D1, D2 and D3 to the CFPs for flexible tube conditioning

Contrary to the classical approach, in which the four product types are addressed by one of the two enterprises

D1 or D2, the self organized approach allocates type 6 to D3, types 4 and 5 to D2 and type 3 to D1.

Furthermore, having taken product types 7, 10 and 12, enterprises Al and A4 launch CFPs for the
manufacturing of glass containers (Table 6) in the following order: type 7 (CFP N° 2), type 10 (CFP N°3) and
type 12 (CFP N°4)

NUM_CFP ‘ TRANSMITTER_RCFP TRANSMITTER_CFP PERFORMANCE COMMITMENT_DATE RESPONSE_DATE END_NEGOTIA
1 |4 D2 24 (13813218605954838 480 520 00
7 |2 01 L) (1381158844 22854545 380 420 00
3 |2 D3 A1 041612232353833883 380 20 500

Table 6 Responses of enterprises D1, D2 and D3 to the CFPs for glass container manufacturing



Table 6 shows that the CFPs launched by A4 for the two product types 10 and 12 are allocated respectively to
D1 and D2, while enterprise D3 is given type 7.

Then, enterprise A4 launches CFPs for the fabrication of plastic items for container closing for types 10 (CFP

no 2) and 12 (CFP no 3), in this order (table 7).

NUM_CFP | TRANSMITTER_RCFP | TRANSMITTER_CFP ‘ PERFORMANCE COMMITMENT_DATE  RESPONSE_DATE END_NEGOTIA
1|4 D2 A4 (1.381 3216605959890 480 520 600
2 |3 D1 A4 (1.36119004422054945 K] 420 600
7 |2 D3 Al (141612232356:33843 B0 420 500

Table 7 Responses of enterprises Al and C1 to the CFPs for plastic items manufacturing

Table 7 indicates that enterprise Al is given product type 10 and C1 is given type 12.

Finally enterprise A4 launches CFPs for the manufacturing of plastic items for containers closing for both

product types.

Third level: Three types of CFPs are launched for plastic product manufacturing (container lids), printing and
paper packaging. These CFPs are launched by enterprises D1, D2, D3, Al and A4. Simulation results are

presented below.

CFPs for plastic product manufacturing: they concern type 3 (CFP N° 2), type 4 (CFP N°3), type 5 (CFP N°4),
type 6 (CFP N°5), type 10 (CFP N°6) and type 12 (CFP N°7).

NUM_CFP ‘ TRANSMITTER_RCFP | TR, \\SMITTF.IL(\FI" PERFORMANCE ‘ COMMITMENT_DATE ‘ RESPONSE_DATE | END_NEGOTIATION_RCFP
7 ] A4 0.4106136143364152 1950 1330 500
] ] A4 0.4105369888366.308 1850 1830 500
5 [ D3 0.4106764553545716 1860 1600 2m
4 L2 D2 11.36132246235406064 1o 1210 am
2 A1 01 014161383260304883 1070 110 am
3 ] D2 113823800547 0621 766 1070 110 am

Table 8 Responses of enterprises C1, C2, C3 and Al

Table 8 shows that product types 10 and 12 are given to enterprise C3, types 4 and 6 are given to C1, C2 is
given type 5 and Al is given type 3.

Tables 9 and 10 below can be analyzed the same way.

CFPs for printing: the launching order concerns type 3 (CFP N° 2), type 4 (CFP N°3), type 5 (CFP N°4), type
6 (CFP N°5), type 7 (CFP N°6), type 10 (CFP N°7) and type 12 (CFP N°8).

NUM_CFP TRANSMITTER_RCFP| TRANSMITTER_CFP PERFORMANCE COMMITMENT_DATE RESPONSE_DATE END_NEGOTIATION_RCH
7 W2 4 0.410F3TRBAEEE318 1840 - 1880 - - B
8 W2 ] 0.4106308531667244 240 2180 500
B Wi E 0405281 10303622075 1680 720 500
5 Wi GE] 3514385430691 457 T30 430 ]
s W2 b2 03753341 520545704 1330 40 3m
z W2 G O411634330436853 130 170 200
3 W2 b2 375001 70BRA3R50TE 1m0 1070 30

Table 9 Responses of enterprises M1 and M2

CFPs for paper packaging: they concern type 3 (CFP N° 2), type 4 (CFP N°3), type 5 (CFP N°4), type 6 (CFP
N°5), type 7 (CFP N°6), type 10 (CFP N°7) and type 12 (CFP N°8).



Table 10 Responses of enterprises B1, B2 and B3

‘TR\\S\IITTERJ{K‘FP TR\\S\IITTF.RJ‘FP| PERFORMANCE

e | COMMITMENT _DATE RESPONSE_DATE END_NEGOTIATION_RCF|

7 B1 A4 0.3751067773829964 1630 167.0

] B2 A4 0.3813220660 2491 €05 170 1210 500
& B2 &1 0.3751309114655184 1330 1430 500
] B3 03 0.4182002173243641 130 170 500
4 B2 Dz 0.38132327030033614 830 330 300
3 B2 D2 0.3823800547 0621 766 a0 810 300
2 Bl m 0. 4161630938075358 a0 820 Lil]

Fourth level: Paper packages should be manufactured before packaging. Since enterprise B3 cannot do lt, it must launch a CFP for paper package

fabrication in relation to product type 6. Furthermore, enterprises B1 and B2 are not able to manufacture paper

for all ordered product types due to full planning. They must thus launch CFPs for paper production. Bl

launches a CFP for product type 10 and B2 launches a CFP for type 4. The CFPs are launched in the following
order: type 10 (CFP N°1), type 4 (CFP N°2) and type 6 (CFP N°3). Table 11 shows CFP allocation to enterprises

E1l and E2.
NUM_CFP TRANSMITTER_RCFP TRANSMITTER_CFP PERFORMANCE ‘ COMMITMENT_DATE | RESPONSE_DATE
i §] B USR5 525 & w0
7 2 3] ] 4610473516550 % 800
T ] B 36505 TRe0167844 %0 50

Table 11 Responses of enterprises E1 and E2

After paper packaging is done, the enterprises should undertake serigraphy for the seven product types. B2 is

the only enterprise among B1, B2 and B3 to perform serigraphy. However, B2 planning does not allow

performing serigraphy for the four product types. Thus, B2 launches two CFPs for the serigraphy of product

types 4 and 12. Similarly, enterprise B1 launches two CFPs for product types 3 and 10 and B3 launches one

CFP for product type 6. The CFPs are launched in the following order: type 3 (N°2), type 10 (N°3), type 4

‘ TRANSMITTER_RCFP ‘ TRANSMITTER_CFP ‘ PERFORMANCE

‘\"()\I\il'l\Il‘\'l‘il)\l'l ‘ RESPONSE_DATE

NUM_CFP [ END_NEGOTIAT m\,u(n"
M1 B3 (.3695998633470162 970 0.0 300
Ll B2 (1:3812435766503736 4 780 300
M2 B2 0.38792930756406573 64.0 8.0 400
Ll B1 0.4161220658157101 410 450 300
W2 B1 0.4161E30938075358 410 460 300

[0 PSP PO
o Ca | o1 o™

(N°4), type 12 (N°5) and type 6 (N°6). Results are presented in table 12.

Table 12 Responses of enterprises M1 and M2



Graphical representations have been used to show enterprise load balance. Figure 10 shows the load of each
enterprise compared to its maximum capacity. Figure 11 shows the occupation rate of each enterprise with the
classical approach (TO-Class) and with the self organized approach (TO-Auto), with respect to their activities
(a) and with respect to the global enterprise load (b).

Entreprise : B3 Entreprise : E1
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Figure 10 Global load for B3, D3, E1 and M2 (self organized approach)

Figure 11 Occupation rate (a): for A2, A4, B2, C2, C3, D1, D2, D3, E1, M1
(b): for B3, D3, E1 and M2
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6.3  Comparison of results (classical approach versus self-organized approach)

It can be noticed that the classical approach does not give much choice to the suppliers and to the customers.
Indeed, each customer has its own suppliers who are given the same orders every week. The suppliers of a
given customer know ahead of time the orders to come and do not anticipate additional orders. Thus, if a
customer asks for an increased quantity (like for instance for product type 12), delivery will be delayed. The
delay is known by the customer who can get organized accordingly. However, if a supplier concerned with the

perturbed order interacts with several production chains, he will see its capability exceeded, which will yield



delays on the products of other customers who did not ask for additional quantities and who will thus not be

informed of delays (this is the case for product types 13 and 11).

In the self-organized model, contrary to the classical model in which chains are static and customers launch
orders only to their own suppliers, customers launch their CFPs on a network and potential suppliers enter into
negotiation to provide the best answers to customers’ expectations. In this way, the chains for the seven products
will not be the same ones as with the classical approach and new chains will be built. The new chains are
progressively built as the CFP related orders are allocated to the suppliers providing the best performance. Best
performance assumes that a supplier takes the CFP for which he is the best one, which guarantee improved
customer satisfaction. The proposed approach generates load smoothing in each enterprise (Figures 10 and 11)

and reduces the classical approach delay problems due to exceeded capacity (Figure 9).
7 Conclusion

The proposed approach provides a balance between load and capacity at the supplier level and produces a load
curve smoothing among the suppliers of a network. The approach also produces sharing of earnings,
optimization of resources, reduction of malfunctioning, and productivity increase for the whole supply chain.
Self-organized control is characterized with an organizational architecture of the type flat holonic form. Each
enterprise involved in a logistic chain becomes a Resource Holon when it is associated with a decision making
entity, called ACE for Autonomous Control Entity, providing the capability to interact with other enterprises.
In order to validate the proposed approach we have, in a first step, modeled the ACE using DEVS formalism
(Mekaouche, Ounnar, Pujo and Giambiasi, 2005a; b). Distributed simulation was sought to enforce
confidentiality of the network partners’ data. The DEVS models have been integrated into a HLA (High Level
Architecture) simulation. The HLA architecture was chosen with the aim to be able to highlight the advantages
of the proposed approach through simulations performed in parallel to real operations without disturbing the
real system. The HLA architecture allows deploying the proposed approach on an industrial case. The
integration of the DEVS models into the HLA makes a simulation mock-up for self-organized control of a
logistic network. The proposed approach was compared with the classical approach. For that, a study case was
built first. The case data were adjusted so that small disturbances (e.g. increase of ordered quantities by a
customer to its supplier) with respect to nominal operations generate strong organizational disturbances (e.g.
blocking, saturation). The classical approach for the study case was modeled and simulated with the Arena tool.
Then, the study case data were implemented in the self-organized environment (Simulation mock-up). Finally,

a disturbance impact analysis was performed for both approaches.

If the optimization of logistic networks is to be efficiently implemented, a change in attitude and philosophy is
needed. Companies must get together to propose a general service, rather than trying to compete. They must
work together in seeking better productivity. Induced new ways of supplying and subcontracting require
improved dialogue and a cultural evolution relying on cooperation rather than on confrontation. This is why

our work perspective is oriented towards seeking a professional sector to conduct real life experimentation.
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