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1. Introduction

Founded in 1884, Piaggio & C. S.p.a., with registered office in Pontedera (Pisa), is today one of the leading world manufacturers of two-wheeled motor vehicles.

With the acquisition of the Derbi Group (2001) and, most recently of the Aprilia Group, (2004), Piaggio ranks as one of the world’s top four players in its core business with: (i) a consolidated leadership on the European 2-wheels market, (ii) a production capacity of nearly 700000 vehicles per year, (iii)·five R&D centres,·(iv) more than 6700 employees and (v) operations in over 50 countries.
Production includes scooters, motorcycles and mopeds in the 50cc to 1200cc displacement range, for the Piaggio, Vespa, Gilera, Derbi, Aprilia, Guzzi and Scarabeo brands. The Group also manufactures three- and four-wheel light commercial vehicles for the Ape, Porter and Quargo ranges.

The productive activities of the group are located in seven main facilities:
· Pontedera Pisa (Italy), with three plants for production of two-wheels vehicles for the Piaggio, Vespa and Gilera brands, light transportation vehicles (LTVs) for the European market, and scooter and motorcycle engines;
· Mandello del Lario Como (Italy), for production of motorcycles and engines for the Moto Guzzi brand;
· Scorzè Venice (Italy), for production of two-wheel vehicles for the Aprilia and Scarabeo brands;

· Barcelona (Spain), for production of vehicles for the Derbi brand;

· Baramati (India), for production of LTVs for the local market.

Piaggio also holds a 45% interest in a joint venture with a Chinese Manufacturer (Piaggio Zongshen Foshan Motorcycle) who produced, over the last year, more than 200000 vehicles of which more than 50000 with Piaggio technology.
Although Piaggio is experiencing an incredibly favourable economic growth, (in the 20007 the Piaggio Group reported net sales for € 1.6 billions and a net profit of € 70.3 millions), it must continuously strive to optimize its performances and to innovate its products. Indeed, in an ever more competitive environment, optimising costs and time-to-market is a fundamental issue for maintaining and increasing leadership in the 2 wheels vehicles market. Whereas the group is very strong for what concerns design and product innovation (the group has several R&D departments and is capable of ensuring continuous improvement in the product development process through simultaneous engineering and advanced information technologies such as CAD, CAE, 3D Modelling, FEM, etc.), the same cannot be said for what concerns the operation management of its manufacturing and logistic processes. Indeed, most of the productive departments are still organized as typical mass production facilities with low mix flexibility, long production lead time, and excessively high inventory levels. Facing the menace of ever more aggressive and competitive competitors (especially the Asiatic ones), Piaggio is aware that this situation can be a treat to its leadership in the Europe and to its expansion in the global market. Therefore it is now trying to put a remedy to this situation with the introduction of Lean Production and Supply Chain Management Concepts.
In particular, with the support of the experts from the Department of Industrial Engineering of the University of Pisa, Piaggio is trying to optimize the inbound logistic processes of the three productive departments located in Pontedera (Pisa). To this aim the group is evaluating four alternative ways to select suppliers and to manage purchase orders from the order proposal to the final shipments of the materials: (i) open orders contracts, (ii) just in time deliveries (iii) Suppliers Relationship Management system (SRM) and (iv) Vendor Management Inventory (VMI).
All these strategies have a direct impact on the inbound logistic process and present different benefits and cons both for Piaggio and for its suppliers. Therefore, to give an answer to this complex and significant decision, a BOCR model, which considers the potential effects of the alternative on Piaggio and on its suppliers, has been develop. 
The alternative and the model itself is explained in detail in the following sections of this paper. Solutions and sensitivity analysis are finally discussed.
2 Alternatives

In this section we will give a brief description of the four strategies that Piaggio can adopt to improve its logistic performance and we will pinpoint the pros and the cons of each one of them.

2.1 Open Orders (OO) 
The use of Open Orders (OO) is the easiest way that Piaggio can use to reduce the ordering costs. Indeed, an OO consists in a formal agreement (i.e. a purchase contract) between the customer and its suppliers, in which the main characteristics of all the future supplies are determined in advance. In other words, important features such as the required quality level, the specifications of the products, the purchase price, the minimum lot size etc. are established when the preliminary agreement is signed and will not be changed for the whole length of the contract. In addition, the customer commit himself to purchase a minimum quantity from the suppliers (over the period covered by the contract) and the supplier commit himself to dedicate part of its productive capacity to the customer. 

Therefore, an OO is used to facilitate the repetitive purchase of items or services of nominal cost from the same supplier and it is preferable to several individual orders for specific items at specific prices, each of which has to go through the same process that is required only once for an open order.
The main advantages that Piaggio can obtain by means of open orders are the following ones: (i) the implementation costs and the costs of the communication infrastructure needed to manage OO are almost neglectable (ii) it is possible to significantly reduce purchasing costs, (iii) it is possible to simplify the purchasing process (after the open order contract has been signed), (iv) a fraction of the production capacity of the suppliers is constantly dedicated to fulfill Piaggio’s orders
Conversely, the disadvantages of this strategy are the following ones: (i) the price is fixed and so it is not possible to benefit from discounts and promotions, (ii) each time a new vehicle is being made Piaggio incurs in the costs needed to select the suppliers with the required capabilities and to define the open order contract, (iii) OO can only reduce the ordering costs, but do not affect other logistic costs such as handling, transportation and warehouse management.
Clearly, the adoption of an OO strategy can lead to a reduction of the operating costs also for the suppliers. However, the main advantage for the suppliers consists in the possibility to benefit from a certain and stable demand from the customer, which, as known must commit himself to buy a minimal quantity during the period covered by the contract. For the customers, the only significant disadvantages are linked to the necessity to devote part of their production capacity to the customer.
2.2. Just in Time Deliveries (JITD)
A more complex solution that can reduce the inventory costs is the use of Just in Time Deliveries (JITD). Indeed, the use of JITD represents a possible way to significantly reduce both the supplying Lead Time (LT) and the inventory costs of the customer. 
Indeed when a JITD strategy is adopted, in addition to the main obligations of OO agreements, the supplier commits himself to replenish the inventory of the customer with frequent shipments of small lots of the purchased goods. Typically the lots are sufficient to feed the production lines (of the customer) just for one or two days and are shipped at least two or three times per week. In this way it is possible to reduce the stock level at the customer’s warehouse without put into risk the continuity of the manufacturing activities.
It is important to note that to implement this strategy also the customer must fulfill additional obligations. Actually, to facilitate the supplier in respecting the shipment due date, the customer must release to the supplier also its production forecasts and a detailed shipments schedule. Clearly, both these information must be released in advance of the purchase order to permit to the supplier to organize his manufacturing activities. For example when the customer orders a lot of X items he informs the supplier that the cumulative quantity of the following purchase will be equal to Y items, to be delivered in smaller batch of y items.
The main informative flows that mast be used to support a JITD strategy are shown in Figure 1.
To conclude we can say that the main advantages for Piaggio would be the following ones: (i) Lead Time reduction, (ii) simplification of the purchase process, (iii) reduction of the inventory costs, (iv) reduction in the size of the inventories. 
Conversely the disadvantages would be the following ones: (i) high reliance on the suppliers (the production can be stopped if a supplier miss a delivery), (ii) possibility of traffic and congestion in the unloading area (due to high frequency of the shipments form multiple suppliers), (iii) additional cost due to the necessity to release to the supplier forecasts and shipment schedule.
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Fig. 1. Just in Time Deliveries
For what concerns the supplier, the main advantages would be the following ones: (i) customer retention, (ii) simplification of the production planning, (iii) lower variability in demand. 
Conversely the disadvantages would be the following ones: (i) high reliance on the forecast made by the supplier, (ii) increase in the delivery costs, (iii) difficulty to optimize transportations.
2.3. Supplier Relationship Management System (SRM)
As previously said, to get profits up, costs must come down. The installation of a Supplier Relationship Management System (SRM) can help in achieving a greater profitability by using more efficient supplier collaboration to improve supply chain management. Indeed, a SRM is a combination of web enabled solutions and of advanced electronic data interchange (EDI), which creates a real-time collaboration environment between the customer and its suppliers. 

Indeed a SRM software enables businesses to manage the relationship between buyers and suppliers. Procurement personnel use SRM software to define replenishment strategies, manage contracts, evaluate supplier performance, and establish strategic sourcing relationships. Event management tools such as alerts and notifications help minimize inventory stock-outs and stockpiles. Collaborative planning tools enable managers to exchange order forecasts with vendors and maintain a supplier scorecard with historical data. To this scope SRM software must be integrated with a larger enterprise resource planning ERP system, in order to access to all the valuable information stored on the main Data Warehouse of the company. 
In particular, as shown in Figure 2, a SRM is designed to assist businesses with each phase of the procurement cycle. 
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Fig. 2. Main function of a SCM
As can be seen, first, buyers use SRM software to submit a request for proposal (RFP) or request for quotation (RFQ) to multiple vendors. Competitive bidding features and contract negotiation tools help companies select the best vendor for a product line. Next a Web-based SRM is used to communicate with vendors in real-time. Using a web browser, a buyer can check the status of a shipment or the scheduled date of a delivery. For their part, suppliers can monitor stock levels to determine when the buyer’s inventories need replenishment. Collaborative tools allow buyers to share order forecasts with suppliers and identify potential bottlenecks based on historical analysis. Additional features can also permit to apply self billing procedure thus speeding the invoice process and decreasing the number of errors.
In this case, the main advantages for Piaggio would be the following ones: (i) simplification and partial automation of the procurement process, (ii) accessibility to a greater number of potential supplier, (iii) possibility to obtain better price and/or quality through the use of competitive bidding procedures, (iv) costs and error reductions, (v) partial reduction of LT and of inventory costs.

Conversely the main risks (especially in the implementation and start up phase) are the following ones: (i) long development time for data standardization, data acquisition and codification, (ii) errors in the deployment of the software and/or during the reengineering of the logistic process, (iii) high cost of the hardware of the software and of the installation (iv) training cost and acquisition of new employees, (v) inertia/resistance to the change of the employees.
Conversely the disadvantages would be the following ones: (i) high reliance on the suppliers (the production can be stopped if a supplier miss a delivery), (ii) possibility of traffic and congestion in the unloading area (due to high frequency of the shipments form multiple suppliers), (iii) additional cost due to the necessity to release to the supplier forecasts and shipment schedule.

For the suppliers we have the following main advantages: (i) reduction of the transactional costs, (ii) data standardization and synchronization with the customer, (iii) possibility to share order forecasts with suppliers, (iv) possibility to identify potential bottlenecks based on historical analysis, (v) partial possibility to optimize production and transportations. 

Also for the supplier the risk/disadvantages are IT related and regard: (i) the costs of the hardware and of the software, (ii) the cost for the data standardization and (iii) the cost for the integration with the ERP of the customer.
2.4 Vendor Managed Inventory (VMI)
Vendor Managed Inventory (VMI) is a planning and management system commonly adopted to cut costs and keep inventory levels low throughout the supply chain, by integrating operations of adjacent tiers of the chain.

VMI can be defined as a mechanism where the supplier gain access to the customer’s inventory data and generate purchase orders on his behalf. Therefore it can be seen as a departure from the traditional replenishment system because, instead of the customer monitoring its sales and inventory for the purpose of triggering replenishment orders, the supplier assumes responsibility for these activities, as he is free to take decision on the optimal replenishment quantities (i.e. lot size) and on the shipments frequency. Anyhow, when making operational decisions, the manufacture must adhere to the contractual parameters jointly agreed with the customer. In particular, under a typical VMI contract, to assure to the customer the continuity of production, the supplier is responsible to keep the quantity stored at the buyer’s warehouse between a minimum (s) and a maximum (S) level, and he is also obliged to support any stock-out related cost. In turn, the customer must share sensitive and timely data (i.e. released on a well defined time frame) on sales and/or inventory status, thus providing the supplier with the opportunity to optimize production planning and inventory management.

The most common way to implement VMI consists in information sharing via EDI (Electronic Data Interchange) and/or the Internet, for analysis and determination of the specific inventory items and quantity to be re-supplied. In this case, as shown in Figure 3, the core of the process is based on two main EDI transactions.
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Fig. 3. Shared information in VMI 

The first transaction, namely ‘Product Activity Record’ (i.e. EDI #852) contains information on actual sales, sales forecasts and inventory levels. The customer periodically sends this message to the supplier who, on the basis of these data, can decide whether a new shipment is needed. The second transaction, namely ‘Advanced Ship Notice’ (i.e. EDI #856) is sent by the supplier to the customer and contains information on the products that have been shipped. This electronic notice facilitate updating of inventory records as well as the decision regarding storage location, helping to reduce the fixed cost of receiving. 
In this case the main advantages for Piaggio would be the following ones: (i) stock out reduction, (ii) stock level reduction, (iii) simplification of the purchasing process, (iv) reduction of the spaces and of the cost of warehouse.
Conversely the main disadvantages are the following ones: (i) very high dependency on the performance of the customer, (ii) loss of control of part of the logistic process, (iii) high cost of the acquisition of the informative system required for data sharing, (iv) necessity to data integration and standardization.
For what concern the supplier we have the following main benefits: (i) possibility to optimize production planning and control, (ii) possibility to optimize transportations, (iii) very high customer retention, (iv) possible stock level reduction. 
For what concerns the disadvantages and the risks, the main are the following ones: (i) implementation costs, (ii) dependency on the accurateness of the information released by the customer, (iii) increase in the cost linked to the inventory management. 
3. The BOCR Model
In the above part of the paper we have generally outlined the alternatives that Piaggio can consider to improve the efficiency of its logistic process. In the following, we will outline the model we built with the SuperDecisions software to make a suggestion for this issue.
3.1 The main model

The Analytical Network Process (ANP) model developed to identify the best logistic strategy for Piaggio has four feedback sub-networks of control criteria: Benefits, Opportunities, Costs and Risks (BOCR). Each control criteria is structured in a set of specific sub-networks, which contains sub-criteria defined specifically for each aspect of the analysis. In particular, the networks under benefit are used to evaluate the alternative that yields the most benefits and similarly, the networks under opportunities are used to evaluate the alternative that offers the most opportunities. Conversely the networks under costs and risks indicate the most costly and the most risky alternative, respectively. 

Since all the alternatives (i.e. logistic strategy) directly impact on the operating processes of Piaggio and on of its suppliers, the general approach I took was that to consider the potential effects that each solution has on Piaggio and on its suppliers as well. This is a logical approach because making the decision without considering the effects it has on the supplier’s side would be dangerous for Piaggio and could even compromise the success of its implementation. Indeed, since the suppliers themselves are active parties of the logistic process of Piaggio, their willingness to adopt a new strategy is a fundamental issue for the effectiveness of the adopted solution. 

It is worth noting that the adoption of any one of the four alternative solutions affects different stages of the manufacturing process of Piaggio and of its suppliers. This is because the inbound logistic processes refer to the operating activities that are needed to connect a customer and his suppliers. As such inbound logistic covers the initial stages of the manufacturing process of Piaggio and, the last stages of the manufacturing process of his suppliers. For this reason, for what concerns the suppliers, each network under the BOCR control criteria is used to assess the positive and negative effects of the alternatives on (i) production management, (ii) finished good inventories and (iii) transportations. Similarly, for what concerns Piaggio, to develop the ANP network, more emphasis was placed on the effects the alternatives have on (i) the unloading and handling operations, (ii) the management of raw materials inventories, (iii) the management of production.
In accordance to these consideration, the Benefits, Opportunities, Costs and Risks illustrated in Table 1 has been identified and used to build the BOCR model shown in Figures 4 and 5, respectively.
Table 1 
Control Criteria and their Priorities
	Merit
	Criteria
	Subcriteria
	Cluster
	Nodes

	BENEFITS
	Piaggio’s Benefit
= 75%
	Inboud Logistic
= 75%
	Raw Material Inventories
	Safety Stock, Space, Stock Level, Insurances

	
	
	
	Handling and Unloading
	Congestion of unloading area, Pallet Re-Conditioning, Tracking & Registration, Quality check

	
	
	
	Discounts
	Lot size all unit, Lot size marginal unit, Volume Based

	
	
	
	Passive Cycle          Work Flow
	Supplier selection and rating, Ordering, Invoicing, Errors

	
	
	Production 

=25%
	Production 
	Buffer size, Production LT, Transportation LT, Lot size. 

	
	
	
	Flexibility
	Volume Fl, Mix Fl, Orders Fl.

	
	Supplier’s Benefits
= 25%
	Production
= 75%
	Work in Process
	Buffer size, Prod. Lt, Lot size

	
	
	
	Flexibility
	Volume Fl, Mix Fl

	
	
	
	Production Management
	Demand Forecast, Demand Variability, Frozen Period, Production Planning

	
	
	Outbound Logistic
= 25%
	Finished Goods Inventories
	Safety Stock, Space, Stock Level, Insurances

	
	
	
	Orders Management
	Order Proposal, Ordering, Invoicing, Errors

	
	
	
	Transportation
	Saturation, Frequency, Scheduling, Optimization, Errors, Congestion

	OPPORT:
	Piaggio’s Opportun.   = 75%
	Economical          = 60%
	Economical opportunities
	Market share, Costs, Lead Time, Fill rate.

	
	
	Operational            = 40%
	SCM           opportunities
	Data sharing, Comakership, Integrated Production Planning, Integrated Forecast & Replen., RFID tracking System

	
	Suppliers’ Opportun.

= 25%
	Economical          = 60%
	Economical opportunities
	Customer retention, Turnover, Costs, Lead Time, Fill rate, Production Efficiency.

	
	
	Operational            = 40%
	SCM             opportunities
	Data sharing, Comakership, Integrated Production Planning, Integrated Forecast & Replen., RFID tracking System

	COSTS
	Implementation & Start Up costs for Piaggio
= 75%
	Logistic BPR
	BPR, Supplier Evaluation, Contract definition

	
	
	Data Alignment
	Codification, uploading, Testing, Down Time, Errors

	
	
	Infrastructure
	HW, SW & IS, ERP integration

	
	
	Employees
	Additional Employees, Training, Resistance, Management Commitment.

	
	Implementation & Start Up costs for Suppliers
= 25%
	Logistic Costs
	Contract definition, Sunk costs, New equipment

	
	
	Data Alignment
	Codification, uploading, Testing, Down Time, Errors

	
	
	Infrastructure
	HW, SW & IS, ERP integration

	
	
	Employees
	Additional Employees, Training, Resistance, Management Commitment

	RISKS
	Risks for Piaggio 

= 75%     
	Short Term

= 67%
	Process Related
	Employees resistance, Turnover, Mistakes

	
	
	
	Contract Related
	Misunderstanding, Infringements, Errors in KPI definition 

	
	
	
	IT Related
	Platform conflicts, Data redundancy, Codification Errors, Data inaccuracy, Lack of functionalities

	
	
	
	BPR Related
	Wrong analysis, errors in process mapping, Underestimate activities, Undefined responsibilities, Top management commitment

	
	
	Long Term 
= 33%
	Market Relater
	Change of demand pattern, New competitors, Change of customer needs.

	
	
	
	Supplier Related
	Contract infringement, Lost of suppliers, Dependency on suppliers, opportunistic behaviors o suppliers

	
	Risk for Suppliers 

= 25%
	Short Term

= 67%
	Process Related
	Employees resistance, Turnover, Mistakes

	
	
	
	Contract Related
	Misunderstanding, Infringements, Errors in KPI definition

	
	
	
	IT Related
	Platform conflicts, Data redundancy, Codification Errors, Data inaccuracy, Lack of functionalities

	
	
	
	BPR Related
	Wrong analysis, errors in process mapping, Underestimate activities, Undefined responsibilities, Top management commitment

	
	
	Long Term

= 33%
	Market Related
	Change of demand pattern, New competitors, Change in the needs of Piaggio.

	
	
	
	Customer Related
	Contract infringement, Lost of order from Piaggio, Dependency on Piaggio, opportunistic behaviors of Piaggio

	ALL NETWORKS
	ALTERNATIVES
	OO, JITD, SRM, VMI
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Fig. 4. The Sub Network under Benefits and Opportunities
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Fig. 5. The Sub Networks under Costs and Risks

3.2 Some insight of the model

To better understand the structure of the model and the inner and outer dependencies among the nodes, two interesting sub-networks will be used as illustrative examples.
Figure 6 below shows the sub networks used to evaluate the potential benefits in the production management of the suppliers. 
[image: image4.png]a| Alternatives =[O ]

wml
25RM System | @

3. deliveries| 8] Production Management =[T1]

4 Open O’de’SI lDemmdFaxecustI
< E3]
2Length of the Frozen Pemdl

<=

®| Work in Process =|C3[ x|

1Prodution LT

il

Lot Size
Waribilty of axders I
IBuffer Stocks
J 4 Prodution phnnmgl
*

[ Prodution Fexitity |31

1Mix Flmhx.\nyl
WVolume Flmhx.\nyl




Fig. 6. The Sub-network under Production Benefits for the suppliers
In this case, other than the Alternatives cluster, three clusters have been considered. 

The first cluster concerns the average amount of Work in Process, which is described in terms of the production Lead Time, the average size of the lot that are launched into production, and the average dimension of the buffer used to protect the continuity of the production from contingent problems. 

The second cluster concerns typical aspects that can affect Production Management, these are: the accurateness of the forecasts, the length of the frozen period (during the frozen period the customer cannot make any adjustment/change to its purchase orders), the expected variability in the orders (outside of the frozen period) and, the complexity of the production planning and scheduling process.
The third one concerns the effects of the solution on the flexibility of the production, which is described in term of volume and of mix flexibility.
As can be seen from Figure 6, a bidirectional influence arrow connects each cluster with the Alternative cluster. This is because each alternative influences/affects all the nodes (of the other clusters) and because the importance of the nodes depends on the selected alternative. A bidirectional arrow also connects the Production Management and the Production Flexibility cluster. This is because the complexity of the production planning depends on the flexibility of the production and, in turn the flexibility of production depends on the production planning system, which is adopted to schedule production (for example a standard MRP system provides less flexibility than a Kanban/JIT approach).
An influence arrow also connects the Work in Process and the Production Management cluster. As a matter of fact some of the elements of the first cluster depend on the elements of the second one; for example the dimension of the production lots is influenced by the variability of the demand and by the production planning methodology. Similarly, since flexibility is influenced by the Lead Time and by the Lot Size, an arrow also connects the Production Flexibility and the Work in Process clusters.
Finally since the nodes of the Work in Process and of the Production Management Clusters are not independent, two loops (i.e. inner dependencies) have introduced in these two clusters. 

The priority vector of the alternatives (relative to this sub network) is shown in Figure 7.
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Fig. 7. Priority Vector of the alternative under benefits for the production of the suppliers
As can be seen, with respect to the benefits for the production activities of the suppliers, the best alternative is VMI, while SRM is the second best one. This result is logical since both these strategies permit to share data and forecasts between the customer and his suppliers and so the suppliers can use this information to optimize their productive processes.
A second example is given in Figure 8, which shows the sub-network under the implementation cost of the customer (Piaggio).
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Fig. 8. The sub network under costs for the customer
As can be seen from Figure 8, the following main costs have been considered: (i) the costs of the logistic process redesign, (ii) the costs of the infrastructure, (iii) the costs needed for data alignment, and (iv) the cost of the personnel.
An example of the dependencies of this subnetwork is given in Figure 9.
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Fig. 9. An example of dependencies
As can be seen, the costs linked to the increase in the number of employees depend not only on the alternatives, but also on the degree of the logistic process reengineering and on the contract specifications.
In this case, the priority vector of the alternatives is the one shown in Figure 10. As can be seen, the implementation of a SRM system is the most expensive alternative, while VMI is the second most costly one. Again this result is logical since these two logistic strategies are the most complex ones and require large investment to develop the IT infrastructure that is necessary to manage the data transactions between the customer and its suppliers.
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Fig. 10. Priority Vector of the alternative under costs for the customer
3.3 Partial Results 
The final synthesized results for Benefits, Opportunities, Costs, and Risks are shown in Figures 11 and 12, respectively.
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Fig. 11. Synthesis under Benefit and Opportunities
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Fig. 12. Synthesis under Costs and Risks
Figure 11 demonstrate that VMI is the alternative that offers the greatest benefits and the greatest opportunities, while Figure 12 demonstrate that SRM I the most costly and most risky alternative.
4 Strategic criteria and overall results
To aggregate these partial results (in an overall ranking of the solutions) we need to weight the importance of the four main control criteria (i.e. B, O, C, R) by means of a hierarchic structure of strategic criteria. In other words, the importance of the BOCR merits must be assessed by rating them with respect to the strategic criteria of the organization. It is worth noting that there is a significant difference between the control and the strategic criteria. Indeed, as the first depends on the specific decision being made, strategic criteria are those values that an organization (i.e. Piaggio in this case) must satisfied regardless of the particular decision being made. 
4.1 The AHP of the strategic criteria

In the present application I used the hierarchic structure shown in Figure 13.
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Fig. 13. The AHP model of the strategic criteria
As can be seen from Figure 1, the AHP model is based on three main strategic criteria (Improve net Profit, Stakeholder Satisfaction and Environmental sustainability), which are subdivided in twelve sub-criteria (i.e. four for each one of the main criteria). 
The importance weight of the criteria is given in Table 2.
Table 2
Weights of the strategic criteria

	Criteria
	Sub-criteria

	Improve Net Profit =65%
	Increase net income = 48%

	
	Reduce direct costs = 27%

	
	Reduce indirect costs = 16%

	
	Reduce overheads = 9%

	Stakeholder satisfaction = 23%
	Shareholders = 15%

	
	Employees = 45% 

	
	Suppliers = 26%

	
	Customers = 14%

	Environmental Sustainability = 12%
	Transport Optimization =47% 

	
	Reverse Logistic = 31%

	
	Pallet Standardization = 14%

	
	Energy Saving = 8%


4.2 The rating of the Benefit, Opportunities, Costs and Risks
After obtaining the weights for the weights of the twelve (low level) strategic criteria I then went on to the ratings. I used a template for the ratings scale with the following steps: very low, low, medium, high and very high. A section of the corresponding rating matrix is shown in Table 3

Table 3
Rating Matrix

	
	Priorities
	Increase  net Income

= 0.312
	Reduce Dir. Costs 

= 0.175
	…
	…
	Pallet  Standardiz.

= 0.017
	Energy 

Saving

= 0.0096

	B = VMI
	32.3%
	VH
	VH
	.
	.
	VH
	M

	O = VMI
	32.3%
	VH
	VH
	.
	.
	VH
	M

	C =SRM
	17.7%
	H
	M
	.
	.
	M
	M

	R = SRM
	17.7%
	H
	M
	.
	.
	M
	M


It is important to note that to select the rating for the first row of Table 3 (i.e. for the Benefits) one must keeps in mind that the best alternative under Benefit was VMI. For example, the contribution of VMI to increase net income and to reduce direct cost is thought to be very high. 

Similarly, to select the rating for the second third and fourth row one must keeps in mind that the best alternative under Opportunities was VMI, that the most costly and most risky alternative was SRM.
The overall priorities for the BOCR are computed by multiplying an adding across each row and normalizing the final results. As shown in Table 3, the weight of Opportunities and Benefits equals 0.323 while the weight of Costs and of Risks equals 0.177. 

4.3 Final ranking of the alternatives

The final ranking of the alternatives is finally obtained by using the formula (bB + oO –cC –rR), where b, o, c, r are the priorities for Benefit, Opportunities, Costs and Risks, obtained from rating the strategic criteria in Table 3 (i.e. b, o, c, r, correspond to the values of the first columns of Table 3). After normalizing the obtained value the final ranking shown in Figure 14 is obtained.
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Fig. 14. The final ranking of the solutions
As can be seen form Figure 14 all the options are desirable (i.e. present a positive net value between benefits and costs), but VMI is by far the best option available. The second best option is JITD, while SRM is the third one. 

Actually although SRM presents higher benefits and opportunities than that offered by JITD, the costs and the risks connected to its implementation are considered too high by Piaggio. That is the main reason why SRM has only been ranked number three in the present BOCR model.
5. Sensitivity Analysis
The use of the (bB + oO – cC – rR) formula makes it possible to perform a sensibility analysis in order to assess the stability of the obtained results, when the weights of the four control criteria are changed. 
Sensitivity Graphs for Benefits, Opportunities, Costs and Risks are shown in Figures 15, 16, 17 and 18 respectively.
As demonstrated by these graphs the solution is stable, as a matter of fact:

· as demonstrated by Figure 15, VMI is always the best solution regardless of the weight given to the Benefit control criteria (i.e. the VMI curve is never crossed by other curves);
· as demonstrated by Figure 16, if the weight given to the Opportunities control criteria is bigger then 0.074 then VMI is the best solution. Since in the current application the weight of Benefits is 0.323 the solution is stable;

· as demonstrated by Figure 17, if the weight given to the Costs control criteria is lower then 0.274 then VMI is the best solution. Since in the current application the weight of Costs is 0.171 the solution is stable (note that if that when the threshold limits is trespassed JITD becomes the new best solution. This is correct since JITD gives lower benefits than VMI, but its implementation is much cheaper);

· as demonstrated by Figure 16, VMI is always the best solution regardless of the weight given to the risks control criteria. Note that a threshold limits exist but it is not a significant one. Indeed its value is very high (i.e. 0.5) and, at that point, all the solution are negative.
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Fig. 15. Sensitivity Graphs for Benefits
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Fig. 16. Sensitivity Graphs for Opportunities
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Fig. 17. Sensitivity Graphs for Costs
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Fig. 17. Sensitivity Graphs for Risks
The results of the sensitivity analysis are summarized in Table 4.

Table 4

Sensitivity Results

	Control Criteria
	Actual Weights
	Threshold Limit
	Distance
	New Best Solution

	Benefits
	32.2
	-
	(
	-

	Opportunities
	32.3
	< 7.4
	24.9
	JITD

	Costs
	17.7
	> 27.4
	9.7
	JITD

	Risks
	17.7
	50
	32.3
	JITD (less negative)


6. Conclusions
This work has presented a BOCR model used to evaluate the best logistic strategy for Piaggio, an Italian manufacturer of scooters and little motorcycles. 
Four alternative logistic strategies have been considered: Open Orders, Just in Time Deliveries, Supplier Replenishment Management system and Vendor Managed Inventory.
The BOCR model demonstrated that the best solution for Piaggio consists in the development of a VMI strategy, while the second best option consists in the adoption of JITD. The stability of this solution was also proven by sensitivity analysis. In particular, unless Piaggio considers the implementation costs as extremely important decision criteria VMI is definitely the best solution.
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