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An optimal planning for a laundromat system with a multiple linen type in a hospital supply chain under subcontractor consideration
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This paper addresses the laundry management problem of multiple type of linen in a hospital supply chain using subcontractor strategy. In order to satisfy several random demands corresponding to every laundry type under a given service level, the principal washing provider can make a call another laundromat subcontractor. We aim to establish the usage economic plan of the principal and subcontractor laundromats for multiple laundry type. This is done by analyzing the influence of the service delay (transport, preparation, etc.) of each product line returned. The main goal is to ensure satisfaction of each type of cleaned laundry demand and minimize purchases of new products. Finally, we use a numerical algorithm for optimization and illustration purposes.

INTRODUCTION

In the last decade consumers became more conscious and exigent, so businesses try to find more ways to satisfy consumers needs at any given time. The goal of these businesses is clear: to survive and to adapt to new markets. Obviously, there are plenty of changes where companies could continue their successful existence, some of them are more complicated, other more explicit. In this paper, we focus on one of the most complex and fundamental domain of company's activities: reconsidering the Supply Chain Management (SCM) in the context of hospitals.

Inventory management in the healthcare industry present several challenges both for managerial and operational perspective. Traditional researchers have taken two approaches to study healthcare SCM and analyse the managerial aspects. The stakeholders in the healthcare supply chain and value chain are exanimated along with the conflicting goals in the system [START_REF] Kelle | Healthcare supply chain management[END_REF].

Many statistical works assume that the cost of the healthcare systems is a significant financial burden on national budgets. They estimate that world healthcare consumes near 10% of the gross domestic product in supply chain (Health expenditure, 2018). To that end, national healthcare systems need to improve their supply chain concerns to provide their patients a top quality services and to minimize their cost.

Recent studies have shown that cost saving is required in hospitals to increase economic efficiency on doing many corrective actions on inventory management and distribution. These multiple studies used to the so called multi echelon inventory management. Multi-echelon inventory optimization is the best method in inventory for all stock keeping unit (SKUs) for multi-tier of the supply chain, as well it could be even end-to end optimization [START_REF] Marek | Inventory Management Issues in Health Care Supply Chains[END_REF].

In this paper, we will focus on a specific flow that is the laundry management in hospital supply chain. We believe that improving laundry management can add a value in the hospital supply chain management dealing with large number of clients having dirty linen. And the latter must be cleaned in a short period of time. In our case, principal laundry operator requests a subcontractor company to meet a random demand for each category of linen.

Existing work have not paid enough attention to this area. We can cite the work of [START_REF] Banerjea-Brodeur | Scheduling linen deliveries in a large hospital[END_REF] where they suggest corrective actions as to re-examine the demand of linen to elaborate a forward program based on past data in many hospitals in Montreal, Canada. Also, they used a Periodic Vehicle Routing Problem (PVRP) to model the routing and scheduling problem and they solve it using Tabu Search heuristic. Moreover, the Materials Requirements Planning (MRP) method was used by O'neill et al. (2001) to identify the delivery planning for each period for a surgical linen management of Lowa Hospitals and clinics in USA. Similarly, Furterer (2011) was adopted the lean Six Sigma method to improve the laundry/ linen process by solving the methodology and tools used by the hospital that would reduce linen loss of an Acute care hospitals. Furthermore, another method was used to improve the same process by reducing waste and overuse proposed by [START_REF] Olufson | Linen Management Project in Inpatient Hospital, Systems Engineering Research Projects and Oral Presentations[END_REF] based on a new linen barcode tracking system with a lean management system. In summary, our work proposes a method for laundry management problem and to extend works in this field due to the lack on the literature knowing the importance of hospital supply chain management. Our approach is inspired by the work of [START_REF] Mifdal | An Optimal Production Planning and Maintenance Policy for a Multiple-Product and Single Machine under Failure Rate Dependency[END_REF] applied for a different topic in manufacturing system. We found similarity with our system where they propose a production planning for multi type of product for each sub-period. So, our method consists of establishing an optimal plan for the principal laundromat which can call a subcontractor to meet demands for each category of linen for each period.

The remainder of this paper is organised as follows. Section 2 introduces the problem description, detailed in section 3. The new laundry model is presented in section 4. A numerical example is presented in section 5 illustrating the benefit of our approach. Finally, we conclude and discuss future direction in section 6.

PROBLEM DESCRIPTION

The scope of our study is about washing laundry scheduling for the laundromat provider on hospitals. The system is composed of one laundry unit and a subcontractor washing several type of linen (P) in order to meet several random demands (di(k)). The demand of washing dirty laundry of each category is random characterized by a Gaussian distribution law. The principal laundry is characterized by its maximal cadence each category of linen (ULimax(k)) and washing unit cost (CLi). The principal system can ask a laundry subcontractor in order to satisfy a random demand with a certain service level and a total delay of the whole loop (τ). This subcontractor is defined by its availability rate (ULSimax(k)), the unit cost (CLSi) and delay (Ω).

When the system receives the amount of dirty linen, a sorting is performed so a part of the linen ((1-δ) *d) is rejected and the rest will be shipped to a laundry provider. After checking, washing by both of laundry providers (principal and subcontractor), the clean laundry will be stored in the Stock (S(k)). In this study, the total delay of the whole loop is τ.

The problem is illustrated in figure 1.

NOTATIONS

Here we introduce the notations of our model: In this study, we aim to minimize the total cost of the washing cost, storage cost and the cost of the subcontractor provider for all type of products. So, we need to determine the laundry cadence of the principal and the subcontractor laundromat.

Laundry policy

In this subsection, we develop a stochastic mathematical model based in the HMMS model of a washing laundry planning for multi linen type on hospitals linen cleaning services for both principal and subcontractor laundromats characterized by a linear-quadratic model [START_REF] Holt | Planning Production, Inventory and Work Force[END_REF]. This means that we determine the quantity of each type of dirty linen to wash in each sub-period j. The system is composed of one laundry facility characterized by its maximal cadence and a washing unit cost for each unit cost and a subcontractor in hospital supply chain where N is the number of category of linen, m is the number of sub-period and H is the finite laundry horizon. We recall that ULijk is the laundry cadence of principal laundry facility for each category of product i at each sub period m of the period k and ULSik is the laundry cadence of the subcontractor laundry facility for each category of product i at each period k. The total laundry costs are defined as follows:
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Where, the equation (1) denotes the total cost of washing by the principal laundry and subcontractor laundry and storage of the clean linen during the finite horizon H. Regarding the relation (2), it describes the inventory balance for each type of linen in each sub-period taking into account the total transportation delay and the delay of the subcontractor. The constraint (3) imposes the service level requirements for each period and each type of linen. The constraint ( 4) and ( 5) present the upper laundry cadence of both the principal and subcontractor laundromats for each type of linen. The constraint (6) requires that Yij(k) is a binary variable. Equation ( 7) and ( 8) imposes that only one type of linen can be washed in sub-period j. is defined by its means ,( ) ( )
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Thus, the equivalent deterministic model would be:
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Regarding the equivalent inventory level, it is given by the following constraints:
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As we mentioned in the notation, the symbol θ determines the probability index of the service level. This constraint is stated as follows:
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Using the last lemma 1 and lemma 2, we resume the equivalent deterministic model as follows:
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Under constraints:
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NUMERICAL EXAMPLE

The variables in the mathematical model are binary and integer variables with quadratic terms so called quadratic programme (QP). In this section, we suppose that our system has to meet random demand characterized by a Gaussian distribution (see below) of three category of linen. We will determine the optimal laundry planning for each period over a finite horizon H (H=12 periods) based on our model described above.

We use the following numerical example in order to illustrate our developed optimisation model in the context of laundry optimization problem. FICO Xpress Version 8.5 has been used to solve the program and to obtain solutions by using branch and bound with default parameters of the solver, where we found 42 feasible solutions.

The following data is presented below: The above tables 2, 3 &4 illustrate an example result for an economical laundry plans of principal and subcontracting Laundromats and the inventory level which minimize the total cost for t=1 and Ω=1. In another numerical example, we will show changing of total cost, using the index bs (availability rate of the subcontractor laundry provider). Using table V, the higher value of the total cost corresponds to the lowest of the service level. We can note that, as service level decreases, the principal Laundromat produces more and stores more to meet the demand and to satisfy the higher service level. The table below indicate the impact of the standard deviation variation on the total cost. We note that as the dispersal of the demand with respect to the average increases, the total cost grows. Indeed, the dispersal increase should bring increasingly strong demands value. Therefore, it can exceed the available capacity, so the production unit will produce more which explains the cost increase. In this paper, we have consolidated an important domain "hospital supply chain" especially on laundry management in order to satisfy several demands on cleaned linen taking into account subcontractor strategy. The paper described a multiple linen laundromat system satisfying economically several random demands under a given service level. We have proposed a mathematical model for laundry policy while considering a delay for closed loop and the delay of the subcontractor to minimize the total cost of laundry and storage. We have focused on identifying the optimal laundry plan which minimise the total cost for each sub period for each category of products.

As future work, we will consider the problem laundry and a maintenance of multiple laundry category taking into account the influence if the laundry rate on the laundromat system degradation where the sub-periods are different.

  H: Finite laundry time horizon. ∆t: Washing period. P: Number of category of linen m: Number of sub-period j in each period k Si(.): Level of the inventory of the category of linen i at each sub-period j for the period k. ULij(k): Laundry cadence (utilization) of the principal laundry facility of the category of linen i at each sub-period j for the period k. YLij(k): A binary variable that equal to 1 if the category of linen I is washed at sub-period j for the period k, 0 otherwise. ULSi(k): Laundry cadence (utilization) of the subcontractor laundry facility of the category of linen i at each period k. di(k): The demand regarding the quantity of the category of the linen i received from the hospital at each period k. : Percentage of the linen received after checking for the laundry facility. ULimax(k): Maximal cadence (utilization) of the principal laundry provider of the category of linen i. ULSimax(k): Maximal cadence (utilization) of the subcontractor laundry provider of the category of linen i. : Probability index regarding the service level. CLi: Washing unit cost of the principal laundry provider of the category of linen i. CLSi: Washing unit cost of the subcontractor laundry provider of the category of linen i. Csi: Inventory cost of the category of linen i. Sti: The setup cost of category i s: Availability rate of the subcontractor laundry provider. τ : Total delay of the clean linen. Ω: Delay of the subcontractor laundry provider.
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  Figure shows an example of a principal laundry plan. The following assumptions are used:  Each period k is divided into m equal sub-periods  The holding and laundry cost of each category of linen are known and constants  One type of linen can be washed in sub period j and al linen must be washed in each period k  The standard deviation i and the average ˆi d of the demand for each category of linen and at each period are known
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  Variance of the demand d at the period k

Table 1 . Average demand k

 1 

	H 	2 1	per io ds	, Δ t 	1	tu	,	δ 	0.8	, max 1 UL		16	lu	,
	max 2 UL		15	lu		, max 1 UL		11		lu	,	ULS	max		14	lu	,	θ 	0.9	,
	l C		3	mu	,	ls C		8	mu	,	s β 	0.8	,	cL C		25000	mu	,
	C	pL		1000	mu	,		o C		2	mu	with mu: monetary unit and
	Lu: laundry unit							
	τ (total delay of the clean linen) =1
	Ω (delay of the subcontractor laundry provider) =1
	The demand is random and characterized by a Gaussian
	distribution with σd 2 =4. The periodically mean demand () i dk
	given by the following table.
															d	1			d	2	d	3
						1								13			15	10
						2								16			17	11
						3								12			15	9
						4								10			15	8
						5								14			15	10
						6								14			14	11
						7								13			16	12
						8								13			14	12
						9								12			14	11
					10								15			16	11
					11								14			13	10
					12								16			15	9

Table 2 . Optimal Laundry Plan of principal laundromat

 2 

	k	m	1	2	3
	1		UL1=0	UL2=0	UL3=0
	2		UL1=4	UL2=5	UL3=3
	3		UL1=6	UL2=7	UL3=4
	4		UL1=7	UL2=9	UL3=5
	5		UL1=9	UL2=10	UL3=6
	6		UL1=10	UL2=10	UL3=7
	7		UL1=9	UL2=12	UL3=7
	8		UL1=9	UL2=10	UL3=7
	9		UL1=9	UL2=11	UL3=7
	10		UL1=10	UL2=11	UL3=7
	11		UL1=10	UL2=9	UL3=6

Table 3 . Optimal Laundry Plan of principal laundromat

 3 

Table 4 . Inventory level k

 4 

		S	1	S	2	S	3
	1	15	20	10
	2	13	17	13
	3	5	9	4
	4	4	6	3
	5	5	3	4
	6	3	2	3
	7	2	3	3
	8	2	2	2
	9	2	2	2
	10	3	3	2
	11	2	2	2
	12	2	2	2

Table 5 .

 5 Variability of βs

	βs	0.8	0.5	0.3	0.2	0.1
	τ	4	4	4	4	4
	Ω	3	3	3	3	3

Table 6 .Variability of standard deviation

 6 

	σd	0	1	2	3	4
	τ	1	1	1	1	1
	Ω	1	1	1	1	1
	Total	12654 12692 12702 12834 13024
	Cost					
			6. CONCLUSION