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INTRODUCTION

There is a need for industrial companies to reduce their costs, satisfy multiple customer requirements, and at the same time make profits while maintaining market competitiveness. According to [START_REF] Abubakar | Integrated Production, Maintenance and Control Chart of Supply Chain Management Under Quality Constraint[END_REF], customers are becoming more exigent, while production systems are getting more complex and subject to multiple uncertainties, demand also becomes random. Hence the need to develop integrated industrial strategies (maintenance, production, and quality). Unfortunately, production planning, maintenance, and quality control policies are rarely studied together in the literature. For industrial organizations, determining the best production planning and maintenance strategy has always been a difficult task. As a hierarchical decision-making process, the best maintenance and production plans minimize the entire cost, including production, inventory, and maintenance. As a result, we combine a statistical quality control process with extra surveillance measures to make more interactive decisions about new combined maintenance strategies. Optimal production and delivery planning will be an ideal solution for lowering total production costs by boosting the production system's reliability and, as a result, reducing non-conformance production. [START_REF] Buzacott | Automatic transfer lines with buffer stocks[END_REF] is one of the earliest authors to accomplish the improvement of production. In his work "Automatic transfer lines with buffer stock," he studied the role of buffer stocks in boosting system productivity to solve the challenge of integrating maintenance into production plans. [START_REF] Nourelfath | Integrated preventive maintenance and production decisions for imperfect processes[END_REF] studied a multi-period multi-product capacitated lot-sizing context, integrates production, maintenance, and quality for an imperfect process. In their model, during each period, the machine is inspected, and imperfect preventive maintenance activities are simultaneously performed to. The outcomes of the works determine the optimal values of the production plan and the preventive maintenance period where the machine is restored to in control state after producing non-conformal items. [START_REF] Guo | Integrated production, quality control and condition-based maintenance for imperfect production systems[END_REF] consider lot sizing, quality and maintenance for an imperfect production system. (Rivera-Gomez et al.,2020) proposed an integrated production maintenance and quality control policy for an unreliable single product manufacturing system subject to degradation. Depending on the defectives proportion determined during the inspection, the inspector can decide on the appropriate preventive maintenance. A minimal repair is carried out at failure to restore the production system to its previous status (ABAO). (Boushla et al.,2016) investigated production, preventive maintenance and quality control using a sampling method. The production lot size, the sampling plan, the safety stock, and overhaul planning are under quality constraints. The latter determined the optimal buffer stock size of the production system subjected to periodic preventive maintenance (PM) action, thereby reducing the probability of failure and machine age, proportional to the preventative maintenance. (Nahas,2017) created a stochastic model of unstable equipment, which focused on joint optimization of economic production and aged-based preventive maintenance policy for deteriorating production systems using proportional hazard (PHM).

(Ben- [START_REF] Daya | The Economic Production Lot-Sizing Problem with Imperfect Production Processes and Imperfect Maintenance[END_REF] in their paper effect of maintenance on the economic design of x-control chart, and its expansion by (Zang and Zang,2017) suggested a reliability and maintenance structure for a two-state process optimizing decision variables in industrial systems to identify discrete timeframes for Preventive Maintenance tasks. Nevertheless, they also neglected inventory scarcity. [START_REF] Salmasnia | A Joint Design of Production run Length, Maintenance Policy and Control Chart with Multiple Assignable Causes[END_REF] use a particle mass optimization algorithm. A collaborative design of production run length, maintenance policy, and control chart is built using numerous assignable reasons. The best values are determined by the result of the effort of the production plan and the preventive maintenance period where the machine is restored to in control state after producing non-conformal products. They likewise explored the effects of imperfect production on the optimal production cycle time. Production and quality issues were attended to by Hajej et al., in their work which Integrated the model of production quality. The work studied a randomly failing manufacturing system that has to satisfy random demand during a finite production horizon and under a given service level. [START_REF] Selcuk | Predictive Maintenance, its Implementation and Latest Trends[END_REF] worked out a suggestion for the implementation of production quality. Other researchers who dealt with maintenance and quality are [START_REF] El Cadi | Integrated Production, Maintenance and Quality Control Policy for Unreliable Manufacturing Systems under Dynamic Inspection[END_REF], they worked on integrated optimization of Production planning, maintenance and quality control policy without considering the effects of inventory control shortages.

The originality of this work is in its collaborative determination of production and inventory quantities under varying customer requests and throughout the production horizon, then gauging the variable production rate impacts in the finding of the appropriate maintenance decisions (𝐶𝑀, 𝐼𝑚𝑝𝑒𝑟𝑓 & 𝑃𝑒𝑟𝑓𝑒𝑐𝑡). The new maintenance approach is determined by the multilayer quality control chart parameters, taking into accounts the different control chart coefficients (𝑘 𝑖𝑚𝑝 , 𝑘 𝑝 ). A mathematical model that significantly reduces the total cost of production, maintenance, inventory and quality is developed. The remainder of the paper tests the solution's effectiveness using a numerical example from which results are obtained and a conclusion drawn.

PRODUCTION, MAINTENANCE, AND QUALITY

The supply is made up of a production system based on a single machine that produces only one sort of product, to be stored in a principal manufacturing store 𝑆, and will be delivered to multi-purchases retail houses (𝑅 1 , 𝑅 2 , … 𝑅 𝐿 ) with a delivery volume capacity 𝑄 𝑣 and time 𝜏 𝑖 (𝑖: 1, … 𝐿) where the customers receive their demand products. The system operates at a given service level 𝜃 𝑖 , production limits: 𝑢 𝑚𝑖𝑛 ≤ 𝑢 𝑘 ≤ 𝑢 𝑚𝑎𝑥 , over a finite horizon 𝐻, as shown in Figure 1 below. Machine M is prone to faults and repairs at any time. The deterioration of the machine is influenced by both time and production cadences. Consequently, the failure rate λ(t) increases with time and production rate 𝑢(𝑘) that affects the reliability and the capability of the production process responsible for non-conforming units.

Notations

The following notations are used in the mathematical formulation of the model: Let's assume a joint production to maintenance and quality control problem of an imperfect manufacturing system to satisfy random demands of a multi-retail house inventory arrangement at a given service and capacity constraints. While the process is in a control state, producing conforming items is only subjected to minimal corrective maintenance. But when the operation fails (out of the control) state until the process shifts to a surveillance stage (SL-CL), it requires imperfect preventive maintenance with duration (𝑡 𝑖𝑚𝑝 ) to reduce the failure rate. And when the operation moved to a critical "out of control" state, then a perfect maintenance action with significant time ( 𝑡 𝑝 ) be employed to restore the process to (AGAN). The decision variables are the sample size 𝑛, the control interval ℎ, the control charts coefficients 𝑘 𝑖𝑚𝑝 & 𝑘 𝑝 . (1)

The associated standard deviation given by:

𝜎 𝑠 = √ ∑ (𝑋 𝑖 -𝑋 ̅ 𝑠 ) 𝑛 𝑖=1 𝑛-1 (2)
The mean of the means is then calculated and the average of the standard deviations of the indicator 𝑋 𝑠 for all m samples.

µ 0 = 1 𝑚 × ∑ 𝑋 ̅ 𝑠 𝑚 𝑡=1
(3) Scenario I: When the production system is under control, the average of the measurements of the quality indicator 𝑋 ̅ 𝑠 is located between the surveillance limits 𝐿𝑂𝐿 ≤ 𝑋 ̅ 𝑡 ≤ 𝑈𝑂𝐿 .

σ 0 = 1 𝑚 × ∑ 𝜎 𝑠 𝑚 𝑡=1 ( 
The process is considered to be under control, and Corrective Maintenance actions are executed without any duration.

Scenario II: When the production system is shifted away from the central limit to the surveillance state, the average of the measurements of the quality indicator 𝑋 ̅ 𝑠 is located between the surveillances and the control limits (𝐿𝐶𝐿 ≤ 𝑋 ̅ 𝑠 ≤ 𝐿𝑆𝐿 + 𝑈𝑆𝐿 ≤ 𝑋 ̅ 𝑠 ≤ 𝑈𝐶𝐿) in this case, an imperfect maintenance with duration (𝑡 𝑖𝑚𝑝 ) is carried out to mitigates the process.

Scenario III: When the average of the quality indicator measurements is located beyond the control limits (𝐿𝐶𝐿 ≥ 𝑋 ̅ 𝑠 ≥ 𝑈𝐶𝐿) , the production unit is considered in critical condition. In this case, the production is stopped and a Perfect Maintenance action with a mean duration 𝑡 𝑝 is performed on it. 

FORMULATION OF THE PROBLEM

The objective is to establish optimum production, inventory, delivery, and optimal parameters related to the improved control chart, with additional surveillances limits (𝑛, ℎ, 𝑚, 𝑘 𝑖𝑚𝑝 , 𝑘 𝑝 ) . The maintenance strategy is corrective maintenance in the control state, then PM (imperfect & perfect) with the most appropriate durations (𝑡 𝑖𝑚𝑝 & 𝑡 𝑝 ), and numbers ( 𝑁 𝑖𝑚𝑝 , & 𝑁 𝑝𝑒𝑓 ) when the process shifted. To achieve this conjugated production, delivery, quality, and maintenance optimization, we minimize the sum of maintenance costs (𝐶 𝑀1 , 𝐶 𝑀2 , & 𝐶 𝑀3 ) and total inventory holding costs, as well as the total costs related to the quality ( 𝑐 𝑠𝑖 , & 𝑐 𝑟 ).

A. Average Duration of a Restoration Cycle

Consider 𝑗 𝑖𝑚𝑝 be the average number of samples to signal the process moves into the surveillance state.

From (Montgomery 2004) it follows that;

𝑗 𝑖𝑚𝑝 = 1 1-∝ 2 (9)
∝ 2 is the likelihood of non-identification of the surveillance state. For this situation, the normal of the quality marker is within (𝐿𝑂𝐿 ≤ 𝑋 𝑠 ≤ 𝑈𝑂𝐿), while the production process is in an surveillance state and machine should be submitted to an imperfect PM activity with duration (𝑡 𝑖𝑚𝑝 ).

∝ 2 = Prob( 𝐿𝑂𝐿 ≤ 𝑋 𝑠 ≤ 𝑈𝑂𝐿)/ µ 1 = 𝜇 + 𝛿 𝑖𝑚𝑝 × 𝜎) (10) ∝ 2 = F ( 𝑈𝑂𝐿 -µ 1 𝜎/√𝑛 ) -F ( 𝐿𝑂𝐿 -µ 1 𝜎/√𝑛 ) (11) ∝ 2 = F (𝑘 𝑖𝑚𝑝 -𝛿 𝑖𝑚𝑝 × √𝑛) -F (-𝑘 𝑖𝑚𝑝 -𝛿 𝑖𝑚𝑝 × √𝑛) (12) 
𝑗 𝑖𝑚𝑝 = 1 1-F (𝑘 𝑖𝑚𝑝 -𝛿 𝑖𝑚𝑝 ×√𝑛)+ F (-𝑘 𝑖𝑚𝑝 -𝛿 𝑖𝑚𝑝 ×√𝑛 (13) 
Similarly;

Consider 𝑗 𝑝 to be the average number of samples to signal the shift to the critical out of control state. It also follows that;

𝑗 𝑝 = 1 1-∝ 3 ( 14 
)
∝ 3 is the likelihood of non-identification of the critical out of control state. For this situation, the average of the quality marker is within ( 𝐿𝐶𝐿 ≤ 𝑋 𝑠 ≤ 𝑈𝐶𝐿 ), while the production process is an surveillance state and machine should be submitted to Perfect maintenance activity with duration (𝑡 𝑝 ).

∝ 3 = F (𝑘 𝑝 -𝛿 𝑝 × √𝑛) -F (-𝑘 𝑝 -𝛿 𝑝 × √𝑛) ( 15 
)
𝑗 𝑝 = 1 1-F (𝑘 𝑝 -𝛿 𝑝 ×√𝑛)+ F (-𝑘 𝑝 -𝛿 𝑝 ×√𝑛 (16) Average Duration of a Restoration Cycle (ADRC) ADRC = (𝑗 𝑖𝑚𝑝 × 𝜓 1 + 𝑗 𝑝 × (1 -𝜓 1 )) × ℎ + 𝜇 𝑖𝑚𝑝 × 𝜓 1 + 𝜇 𝑝 × (1 -𝜓 1 ) (17) 𝜓 1 = mark (𝑗 𝑖𝑚𝑝 < 𝑗 𝑝 ) = = { 1, 𝐼𝑓 𝑗 𝑖𝑚𝑝 < 𝑗 𝑝 0, 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 (18) 
B. The Average cost Assuming that the production horizon is divided into 𝐻 periods of equal length ∆𝑡, each delivery time 𝜏 𝑖 from 𝑆 to warehouses 𝑅 𝑖 is constant and multiple of ∆𝑡. Furthermore, client demand follows the regular legislation, and any demand that is not met within a specific period results in a penalty. The unit's costs are also known and constants.

 Production Cost 𝑃𝐶 = 𝐶 𝑝 × ∑ 𝑢(𝑘). ∆𝑡 𝐻 𝑘=1 (19) 
 Holding cost at the Manufacturing Store (𝑆)

𝐻𝐶 𝑆 = ∑ 𝐶 ℎ × 𝑍 𝑆 (𝑘) 𝐻 𝑘=1 (20) 
 Holding cost at the retails warehouses (𝑤 𝑖 )

𝐻𝐶 𝑊 = ∑ ∑ 𝐶 ℎ × 𝑍 𝑅𝑖 (𝑘) 𝐿 𝑖=1 𝐻 𝑘=1 (21) 
 Total Inventory Holding cost (HC)

𝐻𝐶 𝑇 = 𝐶 ℎ𝑖 × ∑ { max(𝑆(𝑘 -1), 0). ∆𝑡 + 1 2 . 𝑢(𝑘). ∆𝑡 2 + ∑ 〖max(𝑅 𝑖 〗 (𝑘 -1), 0) 𝐿 𝑖=1 . ∆𝑡 + 1 2 . 𝑄 𝑖 (𝑘 - 𝜏 𝑖 ∆𝑡 ) . ∆𝑡 2 𝐻 𝑘=1 (22) 
 Delivery cost

𝐷𝐿𝐶(𝑄(𝑘)) = 𝐶 𝑡 + 𝐶 𝑜 × ∑ ( 𝑄 𝑖 (𝑘) 𝑄 𝑣 ) 𝐿 𝑖=1 (23) 
 Delay Penalties

𝐷𝑃𝐶 = 𝐶 𝑑 × (∑ (∑ 𝑑𝑅 𝑖 𝐿 𝑖=1 ) 𝐻 𝑘=1 ), 𝑑𝑅 𝑖 = |min (𝑅 𝑖 (𝑘),0)| 𝑄(𝑘+1- 𝜏 𝑖 ∆𝑡 (24) 
 The average overall cost of quality

The average total cost of sampling inspection is expressed by;

𝐶 𝑠𝑖 = 𝐶 𝑖 × 𝑛 × 𝑚 (25) 
The proportion of non-conforming units rejected.

C 𝑁𝐶 = 𝐶 𝑟 × (𝜓 1 × (𝑢 (⌊ 𝑗 𝑝 * ℎ Δ𝑡 ⌋) × ( 𝑗 𝑝 * ℎ Δt -ℎ)) + (1 -𝜓 1 ) × (𝑢 (⌊ 𝑗 𝑖𝑚𝑝 * ℎ Δ𝑡 ⌋) × ( 𝑗 𝑖𝑚𝑝 * ℎ Δt -ℎ))) (26) 
 The total Maintenance cost

The maintenance strategy will minimize all the cost components of the CM and PM depending on the average number of samples to be out of control and the duration of imperfect and perfect preventive maintenance (𝑗 𝑖𝑚𝑝 , 𝑗 𝑝 ) and (𝑡 𝑖𝑚𝑝 , 𝑡 𝑝 ).

According to the production plan, we determine the expression of the failure rate depending on the imperfect and perfect maintenance actions as expressed below:

𝜆 𝑘 (𝑡) = (1 -⌊ 𝑘-1 (⌊ 𝑘-2 𝑗 𝑖𝑚𝑝 ⌋+1)×𝑗 𝑖𝑚𝑝 ⌋) × (1 -⌊ 𝑘-1 (⌊ 𝑘-2 𝑗 𝑝 ⌋+1)×𝑗 𝑝 ⌋) × (𝜆 𝑘-1 (∆𝑡) + 𝑢(𝑘) 𝑈 𝑚𝑎𝑥 𝜆 𝑛 (𝑡)) + (1 -⌊ 𝑘-1 (⌊ 𝑘-2 𝑗 𝑝 ⌋+1)×𝑗 𝑝 ⌋) × ⌊ 𝑘-1 (⌊ 𝑘-2 𝑗 𝑖𝑚𝑝 ⌋+1)𝑗 𝑖𝑚𝑝 ⌋ × 𝜆 (k-⌊ 𝑗 𝑖𝑚𝑝 ∆𝑡 ⌋) ((⌊ 𝑘×∆𝑡 𝑗 𝑖𝑚𝑝 ⌋ -1) × 𝑗 𝑖𝑚𝑝 ) × 𝑒 𝛼 + ⌊ 𝑘-1 (⌊ 𝑘-2 𝑗 𝑝 ⌋+1)×𝑗 𝑝 ⌋ × 𝑢(𝑘) 𝑈 𝑚𝑎𝑥 𝜆 𝑛 (𝑡) ∀ 𝑡 ∈ [0, ∆𝑡] (27) 
The average number of failures 𝜑(𝑗 𝑝 , 𝑗 𝑖𝑚𝑝 ) is expressed as follows:

𝜑 

NUMERICAL EXAMPLE

A Supply Chain consisting of a system producing a single sort of product to meet the delivery of two retail houses (𝐿 = 2) that will satisfy random demands within twelve months (𝐻 = 12) , with periods of duration ∆𝑡 = 1 month. We assume that the standard deviation of each product demand is the same for all periods and for each demand 𝜎𝑑𝑖({𝑖: 1,2}) = 1.2 . We also assume that the initial stock level is 𝑆(0) = 0.

- house stock constraint, is 90% (  𝑖 = 0.9 (𝑖 = 1, 2)).

-A Weibull distribution with scale ( 𝛽 1 = 100) and shape (𝛼 1 = 2 ) parameters characterizes the degradation rules of the industrial system.

-The expenditures of corrective and preventative maintenance, are respectively 𝐶 𝑐𝑚 = 500𝑚𝑢 , 𝐶 𝑝𝑚1 = 200𝑚𝑢 𝑎𝑛𝑑 𝐶 𝑝𝑚2 = 300𝑚𝑢 (𝑚𝑢 = monetary unit). 1 presented the optimal planned production quantities.

The optimal delivery quantities at the multi retail store are presented on Tables 2 and3 which guarantee the customer service level requirement. The best maintenance and quality strategy consists in considering one sample of size 7 every 6.h with h= t/3. Furthermore, concerning the scheme of the control chart, the ideal number of standard deviations between the Centre line, the surveillance limits and the control limits are respectively 2.85 and 3.55. The shift to the surveillance state and out of control state would occur averagely after 18h and 27h respectively. The optimal parameters of the control chart are shown on table 4 which minimize the total cost of maintenance and quality.

CONCLUSIONS

An optimal combination of machine degradation depends on production rates, and control board parameters (𝑛, ℎ, 𝑚, 𝑘 𝑖𝑚𝑝 , 𝑘 𝑝 ) are developed. A mathematical model that significantly reduces the total cost of production, maintenance, inventory and quality are built based on a proposed integrated optimization of production, maintenance, and quality. The new maintenance approach considered the deployment of three different types of maintenance (CM, Imperfect, and Perfect) with appropriate durations (𝑍𝑒𝑟𝑜, 𝑡 𝑖𝑚𝑝 𝑎𝑛𝑑 𝑡 𝑝 ) commensurate to three scenarios from the evolution of the control chart quality indicator. Thus significantly increases the process reliability, reduces the generation of non-conformal items, and minimized total cost. In the future, efforts should examine multi-products or a multi-stage production method to address the limits.

  𝑢(𝑘): Production rate 𝑢 = {𝑢(0), 𝑢(1), … , 𝑢(𝐻 -1)} 𝑆(𝑘): S's inventory at the period end (𝑘 = 0, … , 𝐻) 𝑄 𝑖 (𝑘): delivery rate 𝑄 𝑖 = {𝑄 𝑖 (0), 𝑄 𝑖 (1), … , 𝑄 𝑖 (𝐻 -1)} 𝑅 𝑖 (𝑘): inventory level of 𝑅 𝑖 (𝑖: 0 … 𝐿) for all retail houses 𝜏 𝑖 : delivery time for retail houses 𝑅 𝑖 𝐿: Number of retail houses ∆ 𝑡 : the production length ∆: control chart adjustment 𝑘 𝑖𝑚𝑝 : Control chart coefficient of samples at surveillance zone 𝑘 𝑝 : Control chart coefficient samples at critical stage 𝛿 𝑖𝑚𝑝 : Degree of shift in between centerline to the SL 𝛿 𝑝 : Magnitude of shift in between SL to the Critical state 𝑡p: Duration of perfect maintenance 𝑡imp: Duration of imperfect maintenance 𝑐 𝑖 : Unit cost inspection cost 𝑐 𝑟 : Unit cost of one defective product 𝐴𝐶𝑄: Average total cost of quality 𝑐 𝑠 : Sampling cost. 𝐶𝑁𝐶: Non-conformal cost 𝐻: in the planning horizon, the number of production periods H. t: The duration of the finite planning horizon 𝑄 𝑣 : capacity of the delivery vehicle. 𝑐 𝑡 : transportation cost of one item 𝑐 𝑜 : unit cost of order. 𝑐 𝑝 : Machine 𝑀 unit production cost 𝑐 ℎ : Unit product inventory holding cost, at the main store 𝑆 𝑐 ℎ𝑖 : Unit product inventory holding cost 𝑅 𝑖 (𝑖: 0 … 𝐿) 𝑐 𝑑 : shortage cost of one-unit product during one period 𝜇: monetary unit 𝑢 𝑚𝑎𝑥 : maximum production rate of machine 𝑢 𝑚𝑖𝑛 : minimal production rate of machine 𝜃 𝑖 : probability index related to each customer service level. 𝑗 𝑝 : average number of samples to detect the "out of control" 𝑗 𝑖𝑚𝑝 : average number of samples to detect the surveillance state 𝐶 𝑀1 : Corrective maintenance cost 𝐶 𝑀2 : Imperfect maintenance cost 𝐶 𝑀3 : Perfect maintenance cost 2.2 Description of the problem

Figure 1 .

 1 Figure 1. Supply chain management with quality control Measuring the product's quality indicator 𝑋 𝑠 can determine the state of the machine. The normal law of mean 𝜇 0 and standard deviation 𝜎 0 governs the evolution of this indicator to track the change of the indicator 𝑋 𝑡 . A sample of size 𝑛 is taken and verified every ℎ unit of time. An 𝑋-bar" control chart is used to record the sample data. For each sample 𝑋 𝑠 , the average value shown in the control chart is defined as follows: 𝑋 ̅ 𝑠 = 1 𝑛 × ∑ 𝑋 𝑖 𝑛 𝑖=1

  4)So, we define the control limits as follows:Upper control chart limits UCL of sample size 𝑛, depending on the control limits, three scenarios are possible as shown in Figure2below; Corrective maintenance with no duration in the control state, imperfect maintenance with duration (𝑡 𝑖𝑚𝑝 ) in surveillance state, and Perfect maintenance with duration (𝑡 𝑝 ) in the critical state.

Figure 2 .

 2 Figure 2. Integrated maintenance and control chart decision

  * 𝜓 1 +𝑗 𝑖𝑚𝑝 * (1-𝜓 1 )) * ℎ+𝑡𝑝 * 𝜓 1 +𝑡𝑖𝑚𝑝 * (1-𝜓 1 ) Δ𝑡 ⌋ 𝐶 𝑇𝑀 (𝑗 𝑝 , 𝑗 𝑖𝑚𝑝 ) = 𝐶 𝑝𝑚1 * (1 -𝜓 1 ) + 𝐶 𝑝𝑚2 * 𝜓 1 + 𝐶𝑐𝑚 * 𝜑(𝑗 𝑝 , 𝑗 𝑖𝑚𝑝 )(28)The optimization model is composed of the objective functions that minimize the expected total costs (production, inventory, delivery, delay, quality and sum of maintenances) over the finite horizon 𝐻. ∆𝑡.𝐶𝑇 = 𝑀𝑖𝑛 {𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 + 𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 + 𝐴𝐶𝑄} (29)Under the following constraints:The service level, for (𝑘 = 1, … , 𝐻 -1) and(𝑖 = 1, … , 𝐿) 𝑃𝑟𝑜𝑏[𝑅 𝑖 (𝑘) ≥ 0] ≥ 𝜃 𝑖(30)The upper and lower bounds of production, during each period𝑈 𝑚𝑖𝑛 ≤ 𝑢(𝑘) ≤ 𝑈 𝑚𝑎𝑥 ()) + (𝐶 𝑝𝑚1 *(1 -𝜓 1 ) + 𝐶 𝑝𝑚2 * 𝜓 1 + 𝐶𝑐𝑚 * 𝜑(𝑗 𝑝 , 𝑗 𝑖𝑚𝑝 ) ) ]

  Production capacity are: 𝑢 𝑚𝑖𝑛 = 10 and 𝑢 𝑚𝑎𝑥 = 50 𝑐 𝑝 = 2/𝑝𝑟𝑜𝑑𝑢𝑐𝑡/𝑘, 𝑐 ℎ = 0.2/𝑝𝑟𝑜𝑑𝑢𝑐𝑡/𝑘, 𝑐 ℎ𝑖 = 0.2/ 𝑝𝑟𝑜𝑑𝑢𝑐𝑡/𝑘, {𝑖: 1, … 𝐿 = 2}, 𝑐 𝑑 = 4 /𝑝𝑟𝑜𝑑𝑢𝑐𝑡/𝑘 𝑆 𝑖 (0) = 0 𝑤𝑖𝑡ℎ {𝑖: 1, 2}, 𝜇 0 = 5, 𝜎 0 = 1.5, 𝛿 = 0.8, -The average duration of a PPM action 𝑡 𝑝 = 2 ℎ -The average duration of a IPM action 𝑡 𝑖𝑚𝑝 = 0.5ℎ -𝐶𝑖 = 15/ product, 𝐶𝑟 = 70/ defective item -the customer level of satisfaction, related with each retail

Table 1 .

 1 Optimal Production Plan

	u*(1) u*(2)	u*(3)	u*(4)	u*(5)	u*(6)
	27	37	44	43	32	31
	u*(7)	u*(8)	u*(9)	u*(10)	u*(11)	u*(12)
	33	32	16	25	25	40

Table 2 .

 2 Optimal delivery plan for retail house 1

	Q1*(1)	Q1*(2)	Q1*(3)	Q1*(4)	Q1*(5)	Q1*(6)
	25	25	25	25	25	24
	Q1*(7)	Q1*(8)	Q1*(9)	Q1*(10)	Q1*(11) -
	14	18	25	18	0	-

Table 3 .

 3 Optimal delivery plan for retail house 2

	Q2*(1)	Q2*(2)	Q2*(3)	Q2*(4)	Q2*(5)	Q2*(6)
	21	6	24	25	13	10
	Q2*(7)	Q2*(8)	Q2*(9)	Q2*(10)	Q2*(11) -
	7	2	13	13	20	-

Table 4 .

 4 Optimal decision parameters

	h*	n*	𝑘 𝑖𝑚𝑝	𝑘 𝑝	𝑗 𝑝	𝑗 𝑖𝑚𝑝
	6.0	23	2.85	3.55	27