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Abstract 

The objective of the research is to explore or get-to-the-bottom of the issue using modeling 

approach, which entails parameterizing the Market Requirement Planning (MRP) approach 

supporting stochastic lead time. For the purpose of fulfilling the requirement/demands of people 

industries should have control of inventories in the supply chain. Moreover, it is necessary to 

have proper number of components related to the product so that order would be completed by 

due date. But in between we confront with some unpredictable components that it’s tough to 

properly account for them. In the process, Customers must be satisfied by industrial enterprises 

providing high-quality services of the product and with reasonable price. This study helps in 

dealing with variability, supporting the creation of techniques for tackling recognized challenges 

and formulating unpredictable lead times. 

1. Introduction 

In specific situations, the MRP system was adopted for supply chain 

management and production planning. However, at the moment, the supply 

of commodities is uncertain and far from predictable [1]. Demand, capacity 

quality, and lead time are all key sources of unpredictability in the actual 

world of production by [2]. For MRP system, [3], [1], [4], [5] and [6] have 

focused on MRP parameterization in the presence of many uncertainties and 

categories many methods used to solve them. Two other experiments [7] and 

[8] look at one-level assembly structures with unknown lead times. To 

discover the best release dates, an extension of the discrete Newsboy model is 
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evaluated that optimize finished product customer support while minimizing 

planned item inventory keeping costs. For items at level one of the Bill of 

Material (BOM) with both stochastic lead time and phase time, a two-level 

assembly mechanism was investigated by [9]. 

The demands as well as the due date are presumed to be understood. The 

power is thought to be limitless. A Laplace transforms protocol accustomed to 

assess the optimum protection foreknowledge that reduce overall backlog and 

product keeping costs [10]. Only considered demand for a single period, 

modeled a two-level assembly mechanism, and created Algorithm for genetics 

to reduce the anticipated outlay, which is proportional to the amount of the 

finished product backlog and item inventory keeping costs. According to the 

authors, parts at basic level of the BOM are processed and the final product is 

completed till the deadline has passed. In a multi-objective setting, [12] use 

the same topic. To strengthen the Genetic Algorithm (GA) and calculate 

minimum predicted costs, a process like electromagnetism is postulated. A lot 

for strategy was proposed after a number of varieties of the final items were 

taken into account. Each item’s holding and backlog costs were taken into 

account. Several materials are used to put together each final product. The 

authors suggested a method that combined simulation models related to 

applied mathematics. It measures sequential number and item good that 

must be initial demand of individual cycle, and also for sequential number of 

the item that must be manufactured for that time being [11] Suggested a 

multifarious standard. The Newsboy model and Markov chains were used to 

investigate a simple problem scheme escorted of unknown product lead count. 

The market was assumed to be understood, consider the productiveness to be 

unrestricted, and the situation of the great extent scheme was considered. 

The cumulative average cost, which is the estimate of the mean keeping price 

for the components, as well as the standard backlog value of the manufacture, 

is the criterion used. When product for all sorts of components, preparedness 

contains i.i.d. different factors, and carrier section expenditure holds 

constant, this model yields the best protection stock prices. By [13], the same 

issue had been investigated in process of the Periodic Order Quantity (POQ) 

policy. An algorithm design solution was used to address the identical issue 

in the article [8], except with a great extend strategy with an interest 

standards restriction. The same authors Dolgui et al., have written more than 
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one paper [14], [15] on the diversity of supplier preparedness in simple 

problem structure. The authors presented a counterfeit structure for high-

rise manufacture program in order to investigate the same topic [16]. The 

centric purpose was discovering the ideal component as of the publication 

that minimize average component holding costs while also minimizing 

average final product backlog and holding costs. They matched their 

modeling approach to an effective work inspired by Hnaien et al., models for 

bilateral manufactures approach discussed in [10]. For bilateral assembly 

systems, the last method tends to be more reliable, effective, and the 

counterfeit structure paired besides improved fundamental method converges 

quicker (GA). The counterfeit structure, on the other hand, allows for the 

investigation of high-rise manufacture structure. 

After that, this research goal is to propose a mathematical structure for 

high-rise manufacture structure with a set ultimatum and unpredictable part 

of arrangement. Molinder [16] demonstrated a multistorey of arrangements 

volatility has a significant impact on the degree of faultless security 

arrangements and the level of faultless security assets. To maximize safety 

supplies and/or security arrangements, the author suggested a counterfeit 

structure and a counterfeit vitalizing algorithm. Simulations demonstrate 

that overestimating scheduled lead times leads to surplus inventory, thus 

underestimating planned lead times results in a lack of supplies and delays. 

Indeed, the literature has defined two types of structures: initial needs 

and manufacture structure; for the latter, numerous papers have examined 

and established theoretical structures to refine it. We distinguish simple, 

bilateral, and high-rise structures in the second category. A lot of issues with 

a single- or multi-periodic structure have been researched in previous studies 

for these categories. For a study of manufacture structure’s problems under 

different uncertainty, modelling, and optimization methods, we suggest the 

work of [17]. A hybrid genetic algorithm for a multilevel assembly 

replenishment planning problem with stochastic lead times discussed by [19]. 

Multilevel nested reliability-based design optimization with hybrid intelligent 

regression for operating assembly relationship introduced by [19]. Multilevel 

coordination-driven assembly for metallosupramolecules with hierarchical 

structures obtained by [20]. 
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2. Multi-Level Assembly System 

In this particular system of assembly, complexity is defined as the 

interdependence of initial substance, i.e., the erection can’t be completed 

conceding with the required item caused difficulty for their availability at the 

same time. Furthermore, the dependency among levels adds to the difficulty 

of the multi-level scenario. These dependencies have an impact on how the 

target function is modeled and how the optimization approach is chosen. 

High-rise erection structure appears to be understudied in the literature, 

with simple and bilateral erection structure, as well as high-rise serial 

structure, receiving more attention. It was used in conjunction with a Genetic 

Algorithm. They compared their solution to a statistical model coupled with 

the same fundamental theorem for bilateral erection theorem to test their 

model. The computer model of simulation, when paired with the same 

Genetic Algorithm, is more dependable, efficient, and converges quicker than 

the previous technique. The computer model for simulation, on the other 

hand, allows for the investigation of multi-level assembly structures. 

3. Multi-Level Assembly System’s Case Study 

This paper looks at serial processing systems for one form of product in 

this segment. We’ll assume there’s a market for demand D finalized goods 

escorted by set deadline. The time limit for the demand would be 0 in this 

case. To meet this requirement, we must start production processes with m 

ongoing stage with most of demand D pieces. The sequence is allocated in the 

following order: level m represents the first stage of processing; level m-1 

represents the next level step, and continued with further stage. At level m, 

initial requirements are liberated, which are in progress that goods are 

continued with stages  nmmm ,,, 21   and the final good is manufactured at 

initial startup. Following these m quantities, the consumer receives the lot of 

demand D finished goods. Stage 1 covers all manufacturing and distribution 

of the final product to the consumer. Figure 1 depicts such a supply chain, 

with jc  representing the inserted object for stage j (the condition where 

objects are rough-hewn in beginning of stage j). 
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Figure 1. An m-level linear supply chain. 

Continued with the consideration that the ground work at every stage, 

i.e. the time it takes for the further stage is going to deliver, is a discrete 

random variable. On such random variables, no limiting conjecture is made; 

we simply assume that the distribution probabilities are already considered. 

The difference among the respective sequential item’s condition in Figure 1 

depicts the degree of preparedness (semi-finished products). On both tiers, 

the strategy is lot-by-lot. The customer places orders for stage 1, stage 2, 

stage 3, and so on. Within an irregular construction ,,,2, mjLj   level j 

passes rough-hewn to level .1j  The consumer demand D for finished goods is 

fulfilled when the objects turn up to break up with level 1. (See Figure 2). At 

the intermediate stage, there are no stocks. 

 

Figure 2. An illustration of the planning problem. 

We get stocks and hence a related retention expense at level 1 some of 

demand D products reaches sooner to deadline. Otherwise, we’ll be stuck with 

a backlog and the associated costs. As a result, the aim is to reduce the net 

cost, which includes the costs of keeping and backlog. 

We have: 



SHIV K. SHARMA and NITISHA 

Advances and Applications in Mathematical Sciences, Volume 21, Issue 12, October 2022 

6914 

 


j

j xX
1

,  for mj ,,2,1   (1) 

At level 1, the group keeping rate h and the group backlog price b for the 

ultimate goods are also established. Both level’s lead time distributions are 

also established. Since there are no stocks at intermediate stages, like there 

are in Just in Time (JIT) serial schemes, we can just refine the discharge day 

at level m: -to reduce mX  (integer decision variable). 

Let jL  (for objects of level j) be a discrete random variable with a known 

distribution: 

  ,,,1, jjr ukkLP   

where ju  is the highest potential lead time value, .,,2,1 mj   This 

considers all loading times at stage j, as well as the time spent travelling 

between levels j and .1j  

4. Problem Optimization 

An upsurge paradigm for the mass manufacturing method is proposed 

here. The amount of backlog and retaining costs is used as a criterion. The 

exact stage lead times are assumed to be isolated random variables that are 

distinct. The chance of each level’s distribution cannot be the same. These 

disseminations are illustrious, and their extremum, ,ju  are countable for 

.,,2,1 mj   This model can be seen to be similar to the discrete Newsboy 

model. 

Proposition. The total cost is defined as: 

     
 mmm XLDbLXDhLXC ,  (2) 

where  


m

j
jm xX

1
 

 


m

j
jLL

1
 

Proof. The net expense is a statistic that can change at any time. It 
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equals the tally of the keeping and backlog price at stage 1. We’ll start with 

the expense of backlog. When the lead time L1 plus the interval or negative 

the approach because of thresholds 2,,, 1 mm  approaches the expected 

lead time ,1x  a shortfall of finished product occurs. This is modeled as 

follows: 

  


m

j
jj xxLL

2
11  

i.e.   


m

j
jj xL

1
0  

The corresponding backlogging cost is: 

  
 

m

j
jj xLbD

1
 (3) 

When the expected groundwork 1x  approaches the construction plus the 

wait or negative the progression because of stages ,2,,, 1 mm  there is stock 

at level 1. This is modeled as follow: 

 




m

j

jj Lx

1

0  

The related holding price is: 

  
 

m

j
jj LxDh

1
 (4) 

According to the equation (1), we have: 






m

j

jm xX

1

 

Considering that: 






m

j

jLL

1

 

The ultimate price is defined as follow: 
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     
 mmm XLDbLXDhLXC ,  

As a result, finding the capital fellow of ,mX  which is denoted by ,
mX  is 

needed for optimization of (2). In other words, finding the release date ,
mX  

for the supply chain stage m is sufficient. As level m1 secures the product 

from level m, the appropriate time for stage 1m  will be set to: 

mmm LXX  
1  

And so on for other levels: 

.1,,3,2,1  
 mjLXX jjj   

The price  LXC m,  is not constant. Thus, we will make it 

mathematically accurate as possible and denotes as  .mXEC  

5. Conclusion 

If any of our model's assumptions are broken, the final solution will be 

approximate rather than optimal. However, decision-makers in real-world 

applications (with complicated structures) seldom pursue optimal solutions; 

approximate solutions can suffice if they suggest high-quality decisions. 

The aim of future studies will be to figure out how to solve the issue of 

ambiguous demands. The second goal is to broaden this modal and various 

proposed methods for parameterizing the MRP structure, specifically output 

and supply lead times. 

Exact methods are typically only capable of solving minor problems that 

assume a basic assembly system configuration (one-level) and one-period 

planning. 

Identical methods are supplemented by methodologies focused on 

estimated approaches for more complicated procedures, such as high-rise 

erection structure and one-period planning or simple erection structure and 

multi-period planning. Many studies use approximate methods to optimize 

assembly processes with unknown lead times. 



A COMPARATIVE STUDY OF MULTI-LEVEL ASSEMBLY … 

Advances and Applications in Mathematical Sciences, Volume …, Issue …, 2022 

6917 

References 

 [1] A. Dolgui and C. Prodhon, Supply planning under uncertainties in MRP environments: A 

state of the art, Annual Reviews in Control 31 (2007), 269-279. 

 [2] M. Wazed, A. Shamsuddin and N. Yusoff, Uncertainty factors in real manufacturing 

environment, Australian Journal of Basic and Applied Sciences 3(2) (2009), 342-351.  

 [3] O. Ben Ammar, H. Marian and A. Dolgui, Optimization for supply planning in multilevel 

assembly systems with stochastic lead-times, 5th International Conference on Industrial 

Engineering and System Management (IESM’13), Rabat (Morocco), (2013b) 28-30. 

 [4] O. Ben Ammar et al., Mathematical Model for Supply Planning of Multi-level Assembly 

Systems with Stochastic Lead Times, IFAC Proceedings 46(9) (2013), 389-394. 

 [5] S. Koh, S. Saad and M. Jones, Uncertainty under MRP-planned manufacture: review 

and categorization, International Journal of Production Research 40(10) (2002), 2399-

2421. 

 [6] V. D. R. Guide and R. Srivastava, A review of techniques for buffering against 

uncertainty with MRP systems, International Journal of Production Planning and 

Control 11 (2000), 223-233. 

 [7] M. Ould Louly and A. Dolgui, Calculating safety stocks for assembly systems with 

random component procurement lead times: A branch and bound algorithm, European 

Journal of Operational Research 199(3) (2009), 723-731. 

 [8] M. Ould Louly, A. Dolgui and F. Hnaien, Optimal supply planning in MRP environments 

for assembly systems with random component procurement times, International Journal 

of Production Research 46(19) (2008), 5441-5467. 

   [9] O. Tang and R. Grubbström, The detailed coordination problem in a two-level assembly 

system with stochastic lead times, International Journal of Production Economics 81-82 

(2003), 415-429. 

  [10] F. Hnaien, X. Delorme and A. Dolgui, Genetic algorithm for supply planning in two-level 

assembly systems with random lead times, Engineering Applications of Artificial 

Intelligence 22 (2003), 906-915. 

  [11] S. Fallah-Jamshidi, N. Karimi and M. Zandieh, A hybrid multi-objective genetic 

algorithm for planning order release date in two-level assembly system with random 

lead times, Expert Systems with Applications 38(11) (2011), 13549-13554. 

  [12] A. Dolgui and M. Ould Louly, A model for supply planning under lead time uncertainty, 

International Journal of Production Economics 78 (2002), 145-152. 

  [13] M. Ould Louly and A. Dolgui, The MPS parameterization under lead time uncertainty, 

International Journal of Production Economics 90 (2004), 369-376. 

  [14] M. Ould Louly and A. Dolgui, Optimal time phasing and periodicity for MRP with POQ 

policy, International Journal of Production Economics 131(1) (2011), 76-86. 

  [15] M. Ould Louly and A. Dolgui, Optimal MRP parameters for a single item inventory with 

random replenishment lead time, POQ policy and service level constraint, International 

Journal of Production Economics 143 (2013), 35-40. 



SHIV K. SHARMA and NITISHA 

Advances and Applications in Mathematical Sciences, Volume 21, Issue 12, October 2022 

6918 

  [16] A. Molinder, Joint optimization of lot-sizes, safety stocks and safety lead times in an 

MRP system, International Journal of Production Research 35 (1997), 983-994. 

  [17] K. M. Sharma and S. K. Sharma, The impact of Supply planning for two-level assembly 

systems with stochastic component delivery times when holding cost is maximize in 

Reliability, Journal of Poorvanchal Academy of Science 21 (2015), 97-104. 

  [18] O. Ben-Ammar et al., A hybrid genetic algorithm for a multilevel assembly 

replenishment planning problem with stochastic lead times, Computers and Industrial 

Engineering 149 (2020), 1-14. 

  [19] C-W Fei et al., Multilevel nested reliability-based design optimization with hybrid 

intelligent regression for operating assembly relationship, Aerosp. Sci. Technol. (2020), 

1-11. 

  [20] H. D. Mai et al., Multilevel coordination-driven assembly for metallosupramolecules with 

hierarchical structures, Coordination Chemistry Reviews 387 (2019), 180-198. 


