Available online at www.sciencedirect.com

ScienceDirect Procedia

Computer Science

CrossMark

Procedia Computer Science 253 (2025) 3088-3097

www.elsevier.com/locate/procedia
6th International Conference on Industry 4.0 and Smart Manufacturing

Enhancing MRP Adoption in SMEs:
A Python-Based Algorithmic Approach

Vitti M.> ¥, Coletta R.2, Reis J.*, Pinto F. S., Facchini F.?

@ Polytechnic University of Bari, Via E. Orabona, 4, Bari — 70126, Italy
b Industrial Engineering and Management, Faculty of Engineering, Luséfona University and RCM2+, Campo Grande, 1749-024 Lisbon,
Portugal

Abstract

Implementing Enterprise Resource Planning (ERP) and Material Requirements Planning (MRP) systems enables companies to gain
a competitive advantage in current dynamic and uncertain markets. Although implementing these systems offers several benefits,
it encounters major barriers, especially in Small and Medium Enterprises (SMEs). They constitute a significant share of the
industrial sector globally but often face challenges such as limited access to finance, technology, and markets, which can hinder
their growth and sustainability. Addressing these barriers is vital for leveraging the full potential of SMEs and fostering a more
dynamic and resilient global economy. In this context, adopting Python-based solutions could be a promising solution. Python's
open-source nature indeed empowers users with unrestricted application development, distribution, and commercialization. This
flexibility fosters platform-independent development and eliminates vendor lock-in. Furthermore, its clear syntax, powerful
interpreter, and extensibility enable efficient and versatile programming across various paradigms, making it a very useful language
for resource-limited contexts such as SMEs. To this concern, the objective of the present work was to investigate the benefits
offered by implementing a Python-based algorithm to facilitate the adoption of an MRP system in SMEs. To this end, a Python
algorithm has been developed based on a sequence of four logical steps: exploding, netting, lot sizing, and offsetting, and was
numerically applied. The results obtained provided a clear perspective on the usefulness of Python and the benefits derived from
its use due to its ease of use, flexibility, and reduced costs.
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1. Introduction

In the last decades of the 20" century, Material Requirements Planning (MRP) systems emerged as a significant
approach for managing the procurement of raw materials and components within production plants [1]. MRP systems
focus mainly on materials requirements planning, production management and stock control and, their primary
objective is to assist companies in identifying the optimal quantity of raw materials, components and semi-finished
goods needed for the production process [2]. These elements are essential for gaining a competitive advantage, as they
lead to greater customer satisfaction and greater adaptability to market demands; therefore, the correct implementation
and strategic use of these tools are essential to ensure the success and durability of companies in the current economic
environment [3]. Adopting an MRP system has numerous benefits, including improved response to customer orders
through improved schedules, rapid response to market changes, improved utilization of facilities and labor, and
reduced inventory levels. By implementing this technique in its system, a company can better respond to customer
demand, have greater efficiency in controlling production, avoid excess inventory, and have less waste [4].

In the late 1970s, although MRP as a production control system was widespread in many manufacturing industries,
it did not achieve the same results as early adopters because it was only intended for materials planning in a
deterministic environment [5], [6]. Much research has been conducted on the topic, and modifications to the MRP
system have been proposed, giving rise to closed-loop MRP (or MRP II). In this system, production planning and
capacity requirements are also considered during material requirement planning. However, the new system could not
achieve the desired results due to the lack of computing power to handle the various factors affecting the MRP [7].

In the 1990s, the complexity of managing information systems favored the emergence of the so-called Enterprise
Resource Planning (ERP) paradigm, leading to the development of integrated information systems to support various
operational processes within a company. ERP systems are sets of integrated software modules (suites) that manage all
relevant company information and the transactions that operate on it using a (logically) single, centralized database.
Such systems enable the coordinated execution of operational processes within the company by supporting the required
functions and support the planning and control of all company resources (human, systemic, financial, material)
required for the execution of processes, integrating the operational and administrative cycles of companies. Each
module characterizing the ERP controls the processes of specific business functions (such as Administration and
Finance, Logistics, Production, Human Resources, etc.), while the core of the software takes the information from the
central database and presents it to the user via its interface [8], [9]. ERP and MRP work together to optimize business
operations. The MRP, as a subsystem of the ERP, provides material and resource data to the ERP, which integrates
and utilizes it in other business areas. The main difference between ERP and MRP is that ERP systems help plan and
automate a variety of back-office business functions, while MRP systems focus on materials management [10], [11].
The impact of ERP on the supply chain is highly significant: according to the American Production and Inventory
Control Society, sales of MRP software and implementation support exceeded $1 billion in the United States in 1989.
Moreover, worldwide sales of ERP packages, along with implementation support, have surpassed $15 billion and have
experienced an annual growth rate of 30% [12]. In a study conducted by the Panorama Consulting Group, it was found
that a growing percentage of organizations are implementing ERP across multiple offices, warehouses, and sites. From
the same analysis, it emerged that the main players in the market are SAP, Oracle, Microsoft, Epicor, and Infor. These
software vendors alone account for 67% of the market. SAP continues to be the vendor most frequently selected by
organizations (27%), followed by Oracle (19%) and Microsoft Dynamics (13%) [13].

Despite the obtainable benefits, implementing ERP systems encounters major barriers, especially regarding Small
and Medium Enterprises (SMEs), which form a key part of the industry sector globally. SMEs account for
approximately 90% of businesses and more than 50% of employment worldwide, underscoring their pivotal role in
economic development [14]. SMEs are also critical in fostering economic inclusivity, as they provide opportunities
for diverse populations, including women and young entrepreneurs, thereby promoting social stability, and reducing
inequality [15]. In many developing countries, SMEs contribute substantially to GDP and are essential for industrial
diversification and resilience against economic shocks [16]. Moreover, they help integrate local economies into the
global supply chain, enhancing trade and investment flows [ 17]. Despite their significance, SMEs often face challenges
such as limited access to finance, technology, and markets, which can hinder their growth and sustainability [18].
These general barriers translate, in the operational context, into difficulty in implementing MRP and ERP systems in
SMEs. One primary barrier is the high initial cost of implementation, which includes software acquisition,
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customization, and employee training. These costs can be prohibitive for SMEs with limited financial resources [19].
Furthermore, the complex nature of ERP and MRP systems necessitates a significant investment of time and
specialized knowledge. This requirement can burden the already constrained human resources of smaller companies.
To address this complexity, companies often resort to hiring external consultants or reassigning key personnel to the
implementation process, thus detracting them from their core functionalities [20]. An additional obstacle lies in the
organizational resistance towards change. Employees habituated to established processes might exhibit reluctance to
embrace novel systems, driven by anxieties concerning potential job displacement or the substantial learning curve
necessitated by the implementation of new technologies [21]. Furthermore, SMEs might lack the technical
infrastructure necessary to support advanced ERP and MRP systems, including robust IT support and reliable network
capabilities [22]. Data security concerns also play a role, as smaller firms may not have the necessary safeguards in
place to protect sensitive business information during and after the transition to these integrated systems [23]. Lastly,
the potential disruption to business operations during the transition phase poses a significant risk. SMEs often operate
with tight margins and cannot afford the downtime that might accompany the deployment of a new ERP or MRP
system [24]. Addressing these barriers is vital for leveraging the full potential of SMEs and fostering a more dynamic
and resilient global economy.

In this context, adopting Python-based solutions could be a promising solution. Python is a high-level object-
oriented programming language suitable for distributed application development, scripting, numerical computation,
and system testing, among other uses. It was designed by Guido van Rossum in the early nineties [25]. Python's
permissive open-source license grants users’ extensive freedom to utilize, distribute, or even commercialize Python-
based applications without seeking additional authorization. This liberal licensing structure eliminates concerns
associated with vendor lock-in and fosters broader application portability across diverse platforms. The language offers
clean syntax and sophisticated constructs that allow one to write procedurally or fully object-oriented, depending on
the specific needs. Its powerful interactive interpreter enables real-time code development and immediate
experimentation, eliminating the need for a compilation phase that could reduce productivity. The ability to extend
Python with custom-compiled code allows to train Python to perform any task as fast as the hardware supports. Python
can be moreover embedded into existing applications, adding an intuitive, easy-to-use interface to older but reliable
software. Finally, the flexibility to interact with a wide range of other software in the system allows one to exploit
already acquired software skills to the best advantage [26].

As for the use of Python-based solutions for the implementation of MRP systems in SMEs, there emerges a research
gap. In scientific literature, indeed, it is possible to find sources that deal with the integration of IT and web solutions
for the implementation of MRP (e.g., [27]), but none has used Python for the implementation of MRP systems been
addressed in depth. In this regard, this paper aims to investigate the benefits offered by implementing a Python-based
algorithm to facilitate the adoption of an MRP system in SMEs. To this end, a Python algorithm has been developed
based on a sequence of four logical steps and has been numerically applied.

The rest of the paper is structured as follows: Section 2 illustrates the logical sequence considered for the resolution
of an MRP and, hence, for the development of the Python algorithm. Section 3 shows the results obtained from the
numerical application of the developed algorithm and, subsequently, Section 4 highlights the main contributions of
this work to both knowledge and practice. Finally, Section 5 highlights the conclusions of the present work together
with insights for future studies.

2. Python algorithm development

This section illustrates the sequence of logical steps adopted for solving an MRP and its subsequent modeling in
Python, according to the objective of the present work.

First, it is useful to frame the main inputs and outputs of the MRP and, consequently, of the developed algorithm.
As can be seen from Fig 1, an MRP has three main inputs: the Master Production Schedule (MPS), the Bill of Materials
(BOM) of components, and inventory records.
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Fig. 1. Schematic representation of the main inputs and outputs of an MRP. Adapted from [28].

The MPS is a production plan that establishes the quantity and the period (or time bucket) in which the end item is
required. The MPS is derived from demand forecasts, customer orders, or orders needed to replenish inventories. The
BOM, on the other hand, is a document that contains a list of assemblies, sub-assemblies, and elementary parts that
are required to produce a unit of the end item. The main feature of this list is its hierarchical nature, which facilitates
the identification of the required quantities of parts to assemble or produce a higher grade, or parent, component.
Because of this feature, the BOM is represented by the so-called product structure tree. Inventory records, finally,
provide information concerning the inventory status of each part, as well as the lead times required for procurement
and lot-sizing policies. As for the main outputs, the MRP produces so-called primary reports, i.e., main results, and
secondary reports, i.e., optional but useful results for monitoring and evaluating system performance. The primary
reports generally include the planning of future orders, the authorization of their execution and the review of
previously planned orders. Secondary reports, on the other hand, include reports that are useful for evaluating system
performance in terms of planning effectiveness and forecasting future inventory needs [28]. It is noteworthy that only
primary reports have been considered in the context of the present work.

Accordingly, in the developed Python algorithm, the three main inputs of the MRP have been modelled, along with
cumulative Lead Time (LT) for each component, which is essential for the correct time scheduling of orders.

As for MRP processing, it has followed the logical sequence of four steps proposed by [29], i.e., explode, net, lot
size, and offset.

o Exploding: is the calculation, for each time bucket considered in the planning (t), of the gross requirements
G(t) of the considered component. It is determined differently depending on the level of the BOM at which
the analyzed component is located. For level 0 components such as the end item, G(t) is derived directly
from the MPS. On the other hand, for lower-level components, the G(t) is determined by jointly
considering the demand for the component at the upper level and the quantity needed to produce it, derived
from the BOM.

e Netting: this step consists of adjusting the gross demand by also considering the quantities available in
stock at the previous period, i.e., the Projected-on hand H(t-1), and those that are planned to be available
at the beginning of period t, defined as Scheduled receipts S(t). The net demand for component N(t) is
then determined by subtracting H(t-1) and S(t) from the G(t). Depending on whether this quantity is less
than or equal to zero, or greater than zero, the actual needs of the analyzed component are determined.

e Lot sizing: this step consists of determining the batch size to be produced and ordered. As is well known,
this is a strategic choice, as it directly influences production costs. In the context of this work, however,
the so-called lot-for-lot policy, in which an order is placed equal to the demand [30], was considered as
the only lot sizing policy. Once the lot-for-lot dimensioning policy has been defined, it is possible to
determine, for each time bucket, a quantity that is called Planned order receipts P(t), i.e., the quantity of
the component that is planned to be received in time bucket t. Once P(t) has been determined, the inventory
level for each time bucket H(t) can be updated. It is obtained by jointly considering the quantities already
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in stock from the previous period H(t-1), the orders that are planned to arrive in period t S(t), those needed
to cover the net requirement P(t) and the gross requirement G(t), which, in contrast to the previous
quantities, represents items leaving the warehouse.
e  Offsetting: this last step consists of the time placement of orders P(t) considering the cumulative LT of

each component. The quantity named Planned-order releases R(t) corresponds to the order placement of
a quantity equal to P(t) at a time instant equal to t-LT.

The outputs of the algorithm are therefore N(t), P(t), H(t) and R(t).

The developed Python algorithm is reported in Fig 2.

import pandas as pd

{
{
{

'A': [0, 0, 0, 0, 0, 0],
'B': [0, O, , 0, 0, 0],
'c': [0, 0, 0, 150, 0, 0]

n_periods = 6

def calculate mrp(item):
N(t) = [0] * n_periods

P(t) = [0] * n_periods

R(t) = (0] * n_periods

H(t) [H(0) [item]] + [0] * (n_periods - 1)
for period in range(n_periods) :
if period > 0:
H(t) [period] = H(t) [period - 1]

N(t) [period] = MPS.get (item, [0]* n_periods) [period] - S(t) [item] [period] - H(t) [period]

if N(t) [period] > 0:
P(t) [period] = N(t) [period]
else:
P(t) [period]
N(t) [period]

=0
=0
release_period = period - LT[item)
if release_period >= 0:
R(t) [release_period] = P(t) [period]

if period > 0:
H(t) [period] = (H(t) [period - 1] +
P(t) [period] +
S(t) [item] [period] -
MPS.get (item, [0]* n_periods) [period])

mrp_data = {
'Net Requi

return pd.DataFrame (mrp_data)

mrp_results = {}

def calculate mrp for_ all comg ts (component, component_demand) :
MPS [component] = component_demand
mrp_results(component] = calculate_mrp(component)

for sub_component, quantity in BOM[component].items () :
sub_component_demand = [quantity * mrp_results[component] ['Planned Order Releases'] [period] for period in
range (n_periods) ]
calculate_mrp_for_all components (sub_component, sub_component_demand)

calculate_mrp_for_all components('A', demand['A'])

for component, df in mrp_results.items():
print (£"MRP for {component}:\n{df}\n")

Fig. 2. Python algorithm developed.
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As can be observed in Figure 2, the script has been developed using the pandas library, as it allows the manipulation
of data arranged in numerical tables and time series. In particular, the DataFrame function has been used, which
allowed the results of the MRP calculations to be recorded and illustrated in table form. As for the inputs of the MRP,
they have been modelled as dictionaries. To this concern, the BOM has been modelled as a dictionary where each key
represents a component, and its value is another dictionary representing the sub-components required to produce one
unit of the component. MPS is a dictionary that defines the demand for the top-level component (A) over six periods.
H (0) is a dictionary that provides the starting inventory levels for each component. S (t) dictionary, i.e., the scheduled
receipts, contains the quantity of each component that is expected to be received in each period, based on previous
orders. Finally, the LT dictionary contains the cumulative LTs of each component. For MRP calculation for each
component (referred to as item), the function calculate_mrp has been defined. As can be seen, the function first
initializes the lists to record, for each period and for each component, the values of net requirements, planned order
receipts, planned order releases and projected on hand. Subsequently, for each period after zero, the function calculates
the net requirements as the difference between the expected demand, the scheduled receipts for the considered period
and the projected on hand, i.e. the quantity already in stock. If the calculated net requirements are less than or equal
to zero, the planned order receipts are set equal to zero, otherwise, a quantity in planned order receipts is set equal to
the net requirements. It is noteworthy that this is valid since only a lot-for-lot sizing policy is being considered in the
context of the present work. For periods in which a quantity of planned order receipts greater than zero has been set,
an order is then planned in a slot time equal to the difference between the period in which P(t)>0 and the LT of the
considered component. Finally, for each slot time, the projected on-hand inventory for the current period is updated
by considering the inventory from the previous period, the planned order receipts, the scheduled receipts, and the
current period's demand. The developed script, therefore, allows recursively calculating MRP entries for components
at all levels of the BOM starting from the component demand at the top level. Finally, the results obtained for each
component are printed.

The developed script has been validated using a progressive approach. It has been applied first to very simple and
well-known numerical cases (e.g., a single-level BOM and a question over a few periods) and the results obtained
have been compared with those calculated manually. Subsequently, edge cases have been considered (e.g., no demand
in the MPS, significant initial inventory, etc.). Once these aspects have been verified, the developed algorithm has
been applied to more complex cases, one of which is reported in the following section.

3. Numerical application

The developed Python algorithm has been numerically applied to the case whose product structure tree is illustrated
in Fig 3.

M(3) 1(2)

[ 1 [
R(2) P N(4) v

Fig. 3. Product structure tree of the analysed case. Adapted from [28]
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Since it has been used a numerical example, an abstract product has been considered, resulting from the assembly
of different elementary bricks (i.e., N, P, R, V). Components R and P (i.e., purple, and yellow bricks) form
subassembly M and components N and V (i.e., light blue and violet bricks) form subassembly I. M and I, assembled
in turn, form the finished product.

The objective is to obtain the MRP for component R, which, as can be seen, is second level and is required in two
units to produce one unit of M. In the given example, it is also assumed that level zero and level one components have
a LT of 1 week and level two components have a LT of 2 weeks, that there is no initial stock, but that it is planned to
receive 60 units of M at the beginning of week two and 100 units of R at the beginning of week one. The input data
for MRP calculation through the developed algorithm are illustrated in Fig 4.

BOM = {
'E's {'M': 3}, MPS ={
‘M': {'R': 2}, 'E': [0, 0, 0, 0, 0, 120]
}

YRS

Iy

H(Q) = S(t) =H

: )-E‘f 0, 'E': e, 0, 0, 0, 0, 0], T=1
"o, ‘M': [e, o, 60, 0, 0, 0], 128 2
T0g 0 ‘R': [0, 100, 0, 0, 0, 0] LA By

} RG22
¥ )

Fig. 4. Input data for the considered numerical application

MRP for E:
Net Requirements Planned Order Receipts Planned Order Releases \
0 [} 0 0
1 [} 0 0
2 0 0 0
3 [} 0 0
4 0 0 120
5 120 120 0
Projected On Hand
0 0
1 0
2 0
3 0
4 0
5 0
MRP for M:
Net Requirements Planned Order Receipts Planned Order Releases \
0 ] 0 0
1 [} 0 0
2 [ 0 0
3 0 0 300
4 300 300 0
5 ] 0 0
Projected On Hand
0 0
1 0
2 60
3 60
4 0
5 0
MRP for R:
Net Requirements Planned Order Receipts Planned Order Releases \
0 9 0 0
1 0 0 500
2 [} 0 0
3 500 500 0
4 ] 0 0
5 [ 0 0
Projected On Hand
0 0
1 100
2 100
3 0
4 0
5 0

Fig. 5. Results obtained from the numerical application of the developed algorithm.
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From the application of the developed algorithm, the result shown in Fig 5 has been obtained, which, as can be
observed, is consistent with the results obtainable from the manual execution of the required MRP (Tables 1-4).

Table 1. MPS for end item E
Week Current 1 2 3 4 5

Quantity 120

Table 2. MRP records for end item E
E(LT=1week) Current 1 2 3 4 5

G() 120
S(t)

H(t) 0

N(1) 120
P(t) 120
R(1) 120

Table 3. MRP records for component M
M (LT=1 week) Current 1 2 3 4 5

G(t) 360
S(H) 60

H(t) 0 60 60

N() 300
P(t) 300
R(t) 300

Table 4. MRP records for component R

R (LT=2 weeks) Current 1 2 3 4 5

G(1) 600
S(t) 100

H(t) 0 100 100

N(®) 500
P(t) 500
R(1) 500

It is therefore possible to observe that the developed algorithm simultaneously speeds up production planning
operations in SMEs and makes them more efficient, thus promoting the digitization process at all company levels.
Through the implementation of the developed algorithm, indeed, it is possible to automate MRP drafting operations
by means of a low-cost tool. In this way, the company that were to implement a Python-based planning system could
begin to optimize procurement and production and, likewise, could begin to track information, generating the basis
for the correct implementation of more complex systems. Ultimately, the user-friendliness of the proposed tool allows
to lay the foundations for the cultural change that, as mentioned, underlies the successful implementation of
computerized business management systems.
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4. Contributions to knowledge and practice

The present work offers significant contributions both to knowledge and to practitioners, i.e., managers of SMEs
who intend to adopt effective techniques to begin a path of digitization and efficiency in operations management.
First, in terms of the contributions offered to knowledge, the present work has made an initial attempt for bridging the
gap that has emerged regarding the lack of sources that have dealt with the evaluation of the use of Python for the
simultaneous easy and effective automation of operations management processes in contexts such as those of SMEs,
where barriers to the implementation of complex information systems are encountered. Through the development of
the proposed algorithm, indeed, it has been demonstrated that it is possible to develop simple, low-cost solutions that
can be easily shared and transferable among industrial contexts. The development of a Python-based tool, moreover,
allows for creating a baseline that can be easily improved by researchers and experts. Regarding the contributions
offered to practitioners, it is noteworthy that the proposed tool can be easily used in any manufacturing context and
has characteristics of generality that make it customizable and adaptable to any context. It could also be adopted as a
pilot solution to assess how flexible and change-ready an organization is, as well as used to conduct training campaigns
preliminary to the implementation of more complex operations management information systems. This tool could also
be used, in a first phase, for measuring system performance and as a starting point for the creation of a comprehensive
data tracking system.

5. Conclusions

The objective of this study was to investigate the benefits offered by implementing a Python-based algorithm to
facilitate the adoption of an MRP system in SMEs. To this end, a Python algorithm has been developed based on a
sequence of four logical steps: exploding, netting, lot sizing, and offsetting. The algorithm takes as input the product's
BOM, the cumulative lead times of all components, and inventory records, enabling the planning of orders for
individual components that constitute the finished product and updating the inventory status. A numerical application
demonstrated how the developed algorithm significantly speeds up planning operations, even in cases of high
complexity. Starting from the product's BOM, the algorithm can plan considering the hierarchical structure of each
component and their characteristics (e.g., lead time, initial inventory, etc.). The developed tool is highly flexible and
serves as a starting point for overcoming the barriers commonly encountered in the digitalization of SMEs.

Although this study offers significant contributions to both knowledge and practice, it has limitations. The primary
limitation is the lack of application of the developed algorithm to a real case study. Moreover, the developed algorithm
shares the same limitations as traditional MRP systems. It relies on LTs and demand forecasts and does not account
for capacity constraints. From a technical perspective, Python, while versatile, is not the fastest language for
computational tasks, which could lead to performance issues with very complex BOMs. In this respect, a structured
debugging phase is essential to prevent the propagation of logical and calculation errors. Python-based system
implementation could pose challenges for SMEs. They would have to train the necessary expertise, as well as invest
in the systematization of the data management and foster a change of organizational culture. Future studies could
therefore improve the tool based on the results obtained from its application to a real case study and enhance the
integration of the MRP module with other planning modules, including aspects related to strategic order decisions. In
addition, supplements to the developed code could be developed to include aspects neglected in the present work,
such as the stochasticity of lead times and capacity limit calculations. The expansion of this work could constitute a
comprehensive body of knowledge on the digitalization of business process management in SMEs.
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