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Abstract- In today's dynamic manufacturing 

environments, configured manufacturing has 

emerged as a prominent approach for addressing the 

increasing demand for mass customization. One of 

the persistent challenges in this setting is the 

disruption caused by the unavailability of specific 

components or subitems in the supply chain. This 

paper introduces a comprehensive framework for 

subitem substitution in configured manufacturing 

processes. The framework allows for the real-time 

replacement of items that run out of inventory with 

suitable substitutes, thereby minimizing production 

downtime and ensuring continuity. This research 

contributes by formalizing substitution logic, 

integrating it with inventory management systems, 

and applying optimization techniques to maintain 

manufacturing quality and efficiency. Simulation and 

case study analyses demonstrate the efficacy of the 

proposed framework in diverse manufacturing 

contexts. 

The proposed framework also emphasizes 

adaptability and scalability, making it suitable for 

small-scale factories and large enterprises alike. By 

leveraging modern technologies such as real-time 

data analytics, compatibility matrices, and AI-based 

decision-making, the substitution system operates 

with minimal human intervention. Additionally, the 

framework incorporates historical usage patterns and 

supplier performance data to enhance substitution 

accuracy and predictability. This proactive approach 

transforms traditional inventory practices into a 

responsive, intelligent, and resilient system, better 

aligned with the principles of Industry 4.0. 

Ultimately, the study aims to bridge the gap between 

theoretical substitution models and practical 

implementation in manufacturing environments. 

Keywords- Configured Manufacturing, Subitem 

Substitution, Inventory Management, Production 

Continuity, Optimization, Supply Chain Resilience. 

 

I. INTRODUCTION 

Manufacturing sectors have undergone significant 

change in an effort to address varied consumer needs 

and international supply chain dynamics. The shift 

from conventional manufacturing to configured 

manufacturing has allowed businesses to deliver 

customizable products without sacrificing efficiency. 

Configured manufacturing, which is defined by its 

dependency on module-based designs and adaptive 

assembly processes, supports product variation 

without redesigning entire production systems. 

Flexibility, though, brings complexity to inventory 

and availability of components, especially when a 

needed subitem is no longer available. 

 

Figure 1: Supply Chain Disruptions 
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Subitem shortages can be caused by numerous factors 

including supplier delay, transport problems, or 

sudden spikes in demand. Historically, the reaction to 

shortages has been stopping production or postponing 

delivery timetables, which harms both customer 

satisfaction and operational productivity. To 

counteract this, manufacturers require a proactive 

solution to replace missing subitems with compatible 

substitutes without affecting product quality or 

functionality. 

The contemporary factory environment requires 

adaptability, accuracy, and durability. These demands 

have also been further enhanced in light of 

disruptions including worldwide pandemics, 

geopolitical tension, and varying market trends, 

which highlight the vulnerability of conventional 

supply chains. Businesses are, therefore, faced with 

pressure to introduce mechanisms ensuring continuity 

without attendant costs or sophistication. A suitable 

answer lies in the application of subitem substitution 

mechanisms, which can cushion against supply chain 

disruption and enhance utilization of resources. 

Lacking an organized framework for substitution, 

companies can be exposed to difficulties such as 

product variation, extended lead times, and added 

operating complexities. Further, human decision-

making in substitution cases tends to introduce 

inefficiencies, particularly during large-scale 

manufacturing. Thus, the need is compelling for a 

clever, computer-based system for expediting 

substitute item identification and deployment. 

This paper suggests a systematic framework for 

subitem substitution applicable to set-up 

manufacturing environments. The framework 

incorporates inventory tracking, component 

compatible databases, and optimization procedures to 

enhance real-time decision-making. The aim is to 

make it possible for production to continue 

unimpeded, even in case of inventory shortages, by 

replacing unavailability subitems with pre-approved 

substitutes. 

We start with literature review on manufacturing and 

inventory substitution systems. Methodology 

provides details on the proposed framework design 

along with substitute-matching algorithms depending 

on compatibility matrices and decision parameters. 

Results demonstrate simulations and an example case 

to show that the framework is useful. Discussions 

follow on challenges to implementation, constraints, 

and potential future research areas. 

 

II. LITERATURE REVIEW 

Substitution in production has been widely 

researched over supply chain and operations research 

contexts. Nahmias' [1] early work and that of Silver 

et al. [2] addressed substitution models within 

inventory control, illustrating how strategic 

substitution would lower holding costs and stockouts. 

These early models were largely deterministic and 

based on static demand scenarios, making them 

unsuitable for current dynamic environments. 

 

Figure 2: Distribution of Reviewed Papers by Focus Area 

Subsequent trends have built upon these tenets, 

integrating actual-time information as well as 

insightful decision-making. Chen et al. [3] 

investigated the policies of substitution in modular 

production, and its emphasis on part commonality as 

well as interoperability to achieve effective 

substitution is highlighted. In their results, they 

emphasize prior compatibility rules necessary to 

guarantee the integrity of a product. Similarly, Ghosh 

and Zhou [4] theorized probabilistic models of 

substitution, postulating that uncertainties about 
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demand and supply can be resolved more effectively 

via flexible inventory strategies. 

In Industry 4.0, digital twins and intelligent inventory 

systems have further facilitated dynamic substitution 

choices. Park and Shin [5] presented a cyber-physical 

system for real-time substitution using IoT sensors 

and AI algorithms. Their framework showed dramatic 

decreases in production delay by facilitating rapid 

decision-making and precise component matching. 

The studies by Wang et al. [6] and Singh and Sharma 

[7], among others, addressed multi-echelon inventory 

systems where the substitution can happen across 

product level levels. They highlight the network-wide 

visibility and coordination. Organizations can adopt 

stronger substitution strategies company-wide by 

syncing inventory data as well as compatibility 

information. 

Additionally, researchers have stressed the merging 

of substitution models with ERP and MES systems in 

order to automate decisions and ensure production 

continuity. While these attempts have set the stage, 

existing methodologies tend not to be scalable and are 

challenging to apply to highly customized or 

dynamically changing manufacturing settings. 

Although these studies are informative, they tend to 

discuss substitution within classical or quasi-

configured environments. A shortage exists of 

comprehensive models that incorporate substitution 

reasoning within fully configured manufacturing 

systems where customization prevails. This gap is 

filled by our work, which suggests a comprehensive 

framework tailored specifically for these 

environments. 

 

III. METHODOLOGY 

The research methodology of this work entails the 

creation and deployment of a dynamic subitem 

substitution framework designed specifically for 

engineered manufacturing environments. The 

framework is built around three fundamental pillars: 

real-time inventory tracking, compatibility-driven 

substitution decision-making, and optimization 

algorithms for making substitution priority decisions. 

 

3.1 Real-Time Inventory Monitoring 

The first step involves integrating an advanced 

inventory management system capable of tracking 

component availability in real-time. Using IoT-

enabled sensors and RFID technologies, the system 

continuously monitors inventory levels and flags 

items approaching depletion. This real-time visibility 

is crucial for enabling timely substitution decisions 

and preventing production delays. 

The inventory database is also synchronized with 

manufacturing execution systems (MES) and 

enterprise resource planning (ERP), maintaining 

accuracy and consistency at all levels of operation. 

Historical usage, expiration dates, batch numbers, and 

supplier reliability are all included in the data, 

enabling the framework to determine the feasibility of 

substitution based on more than just availability. 

 

3.2 Compatibility-Based Substitution Engine 

Centrally located in the framework is a compatibility 

matrix, which defines possible substitutes for each of 

the configurable subitems. These alternatives are 

analyzed from a mechanical fit, electrical 

specification, material composition, and performance 

attribute standpoint. Compatibility information is 

obtained from engineering input, supplier 

documentation, and substitution history. 

When a product is out of stock, the substitution engine 

looks up this matrix to find the best possible 

substitutes. Each replacement is given a compatibility 

score depending on weighted parameters established 

by engineering and quality control teams. This way, 

substitutions do not sacrifice product performance or 

safety. 

 

 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                     Volume: 09 Issue: 02 | Feb - 2025                                   SJIF Rating: 8.586                                ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | www.ijsrem.com                                 DOI:  10.55041/IJSREM41792                 |        Page 4 

3.3Optimization and Decision-Making Algorithms 

Once suitable substitutes are known, an optimization 

algorithm scores them against criteria including cost-

effectiveness, supplier lead time, past performance, 

and environmental footprint. The algorithm balances 

short-term production requirements with supply chain 

sustainability in the long term. Multi-objective 

decision models are used to select substitutes that are 

aligned with production objectives and quality 

requirements. 

To fit different manufacturing environments, the 

framework accommodates several substitution 

strategies: one-to-one substitution, group-based 

substitution, and dynamic bundling. These strategies 

provide flexibility in the application of substitutions 

based on the complexity and criticality of the missing 

component. 

 

3.4 Framework Implementation and Validation 

The entire system is deployed with a modular 

architecture to enable integration into current 

manufacturing infrastructures. Middleware 

components and APIs provide smooth data exchange 

between substitution engines, decision-making 

modules, and inventory databases. 

To test the framework, simulation models are 

formulated based on real manufacturing datasets. 

Important performance metrics (KPIs) such as 

substitution response time, reduced production 

downtime, and cost reductions are monitored. Initial 

results exhibit dramatic improvements in operational 

resilience and production continuity. 

The approach integrates cutting-edge data 

integration, smart compatibility analysis, and 

optimization-based decision-making to produce a 

scalable and resilient subitem substitution 

framework. The subsequent sections report results 

from both simulation experiments and case 

applications to assess the effectiveness of the 

framework in practice. 

 

IV. RESULTS 

The execution of the suggested subitem substitution 

model was assessed through simulation models in 

addition to a case study performed within an 

industrial-level configured manufacturing plant. The 

plant deals with configurable electronics systems 

assembly where the presence of essential components 

plays a direct role in affecting the production line's 

efficiency. 

 

4.1 Simulation Model 

To validate the framework under controlled 

conditions, a discrete-event simulation was created 

using actual manufacturing data from three product 

families. The simulation incorporated component 

lead times, failure rates, demand variability, and 

supply chain disruptions. Various scenarios were 

subjected to testing, such as high-demand periods, 

supplier delays, and simultaneous concurrent 

component shortages. 

The simulation revealed that the substitution 

framework cut the average production downtime by 

half. In a baseline model without substitution, 

downtime averaged 17.2 hours per week. When the 

substitution engine was enabled, downtime fell to 5.8 

hours per week, an improvement of 66%. 

Furthermore, the average response time to component 

shortages decreased from 3.1 hours to 0.8 hours as a 

result of real-time inventory monitoring and 

automated decision-making. 

 

Figure 3: Performance Metrics Before and After Substitution 

Framework 
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4.2 Cost and Efficiency Metrics 

Financial analysis also reflected a significant increase 

in cost efficiency. Substitution framework aided in 

decreasing emergency procurement costs by 34% and 

holding costs by 21%, as there was improved 

correspondence between demand and inventory 

replenishment plans. Further, production throughput 

grew by 11%, underlining the operations' advantages 

of real-time substitution logic. 

One of the most significant gains was in on-time 

delivery percentages. Prior to implementation, the on-

time delivery percentage was 82%. After 

implementation, it was up to 96%, proving that the 

substitution framework held schedule adherence 

steady even during supply chain disruption. 

 

4.3 Case Study Insights 

The actual case study was applying the framework to 

an ERP system at a mid-sized factory over the course 

of three months. Throughout this time, the factory 

saw nine instances of critical component shortages. In 

all instances, the framework effectively located and 

installed a suitable substitute, validated by quality 

control measures. 

Staff feedback was also gathered in order to test 

usability. More than 80% of the users considered the 

interface user-friendly and liked how the system 

offers context-aware replacement suggestions 

depending on the prevailing stock levels and 

compatibility information. 

 

4.4 System Performance and Scalability 

Performance testing validated the scalability of the 

system. When subjected to a product catalog with 

over 10,000 configurable subitems and over 100,000 

substitution rules, the engine had response times 

below 2 seconds. This confirms the applicability of 

the framework to big and complex manufacturing 

operations. 

Overall, the findings confirm the subitem substitution 

framework's capability to enhance operational 

continuity, cost minimization, and overall 

manufacturing responsiveness. The implications of 

the findings and challenges faced in implementation 

are presented in the next section. 

 

V. DISCUSSION 

The results in this results section highlight the 

potential of a guided subitem replacement framework 

to transform in configured manufacturing 

environments. This section discusses the wider 

implications of the results, discusses practical 

implementation issues, and investigates how the 

framework supports manufacturing resilience, 

flexibility, and digitalization. 

Perhaps most important is the operational resilience 

created by the substitution system. The reduction in 

observed downtime demonstrates the way even short-

term inventory disruption can be prevented 

effectively by automatic, data-driven substitution 

decisions. This is especially useful in high-variability 

environments where production lines cannot risk 

delays due to item unavailability. The high on-time 

delivery rate, even during shortages, demonstrates the 

ability of the system to enable just-in-time 

manufacturing strategies. 

Also, the scalability shown in the case study indicates 

that the framework can be implemented by medium-

sized companies as well as large-scale producers. Its 

modular design guarantees interoperability with 

multiple ERP and MES systems, which is essential for 

real-world implementation. Integration difficulties 

still exist, especially in legacy environments where 

digital infrastructure can be outdated or disjointed. 

Utilizing middleware and API layers addresses this 

issue but demands initial investment and technical 

skills. 

Another important topic of discussion is the 

dependency on compatibility matrices and correct 

inventory information. The success of the substitution 

decisions is dependent on the quality and 
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completeness of compatibility rules, which tend to 

rely on human inputs. The engineering teams have to 

collaborate with the supply chain managers closely to 

assemble and validate these rules, adding a layer of 

manual overhead in the initial setup. Future 

enhancements could involve learning from previous 

substitutions using AI over time to improve 

compatibility scoring.  

 

 

Figure 4: Framework Integration Ratings Across Components 

While cost savings and throughput enhancements 

were apparent, the return on investment for deploying 

such a system needs to be weighed against the upfront 

investment in technology, training, and change 

management. Smaller businesses might need 

customized, lower-priced solutions or agreements 

with digital transformation suppliers to enable the 

transition. 

Additionally, feedback from users indicates a demand 

for an easy interface and contextual suggestions. 

Substitutions preferred by employees involved 

explanations in terms of performance or quality 

control. This means that the system not only needs to 

automate substitution but also help with decision 

transparency and traceability. 

Finally, the structure's complementarity with Industry 

4.0 objectives — including digitalization, real-time 

decision making, and intelligent automation — makes 

it a precursor to smart manufacturing systems. Its 

capability to dynamically respond to supply chain 

changes facilitates greater objectives of sustainable 

and resilient manufacturing environments. 

The discussion supports that although the framework 

provides quantifiable gains in core performance 

areas, effective implementation depends on cross-

functional cooperation, high-quality information, and 

phased integration. Future improvements might 

involve predictive analytics and machine learning 

modules to predict shortages and recommend 

preemptive substitutions, thus shifting from reactive 

to proactive manufacturing practices. 

 

VI. CONCLUSION 

This study presents a robust and scalable framework 

for subitem substitution in configured manufacturing 

environments, addressing a critical gap in current 

manufacturing and supply chain operations. The 

framework integrates real-time inventory monitoring, 

compatibility-based substitution engines, and 

optimization algorithms to dynamically and 

intelligently replace unavailable subitems without 

compromising product quality or production 

continuity. 

By way of simulation and real-world case study, the 

framework was shown to produce dramatic gains in 

key measures of operation. Inventory shortage-

caused downtime was significantly minimized, and 

cost efficiency and production volume increased. 

Further, the fact that on-time delivery rates can be 

sustained even during supply chain disruptions 

highlights the framework's capability to increase 

manufacturing resilience. 

The consequences of this research go beyond 

operational effectiveness. As the manufacturing 

sector continues to adopt digitalization and Industry 

4.0 methodologies, models such as the one presented 

here offer a route toward more intelligent, adaptive, 

and responsive manufacturing systems. By 

facilitating automated, data-driven substitution 

choices, manufacturers can better manage supply 

volatility, enhance customer satisfaction, and gain 

competitive benefits. 

However, roll-out needs careful planning. Difficulties 

involving data accuracy, integration with other 
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systems, and the necessity for clearly defined rules of 

compatibility necessitate cross-functional 

cooperation and carefully planned investments. 

Organizations interested in implementing this 

structure must be committed to a phase-by-phase 

model, starting first with core digital infrastructure 

and moving later to more sophisticated substitution 

abilities. 

Future research could investigate the application of 

predictive analytics and machine learning to further 

optimize substitution decision-making, moving from 

reactive to proactive systems. In addition, extending 

the framework to involve supplier-side coordination 

and circular economy principles could further 

enhance sustainability outcomes. 

The suggested subitem replacement paradigm is a 

significant development in configured 

manufacturing. The system provides organizations 

with the means to weather supply chain disruptions, 

maximize use of inventory, and maintain consistent 

output from production. As the systems are further 

developed and their usage becomes widespread, they 

will be an indispensable part of the next generation of 

smart manufacturing operations. 
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