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Abstract

This study explores sensitivity analysis within the realm of decision-making in Operations Research, focusing on
integrated mathematical models. The investigation centers on a critical variable—supplier lead time—using a case study
to comprehend its impact on both operational efficiency and the overall costs of a manufacturing company. To optimize
inventory levels, production costs, and total operational costs, an integrated mathematical model is devised, taking into
account variations in supplier lead times. Sensitivity experiments are performed by manipulating supplier lead times, and
the ensuing outcomes are scrutinized to offer comprehensive insights. The findings reveal that substantial alterations in
supplier lead time can significantly affect operational performance and strategic decision-making. In response to lead time
changes, adaptive strategies, such as implementing tighter contracts and exploring alternative suppliers, are suggested.
This research enhances our understanding of how sensitivity analysis serves as a valuable tool for enhancing operational
resilience and making informed decisions amidst uncertainties in supply chains.

Keywords: Sensitivity Analysis, Operations Research, Integrated Mathematical Model, Supplier Lead Time, Operational
Resilience, Strategic Decision-making, Supply Chain.

Introduction

Operations Research (OR) represents a scientific field that integrates mathematical concepts, statistical analysis,
and modeling to tackle intricate decision-making challenges (Soedarso, 2018). Employed as a primary tool in OR,
integrated mathematical models play a crucial role in translating real-world complexities into mathematical formulations,
facilitating the design and comprehension of optimal solutions (Arulan, 2013). Sensitivity analysis, recognized as an
indispensable method in this context, assesses the impact of uncertainty in model parameters on resulting decisions
(Suharyo et al, 2017). The utilization of case studies on integrated mathematical models provides profound insights into
the practical application of sensitivity analysis within Operations Research. These models often encompass numerous
variables and constraints, forming intricate systems demanding a deep understanding to reach optimal solutions.
Consequently, sensitivity analysis becomes pivotal in gauging how changes in parameters can affect final decisions.

Systematic and fundamental to OR, sensitivity analysis is a process allowing exploration and measurement of
the influence of key parameter changes on model solutions (Muhajirin & Panorama, 2017). This awareness empowers
decision-makers to make more informed and responsive decisions in the face of an ever-evolving environment. This paper
delves into the application of sensitivity analysis through a case study on an integrated mathematical model, emphasizing
the identification of critical parameters, determination of acceptable parameter value ranges, and interpretation of results
to enhance decision reliability and relevance. By applying sensitivity analysis, this research aims to delve deeper into the
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uncertainty of model parameters, offering a more nuanced understanding of the trustworthiness of decisions across various
scenarios. Decision-makers can then formulate adaptive strategies responsive to fluctuations in environmental or business
conditions. Ultimately, this study underscores the pivotal role of sensitivity analysis in fortifying the foundation for
decision-making grounded in mathematical models across diverse application contexts.

LITERATURE REVIEW
Sensitivity Analysis

A pivotal element in Operations Research, sensitivity analysis goes beyond identifying critical parameters,
providing an in-depth comprehension of system dynamics in response to change (Sulartopo et al., 2023). In the realm of
integrated mathematical models, where complexity and uncertainty pose significant challenges, sensitivity analysis offers
invaluable insights. It not only reveals parameters with a substantial impact on decision outcomes but also establishes
acceptable ranges of parameter values critical for decision consistency (Tanjung et al., 2005). Case studies in supply chain
optimization exemplify how sensitivity analysis can be applied practically. For instance, if sensitivity analysis identifies
production costs as a significant factor, a company may respond by exploring cost reduction strategies, negotiating with
suppliers, or altering raw material sources. Beyond risk management, sensitivity analysis contributes to optimizing
business policies, enabling organizations to develop adaptive strategies responsive to dynamic business or environmental
conditions.

In essence, sensitivity analysis is not merely an analytical tool but a strategic approach fostering an
understanding, management, and optimization of decision systems. In complex decision-making scenarios, a profound
grasp of how parameter changes influence decisions is crucial for achieving resilience, effective risk management, and
the formulation of adaptive business policies.

Operations Research

Operations Research (OR) is a scientific discipline dedicated to simplifying and optimizing decision-making
through analytical and mathematical approaches (Ramdhani, 2001). Providing a framework for designing optimal
solutions across various fields, including manufacturing, logistics, finance, and services, OR encompasses mathematical
techniques like linear programming, dynamic programming, and queuing theory (Sari et al., 2023). At its core, OR aims
to optimize goals such as minimizing production costs, maximizing profits, or allocating resources efficiently (Okviana,
2011). Integrated mathematical models play a crucial role in OR, representing problems through mathematical equations
and inequalities. Sensitivity analysis, integral to OR, evaluates how variations in model parameters influence the resulting
solution, offering insights into solution robustness and reliability in the face of changing conditions or model assumptions.
Case studies in OR often involve complex problems like supply chain optimization, resource allocation, or production
planning. Sensitivity analysis identifies critical parameters, manages risks, and supports the development of adaptive
policies, ensuring that decisions are grounded in a deep understanding of dynamic and uncertain environments.

RESEARCH METHODS

The sensitivity analysis research method in OR decisions is a systematic approach comprising several steps to
comprehend the impact of parameter changes on integrated mathematical model solutions (Syaifuddin, 2011). The process
begins with identifying critical parameters exerting a significant influence on optimal decisions. In case studies,
parameters like production costs, supplier lead times, and customer demand are commonly identified as critical. After
pinpointing critical parameters, the subsequent steps involve formulating an integrated mathematical model that includes
relevant variables and constraints. The model is implemented using appropriate software or analysis tools. A sensitivity
experiment is then designed, setting variations in parameter values based on relevant scenarios or value ranges.
Subsequently, sensitivity analysis is executed for each scenario, and the results are evaluated.

Interpreting the results and deducing implications are crucial steps in this research method. Decision-makers
grasp the impact of parameter changes on model solutions, understanding how optimal decisions can fluctuate in the face
of variations in critical parameters. The outcomes guide the selection of adaptive strategies, enabling organizations to
respond effectively to risks. The final step involves validation and model development, wherein sensitivity analysis results
enhance the reliability of integrated mathematical models. Model development may include adding parameters, altering
the model structure, or adjusting assumptions. In conclusion, the sensitivity analysis research method contributes not only
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to understanding uncertainty in OR decisions but also serves as a foundation for making smarter and more responsive
decisions in dynamic business and industrial environments.
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RESULTS AND DISCUSSION

In the domain of Operations Research decisions, particularly within integrated mathematical models, sensitivity
analysis assumes a crucial role in guiding decision-making amidst the uncertainties and dynamic nature of the business
environment. This research aims to delve into and comprehend how alterations in critical parameters, with a specific
emphasis on supplier lead time, can impact optimal solutions and strategic decisions within the supply chains of
manufacturing companies. The integrated mathematical model formulated for this study encompasses various pertinent
variables and constraints associated with supply chain operations, including inventory levels, production costs, and overall
operational costs. A pivotal focal point is the supplier lead time, recognized as a critical parameter exerting a substantial
influence on operational efficiency and costs. The model's implementation through optimization software facilitates the
simulation of diverse sensitivity scenarios by manipulating supplier lead times. Sensitivity experiments were conducted,
introducing variations in supplier lead times at 20%, 40%, and 60%, with the subsequent results meticulously recorded
for comprehensive analysis.

Sensitivity Analysis Results

The outcomes of the sensitivity analysis reveal noteworthy alterations in key variables, as succinctly presented
in the ensuing table:

Table 1 Analysis Of Operations Research Decisions

Supplier Lead Time Inventory Levels Production cost Total Operational
Costs
Normal 1000 units $50,000 $150,000
+20% 800 units $55,000 $180,000
+40% 700 units $60,000 $200,000
+60% 600 units $65,000 $220,000

The sensitivity analysis conducted in the realm of Operations Research decisions, particularly within integrated
mathematical models, assumes a pivotal role in guiding decision-making amid the uncertainties and dynamic nature of
the business environment. This study aimed to explore how changes in critical parameters, specifically focusing on
supplier lead time, can influence optimal solutions and strategic decisions in the supply chain of manufacturing companies.
The integrated mathematical model developed for this investigation incorporates various variables and constraints relevant
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to supply chain operations, including inventory levels, production costs, and overall operational costs. Supplier lead time,
identified as a critical parameter with a significant impact on operational efficiency and costs, took center stage. The
model's implementation, facilitated by optimization software, allowed the simulation of diverse sensitivity scenarios by
manipulating supplier lead times. Sensitivity experiments were conducted, introducing variations of 20%, 40%, and 60%
in supplier lead times, and the subsequent results were meticulously recorded for in-depth analysis.

The outcomes of the sensitivity analysis unveil that a 40% increase in supplier lead time correlates with a
substantial upswing in total operational costs. This introduces new challenges such as delayed product delivery and
escalated storage costs. The implications underscore the critical importance of managing supplier lead time to uphold
efficiency and timeliness within the supply chain. Faced with these findings, decision-makers opted for an adaptive
strategy. Measures included fortifying collaboration with suppliers through tighter contracts, enhancing supply chain
visibility, and exploring alternative, more reliable supplier options. This strategic approach aims to mitigate risks and
enhance supply chain reliability in the face of lead time uncertainty. The results of sensitivity analysis not only offer
insights into how supplier lead times impact operational decisions but are also instrumental in validating integrated
mathematical models. Model refinement involves considering additional factors, such as fluctuations in customer demand
or potential variations in lead time, ensuring model relevance in the dynamic business landscape.

This research makes a substantial contribution to understanding the role of sensitivity analysis in Operations
Research decisions, especially within integrated mathematical models. The findings underscore that critical parameters,
like supplier lead time, wield a significant influence on operational efficiency and overall costs. Sensitivity analysis
emerges as an effective tool for decision-makers to comprehend and navigate uncertainty. The adaptive strategies
implemented following sensitivity analysis exemplify the company's ability to adapt to evolving dynamics in its business
environment. Organizations, through the application of this method, can enhance their preparedness to confront challenges
and changes within their supply chains. Sensitivity analysis transcends mere risk identification; it provides a foundation
for developing proactive and effective adaptive strategies. This research affirms that, alongside the development of
integrated mathematical models, sensitivity analysis stands as an integral element supporting more informed decisions in
Operations Research.

DISCUSSION

The discussion of the results from sensitivity analysis research on supplier lead time in Operations Research
decisions, particularly within integrated mathematical models, brings forth several crucial considerations within the
context of supply chain management. This analysis provides profound insights into how changes in critical parameters,
such as supplier lead times, can impact a company's optimal solutions and operational strategies. The significance of
sensitivity analysis in Operations Research decisions lies in its capacity to assess the influence of changes in critical
parameters on solutions derived from integrated mathematical models. In this research, supplier lead time emerges as a
critical parameter due to its pivotal role in determining the efficiency and availability of raw materials within the supply
chain. The research findings confirm that substantial alterations in supplier lead times can yield noteworthy changes in
total operational costs.

In the dynamic landscape of business, effective supply chain management stands as a linchpin for company
success. The sensitivity analysis, as conducted in this research, becomes a strategic tool for companies to identify and
manage potential risks in their supply chains (Meflinda, 2011). By comprehending how changes in specific parameters
impact operational decisions, decision-makers can formulate adaptive strategies to enhance the resilience and agility of
their businesses. It is imperative to emphasize the tangible impact of changes in supplier lead time on company operations.
In this study, a 40% increase in supplier lead time resulted in a substantial reduction in inventory levels, an upswing in
production costs, and ultimately, an increase in total operational costs. This impact extends beyond financial
considerations, potentially influencing the quality of customer service and customer satisfaction.

One of the primary contributions of this research is the identification of adaptive strategies that companies can
adopt in response to changes in supplier lead times. Initiatives such as tighter contracts with suppliers, heightened supply
chain visibility, and exploration of alternative supplier options are proactive measures taken to mitigate risks and
counteract negative impacts. This showcases a company's ability to learn from sensitivity analysis and implement
necessary changes to fortify the reliability of its operations.
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The outcomes of this research carry significant implications for business management. Company leaders can
leverage the results of sensitivity analysis as a guide for making more informed decisions regarding their supply chains.
They can identify potential risks, develop mitigation strategies, and enhance the sustainability of their supply chains. The
validity of the integrated mathematical model employed in this research holds critical importance. The results of sensitivity
analysis serve as a foundation for ensuring the model's reliability in simulating parameter variations. Model development
encompasses additional considerations, such as accounting for fluctuations in customer demand or variations in lead time,
to ensure ongoing relevance in the face of changing business environments. Despite the valuable insights provided by this
research, it is essential to acknowledge certain limitations. Sensitivity analysis relies on specific assumptions that may not
fully capture the complexity of the entire supply chain. Therefore, the results of this study should be interpreted with these
limitations in mind.

This research paves the way for future exploration in several areas. Firstly, conducting exploratory sensitivity
analysis on other parameters within the supply chain can offer a more comprehensive understanding of uncertainty and
its impact. Additionally, future research could focus on integrating new technologies, such as artificial intelligence or
blockchain technology, into integrated mathematical models to anticipate more intricate changes in the business
environment.

Thus, the results of this study underscore the significance of sensitivity analysis in Operations Research decisions,
particularly in the realm of supply chain management. Supplier lead time is identified as a critical parameter that
significantly influences operational performance and total operational costs. The proposed adaptive strategy can serve as
a guide for companies in managing risks and improving the resilience of their supply chains. Consequently, this research
contributes substantially to understanding and managing uncertainty within the dynamic landscape of corporate
operations.

CONCLUSION

The overarching conclusion drawn from the sensitivity analysis research on supplier lead times in Operations
Research decisions, with a specific focus on integrated mathematical models, is that a profound understanding of the
impact of changes in critical parameters can offer valuable guidance for decision-makers. Through sensitivity analysis,
companies can pinpoint potential risks, assess their impact, and devise adaptive strategies to bolster the resilience of their
operations. The significance of supplier lead time in supply chain management and company operations has been
unequivocally validated. This research affirms that significantly increasing supplier lead time can lead to heightened total
operational costs, diminished production efficiency, and potential delays in meeting customer demand. Adaptive
strategies, such as tighter contracts, increased supply chain visibility, and exploration of alternative supplier options,
emerge as effective measures to manage risk and respond to changes in lead time.

Sensitivity analysis transcends being a mere analytical tool; it serves as the basis for intelligent and proactive
decision-making. By gaining a better understanding of how uncertainty can impact optimal solutions, companies can
navigate change more effectively and take appropriate steps to ensure smooth operations. These conclusions also
underscore the pivotal role of integrated mathematical models in supporting sensitivity analysis. The model must evolve
and be refined over time, considering new dynamics in the business environment. The model's validity is paramount, and
the results of sensitivity analysis provide a basis for ensuring ongoing relevance.
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