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ABSTRACT

The efficient management of any business on a global scale largely hinges on its supply chain. However, when dealing with a global supply chain, the impact of
global inflation becomes a pivotal factor in determining either profit or loss. Another significant consideration is the deterioration of merchandise or services,
which can occur during production, storage, or transportation, adversely affecting all stakeholders in the supply chain. This article explores the relationship
between global inflation and supply chains using mathematical techniques, with global inflation being a primary variable in these mathematical models. For
clarity and detailed understanding, a numerical example is presented to illustrate the profit or loss dynamics within the supply chain. Moreover, a sensitivity
analysis is conducted towards the end of the study, aiming to ascertain the impact of changes in different parameters that significantly influence the mathematical
model. It was found, based on these mathematical methods, that a decrease in the global inflation rate corresponds to a continuous increase in total profit.
Conversely, an increase in inflation rate results in a continuous decline in total profit. Lastly, the study reveals a trend where the global inflation rate decreases as
the profit within the supply chain increases.

Introduction

Logistics platforms, a fundamental element of supply chains, critically influence competitive advantage and profitability in business settings
(Khakbaz&Tirkolaee, 2022). Effective management of supply chains, supported by competent logistics, guarantees steady customer service while
yielding comprehensive cost reductions. These savings stem from various stages of the supply chain, including raw material procurement, production,
storage, distribution, transportation, and the sale of the final product or service to the end consumer (Nguyen et al., 2022).

A supply chain can be described as a network comprising individuals and businesses actively involved in the creation and delivery of a specific product
or service. This network is inclusive of producers, suppliers, warehouses, transportation companies, distribution centers, and retailers (Singh et al.,
2020). While typically envisioned as a flow of goods from suppliers to producers, distributors, retailers, and ultimately consumers, the term ‘supply
chain' represents this sequence. Nevertheless, the circulation of data, money, and goods in all directions within this chain should also be considered
(Hobbs, 2020).

Given the complexity of supply chains, where a manufacturer might source materials from various suppliers and distribute to multiple distributors, the
structure more closely resembles a network than a simple linear chain. Crucial stages in this network include customers, retailers,
wholesalers/distributors, manufacturers, and raw material suppliers. Consequently, expressions like 'supply network' or 'supply web' accurately describe
the structure of most supply chains shownin Figure 1 (Jakehider, 2022).
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Figure 1: Supply chain stages

(Source: Jakehider, 2022)

Literature Review

Global Inflation

Global inflation is typically gauged as an annual percentage rise in the prices of goods and services. A mathematical model illustrating inflation,
particularly with quadratic demand for deteriorating goods inclusive of inflation and trade credits, was introduced by Rudd (2022). The concept of
global inflation primarily refers to the rate at which the general level of prices for goods and services escalates over time, contributing to a country's
overall cost of living increase. Furthermore, Rudd (2022) underscores the possibility of calculating inflation more distinctly for individual items or
services, such as food products.

The consumer's cost of living is derived from pricing an assortment of goods and services (Choi & Shin, 2022). Choi & Shin (2022) conducted an in-
depth examination of a lot-size model for depreciating products amidst inflation. Additionally, a mathematical model of inflation within a
predetermined planning period, designed to define the ideal replenishment schedule, was proposed by Kilian & Zhou (2022). This model postulated a
time-sensitive demand and a limited planning horizon.

Recent economic conditions have necessitated that businesses raise their prices due to persistent inflation. Although there have been marginal
improvements in container shipping rates and delivery times, the recovery in supply chains has not yet curbed the surge in consumer prices (Conrad et
al., 2022). With demand continually surpassing market forecasts and an overburdened supply chain struggling to maintain pace, prolonged inflation
appears to be an enduring concern in the foreseeable future (Nene et al., 2022).

A substantial challenge the global economy currently confronts is the consistent upswing in gasoline prices. This predicament, while global in its scope,
is rapidly evolving into a grave concern. Kugler & Reynard (2022) observed record-breaking oil prices, unadjusted for inflation, and a significant rise in
gasoline prices, exceeding 40 cents in the past year. This development could have a considerable impact on the entire global economy, potentially
reaching a pivotal threshold set in the 1990s, and ultimately affecting living standards globally (Kugler & Reynard, 2022).

Global Inflation Rate

The inflation rate is typically determined as the percentage variation in a price index over a specific duration compared to the index captured during a
prior period. This is often calculated annually or on a year-to-year basis (Eldomiaty et al., 2019). To illustrate, if the index value for this year's January
is 179.4 and that for the previous January is 167.5, the yearly inflation rate for this January can be computed as: (179.4 / 167.5 - 1) * 100 = 7.1%.

It's worth noting that a modest degree of inflation can be advantageous for those possessing tangible assets, such as real estate and stocked goods,
denominated in their own currency. Inflation can elevate the worth of these assets, enabling owners to sell them at an escalated price. Yet, inflation can
induce speculation, compelling companies to engage in higher-risk projects and individuals to invest in business stocks in anticipation of returns that
outstrip inflation (Choi & Shin, 2022).

Furthermore, maintaining an ideal inflation rate can, to some degree, boost spending instead of saving. As the buying power of money decreases with
time, there exists a robust incentive to spend now rather than save for future expenses. This may result in augmented spending that fuels economic
activity within a nation. A balanced approach strives to retain the inflation rate within an optimal and favourable band (Ishise, 2022). A visualization of
the inflation rate in Malaysia isdepicted in the figure 2 as shown below.
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Figure 2: Malaysia Annual Inflation rate
(Source: Chew, 2022)
Supply chain

A supply chain is an intricate network involving all parties either directly or indirectly partaking in satisfying a customer's demand (Koberg&Longoni,
2019). It includes an extensive range of stakeholders such as manufacturers, suppliers, logistics providers, storage facilities, retailers, and ultimately,
the customers themselves. Within an individual entity, for example, a manufacturing firm, the supply chain encompasses all the functional units
engaged in receiving and fulfilling a customer's request. This includes new product innovation, marketing, operations, distribution, financial
management, and customer service (Baah et al., 2021).

The supply chain is a dynamic system, encompassing the continuous flux of information, products, and finances across various stages (Jakehider,
2022). For example, a retailer provides customers with product availability and pricing data. Following this, the customer makes a payment to the
retailer. The retailer then communicates point-of-sale data and replenishment orders to the distributor who delivers the ordered goods back to the store
(Mukhamedjanova, 2020). After replenishment, the retailer pays the distributor, who also provides pricing details and delivery schedules to the retailer.
This flow of material, information, and finances occur throughout the entire supply chain, underlining the critical role customers play in the supply
chain process.

The central objective of every supply chain is customer satisfaction, achieved through efficient processes while ensuring profitability. Supply chain
activities initiate with a customer order and culminate when a satisfied customer makes a payment for their purchase (Khan et al., 2022).

Moreover, the supply chain manages all actions tied to the movement and conversion of goods from raw materials to the final product, in addition to the
accompanying information flow. Information and materials flow in both directions along the supply chain, covering a broad spectrum of activities
including platform management, operations, procurement, production, scheduling, order processing, inventory management, transportation,
warehousing, and customer service (Aday&Aday, 2020).

Every flow of information, goods, and finances incurs costs within the supply chain. The primary objective of any supply chain is to maximize the total
value generated (Aslam et al., 2020). The effectiveness of a supply chain is evaluated by the supply chain surplus, which represents the difference
between revenue generated from customers and the overall cost associated with the supply chain. Efficient management is fundamental to the success
of a supply chain (Muafi&Sulistio, 2022). Supply chain management is a business concept that focuses on managing the bi-directional flow and
coordination of goods, services, and information from suppliers to customers. This includes managing materials and physical distribution, with a key
emphasis on the flow of goods, services, and information from producers to customers (Ozdemir et al., 2022).

The relationship between Supply Chains and global Inflation

Global inflation pertains to the rise in economic prices on a global scale. It can have a ripple effect on the pricing of goods and services within a supply
chain, thereby increasing supply chain costs, which can fuel further inflation and price increases (Santacreu& LaBelle, 2022). The sources of
inflationary pressures can be traced back to augmentations in manufacturing costs such as wages, raw materials, energy, and logistics costs. If these
pressures remain unmanaged, global inflation could significantly undermine the buying power of consumers or organizations (di Giovanni et al., 2022).

In an attempt to navigate through the tumultuous seas of rising global inflation, procurement managers often resort to ordering supplies ahead of time to
secure inventories. However, when mirrored across the entire economy, this surge in demand can exacerbate global inflation. The principle is simple:
prices ascend when supply diminishes and demand swells. Since 2020, supply chain disruptions in ports and warehouses due to bottlenecks and labor
shortages have provoked shipping delays, leaving businesses struggling with depleted inventory amidst a boom in consumer spending.
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The procurement landscape morphs into a complex maze during periods of global inflation. If inflated costs are transferred to consumers, demand
typically dwindles, leading to manufacturers needing fewer goods or services. This situation demands a more meticulous, agile, and comprehensive
planning approach with cooperation from every stakeholder in the supply chain - from sales and marketing to warehousing and logistics teams. Faced
with supply scarcity, some businesses have been forced to increase their prices. Despite some recovery in container shipping rates and delivery times,
consumer prices remain elevated. For example, the Bank of England projects that global inflation will retrace its steps back to its 1.9% target within a
year. Although this suggests a deceleration in price increase, higher costs might linger (Rudd, 2022).

The ripple effects of inflationary pressure are palpable throughout the supply chain. Challenges like port congestion and import container issues are
aggravated by global inflation and labor shortages. Fuel costs, which play a crucial role in the logistics sector, drive up transportation and freight costs,
already on the rise due to driver shortages (Benigno et al., 2022).

Many professionals in the supply chain and logistics industry believe that global inflation has negatively impacted their business operations globally.
The consequences of this include capacity limitations, price hikes, supply chain instability, extended lead times and delayed orders, and ongoing issues
with shipping containers. As reported by Materials Modern Handling (Rudd, 2022), global inflation heightens the risk of substantial bankruptcy. If a
significant trucking operator were to go out of business, freight transportation would become even more strenuous, leading to further supply reduction
and possibly triggering another surge in global inflation.

Discussion

Mathematical model

The mathematical development model is centered on establishing the connection between the supply chain and global inflation. It utilizes mathematical
methods and takes into account the impacts of interest rates and global inflation rates. The holding and purchasing costs are represented as functions of
the interest and global inflation rates, which are predominantly time-dependent (Paul et al., 2022). As the interest rate escalates, it results in an increase
in the holding cost and consequently, the total cost also rises. On the other hand, as global inflation intensifies, the purchasing cost swells, leading to a
surge in the total cost. The following sections provide detailed definitions of parameters, variables, and assumptions (Khakbaz&Tirkolaee, 2022):

Parameters
f(t) = annual demand rate at time t
F(t) = Cumulative demand at time t
h(t) = Holding cost per order
c(t) = Unit price at time t
i= Annual interest rate
h(t) = irc(t)
do = Annual demand rate at start of the year
d; = Annual demand rate at end of the year
e = Annual global inflation rate (e> - 100%)
Variables
n= Number of annual orders
Qi= Order quantity in period
Assumptions
»  The replenishment happens instantaneously at an infinite rate.
»  The ordering cost, A, is constant.
»  Shortages are not allowed.
»  Quantity discounts are not available.
The demand rate, f(t), is taking into consideration as a linear function of time,

f(t)=at+d0,0<t<1,
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Based on equation below: -

F(1) =2 +dp.

The total demand over the year = a/2+d0.
So, shortages are not permitted and ending inventory should be zero,

The total order quantity over the year = the total demand over the year

& a
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The total cost includes ordering cost (OC ), purchasing cost (BC ), holding cost (HC ).
Therefore,

TC=0C+BC+HC,

OC=nA

Assumed that Qi is received at the start of period i,

That is

T=(0-1)T

i= c((i-1)T)

Therefore,

Purchasing cost (BC)
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Sincea = d; — d, theni — _
a __Annual demand rate at the end of the year - Annual demand rate at the end of the year
E - Annual demand rate at the end of the year
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Conclusion

The relationship between supply chain and global inflation, established through mathematical methods, has been elucidated thoroughly. According to
these mathematical models, it was found that a decrease in the global inflation rate would consistently lead to an increase in total profits. A supply
chain encapsulates all parties, whether direct or indirect, instrumental in fulfilling a consumer's needs. This not only encompasses producers and
suppliers but also includes entities involved in transportation, warehousing, retail, and even the customers themselves. Each component within an
organization, such as a manufacturer, contributes to the supply chain by engaging in activities aimed at meeting and exceeding a client's expectations.
Conversely, it was observed that a surge in the inflation rate would consistently precipitate a decline in total profits. To conclude, the global inflation
rate displays an inverse relationship with profit in the supply chain - as profit rises, the rate of inflation diminishes.
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