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This research introduces a decentralized supply chain optimization model that incorporates
blockchain technology. The model, implemented through an optimized iterative method,
integrates ordering, holding, and purchasing costs to offer a comprehensive view of total
costs for both retailers and suppliers. The model's uniqueness and optimality are
demonstrated through theoretical analysis, highlighting the optimal ordering interval as
the sole solution to the derived equation. Employing an algorithmic methodology, optimal
replenishment schedules are efficiently calculated using Wolfram Mathematica 13.0. A
numerical example and sensitivity analysis illustrate the impact of key parameters on
replenishment cycles, order quantity, and costs, encompassing wholesale prices, demand
uncertainty, and holding/ordering costs. Managerial insights derived from sensitivity
analysis guide decision-makers in optimizing supply chain management, emphasizing
strategies such as wholesaler price balance and strategic blockchain information
management. In essence, this research contributes to an enhanced understanding of
decentralized supply chain models with blockchain, providing a systematic decision-
making optimization approach for increased efficiency and resilience.

1. INTRODUCTION

The disruptive impact of COVID-19 underscores the
vulnerability of centralized supply chain systems. Disruptions
originating from a single source can have far-reaching
consequences, impacting the global supply of goods and
services. Decentralized supply chain models are emerging as
robust solutions during this critical period [1, 2]. Through a
multi-participant approach, these models distribute decision-
making and resources among various participants, ensuring
that a small issue in one part does not affect the entire system.
In the aftermath of this pandemic, the flexibility, robustness,
and power of a decentralized supply chain have become
apparent, eliminating dependency on a single source.

In today's global business environment, supply chains have
become increasingly complex and dispersed, leading to a need
for better information sharing, visibility, and coordination
among multiple stakeholders. The literature on decentralized
supply chain models addresses the challenges and
opportunities associated with managing these complex supply
chains. Several studies have highlighted the importance of
decentralized supply chain models in improving operational
efficiency, reducing costs, and enhancing customer
satisfaction. One key advantage of decentralized supply chain
models is the greater autonomy they provide to individual
subsidiaries or locations within a business [3].

In parallel, the advent of blockchain technology has
transformed various industries by revolutionizing the storage
and verification of transactions and data. One particular area
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where blockchain has shown great potential in the realm of
supply chain management [4]. As supply chains become more
complex and globalized, there is an increasing demand for
innovative solutions that can improve traceability, efficiency,
and transparency.

This research paper delves into the transformative journey
of integrating Blockchain Technology into our decentralized
supply chain. We aim to analyze the potential impact of this
technology, especially within the finite planning horizon, to
effectively manage our supply chain during disruptions [5].
Like a well-crafted recipe, this paper blends theory, case study,
and practical insights, showcasing how blockchain can
become a powerhouse for our decentralized supply chain.
Together, feedback on a journey to explorer this new variant
supply chain management, where innovative solutions
powered by blockchain pave the way for a more liberated,
silent, and efficient future.

In addition, this study incorporates quantitative analysis by
employing numerical examples extracted from a secondary
dataset compiled from a diverse array of [6, 7]. Our analysis is
firmly grounded in a robust foundation. Utilizing an optimal
iterative method, we systematically investigate the model's
performance under varying wholesale prices. The primary
objective is to contribute valuable insights into the
optimization potential of the model across a spectrum of
scenarios. This study not only extends the current body of
research findings but also expands the examination of the
model's behavior in response to diverse conditions of
wholesale prices.
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In this research paper, each section explains how blockchain
technology enhances decentralized supply chain inventory
models. Detailed literature reviews are presented in Section 2,
including the impact of blockchain. Section 3 defines symbols
and variables within the theoretical framework. We establish
a theoretical framework and develop a model in this section.
Section 4 explains the mathematical model for a blockchain-
based supply chain inventory system. Literature challenges are
addressed by the model, as well as its explained approach. A
practical case study and numerical examples illustrate the
model in Section 5. A sensitivity analysis is provided in
Section 6, which evaluates the model's robustness under
varying conditions, enabling optimization. This section offers
supply chain decision-makers practical recommendations
based on theoretical and numerical findings. Section 7
summarizes key findings, managerial implications, and future
research directions.

2. LITERATURE REVIEW

Supply chain management is a dynamic field, and the
exploration of decentralized supply chain models has revealed
a multitude of approaches. Through an extensive review of
existing research, various decentralized models were
examined, shedding light on their respective contributions and
limitations. Concurrently, a parallel investigation into
blockchain technology's role in supply chain management
unfolded, revealing a nascent utilization of this transformative
technology. However, a noticeable gap emerged — the limited
application of blockchain in decentralized supply chain
models, prompting the need for a more comprehensive
exploration. This literature review seeks to provide a coherent
synthesis of these findings and identify avenues for bridging
the research gap.

This literature review draws insights from a variety of
supply chain models, each contributing to the understanding
of decentralized decision-making and its impact on closed-
loop supply chains. Huang et al. [8] investigate pricing
decisions in a closed-loop supply chain under disruptions.
Savaskan et al. [9] evaluate decentralized systems with a focus
on product remanufacturing using a Stackelberg leadership
model. Mungan et al. [10] investigate dual-channel supply
chains, studying equilibrium conditions and the impact of
factors like marginal costs. Dumrongsiri et al. [11] compare
coordinated and decentralized decision-making for a
monopolistic retailer facing time-varying demand. Chen and
Chen [12] optimize procurement, production, and delivery
schedules for technology-related companies. Li and Li [13]
analyze analytical models related to active acquisition and
remanufacturing in supply chains. Chen and Cheng [14]
evaluate the price-dependent revenue-sharing mechanism in a
decentralized supply chain using a Stackelberg game
framework. Benkherouf et al. [15] determine optimal lot sizes
for a recovery inventory system. Wu and Zhao [6] introduce a
collaborative replenishment policy considering varying
demand and check coordination between retailer and supplier.
Yuan [16] develops a multi-period closed-loop supply chain
model with remanufacturing. Bai et al. [17] analyze system
coordination in a supply chain for deteriorating items using
revenue-sharing contracts. Nagaraju et al. [18] developed a
mathematical model for a three-echelon inventory system in

both coordinated and non-coordinated supply chains. Giri et al.

[19] investigate dual-channel supply chain models for selling
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deteriorating products. Liu et al. [20] establish a decision-
making model under carbon tax constraints. Prasad et al. [21]
compares total costs in decentralized and centralized supply
chains. Mondal and Giri [22] explore the influence of
Corporate Social Responsibility (CSR) efforts, and examine
the impact of recycling and retailer fairness behaviour on a
green supply chain. Kumar et al. [23] model and optimize a
coordinated and non-coordinated three-echelon supply chain.
Liu et al. [24] address coordination problems in closed-loop
supply chains led by retailers, considering Stackelberg game
theory. Huang et al. [8] develop a three-level supply chain
model based on blockchain technology, emphasizing retailer
sensitivity to information.

Blockchain technology has emerged as a pivotal force in
revolutionizing  supply chain  management, offering
multifaceted benefits across diverse dimensions. The study by
Identify the transformative effects of blockchain on
environmental efficiency in a multi-echelon supply chain in
the study [25]. Dutta et al. [26] Conduct a comprehensive
review of global and local supply chains to examine
decentralized structures, consensus algorithms, and smart
contracts. Based on simulation research, present a three-level
supply chain model emphasizing blockchain's ability to reduce
operational costs. "SmartRice,” a sensor-based blockchain
solution for addressing food value chain challenges, will be
introduced by the study [27].

Decentralized supply chain models as well as blockchain
applications in supply chain management reveal a distinct
research gap around blockchain technology underutilization in
enhancing decentralized supply chains. This gap becomes
particularly relevant when inventory models are considered
when planning over finite time horizons. A decentralized
supply chain strategy needs to explore blockchain
technology's untapped potential as shown by this gap. The
study adopts a methodological approach that combines
blockchain technology with models of decentralized supply
chains to address this research gap. We explore inventory
models within finite planning horizons to enhance the overall
efficiency of supply chains through the optimization of
decision-making processes.

Finally, the literature review provides a comprehensive
overview of the decentralized supply chain landscape,
examines the application of blockchain technology within
supply chain management, and identifies an important
research gap. We will provide insights into the transformative
potential of blockchain technology in decentralized supply
chain strategies in the following sections. To analyze the
impact of blockchain technology on decentralized supply
chain inventory models, a mathematical model was developed
in this study. Within the context of a finite planning horizon,
the model addresses key parameters and variables. Following
this, iterative methods are used to solve the model, utilizing
Wolfram Mathematica (13.0). With this methodology, the
implications of blockchain technology are systematically
examined. Decentralized supply chain management benefits
from the combination of mathematical modeling and
computational analysis because the conclusions are more
accurate and reliable.

3. ASSUMPTIONS AND NOTATIONS

To develop the proposed model in this paper, we use the
notations, assumptions and Boundary Conditions listed below.



3.1 Notations

Amount of retailer information

Coefficients that are sensitive to price

A constant demand rate that is dependent on

inventory levels.

81 A proportion of the total retailers that are
information-sensitive., where 0 <p <1

1—u All other actors are not concerned with information

k measure of how much it costs to share information

d

n

o™ e

Demand
An integer that is less than zero that represents the
number of times the inventory will be replenished
during the planning horizon H

w Wholesale price

H Finite planning horizon

C The purchasing cost per unit ($/unit)

TC A cost estimate for the planning horizon H.

Ss Setup cost of the supplier dollars per order

Sr The ordering cost for the retailer dollars per order
blockchain technology can provide retailers with a

Cs Huge amount of information at cost Cg, where Cg=
ka

li+1(t) At time 't| the inventory level in the 'j+1'th cycle’
can be calculated, where 'j' is any integer between
0and 'n-1'

Qj+1  Attime 't| the inventory level in the 'j+1'th cycle'
can be calculated, where 'j' is any integer between
0 and 'n-1'

{; j™ replenishment time, where to =0, t, = H

Tj+1 The length of the replenishment cycle for the (j +
1)" time where j=0, 1,2, . .,n-1

3.2 Assumptions

e The planning horizon is defined by constant holding,
ordering, & shortage costs.

e The supply chain consists of a single retailer and a single
supplier, managing a specific item.

e The supplier maintains no inventory, given the
instantaneous replenishment and infinite production
capacity.

e Replenishment by suppliers occurs in a lot-by-lot fashion.

e The setup cost incurred by the supplier is higher than that
incurred by the retailer.

e The retailer, being a rational actor, strategically selects
products to maximize profitability.

3.3 Boundary conditions

o  lixa(ti+1) = O signifies that the inventory level becomes zero
at the end of each cycle, indicating complete consumption
of the replenished inventory.

e lu1(t) = Qi1 ensures that the inventory level is initialized
with the order quantity Q.1 from the previous cycle at the
beginning of each cycle.

The specified boundary conditions play a fundamental role
in solving the associated differential equation, serving as
essential constraints for our model. They serve to enhance the
accuracy and reliability of our model by providing a well-
defined framework, enabling precise simulation and analysis
of the inventory system's dynamics within the finite planning
horizon.

4. DEFINING THE MODEL MATHEMATICALLY

In the realm of Blockchain-based dynamics, recent studies
such as [6-8] has shown that the real-time assessment of
retailer demand depends on instantaneous stock levels. This
complex relationship is expressed through the demand rate
equation

D(t):
D(t) = (ud + (1-p) do. - BW) t + 6 1(1), (1)
such that t; <t <t

The inventory gradually depletes as the system goes through
cycles expressed by a first-order linear differential equation:

e (6) = - [ud + (1- ) doc- BWI -0 1 (D),
i<t<tj+1

2)

Initial boundary values lj+1(tj+1) = 0 & lj+1 (t)) = Bj+1

.. linear first-order differential equation

— Integrating factor: e/ ¢t = ¢t

The subsequent exploration entails finding the solution to
the differential equation, resulting in the order quantity for
each cycle (Qj+1), and a complex representation of the total
cost of retailer (TCR) equation that encompasses ordering,
holding, and purchasing costs.

lis1(t). €= [ —[ud + (1 — pw)do — BW] te®dt (3)

Qi+1=lj+1() =-e™ ftt,.j“[ud + (1 - wda -

“4)
BW]pe®dp

TCR (n, to, tl’ tz,....,tn) == 5
— tj —
Sy [0 e + T W s, O
TCR =nS, + Zjn=_01 hr ft?+1 e 0tdt ft;j+1 _[l»ld + (1 _
o — BWIpe®PP + ¥I-1 W,

TCR =nS, + Zjnz—ol h, J}tHl[BW —ud - (1 —
w)da]pe®Par ftf’ e Odt + ¥ Wey,,

_ t
TCR=nS, + Zjnzol h, ftj]H[BW —pd—(1- (6)
wda]pe® dp[e0®~D — 1] + I WQjy,

TCR (N, to, ta, to, oo ) =S+ B (4
W) S BW — pd — (1 —

Y
2
Wdo] e®*Wdt — T [BW — pd — (1 — pyde] =~ with
tO = 0 & tn = H
Retailers' replenishment policies determine the supplier's

total costs. Thus, during the planning horizon H, his or her
total costs are his or her setup cost and manufacturing cost.

TCS(n *,t *g,t *q,t *5,..... Jt*n, ) =nx*S; + R
2}261 CQ *j41

Furthermore, during the planning horizon H, the total



optimal order quantity is

Q=X0"7"0" 0 ®)

5. CALCULATION OF OPTIMAL REPLENISHMENT
SCHEDULES

To optimize a process, the aim is to minimize a specific Eq.
(6) while keeping the value of ‘n’ constant. By taking the first
partial derivative of the equation, we can obtain Eqg. (9), which
provides the optimal values for the ordering intervals,
represented by t; Once Eq. (9) is satisfied, it reveals these
optimal values. By imposing certain constraints such as ‘tc=0’
& ‘t=H’, the uniqueness of these optimal solutions is
established and forms the basis for an efficient and effective
model.

............. ) = [BW - pd - (1 -

) do] t [°C72) —1]- 0 [T [BW — pd — (1 -
Wda] +e]°“Pdt=0.j=12,3..,n-1.

a
6—thCR (n, to, ty, to,
)

Let n*, t1*, tu*, ..., t.1™ represent the optimal solution for the
Minimum TCR problem with parameters n, t, {3, tz, ..., th.

Theorem 1: Uniqueness and Optimality interval

Consider a fixed parameter, n, and let Eq. (9) represent the
total cost of retailer (TCR) function, in the context of supply
chain optimization.

Proof: Our objective is to establish that the optimal
ordering interval for this system is the unique solution to Eq.
(9). To substantiate this claim, we delve into the properties of
the Hessian matrix associated with TCR.

In comprehending the intricate relationship between
replenishment cycles and times, we formulate key expressions.
Notably,

32TCIND (11t t1 o tpseeeeenns
2
6t]-

}E) (eG(tI"tj'l) _ ee(tj+1—fj) + €g(tj_tj_1)etj +

6
eg(fj+1-fj)9t1_j)

= (- WP +da (1- ) +dy (W +

2TCINP (n4 0. t1, b
atjatj_1

,tn): —eg(tj_tj'l)e(—WB + da(l _ “) +

h
32TCIND (14 0.1, 2o

ng) = —eg(tj+1'tf)9(—WB +da — H) +
6tjatj+1

h
du) (W + ;T) ti4)
92TCINP (114,041, 2y ) _ 0

6tjatk

and

Furthermore,

O2TCIND (ny,to,t1,t 2t y)
atiatj_l

forallj=1,2,

02TCIND (nq,t0,t1,t 2,y )
at? >
j
2TCIND (01 to,t 1tz
0tjatj+1

Due to its diagonal properties, a Hessian matrix containing
positive diagonal elements must also be positive definite. As a
result, Eq. (9) has a unique solution which is the optimal
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replenishment interval as well as a global minimum value. If
TCR is minimum, it must have a positive definite Hessian
matrix r for a fixed n.

Proposition:
0T; 0T; 1 ot
tisre” i < (e + 1) + 5T
Proof: According to [13]:

f1(tj)

Fl-2) -1 W) <7

S fwdu

J

We let f (t) = (Bw - pud - (1 - p) da) t 28D
Equation simplifies to

[Bw - ud - (1 - ) da] b1 %G1 [Bw - pud - (1 - ) do] &
<(0+2) [ pw - ud = (1 = wdeyee® P
j ]

Using Eq. (9) given by

[BW - pd - (1 - ) dod tj+1 e®@+27%- [Bw - pd - (1 - p) da] t
< (e + %) [Bw — ud — (1 — pwyda]t;e®Ei~ti-2)

OT ;
toefTm -t < (g4 2) 2
j+1 J fj 6
T ;
toetTm < (0 4+ 1)Ly
]+1 t]. e ]

0T er; 1 _or; ]
tiy1e Jtt<e 1+ee T+t

This leads to the conclusive result:

0T; 0T; 1,67
tiz1€ J+1<tj(e J+1)+Ee j

Lemma:

The monotonicity of tj (wherej =1, 2, ..., n - 2) is evident
concerning the parameter t, - 1. This lemma establishes the
consistent increase of tjconcerning the penultimate time point
in the planning horizon.

Proof: The equation is simplified using the relationship T,
= H -ty is constant if t,.1 is known, as per [15] say.

This implies that T, and tn.1 are inversely related.

To prove that rate of change of TCR’s increase with T for
j=n-1,n-2,...,32.1.

For j =n - 1, after differentiating Eq. (9) w.r.t. Tn, we get,

TCR =[Bw — pd — (1 — )do] [(=1)e"™-1 + (H —
T,)e"Tn-1 _dzz;l —t,e"n 0 + eeT".e] =0
dTp—1

0T o — 0T 0Tp— 0Tp—
t,e’'nf=e""nr0—e’'n1 4+ (H—-T,e" n1 T,

Using preposition and Eg. (9) we get

dTpe
e’ g — eTn-1 4+ (H — T,)e%n-1 —‘; 1> 0t,_, ("1 +
n

0Tp—1 dTp—1
1) + ' T, >0

Inequality concludes that



ATp—1
ATy

>0

Indicating an increase in t,1 as T, increases. A
generalization is made, suggestion that this relationship holds
for j=n-1, n-2,...,3,2,1 and can be reasonably extended.

Expanding on the established formulations, we can apply
the subsequent optimization procedure to uncover the most
advantageous values and outcomes. The methodology
involves an iterative optimization process, commencing with
the practical decision to set 'n' to 2 as the initial point. When n
= 1, we assign to = 0 and t; = 4, and then initiate the
Mathematica program to solve for optimality. For n = 2,
corresponding to the number of replenishment cycles, where
to = 0 and t; = 4, the value of t; is determined using an iterative
method in the Mathematica program.

5.1 Methodology

The retailer should determine the most efficient way to
schedule orders.

(i) Inthis case, we will assign n a value of 2.

(ii) Calculate the unique optimal ordering interval using
the nonlinear Eq. (6) system for a fixed n.

(iii) Using Eq. (6), determine the total cost of Retailers (n).

(iv) If TCR (n) is less than TCR (n — 1), increase n by 1,
then return to Step (ii). Then stop because the
algorithm has reached an optimal ordering policy.

(v) Based on Egs. (7) and (8), calculate TCS and Q.

5.2 Numerical example

Using the assumptions in Section 3, this numerical example
shows how changes in the key parameter value W affect the
optimal results.

EXAMPLE- Given o = =5, = 0.40, C = $12/unit, d =
120/unit, Ss = $120/setup, Sr = $90/order, hr = $2/unit/year, 6
= 0.75, H = 4-year, d = 120 units/year, W = 10, 20, 30
units/year, respectively.

The results are shown in Tables 1-2 because of the
algorithm and its corresponding expressions.

Table 1. Total cost for retailer when

W —n 1 2 3 4 5 6
10 38025 36978 36944 36881 36898 36948
20 56913 56308 56478 56440 56468 56256
30 67948 67694 68117 67993 68032 68096

Table 2. Replenishment time for TCR, TCS, and Q

—ti t t ts 2. n TCR TCS Q
W

10 1105 1961 2.704 4 4 36681 34370 2866
20 1.604 4 2 56308 29603 2446
30 1.604 4 2 67694 24836 2049

Maintaining a consistent value for 'n' ensures uniformity
throughout the analysis, thereby facilitating a fair comparison
across diverse iterations of the model. The provided table
delineates the retailer's total cost for varying values of '"W'
(wholesale price) and 'm' (replenishment cycles). The
steadfastness in 'n' simplifies the assessment of how different
wholesale prices influence the total cost over an identical
number of replenishment cycles.
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The iterative process involves adjusting 'n' based on the
comparison of total costs (TCR), aiming for convergence
toward the optimal ordering policy. This iterative refinement
is pivotal for attaining the most effective solution, allowing
researchers to converge toward the configuration that
minimizes total retailer costs. The algorithm's termination
condition, highlighted in the table, dictates halting when the
TCR for 'n' is less than TCR for 'n-1'.

Maintaining a consistent value for 'n' ensures uniformity
throughout the analysis, thereby facilitating a fair comparison
across diverse iterations of the model. The provided table
delineates the retailer's total cost for varying values of "W'
(wholesale price) and 'n' (replenishment cycles). The
steadfastness in 'n' simplifies the assessment of how different
wholesale prices influence the total cost over an identical
number of replenishment cycles.

The iterative process involves adjusting 'n' based on the
comparison of total costs (TCR), aiming for convergence
toward the optimal ordering policy. This iterative refinement
is pivotal for attaining the most effective solution, allowing
researchers to converge toward the configuration that
minimizes total retailer costs. The algorithm's termination
condition, highlighted in the table, dictates halting when the
TCR for 'n' is less than TCR for 'n-1".

For instance, when "W' is 10 and 'n' is 2, the retailer's total
cost amounts to 36978. With an incremental increase in 'n'
from 2 to 6, the total cost fluctuates, culminating in its nadir at
'n' equals 4, registering a cost of 36881. This illustrates how
the iterative process systematically refines 'n' to pinpoint the
optimal ordering policy within defined constraints.

To visually comprehend these fluctuations, refer to Figure
1(a), which illustrates how values oscillate and reach their
lowest point at 'n' equals 4. The same insights are conveyed for
different "W' values in both Table 1 and the Figure 1(b) and (¢).

In Table 2 the intricate details of optimal outcomes in
scenarios where compensation is factored into each optimal
case. It can be rigorously established that the inequality tj+ - ¢
<t - ti.1 holds true, where j=1, 2,...,n—1. Here, t; denotes the
j" replenishment time, with ty=0 and t,-1= H, where H is a non-
negative integer.

Table 2 meticulously tabulates values for t; (replenishment
time), Total Cost of Replenishment (TCR), Total Cost of Setup
(TCS), and Order Quantity (Q). This tabulation distinctly
delineates how diverse W (wholesale prices) correlate with
specific tj values, thereby accurately characterizing optimal
ordering policies for our model. For instance, when W is set at
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10, t; assumes a value of 1.105, t, registers as 1.961, t3 stands
at 2.704, and t; reaches 4. Additionally, TCR manifests as
36681, TCS as 34370, and Q as 2866.

This illustrative example underscores the dynamic interplay
of optimal replenishment times, costs, and order quantities
across distinct W values. It underscores the adaptive nature of
our model, optimizing parameters and enabling judicious
decision-making to foster cost-effectiveness in the supply
chain. Complementing the tabulated values in Table 2, our
analysis extends to scrutinizing t; values, symbolizing
replenishment time, elucidated through Figure 2(a) and (b).

In these graphical representations, the discernible convexity
of the curve, influenced by t; fluctuations, serves as a visual
indicator of optimal cycle points and cost minimization. This
visual inspection of t; values enriches our understanding of the
nuanced shifts in our model's performance, empowering
strategic decision-making to optimize the intricacies of the
supply chain.

6. AN ANALYSIS OF
MANAGERIAL INSIGHTS

SENSITIVITY AND

6.1 Sensitivity analysis

In this section, we will conduct sensitivity analysis, by
introducing percentage changes, our objective is to ensure that
our model operates effectively within its predefined domain,
rather than being adversely affected by alterations in the
vicinity of any specific parameter. Additionally, this analysis
provides valuable insights into the behavior of all parameters,
facilitating the extraction of managerial insights. We have
deliberately  selected these specific percentages to
comprehensively explore both sides of the function's domain,
enabling a thorough study of the model's behavior.

Firstly, alterations in the Wholesale Price (W) wield
substantial influence; (Table 3) a 20% decrease in W amplifies
optimal replenishment cycles, order quantities, and overall
cost for both suppliers and retailers. A 10% decrease a
comparable effect, less pronounced, while a constant W (0%)
maintains unaltered optimal values. Conversely, a 10%
increase in W prompts a reduction in the optimal
replenishment cycle, cost, and order quantity, with a more
pronounced impact from a 20% increase. Moving on to
Demand Uncertainly, a 20% reduction results in diminished
orders and costs for both retailers and suppliers and a 10%
reduction echoes a similar yet milder effect. Stable demand
uncertainty (0% change) maintains consistent optimal values,
but a 10% increase amplifies the total cost and quantity of the
order. Doubling demand uncertainty (20% increase) leads to a
significant upswing in optimal values. The parameters of
Holding and Ordering Costs (a and ) exhibit their sway as a
20% reduction translates to diminished total order quantities
and costs for retailers and suppliers. A 10% reduction yields a
comparable albeit less prominent effect, while a steady state
(0% change) preserves unaltered optimal values. Meanwhile,
a 10% increase in o and B escalates total costs and order
quantity, and a 20% increase brings similar results, albeit with
higher optimal values. Shifting focus to the Unit Cost of the
Product (d), a 20% reduction proves advantageous,
diminishing total order quantities and costs for both retailers
and suppliers. A 10% reduction yields a similar effect, albeit
less pronounced, and a steady d (0% change) maintains
consistent optimal values. Conversely, a 10% increase in d



increases order quantity and costs, with a more dramatic surge
resulting from a 20% increase. Finally, parameters such as hr,
0, Sr, Ss, and Cr exhibit minimal impacts on retailer and

supplier cost estimates. These nuanced insights provide
valuable guidance for managerial decision-making in
optimizing the supply chain under varying conditions.

Table 3. Sensitivity analysis for each parameter

Paramters (P) % Optimal Replenishment  Total Order  Total Cost of Retailer (TCR) Total
Changes Cycle Quantity (Q) Cost of Supplier (TCS)
-20 2 2288.06 61816.08 27696.76
-10 2 2168.89 65112.55 26266.72
W 0 2 2049.72 67694.00 24836.68
10 2 1930.55 69560.43 23406.64
20 2 1811.38 70711.84 21976.60
-20 2 2354.79 77742.60 28497.58
-10 2 2202.26 72718.30 26667.13
81 0 2 2049.72 67694.00 24836.68
10 2 2306.23 62669.70 23006.23
20 2 1744.64 57645.40 21175.78
-20 2 2288.06 75544.46 27696.76
-10 2 2168.89 71619.23 23266.72
a 0 2 2049.73 67694.00 24836.68
10 2 1930.55 63768.77 23406.64
20 2 1811.38 59843.53 21976.60
-20 2 2288.06 75544.46 27696.76
-10 2 2168.89 71619.23 23266.72
B 0 2 2049.73 67694.00 24836.68
10 2 1930.55 63768.77 23406.64
20 2 1811.38 59843.53 21976.60
-20 2 1401.43 46340.73 17057.26
-10 2 1725.58 57017.37 20946.97
d 0 2 2049.72 67694.00 24836.68
10 2 2373.86 78370.63 28726.39
20 2 2698.00 89047.27 32616.10
-20 2 2049.72 66489.54 24836.68
-10 2 2049.72 67091.77 24836.68
hr 0 2 2049.72 67694.00 24836.68
10 2 2049.72 68296.23 24836.68
20 2 2049.72 68898.46 24836.68
-20 1 1307.11 58446.08 17706.05
-10 1 1460.50 64349.82 18842.83
0 0 1 1633.34 71130.98 20069.88
10 6 1705.55 72948.19 21509.35
20 6 1746.84 74342.70 23072.50
-20 2 2049.72 67658.00 24836.68
-10 2 2049.72 67676.00 24836.68
Sr 0 2 2049.72 67694.00 24836.68
10 2 2049.72 67712.00 24836.68
20 2 2049.72 67730.00 24836.68
-20 2 2049.72 67694.00 24788.68
-10 2 2049.72 67694.00 24812.68
Ss 0 2 2049.72 67694.00 24836.68
10 2 2049.72 67694.00 243860.68
20 2 2049.72 67694.00 24884.68
-20 2 2049.72 67694.00 19917.34
-10 2 2049.72 67694.00 22377.01
d 0 2 2049.72 67694.00 24836.68
10 2 2049.72 67694.00 27296.35
20 2 2049.72 67694.00 29756.02

6.2 Managerial insights

In delving deeper into the sensitivity analysis, it becomes
evident that various parameters have diverse impacts on the
overall cost structure. The Wholesale Price (W) holds
substantial significance, directly influencing cost structures
for both retailers and suppliers shown in Figure 3(a) and (b).
Changes in W affect order quantities, replenishment cycles,
and overall costs, with higher prices leading to reduced order
quantities and increased costs. The Demand Uncertainty (1)
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significantly affects orders and costs, emphasizing the need for
efficient information-sharing practices to mitigate rising
retailer costs (shown in Figure 3(a)) associated with increased
uncertainty (higher .

Holding and Ordering Costs (o and B) play a pivotal role in
determining total order quantities and in (Figure 3) costs
shown. Reductions in a and B lead to diminished order
quantities and costs, underscoring the importance of efficient
processes and strategic management in minimizing overall
costs. The Unit Cost of the Product (d) directly influences



order quantities and costs, demonstrating the sensitivity of the
model to variations in unit cost.

On the other hand, parameters such as hr, 6, Sr, Ss, and Cr
exhibit minimal impacts as shown in (Figure 3), suggesting
their nuanced influence on overall cost structures. These
parameters have relatively lower effects on key outcomes
compared to other influential factors. Understanding these
differential impacts provides valuable insights for managerial
decision-making, highlighting critical factors that require
strategic attention for achieving cost-effective supply chain
management. Managers should focus on optimizing
parameters with significant impacts, such as wholesale prices,
demand uncertainty, and holding/ordering costs, to navigate
the complexity of supply chain dynamics -effectively.
Meanwhile, parameters with minimal impacts may require less
attention in strategic decision-making processes.
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Figure 3. Sensitivity analysis

e Strive to find a balance in wholesaler prices to
optimize overall costs.

e Implement and encourage efficient information-
sharing practices to avoid increased retailer costs.

e Strategically manage blockchain information () to
minimize retailer costs and optimize overall supply
chain performance.

e Optimize setup and ordering processes to reduce
associated costs.

e Be mindful of the influence of demand rate
coefficients (B) on order quantities and costs in supply
chain decision-making.
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7. CONCLUSIONS

In conclusion, this research paper explores the
transformative impact of integrating Blockchain Technology
into decentralized supply chain models. The backdrop of the
COVID-19 pandemic highlighted the wvulnerabilities of
centralized supply chain systems, leading to a growing
recognition of the robustness and flexibility offered by
decentralized models. Through a multi-participant approach,
decentralized supply chain distributes decision-making and
resources, reducing the risk of disruptions from a single source.

The literature review reveals a gap in the application of
blockchain technology within decentralized supply chain
models, particularly concerning inventory management over
finite time horizons. This research addresses this gap by
developing a mathematical model that integrates blockchain
technology into the decision-making processes of
decentralized supply chains.

The proposed model, based on a set of assumptions and
notations, considers various parameters such as information
sensitivity, demand rate coefficients, and setup costs. The
mathematical formulation involves a first-order linear
differential equation expressing the depletion of inventory
over replenishment cycles. The cost for the retailer (TCR)
equation encompasses ordering, holding, and purchasing costs,
providing a comprehensive view of the financial implications.

The uniqueness and optimality of the replenishment interval
are established through the analysis of the Hessian matrix
associated with TCR, ensuring a global minimum value. The
dynamic ordering interval inequality and the monotonic
increase of replenishment cycles further contribute to the
understanding of the understanding of the system’s behavior.

The methodology involves the optimization of the process
by minimizing the TCR equation while keeping the value of
‘n’ constant. The numerical example demonstrates the
sensitivity of the total costs and replenishment times to change
in the blockchain-based wholesale price (W). The results
emphasize the practical implications for supply chain
optimization and decision-making.

The sensitivity analysis explores the impacts of different
percentage changes in key parameters, providing valuable
insights for managerial decision-making. Wholesale prices,
demand uncertainty holding and ordering costs, and the unit
cost of the product exhibit varying influences on optimal
values, offering guidance for decision-makers under different
conditions.

In summary, this research contributes to the understanding
of how blockchain technology can enhance decentralized
supply chain inventory models. The proposed model, along
with its analysis and numerical examples, provide a foundation
for future research and practical implementation. As supply
chains continue to evolve, embracing innovative solutions
powered by blockchain can pave the way for a more resilient,
efficient, and transparent future.

Looking ahead, we envision extending this model to a three-
echelon supply chain, fostering a comprehensive
understanding of its dynamics. Future studies could explore
variations in different time periods, uncovering additional
nuances and enhancing the model’s applicability. As supply
chains undergo transformations, the adoption of innovative
blockchain-powered solutions holds the potential to foster a
future characterized by enhanced resilience, efficiency, and
transparency. Our research lays the groundwork for ongoing
exploration in this realm, aligning with the overarching



objective of promoting effective supply chain management.
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