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ABSTRACT

Over the past two decades, the overall product cost has been affected by an inefficient and
ineffective processes associated with uncertainty of the supply chain (SC) at a global level. The
traditional supply chain (TSC) in general fails to meet customers' demand at a reasonable price
matching high quality. Therefore, organisations are working on their existing SC to improve
their performance utilizing the digital technologies.

In continuation, the world has also been stuck in the prevailing COVID-19 pandemic for
the last more than two years. COVID-19 pandemic has also added to the vulnerabilities in the
SC and the possibility of the volatility of raw materials and finished product demand in the
global market. Therefore, uninterrupted supply is a big challenge for the organisation in the
competitive global market. Nowadays, outsourcing of materials has become trend globally.
However, these outsourcings only emphasize making the organisation profitable rather than
robust from the viewpoint of the SC's transparency, quality, and resilience.

Blockchain (BC) is seen as a recent technology that comes up with promising solutions to
disruption, shortages, fraud, poor quality, etc. in the SC. The BC-based SC may eradicate
disruption and achieve resilience and sustainability. Therefore, there is a need to develop a
resilient digital SC to capture the fluctuating information at each stage of SC in real-time. The
BC application in SC is still at the initial stage, and only limited investigation is available in
the literature. The increasing popularity of Blockchain Technology (BCT) motivates to explore
the application of BC in select issues of the SC to make it more resilience and sustainable. In
the thesis, procurement stage of the SC is taken as a main issue to show the application of BCT.

To start the work, thirty nine variables related to BC are identified that are analyzed and
modelled using PCA, Fuzzy-DEMATEL, Fuzzy-ISM, Fuzzy-MICMAC, and Fuzzy-ANP.
PCA is applied to form the twelve principal factors from the thirty-nine variables based on

possible correlation. Although the application of Fuzzy-DEMATEL is adopted to identify



significant causes that help achieve a sustainable supply chain (SSC) after the integration of
BCT. Later on, the combined approach of both Fuzzy-ISM and Fuzzy-MICMAC is applied to
identify the common drivers to integrate the BCT in the light of efficient SCM over twelve
factors. Later, a comparative analysis between TSC versus BC integrated SC using Fuzzy-ANP
is carried out, considering the common driving characteristics obtained from the Fuzzy-ISM,
Fuzzy-MICMAC, Fuzzy-DEMATEL. The proposed integrated approach of Fuzzy-ANP
showed that integration of BC with SC is better prioritized than TSC.

After comparing the TSC with BC-based SC, BC-based modelling of procurement in the
SC is carried out. Here, the MILP model is proposed for optimizing overall procurement cost,
including the BCT cost. In addition to this, two extensions are carried out. The first extension
emphasizes the real-time records and other aspects of BC, like authenticity, time, etc., that are
essential and considered for computing the procurement cost. In the first extension, Machine
learning (ML) aggregates the value reported by the miners in real-time for developing
authenticity dependent variable factors. The total cost hinges on the block's authenticity
through the miner's signals. Here, the real-time authenticity factor is utilised to formulate the
MINLP model. In the second extension, a stochastic MINLP mathematical model is proposed.
The concept of ML is being introduced to determine discrete authenticity decision variables in
the model to make the SC more robust and resilient. The fluctuation in demand, plant capacity,
data flow in IoT devices, and the supplier capacity has been considered in the model. The
uncertainties associated with mining blocks are also contemplated herein MINLP model.
Finally, these three proposed models have been used for an India-based manufacturing firm
running its fire and safety equipment business.

In addition to develop mathematical models, various barriers associated with
implementation of BC in the SC is also studied. These BCT barriers are modelled and analysed

using the ISM and MICMAC analysis. The analysis of the BCT barriers explain its importance

vi



in integrating the BCT with the SC. Finally, a case study is also included to validate the
proposed MILP (Integrated base model), MINLP (ML-based integrated mathematical model)
and Stochastic MINLP model (ML-based Stochastic MINLP mathematical model). Eventually,
this proposed work transforms the conventional SC into real-time digital SC. In future, the
research work may provide guidelines and solutions in implementing the BCT in the SC to

make digital SC in order to address resilience and sustainability.

Keywords: Blockchain, Drugs Supply Chain, Fuzzy-ISM, Fuzzy-DEMATEL, Fuzzy-AHP,

Fuzzy-ANP, IoT, Procurement problem, Supplier selection, MILP, MINLP, Stochastic model.
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Br; it Strength of red signal in percentage required for not making the transaction of i product
from a j™ supplier in t* time in the transportation process.

Bstups; it Startup experience in 24+ months required for efficiently block mining in transportation
process for making or not making the transaction of i product from a j' supplier in t™
time.

Ait Plant capacity of i product in t™ time.

n Truck Capacity irrespective for i products loaded by the j" supplier in t* time.

Agy, Strength of green signal in percentage required for the transaction of i product from a j
supplier in t™ time in the inventory management process.

ARy, Strength of red signal in percentage required for not making the transaction of i™ product
from a j'" supplier in t time in the inventory management process.

Astups;, Startup experience in 24+ months required for efficiently block mining for inventory
management process for making or not making the transaction of i product in t™ time.

Gije Strength of green signal in percentage required for the transaction of i product from a j
supplier in t time in the order process.

Rije Strength of red signal in percentage required for not making the transaction of i product
from a j' supplier in t™ time in the order process.

Vstups; it Startup experience in 24+ months required for efficiently block mining in the order
process for making or not making the transaction of i product from a j' supplier in t™
time.

Qije Supplier capacity for an i product from a j™ supplier in t time.

Ot The demand of an i product in t™ time.

Q; Volume per unit of i'" product.

ijt Cost of unit block mined during the purchasing process from j suppliers' combination in
t™ time.

¢ Cost of unit block mined during the transportation process from j suppliers' combination
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in t™ time.

$§1jt Cost of unit block mined during the holding process for i lot size in t™ time.

$!,-I;t Cost of unit block mined during the ordering process from j™ suppliers' combination in
time.

£ije Purchasing Cost for an i® product from a j' supplier in t'" time.

Eg.t Transportation Cost for an i™ product from a j supplier in t™ time.

Efjt Holding cost for an i" product in t™ time.

Elilj’t Order Cost for an i product from a j' supplier in t time.

K, Average data transfer rate through IoT devices irrespective of device types for the
procuring process and irrespective of i, j, t.

ﬁﬁ Average date transfer rate through IoT devices irrespective of device types for the
transportation process and irrespective of i, j, t.

8, Average data transfer rate through IoT devices irrespective of the device type for the
holding process and irrespective of i, t.

Ky Average data transfer rate through IoT devices irrespective of device types for the order

process and irrespective of 1, j, t.

List of Variables for ML in Chapter 5 and 6

XGreen Independent variable (Numbers of miners responsible for green signal)
XRed Independent variable (Numbers of miners responsible for red signal)
Xstups Independent variable (Startups experience in 24 months+)

Y Dependent variable

List of Parameters for ML in Chapter 5 and 6

¢, Constant Coefficient

¢ Coefficient of independent variable Xred
¢, Coefficient of independent variable XGreen
3 Coefficient of independent variable Xstups

List of Special Parameters in Chapter 6

FA_irl The constant inverse cumulative probability distribution function for random plant

capacity for given ep;, having mean (n) and standard deviation (o).
QL_; The constant inverse cumulative probability distribution function for random supplier

capacity for given €s;;; having mean (p) and standard deviation (o).

Ft;i The constant inverse cumulative probability distribution function for random demand for
given &;; having mean (p) and standard deviation (o).

Eit Level of probability that unit supplied satisfies the demand of an i product in t* period.

EP;it Level of probability that unit procured including inventory satisfies the plant capacity for
an i product in t" period.

ESijt Level of probability that unit supplied satisfies the supplier capacity for an i™ product
from a j" supplier in t" period.

ASjt Average data transfer per unit time for i product procured from the j® supplier in t™ time.
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A/l?j . Average data transfer per unit time for i product transported from a j' supplier in t
time.

A‘f}t Average data transfer per unit time for an i™ product ordered from a j supplier in t™ time.

it No. of IoT devices installed for i product procured from the j' supplier in t'" time.

Hfj- . No. of IoT devices installed for i product transported from a j™ supplier in t* time.

H{lt No. of IoT devices installed for the inventory management process for the i product in t
time.

I, No. of IoT devices installed for an i product ordered from a j™ supplier in t™ time.

H%’t The upper limit of data flows in the purchasing process for an i product from a j™ supplier
in t" period.

Hiﬁj . The upper limit of data flows in the transportation process for an i product from a j®
supplier in t" period.

{1t The upper limit of data flows in the holding process for an i" product from a j supplier in

th period.

[T The upper limit of data flow in the order process for an i™ product from a j™ supplier in t
period

I‘gt The lower limit of data flows in the procurement process for an i product from a j®
supplier in t™ period.

Fi[;t The lower limit of data flows in the transportation process for an i product from a j"
supplier in t" period.

Fi’} The lower limit of data flows in the holding process for an i product from a j™ supplier in
th period.

Filf-lt The lower limit of data flow in the order process for an i™ product from a j* supplier in t™

period
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