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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 
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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 
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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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सारांश 

िपछले दो दशको ंमŐ, वैिʷक ˑर पर आपूितŊ ŵंृखला (एससी) की अिनिʮतता से जुड़ी एक अƗम और 

अŮभावी ŮिŢयाओ ंसे समŤ उȋाद लागत Ůभािवत Šई है। पारंपįरक आपूितŊ ŵंृखला (टीएससी) सामाɊ 

ŝप से उǄ गुणवȅा से मेल खाने वाले उिचत मूʞ पर Ťाहको ंकी मांग को पूरा करने मŐ िवफल रहती 

है। इसिलए, संगठन िडिजटल तकनीको ंका उपयोग करके अपने ŮदशŊन को बेहतर बनाने के िलए अपने 

मौजूदा एससी पर काम कर रहे हœ। 

        िनरंतरता मŐ, दुिनया भी िपछले दो वषŘ से अिधक समय से Ůचिलत COVID-19 महामारी मŐ फंसी 

Šई है। COVID-19 महामारी ने SC मŐ कमजोįरयो ंऔर वैिʷक बाजार मŐ कǄे माल की अİ̾थरता और 

तैयार उȋाद की मांग की संभावना को भी जोड़ा है। इसिलए, Ůित˙धŎ वैिʷक बाजार मŐ संगठन के िलए 

िनबाŊध आपूितŊ एक बड़ी चुनौती है। आजकल, सामŤी की आउटसोिसōग िवʷ ˑर पर चलन बन गई है। 

हालांिक, ये आउटसोिसōग केवल एससी की पारदिशŊता, गुणवȅा और लचीलेपन के ̊िʼकोण से मजबूत 

होने के बजाय संगठन को लाभदायक बनाने पर जोर देती है। 

        ɰॉकचैन (बीसी) को एक हािलया तकनीक के ŝप मŐ देखा जाता है जो एससी मŐ ʩवधान, कमी, 

धोखाधड़ी, खराब गुणवȅा आिद के िलए आशाजनक समाधान के साथ आता है। बीसी-आधाįरत एससी 

ʩवधान को िमटा सकता है और लचीलापन और İ̾थरता Ůाɑ कर सकता है। इसिलए, वाˑिवक समय 

मŐ अनुसूिचत जाित के Ůȑेक चरण मŐ उतार-चढ़ाव वाली जानकारी को पकड़ने के िलए एक लचीला 

िडिजटल एससी िवकिसत करने की आवʴकता है। एससी मŐ बीसी आवेदन अभी भी Ůारंिभक चरण मŐ 

है, और सािहȑ मŐ केवल सीिमत जांच उपलɩ है। ɰॉकचैन टेƋोलॉजी (बीसीटी) की बढ़ती लोकिŮयता 

एससी के चुिनंदा मुȞो ंमŐ बीसी के आवेदन का पता लगाने के िलए Ůेįरत करती है तािक इसे और अिधक 

लचीलापन और िटकाऊ बनाया जा सके। थीिसस मŐ, बीसीटी के आवेदन को िदखाने के िलए एससी के 

खरीद चरण को मुƥ मुȞे के ŝप मŐ िलया जाता है। 

        काम शुŝ करने के िलए, बीसी से संबंिधत उनतीस चरो ंकी पहचान की जाती है िजनका िवʶेषण 
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और मॉडिलंग पीसीए, फ़ज़ी-डीमैटेल, फ़ज़ी-आईएसएम, फ़ज़ी-एमआईसीएमएसी और फ़ज़ी-एएनपी 

का उपयोग करके िकया जाता है। संभािवत सहसंबंध के आधार पर उनतीस चरो ंसे बारह Ůमुख कारक 

बनाने के िलए पीसीए लागू िकया जाता है। यȨिप फ़ज़ी-डीमैटेल के अनुŮयोग को महȕपूणŊ कारणो ंकी 

पहचान करने के िलए अपनाया जाता है जो बीसीटी के एकीकरण के बाद एक ̾थायी आपूितŊ ŵंृखला 

(एसएससी) Ůाɑ करने मŐ मदद करते हœ। बाद मŐ, फ़ज़ी-आईएसएम और फ़ज़ी-एमआईसीएमएसी दोनो ं

के संयुƅ ̊िʼकोण को बारह कारको ंपर कुशल एससीएम के आलोक मŐ बीसीटी को एकीकृत करने 

के िलए सामाɊ डŌ ाइवरो ंकी पहचान करने के िलए लागू िकया जाता है। बाद मŐ, फ़ज़ी-आईएसएम, 

फ़ज़ी-एमआईसीएमएसी, फ़ज़ी-डीमैटेल से Ůाɑ सामाɊ डŌ ाइिवंग िवशेषताओ ंपर िवचार करते Šए, 

फ़ज़ी-एएनपी का उपयोग करते Šए टीएससी बनाम बीसी एकीकृत एससी के बीच एक तुलनाȏक 

िवʶेषण िकया जाता है। फ़ज़ी-एएनपी के Ůˑािवत एकीकृत ̊िʼकोण से पता चला है िक एससी के 

साथ बीसी का एकीकरण टीएससी की तुलना मŐ बेहतर Ůाथिमकता है।      

        बीसी-आधाįरत एससी के साथ टीएससी की तुलना करने के बाद, एससी मŐ बीसी-आधाįरत खरीद 

की मॉडिलंग की जाती है। यहां, बीसीटी लागत सिहत समŤ खरीद लागत को अनुकूिलत करने के िलए 

एमआईएलपी मॉडल Ůˑािवत है। इसके अलावा, दो एƛटŐशन िकए जाते हœ। पहला िवˑार वाˑिवक 

समय के įरकॉडŊ और बीसी के अɊ पहलुओ ं पर जोर देता है, जैसे Ůामािणकता, समय, आिद, जो 

आवʴक हœ और खरीद लागत की गणना के िलए िवचार िकया जाता है। पहले िवˑार मŐ, मशीन लिनōग 

(एमएल) Ůामािणकता पर िनभŊर चर कारको ंको िवकिसत करने के िलए वाˑिवक समय मŐ खिनको ं

Ȫारा įरपोटŊ िकए गए मूʞ को एकिũत करता है। कुल लागत खिनक के संकेतो ंके माȯम से ɰॉक की 

Ůामािणकता पर िनभŊर करती है। यहां, वाˑिवक समय Ůामािणकता कारक का उपयोग MINLP मॉडल 

तैयार करने के िलए िकया जाता है। दूसरे िवˑार मŐ, एक ː ोकेİːक MINLP गिणतीय मॉडल Ůˑािवत 

है। एससी को अिधक मजबूत और लचीला बनाने के िलए मॉडल मŐ असतत Ůामािणकता िनणŊय चर 

िनधाŊįरत करने के िलए एमएल की अवधारणा पेश की जा रही है। मॉडल मŐ मांग मŐ उतार-चढ़ाव, संयंũ 
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की Ɨमता, और IoT उपकरणो ंमŐ डेटा Ůवाह और आपूितŊकताŊ Ɨमता पर िवचार िकया गया है। खनन 

ɰॉको ंसे जुड़ी अिनिʮतताओ ंपर भी यहां MINLP मॉडल पर िवचार िकया गया है। अंत मŐ, इन तीन 

Ůˑािवत मॉडलो ंका उपयोग भारत की एक िविनमाŊण फमŊ के िलए िकया गया है जो अपना अिư और 

सुरƗा उपकरण ʩवसाय चला रही है। 

        गिणतीय मॉडल िवकिसत करने के अलावा, अनुसूिचत जाित मŐ बीसी के कायाŊɋयन से जुड़े िविभɄ 

बाधाओ ंका भी अȯयन िकया जाता है। इन बीसीटी बाधाओ ंको आईएसएम और एमआईसीएमएसी 

िवʶेषण का उपयोग करके मॉडिलंग और िवʶेषण िकया जाता है। बीसीटी बाधाओ ंका िवʶेषण 

एससी के साथ बीसीटी को एकीकृत करने मŐ इसके महȕ की ʩाƥा करता है। अंत मŐ, Ůˑािवत MILP 

(एकीकृत आधार मॉडल), MINLP (ML-आधाįरत एकीकृत गिणतीय मॉडल) और Stochastic MINLP 

मॉडल (ML-आधाįरत Stochastic MINLP गिणतीय मॉडल) को माɊ करने के िलए एक केस ːडी 

को भी शािमल िकया गया है। आİखरकार, यह Ůˑािवत कायŊ पारंपįरक एससी को रीयल-टाइम 

िडिजटल एससी मŐ बदल देता है। भिवˈ मŐ, अनुसंधान कायŊ लचीलापन और İ̾थरता को संबोिधत करने 

के िलए िडिजटल एससी बनाने के िलए एससी मŐ बीसीटी को लागू करने मŐ िदशािनदőश और समाधान 

Ůदान कर सकता है। 

  

िविशʼशɨ: ɰॉकचैन, डŌ ƺ सɘाई चेन, फ़ज़ी-आईएसएम, फ़ज़ी-डीमेटेल, फ़ज़ी-एएचपी, फ़ज़ी-

एएनपी, आईओटी, ŮोƐोरमŐट सम˟ा, आपूितŊकताŊ चयन, एमआईएलपी, िमनएलपी, एमसीडीएम, 
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xii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 
 

TABLE OF CONTENTS 

  Page No. 
CERTIFICATE i 

ACKNOWLEDGEMENTS iii 

ABSTRACT v 

TABLE OF CONTENTS xiii 

LIST OF FIGURES xix 

LIST OF INDICES, VARIABLES AND PARAMETERS xxi 

LIST OF TABLES xxv 

LIST OF ABBREVIATIONS xix 

CHAPTER 1: INTRODUCTION 1-13 

1.1  BACKGROUND 1 
1.2  WHAT IS BLOCKCHAIN TECHNOLOGY? 3 
 1.2.1 WHY IS BLOCKCHAIN? 4 
 1.2.2 TYPES OF BLOCKCHAIN 5 
 1.2.3 NEED FOR BLOCKCHAIN TECHNOLOGY 6 
 1.2.4 APPLICATION OF BLOCKCHAIN 6 
  1.2.5 LIMITATION OF BLOCKCHAIN 7 
1.3  ORGANISATION OF THE THESIS 8 
1.4  CONCLUDING REMARKS 13 
   
CHAPTER 2: LITERATURE REVIEW 15-26 

2.1 INTRODUCTION 15 
2.2  BLOCKCHAIN TECHNOLOGY IN SUPPLY CHAIN 18 
  2.2.1 REVIEW OF BLOCKCHAIN CHARACTERISTICS 19 
 2.2.2 REVIEW OF BLOCKCHAIN TECHNOLOGY IN 

DRUGS AND EQUIPMENT SUPPLIER SELECTION 
20 

 2.2.3 REVIEW OF BLOCKCHAIN TECHNOLOGY IN  
PACKAGED FOOD SUPPLY CHAIN 

22 

 2.2.4 REVIEW OF RECENT WORK ON DIGITAL SUPPLY 
CHAIN 

23 

2.3 RESEARCH GAPS 26 
2.4 RESEARCH OBJECTIVES 26 
2.5 CONCLUDING REMARKS 26 
   
CHAPTER 3: MODELLING BLOCKCHAIN 

ENABLERS 
27-89 

3.1  INTRODUCTION 27 
3.2  IDENTIFICATION OF ENABLERS FOR BLOCKCHAIN 

INTEGRATED SUSTAINABLE SUPPLY CHAIN 
27 



xiv 
 

3.3   PRIMARY FRAMEWORK 31 
 3.3.1 INTEGRATED RESEARCH FRAMEWORK 31 
 3.3.2 PCA FRAMEWORK 33 
3.4   PCA OVERVIEW 33 
 3.4.1 PCA ADOPTION 34 
3.5 DESCRIPTION OF PRINCIPAL FACTORS 40 
3.6  FUZZY-DEMATEL 43 
 3.6.1 FUZZY SET THEORY 43 
 3.6.2 DEMATEL 45 
 3.6.3 ALGORITHM FOR INTEGRATED FUZZY SET WITH 

DEMATEL 
45 

3.7 PRIMARY MODELLING OF CLUSTERED ENABLERS  48 
3.8 SECONDARY FRAMEWORK 64 
 3.8.1 INTEGRATED ALGORITHM FOR FUZZY THEORY 

AND ISM 
64 

 3.8.2 INTEGRATED ALGORITHM FOR FUZZY THEORY 
AND MICMAC 

76 

 3.8.3 INTEGRATED ALGORITHM FOR FUZZY THEORY 
AND ANP 

77 

3.9 CONCLUDING REMARKS 89 
   
CHAPTER 4: BASIC INTEGRATED MODEL FOR 

DIGITAL SUPPLY CHAIN 
91-108 

4.1 INTRODUCTION 91 
4.2 PROPOSED MATHEMATICAL MODEL 92 
 4.2.1 PROBLEM STATEMENT 93 
 4.2.2 MODEL ASSUMPTIONS 93 
      4.2.2.1 BLOCKCHAIN ASSUMPTION 93 
      4.2.2.2 PROCUREMENT MODEL ASSUMPTION 93 
 4.2.3 MODEL DEVELOPMENT 94 
  4.3 NUMERICAL ILLUSTRATIONS 97 
 4.3.1 ILLUSTRATION 1: (2P-2S-2T) PROBLEM 98 
 4.3.2 ILLUSTRATION 2: (3P-3S-3T) PROBLEM 99 
 4.3.3 ILLUSTRATION 3: (5P-5S-5T) PROBLEM 101 
  4.4 DISCUSSION 106 
  4.5 CONCLUDING REMARKS 108 
   

CHAPTER 5: ML-BASED RESILIENT DIGITAL 
SUPPLY CHAIN MODEL 

109-155 

  5.1 INTRODUCTION 109 
  5.2 ML MODEL 110 
 5.2.1 LIST OF ML MODEL ASSUMPTIONS 110 
 5.2.2 DEVELOPMENT OF ML-BASED AUTHENTICITY 

FACTOR 
111 

  5.3 BLOCKCHAIN INTEGRATED MINLP MODEL 
ASSUMPTIONS 

113 

 5.3.1 LIST OF BLOCKCHAIN ASSUMPTIONS 113 
 5.3.2 LIST OF PROCUREMENT MODEL ASSUMPTIONS 113 
  5.4 DEVELOPMENT OF ML-BASED INTEGRATED RESILIENT 

MODEL 
114 



xv 
 

  5.5 NUMERICAL ILLUSTRATIONS 116 
 5.5.1 ILLUSTRATION 1: (3P-3S-2T) PROBLEM 118 
 5.5.2 ILLUSTRATION 2: (3P-3S-4T) PROBLEM 121 
 5.5.3 ILLUSTRATION 3: (3P-3S-5T) PROBLEM 127 
 5.5.4 ILLUSTRATION 4: (3P-3S-7T) PROBLEM 133 
 5.5.5 ILLUSTRATION 5: (3P-3S-11T) PROBLEM 139 
  5.6 DISCUSSION 148 
  5.7 CONCLUDING REMARKS 155 
   
CHAPTER 6: ML-BASED BLOCKCHAIN 

INTEGRATED STOCHASTIC 
MODEL 

157-199 

  6.1 INTRODUCTION 157 
  6.2 ML MODEL 157 
 6.2.1 LIST OF ML MODEL ASSUMPTIONS 158 
 6.2.2 DEVELOPMENT OF ML-BASED AUTHENTICITY 

FACTOR 
158 

  6.3 BLOCKCHAIN INTEGRATED MODEL     160 
 6.3.1 LIST OF BLOCKCHAIN ASSUMPTIONS 160 
 6.3.2 LIST OF ASSUMPTIONS FOR PROCUREMENT 

DETERMINISTIC MODEL 
160 

 6.3.3 LIST OF ASSUMPTIONS FOR STOCHASTIC MODEL 161 
  6.4 DEVELOPMENT OF ML-BASED INTEGRATED 

STOCHASTIC MODEL 
162 

 6.4.1 CHANCE CONSTRAINT FOR THE DEVELOPMENT OF 
STOCHASTIC MODEL 

162 

 6.4.2 DEVELOPED ML-BASED STOCHASTIC 
MATHEMATICAL MODEL 

165 

  6.5 NUMERICAL ILLUSTRATIONS 168 
 6.5.1 ILLUSTRATION 1: (2P-4S-3T) PROBLEM 168 
 6.5.2 ILLUSTRATION 2: (5P-4S-3T) PROBLEM 171 
 6.5.3 ILLUSTRATION 3: (9P-4S-3T) PROBLEM 176 
 6.5.4 ILLUSTRATION 4: (13P-4S-3T) PROBLEM 184 
  6.6 DISCUSSION 195 
  6.7 CONCLUDING REMARKS 199 
   

CHAPTER 7: CASE STUDY AND BLOCKCHAIN 
BARRIERS MODELLING 

201-228 

7.1    INTRODUCTION 201 
 7.1.1 ORGANISATION OVERVIEW 202 
7.2    DATA COLLECTION 202 
7.3    CASE STUDY 1: MILP MODEL 207 
7.4    CASE STUDY 2: ML-BASED MINLP MODEL 210 
7.5    CASE STUDY 3: ML-BASED STOCHASTIC MINLP MODEL 212 
7.6 IDENTIFICATION OF BARRIERS FOR BLOCKCHAIN 

INTEGRATED SC 
215 

 7.6.1 BARRIER-1: VOLATILE COMPETITIVE GLOBAL  
          MARKET 

216 

 7.6.2 BARRIER-2: BC ARCHITECTURE 216 
 7.6.3 BARRIER-3: ENERGY CONSUMPTION 216 



xvi 
 

 7.6.4 BARRIER-4: STAKEHOLDER PERCEPTION 217 
 7.6.5 BARRIER-5: NON-VOLATILE DATA 217 
 7.6.6 BARRIER-6: BC SCALING 217 
 7.6.7 BARRIER-7: BC SETUP COST 218 
 7.6.8 BARRIER-8: MINER AUTHENTICITY 218 
7.7    ALGORITHM AND MODELLING FOR BLOCKCHAIN 

BARRIERS 
219 

 7.7.1 STRUCTURAL SELF-INTERACTION MATRIX (SSIM) 219 
 7.7.2 REACHABILITY MATRIX FROM THE SSIM 220 
 7.7.3 PARTITIONING THE REACHABILITY MATRIX INTO  

         DIFFERENT LEVELS 
221 

 7.7.4 DEVELOPING ISM MODEL 223 
 7.7.5 MICMAC ANALYSIS 224 
7.8. DISCUSSION 225 
 7.8.1 CASE STUDY 225 
 7.8.2 BLOCKCHAIN BARRIERS FROM ISM AND MICMAC 227 
7.9 CONCLUDING REMARKS 228 
   
CHAPTER 8: 
 

DISCUSSION, CONCLUSION AND FUTURE  
SCOPE 

229-239 

8.1  OVERALL SUMMARY 229 
8.2   RESEARCH CONTRIBUTIONS 232 
8.3  RESEARCH IMPLICATIONS 234 
  8.3.1 RESEARCH IMPLICATIONS FOR ACADEMICIANS 234 
 8.3.2 RESEARCH IMPLICATIONS FOR PRACTITIONERS 235 
8.4 LIMITATIONS AND FUTURE RESEARCH 237 
8.5 CONCLUDING REMARKS 239 
REFERENCES 241-267 

APPENDICES 269-452 

Appendix A: DATA COLLECTED FROM EXPERTS 269 
Appendix B(i): LINGO CODE FOR THE PROPOSED MILP 

MODEL 

279 

Appendix B(ii): DATASETS FOR MILP MODEL 280 
Appendix C(i): DATA COLLECTION FOR ML 286 
Appendix C(ii): LINGO CODING FOR ML-BASED MINLP 

MODEL 
289 

Appendix C(iii): LINGO CODING FOR WML-BASED MILP 
MODEL 

291 

Appendix C(iv): DATASET COMMON FOR WML-BASED AND 
ML-BASED MODEL 

292 

Appendix C(v): ONLY FOR WML-BASED MODEL FOR ALL 
DATASETS 

300 

Appendix C(vi): DATASET FOR ML-BASED MODEL 301 
Appendix D(i): MILP CODE 305 
Appendix D(ii): ML-BASED STOCHASTIC MODEL CODE 306 
Appendix D(iii): COMMON DATASETS FOR BASIC MILP AND 

ML-BASED STOCHASTIC MINLP MODEL  
308 

Appendix D(iv): DATASETS FOR MILP MODEL 319 



xvii 
 

Appendix D(v): DATASETS FOR ML-BASED STOCHASTIC 
MINLP MODEL 

325 

Appendix D(vi): ML CODE AND DATA FOR STOCHASTIC 
MODEL 

334 

Appendix D(vii): DATA FOR ML IN STOCHASTIC MODEL 335 
Appendix D(viii): DYNAMIC DATA FOR STOCHASTIC 

PARAMETERS 
394 

Appendix E(i): 3P-3S-3T STOCHASTIC CODE FOR CASE 
STUDY  

436 

Appendix E(ii): 3P-3S-3T MILP MODEL CODE FOR CASE 
STUDY 

438 

Appendix E(iii): 3P-3S-3T ML-BASED MODEL CODE FOR 
CASE STUDY 

439 

Appendix E(iv): COMMON DATASETS FOR ALL THREE 
CASES 

441 

Appendix E(v): DATASET FOR CASE STUDY 1 442 
Appendix E(vi): COMMON DATASETS FOR CASE STUDIES 1 

AND 2 
443 

Appendix E(vii): COMMON DATASETS FOR CASE STUDY 2 
AND 3 

444 

Appendix E(viii): DATASET FOR CASE STUDY 3 445 
Appendix E(ix): DYNAMIC DATASETS FOR STOCHASTIC 

PARAMETERS FOR ALL CASES. 
446 

   
PUBLICATIONS FROM THE THESIS 453-455 

PROFILE OF THE AUTHOR 457 

CURRICULUM VITAE 458 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



xviii 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



xix 
 

LIST OF FIGURES 
Figure Title Page No. 

1.1  Blockchain technology integrated supply chain 4 

1.2  Overview of the integrated approach 9 

1.3  Organisation of the thesis 12 

3.1  Research flow chart 32 

3.2  PCA flow chart for the factorisation of thirty-nine characteristics. 33 

3.3  Causal effect analysis 63 

3.4  Flowchart of the second proposed methodology 65 

3.5  Fuzzy-ISM hierarchical model 74 

3.6  Fuzzy-MICMAC analysis 77 

3.7  Fuzzy-ANP framework for BC integrated SCM 79 

4.1  Flow chart of digital supply chain in procurement problems 92 

4.2  Objective value versus number of blocks mined 106 

4.3  Blocks mined across three different datasets for all periods 107 

5.1  Flow chart of the mathematical model based on resilient SC under the  
 umbrella of BCT.  

110 

5.2  Formation of ML model 111 

5.3  Significance test 112 

5.4  Comparison between the objective values Vs. blocks mined 151 

5.5  Blocks mining analysis between ML-based and mathematical models  
 without ML for various instances 

152 

5.6  ML significance on blocks mining behaviour w.r.t dataset for  
 procurement model 

154 

6.1  Library and data call for ML model 159 

6.2  Formulation of ML model and significance test 159 

6.3  Cost analysis 196 

6.4  Overall demand analysis 197 

6.5  Total blocks mining analysis 198 

6.6  Blocks analysis for ML-based stochastic MINLP mathematical model 198 

7.1  Hierarchy of Interpretive Structural Modelling 224 

7.2  MICMAC analysis 225 

 
 
 
 
 
 
 
 
 



xx 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



xxi 
 

LIST OF INDICES, VARIABLES AND PARAMETERS 
 

List of Indices 
i Index for Product 
j Index for Supplier 
t Index for Period 
⍺ Index for the purchasing process 
β Index for the transportation process 
𝜆 Index for inventory management process 
ψ Index for the order process 

 
List of Common Variables in Chapter 4, 5, and 6 
𝑁௜௝௧

⍺   The number of blocks mined during the purchasing process for ith product from jth 

supplier in tth period. 

𝑁௜௝௧
ఉ   The number of blocks mined during the transportation from an ith product from jth supplier 

in tth period. 
𝑁௜௧

ఒ   The number of blocks mined during the Holding process for an ith lot in tth period 

𝑁௜௝௧
అ   The number of blocks mined during the ordering process ith product from jth supplier in tth 

period. 
𝑊௜௧  

ቊ
1, if 𝑖௧௛product available in the inventory section for 𝑡௧௛  period                   

0, if 𝑖௧௛product is not available in the inventory section for 𝑡௧௛  period.      
   

𝑥௜௝௧ Procurement of Lot size of the ith product from the jth supplier in tth period. 
𝑌௜௝௧  

൜
1, if 𝑗௧௛ supplier is selected for the 𝑖௧௛product at any 𝑡௧௛  period.
0, if procurement fails.                                                                             

  

⍺𝒊𝒋𝒕  
൜
1, 𝑖𝑓 𝑚𝑖𝑛𝑒𝑟 ≥ 51% 𝑔𝑖𝑣𝑒𝑠 𝐺𝑟𝑒𝑒𝑛 𝑠𝑖𝑔𝑛𝑎𝑙 𝑓𝑜𝑟 𝑝𝑟𝑜𝑐𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑝𝑟𝑜𝑐𝑒𝑠𝑠.
0, 𝑒𝑙𝑠𝑒                                                                                                                     

  

𝛽௜௝௧  
൜
1, 𝑖𝑓 𝑚𝑖𝑛𝑒𝑟 ≥ 51% 𝑔𝑖𝑣𝑒𝑠 𝐺𝑟𝑒𝑒𝑛 𝑠𝑖𝑔𝑛𝑎𝑙 𝑓𝑜𝑟 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑝𝑟𝑜𝑐𝑒𝑠𝑠.
0, 𝑒𝑙𝑠𝑒                                                                                                                        

  

𝜆௜௝௧  
 ൜

1, 𝑖𝑓 𝑚𝑖𝑛𝑒𝑟 ≥ 51% 𝑔𝑖𝑣𝑒𝑠 𝐺𝑟𝑒𝑒𝑛 𝑠𝑖𝑔𝑛𝑎𝑙 𝑓𝑜𝑟 ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑝𝑟𝑜𝑐𝑒𝑠𝑠.                                          
0, 𝑒𝑙𝑠𝑒                                                                                                                                                    

 

𝜉௜௝௧  The number of the trucks involved for the supply of ith product sent by the jth supplier tth  
period. 

𝜑௜௧  Inventory for ith product in tth period. 
𝛹௜௝௧ 

 ൜
1, 𝑖𝑓 𝑚𝑖𝑛𝑒𝑟 ≥ 51% 𝑔𝑖𝑣𝑒𝑠 𝐺𝑟𝑒𝑒𝑛 𝑠𝑖𝑔𝑛𝑎𝑙 𝑓𝑜𝑟 𝑜𝑟𝑑𝑒𝑟 𝑝𝑟𝑜𝑐𝑒𝑠𝑠.       
0, 𝑒𝑙𝑠𝑒                                                                                                             

  

 

List of Common Parameters in Chapter 4, 5 and 6 
𝐵ௌ The size of the Block is constant for the whole procurement problem. 
𝑁ூ௢்,ఈ  The number of IoT devices installed for the purchasing process irrespective of i, j, t.  

𝑁ூ௢்,ఉ  The number of IoT devices installed for the transportation process irrespective of i, j, t. 
𝑁ூ௢்,ఒ  The number of IoT devices installed for the holding process irrespective of i, t. 

𝑁ூ௢்,అ  The number of IoT devices installed for the order process irrespective of i, j, t. 
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𝑇ௗఒ  Total time for receiving the information and consumed in data transfer for holding 
process. 
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management process for making or not making the transaction of ith product in tth time. 

𝛹ீ೔ೕ೟
  Strength of green signal in percentage required for the transaction of ith product from a jth 
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tth time. 

$𝒊𝒋𝒕
𝜷  Cost of unit block mined during the transportation process from jth suppliers' combination 
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in tth time. 

$𝒊𝒋𝒕
𝝀  Cost of unit block mined during the holding process for ith lot size in tth time. 
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𝜳  Cost of unit block mined during the ordering process from jth suppliers' combination in tth 

time. 
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⍺  Purchasing Cost for an ith product from a jth supplier in tth time. 

£𝒊𝒋𝒕
𝜷  Transportation Cost for an ith product from a jth supplier in tth time.   

£𝒊𝒋𝒕
𝝀

   Holding cost for an ith product in tth time.   

£𝒊𝒋𝒕
𝜳  Order Cost for an ith product from a jth supplier in tth time.   

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

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

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

𝔎అ Average data transfer rate through IoT devices irrespective of device types for the order 
process and irrespective of i, 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 

₵ଵ Coefficient of independent variable XRed 
₵ଶ Coefficient of independent variable XGreen 

₵ଷ Coefficient of independent variable XStups 

  
List of Special Parameters in Chapter 6 
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ିଵ  The constant inverse cumulative probability distribution function for random plant 
capacity for given 𝜀𝑝௜௧ having mean (µ) and standard deviation (σ). 

𝐹𝛀೔ೕ೟ 
ିଵ  The constant inverse cumulative probability distribution function for random supplier 

capacity for given 𝜀𝑠௜௝௧ having mean (µ) and standard deviation (σ). 
𝐹℧೔೟ 

ିଵ  The constant inverse cumulative probability distribution function for random demand for 
given 𝜀௜௧ having mean (µ) and standard deviation (σ). 

𝜀௜௧ Level of probability that unit supplied satisfies the demand of an ith product in tth period. 
𝜀𝑝௜௧ Level of probability that unit procured including inventory satisfies the plant capacity for 

an ith product in tth period. 
𝜀𝑠௜௝௧ Level of probability that unit supplied satisfies the supplier capacity for an ith product 

from a jth supplier in tth period. 
Λ௜௝௧

⍺  Average data transfer per unit time for ith product procured from the jth supplier in tth time. 
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Λ௜௝௧
ఉ  Average data transfer per unit time for ith product transported from a jth supplier in tth 

time. 
Λ௜௝௧

అ  Average data transfer per unit time for an ith product ordered from a jth supplier in tth time. 

Π௜௝௧
⍺  No. of IoT devices installed for ith product procured from the jth supplier in tth time. 

Π௜௝௧
ఉ  No. of IoT devices installed for ith product transported from a jth supplier in tth time. 

Π௜௧
ఒ  No. of IoT devices installed for the inventory management process for the ith product in tth 

time.   
Π௜௝௧

అ  No. of IoT devices installed for an ith product ordered from a jth supplier in tth time. 
∐௜௝௧

ఈ  The upper limit of data flows in the purchasing process for an ith product from a jth supplier 
in tth period. 

∐௜௝௧
ఉ  The upper limit of data flows in the transportation process for an ith product from a jth 

supplier in tth period. 
∐௜௧

ఒ  The upper limit of data flows in the holding process for an ith product from a jth supplier in 
tth period. 

∐௜௝௧
అ  The upper limit of data flow in the order process for an ith product from a jth supplier in tth 

period 
Γ௜௝௧

ఈ  The lower limit of data flows in the procurement process for an ith product from a jth 
supplier in tth period. 

Γ௜௝௧
ఉ  The lower limit of data flows in the transportation process for an ith product from a jth 

supplier in tth period. 

Γ௜௧
ఒ The lower limit of data flows in the holding process for an ith product from a jth supplier in 

tth period. 

Γ௜௝௧
అ  The lower limit of data flow in the order process for an ith product from a jth supplier in tth 

period 
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