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Abstract. Supply chain management involves multiple participants and links. 

Smart contract technology improves traceability, transparency and efficiency of 

supply chain through programmable and automated contract execution mecha-

nism. By solving the security and privacy protection problems of smart contract 

technology, this paper puts forward the corresponding solutions. The results 

show that smart contract technology provides enterprises with more efficient, re-

liable, and secure supply chain management solutions that enhance competitive 

advantage and performance. The results of this paper will provide a useful refer-

ence for researchers and enterprise managers, and inspire the future development 

of smart contract technology in supply chain management3. 
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1 Introduction 

Supply chain management is a critical area in today's global business environment with 

increasing complexity and challenges. Effective supply chain management requires en-

suring the accurate flow of information, efficient operation of logistics, and cooperation 

and coordination among the various participants. However, traditional supply chain 

management faces many problems, such as information asymmetry, insufficient trace-

ability, and uncertainty in contract enforcement. In order to solve these problems and 

improve the efficiency and reliability of supply chains, smart contract technology is 

gradually becoming the focus of attention. 

Smart contract technology is an innovative application based on blockchain and dis-

tributed ledger technology, which can provide programmable and automated contract 

execution mechanism. Through smart contracts, supply chain participants can collabo-

rate and transact in a secure, transparent, and immutable environment, resulting in 

higher supply chain traceability, transparency, and automation. The introduction of 

smart contract technology brings new opportunities and challenges to supply chain 

management1. 

By exploring the application of smart contract technology in supply chain manage-

ment, empirical analysis and case studies demonstrate its effects and potential. First, 

we will introduce the basic concepts, principles and implementation methods of smart  
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contract technology. Then, we will analyze the current challenges in supply chain man-

agement, such as lack of traceability and transparency in supply chain, information 

asymmetry issues, and difficulties in contract enforcement and dispute resolution. Next, 

we will discuss the application of smart contract technology in supply chain manage-

ment in detail, including the improvement of supply chain traceability and transpar-

ency, information sharing and synergy, contract enforcement and dispute resolution. 

Finally, we will evaluate the advantages and challenges of smart contract technology 

and propose corresponding solutions5. 

2 Smart Contract Technology 

2.1 Overview of Smart Contract Technology 

Smart contract technology is an innovative application based on blockchain and dis-

tributed ledger to achieve a decentralized, transparent, secure and reliable transaction 

environment through programmable contract execution mechanism. In supply chain 

management, smart contract technology can improve the efficiency and competitive 

advantage of the supply chain by improving traceability and transparency, simplifying 

the contract execution process, and providing a reliable dispute resolution mechanism. 

However, smart contract technology also faces challenges such as security, standardi-

zation and legal regulation, which require further research and development2. 

2.2 Definition and Characteristics of Smart Contracts 

Smart contracts are self-executing computer protocols based on blockchain technology 

that are executed on a distributed network through programmable code and automati-

cally trigger and execute corresponding actions when specific conditions are met. Its 

characteristics include automated execution, decentralization, immutability, program-

mability and transparency. Automated execution of smart contracts eliminates the need 

for middlemen and improves the efficiency and reliability of transactions; The decen-

tralized nature ensures transparency and verifiability of transactions; Immutability en-

sures the credibility and security of the contract execution process; Programmability to 

adapt contracts to different business requirements; Transparency provides traceability 

and transparency in supply chain management. The application of smart contract tech-

nology has revolutionized supply chain management, promoting collaboration, infor-

mation sharing and efficiency improvement4. 

2.3 How Smart Contracts are Implemented 

Smart contracts can be implemented in a variety of ways, two of which are common: 

Solidity, based on the Ethereum platform, and Chaincode, based on the Hyperledger 

platform6. 

Solidity Language and Ethereum Platform: Solidity is a smart contract programming 

language for the Ethereum platform. It is similar to JavaScript and has syntax structures 
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for defining contracts, state variables, functions, events, etc. On the Ethereum platform, 

smart contracts are written in the Solidity language and executed via the Ethereum Vir-

tual Machine (EVM). Through the Ethereum platform, supply chain participants can 

deploy smart contracts and trigger their execution through transactions. 

Hyperledger platform and Chain code: Hyperledger is an open source blockchain 

platform that supports the development and deployment of enterprise-level applica-

tions. In the hyperledger platform, smart contracts are called chaincodes. Chain code 

can be written in a variety of programming languages such as Go, Java, and JavaScript, 

among others. Supply chain participants can use the hyperledger platform to write and 

deploy chain codes suitable for their needs and realize the functions of smart contracts7. 

2.4 Comparison and Selection of Smart Contract Platforms 

There are several key factors to consider when choosing a smart contract platform. The 

first is the scalability of the platform, whether it can handle large-scale transactions and 

contract execution. The second is the development environment and tool support, easy 

to use development environment and rich tools can accelerate application development. 

Security and privacy protection is another important factor, and platforms need to pro-

vide strong security mechanisms and privacy protection functions. Interoperability is 

also key, and the contract platform should integrate seamlessly with other systems. Also 

important is the level of community support and ecosystem activity, including devel-

oper communities, cases, and solutions. Finally, the cost and licensing model should 

also be considered. The cost and licensing model of the platform should be suitable for 

supply chain management requirements. 

 

Fig. 1. Smart contract. 
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3 Challenges in Supply Chain Management 

3.1 Supply Chain Traceability and Transparency 

Supply chain traceability and transparency are important challenges in supply chain 

management. Information asymmetry, information islands and low information credi-

bility make it difficult for supply chain participants to fully understand the source, pro-

duction process and quality status of products. Traditional supply chain tracking meth-

ods cannot achieve full link traceability and lack transparency and real-time infor-

mation update. Smart contract technology has the potential to address these challenges. 

Smart contracts can record and verify transactions and operations in the supply chain, 

enabling full-link product traceability and ensuring data reliability and immutability. 

At the same time, smart contracts facilitate information sharing and transparency, en-

suring that supply chain participants share data and know the status of the supply chain 

in real time. By improving traceability and transparency through smart contract tech-

nology, supply chain management can better manage risk, improve quality control, and 

enhance supply chain credibility and competitiveness. 

3.2 Information Asymmetry Problem in Supply Chain 

Supply chain participants have different information and resources, resulting in uneven 

and incomplete information transmission. This can lead to information delays, inaccu-

racies and difficulties in cooperation. Smart contract technology can help solve the 

problem of information asymmetry. Through smart contracts, supply chain participants 

can share and store information in a distributed network, ensuring transparency and 

reliability. Automated execution of smart contracts reduces delays and errors in infor-

mation transmission. In addition, smart contracts provide data sharing and real-time 

tracking, improving information visibility and reducing information asymmetry. 

Through smart contracts, supply chain management can realize information sharing, 

collaborative decision-making and resource optimization, and improve efficiency and 

competitiveness. 

3.3 Supply Chain Contract Enforcement and Dispute Resolution 

Asymmetric information may lead to uncertainty in contract enforcement and difficulty 

in dispute. Smart contract technology offers the solution. With smart contracts, contract 

execution is programmable and automated, reducing uncertainty. Smart contracts rec-

ord and verify transactions and contract execution, increasing transparency and trust. 

In terms of dispute resolution, smart contracts set pre-agreed conditions and procedures 

and automatically trigger dispute resolution. This reduces the time and cost of dispute 

resolution and provides a just and neutral resolution. Smart contract technology brings 

innovative solutions to supply chain contract enforcement and dispute resolution, re-

ducing uncertainty, increasing transparency, and strengthening trust and cooperative 

relationships among supply chain participants8. 
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4 Application of Smart Contract Technology in Supply Chain 

Management 

4.1 Improvement of Supply Chain Traceability and Transparency 

By recording and verifying key data such as transactions, transportation and manufac-

turing, smart contracts enable full-link product traceability and improve supply chain 

credibility. Transactions and operations in smart contracts are publicly visible, and sup-

ply chain participants can share and access this information in real time, which pro-

motes information sharing and cooperation and reduces information asymmetry. Smart 

contracts also enable automated contract execution and payment, and provide a dispute 

resolution mechanism that reduces time and cost. These improvements improve the ef-

ficiency, accuracy and competitiveness of supply chain management9. 

4.2 Supply Chain Information Sharing and Coordination 

By establishing a shared distributed ledger, supply chain participants are able to share, 

access and verify data in real time, solving the problem of information islands and 

asymmetry. Smart contracts enable intelligent contract execution and automated pay-

ments, reduce errors and delays, and improve efficiency and trust. In addition, smart 

contract technology supports multi-party participation and collaborative decision-mak-

ing, facilitating cooperative relationships among supply chain participants. These im-

provements make supply chain management more efficient, flexible and reliable, en-

hancing overall supply chain synergies10. 

4.3 The Role of Smart Contracts in Supply Chain Contract Execution 

In the application of smart contract technology in supply chain management, smart con-

tract plays a key role in supply chain contract execution. By encoding contract terms 

and conditions into a blockchain network, smart contracts automate execution and re-

duce time and cost. At the same time, smart contracts provide a verifiable transaction 

environment to ensure the authenticity and integrity of contracts. Smart contracts also 

support automated payment mechanisms that ensure on-time payment after the contract 

is fulfilled. In addition, smart contracts provide a dispute resolution mechanism that 

reduces the time and cost of dispute resolution and provides reliable evidence through 

automated execution and immutable records. In summary, smart contract technology 

brings efficient, transparent, and reliable solutions for supply chain contract execu-

tion12. 

4.4 Application of Smart Contract in Supply Chain Dispute Resolution 

Smart contracts improve the efficiency and speed of dispute resolution by setting rules 

and conditions for dispute resolution in advance and automatically triggering the reso-

lution procedure. The immutability and verifiability of smart contracts provide reliable 
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evidence for dispute resolution and reduce the interference of uncertainty and subjec-

tive factors. In addition, smart contracts implement an intelligent dispute resolution 

mechanism that automatically executes decisions or reaches consensus, speeding up the 

resolution process and reducing time and cost. In conclusion, smart contract technology 

provides an efficient, just and reliable solution for dispute resolution in supply chain 

management11. 

5 Advantages and Challenges of Smart Contract Technology 

5.1 Advantage: Improve Supply Chain Efficiency and Reliability 

Firstly, smart contracts enable automated contract execution and payment, reduce hu-

man intervention and delay, speed up transaction processing, and improve the effi-

ciency of the supply chain. Second, smart contracts enhance the transparency and reli-

ability of information sharing by providing a verifiable transaction environment 

through a shared, immutable distributed ledger. This helps reduce information asym-

metry, improve the accuracy of collaborative decision-making, and enhance the relia-

bility of the supply chain. Smart contracts also have full-link product traceability capa-

bilities to record and verify key information such as production, transportation and sales 

of products, ensuring that the origin and quality of products can be traced. This helps 

to improve the quality control of the supply chain, reduce the risk and circulation of 

fake and inferior products, and enhance the credibility of the supply chain. However, 

smart contract technology faces several challenges in supply chain management. Tech-

nological complexity and cost are among them, and the implementation of smart con-

tract technology requires corresponding technical expertise and resources. Ensuring the 

security and privacy protection of smart contracts is also a challenge, requiring com-

prehensive consideration of security mechanisms and data protection measures. Despite 

the challenges, the advantages of smart contract technology in improving supply chain 

efficiency and reliability are significant. Through automated contract execution, verifi-

able transaction environment, and full-link traceability capabilities, smart contract tech-

nology brings a more efficient, reliable, and trusted mode of operation to supply chain 

management13. 

5.2 Challenges: Security and Privacy Protection Issues 

The open and distributed nature of smart contracts makes security a key issue, and vul-

nerabilities or errors in contracts can lead to risks and inaccurate execution results. At 

the same time, open transactions and data in smart contracts may leak trade secrets and 

sensitive information, making privacy protection an important challenge. To address 

these challenges, security measures such as auditing and testing contract code, encryp-

tion techniques, access control, and authentication are required. In addition, improve-

ments in cryptography technology and blockchain networks offer opportunities to ad-

dress challenges. Through the comprehensive application of these measures, smart con-

tract technology can overcome security and privacy protection problems in supply 

chain management and play its advantages. 
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5.3 Solution: Improve Security and Privacy Protection Mechanism 

In order to solve the security and privacy protection challenges of smart contract tech-

nology in supply chain management, the following solutions can be adopted. First, con-

duct rigorous smart contract code audits and testing to fix potential vulnerabilities and 

bugs. Second, establish security standards and best practice guidelines to ensure that 

developers follow security principles. Smart contract audit tools and vulnerability scan-

ning tools were introduced to help detect potential risks. Encryption technology is used 

to protect data privacy, and cryptography technology of anonymity and privacy protec-

tion is introduced. Formulate privacy protection policies and regulations to clarify the 

responsibilities of participants. At the same time, relying on the improvement of block-

chain network to provide more powerful security protocol and consensus mechanism, 

with the help of emerging privacy protection technology to provide solutions to the 

privacy problems of smart contracts. These solutions will improve the level of security 

and privacy protection of smart contract technology, providing a reliable environment 

for applications in supply chain management. 

6 Concluding 

To sum up, the exploration and application of smart contract technology in supply chain 

management has brought significant changes and innovations to the field of supply 

chain. Through the application of smart contracts, supply chain management achieves 

automated contract execution, real-time data sharing, and full-link traceability capabil-

ities, improving efficiency, transparency, and reliability. However, challenges such as 

security, privacy protection, and standardization still need to be addressed in the pro-

cess of applying smart contract technology. To further promote the application of smart 

contract technology in supply chain management, it is necessary to strengthen security 

audits and testing, promote the development of privacy protection technology, and de-

velop consistent standards and best practices. Meanwhile, exploring the integration of 

smart contracts with other emerging technologies, such as the Internet of Things and 

artificial intelligence, will further expand the potential of smart contract technology. 

Future research should continue to explore the application of smart contract technology 

in areas such as supply chain finance, sustainable development, and cross-border trade 

to achieve overall optimization and innovation in supply chain management. Through 

continuous efforts to solve technical and practical challenges, smart contract technol-

ogy will bring greater benefits to supply chain management and drive the sustainable 

development of the supply chain industry Fig. 1. Smart contract. 
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