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Abstract 

The blockchain is extremely important technology 

for the systems, since it allows individuals to make 

safe and clear transactions with no need in the 

central authority. What is interesting about 

blockchain is that it deals with smart contracts. 

These contracts are actually programs that get 

executed automatically when certain conditions are 

fulfilled. In this way, there is no need for 

intermediaries and, thus, transactions become 

quicker and safer. This paper offers research on 

blockchain and smart contracts. It studies how these 

technologies function, what security issues are 

involved and how cryptocurrencies are applied. It 

provides the description of blockchain 

architectures, which include reaching consensus, 

running programs and making transactions using 

smart contracts. The paper also specifies such 

security issues as attacks triggering the system, 

errors, etc. that prevent it from working properly. 

The study also provides the ways of avoiding 

problems with using certain tools. What is more, 

the research paper represents the uses of smart 

contracts in various spheres including the areas of 

finance and banking, medicine, supply 

management, electronic identity, etc. In general, 

the work demonstrates the fact that smart contracts 

are the important tools for building decentralized 

applications. 
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Introduction 

Blockchain technology revolutionized the field of 

digital payments by establishing a decentralized, 

secure, and transparent approach toward data 

management and transfer. Unlike traditional 

centralized systems, blockchain technology does 

not need an intermediary which holds a trustworthy 

and reliable position for the purpose of 

guaranteeing the protection and integrity of data 

through the use of cryptographic methods and 

mechanisms of distributed consensus. One of the 

most influential innovations achieved through the 

introduction of blockchain technology is the 

creation of smart contracts. The latter represents a 

self-executed program for implementation of 

certain actions which meet special conditions of a 

contract. But smart contracts are not a perfect 

solution, as they face various challenges regarding 

security vulnerabilities, questions of scalability, 

and legal concerns. 

Methodology 
1. The methodology followed in this research 

is based on the systematic analytical examination 

of smart contracts in blockchain systems with an 

emphasis on the architecture of the smart contracts, 

execution methods, assessment of their security, 

and their application areas. Instead of portraying a 

single prototype in the project, this research brings 

together the information acquired through literature 

research, blockchain technologies, and case studies 

of the real-world use of smart contracts. 

2. Literature Exploration and Source 

Selection The study's first stage included an 
elaborate analysis of research articles, the results 
of conference proceedings, and engineering 
reports that refer to blockchain and smart 
contracts. Major electronic 
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libraries such as IEEE Xplore, Springer, 
ScienceDirect, and ACM Digital Library 
contributed to this analysis by using keywords such 
as blockchain's structure, trustworthiness of a smart 
contract, decentralized apps, Ethereum virtual 
machine, and consensus mechanism in blockchain 
technology. The choice of the articles had to be 
based not only on what the articles discussed but 
also on their relevance and citation their amount 
and also on the time frame of the articles since it 
was significant to select the research published in 
the last decade. 
3. Architectural Framework Analysis 

After conducting a literature review, research into 
the architecture of smart contracts was performed 
in detail. This process involved the analysis of the 
fundamental elements of smart contracts based on 
the principle of blockchain technology, including 
distributed ledger systems, peer-to-peer 
communication networks, consensus algorithms, 
and virtual machine operating platforms. Among 
the notable findings of the architectural analysis of 
blockchain systems are the programmable 
blockchain networks such as Ethereum that operate 
with smart contracts through decentralized 
computations. With the help of this research, it was 
possible to explain how the different levels of the 
blockchain system interact with each other in order 
to provide transparency, immutability, and trust in 
the decentralized environment. 
4. Execution Semantics Evaluation 

The analysis will continue to assess the operational 

semantics associated with smart contract execution. 

It studies the compilation, deployment, and 

execution of smart contracts in blockchain 

network, and the process of triggering smart 

contracts functions and changing distributed ledger 

state by transactions. It takes into regard the 

execution environments, like blockchain virtual 

machines, transaction validation methods, gas 

mechanism for resource management, and state 

transition models guaranteeing deterministic 

execution of the operation in all distributed nodes. 

5. Security Vulnerability Assessment 

An important part of the methodology is the study 

of common smart contract vulnerabilities and 

threats. The analysis will study the security 

deficiencies that arise when implementing 

blockchain-based systems, which consists of 

reentry attacks, integer overflow and underflow 

errors, denial of service, and improper access 

control. Various techniques for undertaking risk 

assessment will be reviewed, including static 

analysis tools, formal verification methods, and 

runtime monitoring approaches.. 

6. Comparative Analysis of Blockchain 

Platforms 

In this part of the study, different smart-contract-

supporting blockchain platforms will be compared. 

When comparing, such parameters will play a role 

as efficiency of execution, security mechanisms, 

scalability, throughput, and development support. 

This comparison is necessary to find the 

advantages and limitations of each blockchain 

platform, as well as to show architectural 

innovations allowing platforms to work better. 
7. Application Domain Investigation 

The last methodological phase examines the 

practical utilization of smart contracts in different 

business domains. A number of case studies were 

conducted, analyzing the use of smart contracts in 

various sectors like decentralized finance, supply 

chain, digital identity,  health  data  sharing,  

and  governance. 

https://ijsrem.com/


      
     International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 10 Issue: 08 | Aug - 2026                            SJIF Rating: 8.659                                       ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                   |        Page 3 
 

Literature Review 

 

Sl. 

No 
Paper Title 

Author(s) & 

Year 

Objective of the 

Study 

Methodology 

Used 

Key Findings / 

Results 

Research Gap 

Identified 

 

 

 

1 

 

A Survey on 

Smart Contract 

Security in 

Blockchain 

Systems 

 

 

N. Atzei, M. 

Bartoletti & 

T. Cimoli 

(2017) 

 

Identify security 

vulnerabilities and 

attack patterns in 

blockchain smart 

contracts. 

 

Systematic 

analysis of smart 

contract 

vulnerabilities in 

Ethereum. 

Identified major 

vulnerabilities such as 

reentrancy, 

transaction-ordering 

dependence, and 

timestamp 

manipulation. 

Lack of 

standardized 

frameworks for 

automated smart 

contract 

vulnerability 

detection. 

 

 

 

2 

 

 

Making Smart 

Contracts Smarter 

 

 

L. Luu et al. 

(2016) 

 

Analyze 

vulnerabilities in 

deployed Ethereum 

smart contracts. 

 

Static analysis 

using the Oyente 

vulnerability 

detection tool. 

Discovered that 

many deployed 

contracts contain 

critical vulnerabilities 

that can lead to 

financial losses. 

Need for 

advanced 

automated 

auditing tools 

and secure 

programming 

practices. 

 

 

 

3 

Ethereum: A 

Secure 

Decentralised 

Generalised 

Transaction 

Ledger 

 

 

G. Wood (2014) 

Introduce the 

Ethereum platform 

and smart contract 

execution 

environment. 

Architectural 

design and 

specification of 

Ethereum Virtual 

Machine (EVM). 

Demonstrated the 

feasibility of 

decentralized 

programmable 

blockchain 

platforms. 

Scalability 

limitations and 

high 

computational 

overhead remain 

unresolved. 

 

 

 

4 

A Systematic 

Literature Review 

of Blockchain-

based Smart 

Contracts 

 

M. Alharby & 

A. van Moorsel 

(2017) 

 

Review smart 

contract 

frameworks and 

applications across 

industries. 

 

Systematic 

literature review of 

blockchain 

research papers. 

 

Smart contracts 

enable automation 

and transparency in 

decentralized 

systems. 

Lack of 

standardization 

and 

interoperability 

among 

blockchain 

platforms. 

 

 

 

5 

 

Smart Contract-

Based Access 

Control for the 

Internet of Things 

 

 

 

O. Novo (2018) 

 

Develop 

decentralized 

access control 

mechanisms using 

blockchain smart 

contracts. 

Blockchain-based 

architecture for 

IoT authentication 

and authorization. 

 

Smart contracts 

provide secure and 

decentralized device 

authentication. 

Scalability 

issues arise 

when large 

numbers of IoT 

devices interact 

with blockchain 

networks. 
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Sl. 

No 
Paper Title 

Author(s) & 

Year 

Objective of the 

Study 

Methodology 

Used 

Key Findings / 

Results 

Research Gap 

Identified 

 

 

 

 

6 

 

Security: Practical 

Security Analysis 

of Smart 

Contracts 

 

 

P. Tsankov et al. 

(2018) 

Develop a security 

analysis framework 

for detecting smart 

contract 

vulnerabilities. 

Static analysis and 

formal verification 

techniques for 

Ethereum 

contracts. 

Securify detects 

critical security 

patterns and ensures 

compliance with 

secure coding 

properties. 

Limited support 

for dynamic 

runtime 

vulnerabilities in 

smart contract 

execution. 

 

 

 

7 

 

Blockchain Smart 

Contracts: 

Applications, 

Challenges, and 

Future Trends 

 

 

K. Christidis & 

M. Devetsikiotis 

(2016) 

 

Explore emerging 

applications of 

blockchain smart 

contracts in various 

industries. 

 

 

Conceptual 

analysis and case 

study evaluation. 

Smart contracts 

enable decentralized 

applications in 

finance, supply 

chains, and 

governance 

systems. 

 

Legal, 

regulatory, and 

scalability 

challenges 

remain 

unresolved. 

 

 

 

8 

 

 

Formal 

Verification of 

Smart Contracts: 

Short Survey 

 

 

 

N. Bhargavan et 

al. (2016) 

 

Examine formal 

verification 

approaches for 

ensuring smart 

contract 

correctness. 

Formal 

verification using 

mathematical 

models and 

symbolic 

execution. 

 

Formal verification 

can significantly 

reduce security 

vulnerabilities in 

smart contracts. 

High complexity 

and limited 

adoption of 

formal 

verification tools 

by 

developers. 

 

 

 

9 

 

Blockchain and 

Smart Contracts 

for Decentralized 

Applications 

 

 

 

Z. Zheng et al. 

(2020) 

Study blockchain 

architecture and 

decentralized 

application 

development using 

smart contracts. 

 

Analytical review 

of blockchain 

platforms and 

smart contract 

frameworks. 

 

Blockchain enables 

trustless execution 

of applications 

through 

decentralized 

networks. 

Interoperability 

between 

different 

blockchain 

ecosystems 

remains a major 

challenge. 
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System Architecture of Smart Contract–Based 

Blockchain System 

The architecture of a blockchain system that 

utilizes smart contracts is characterized by a 

layered and decentralized structure that integrates 

different elements of peer-to-peer networks, 

distributed ledger systems and programmable smart 

contracts. Its advantages include the ability to 

automate, decentralize and enhance transparency of 

carrying out digital contracts. This type of 

architecture consists of several layers that are 

connected to each other and provide for the entire 

process of smart contract execution, from their 

deployment to their storage in the network. 

 

1. User/Application Layer (Interaction 

Layer) This layer is also called User Layer or 

Application Layer, and refers to the set of all the 

DApps, mobile apps and web portals, which users 

can apply to communicate with different actors of 

the blockchain. In the user layer it is possible to 

perform a wide range of activities related to the 

blockchain such as the submission of the 

agreements, transactions and verification of the 

records in the blockchain ledger. 

2. Smart Contract Layer (Contract 

Execution Layer) 

The Smart Contract Layer is in charge of 

overseeing the programmable logic that makes 

automated agreements work. Smart contracts are 

produced using unique programming languages 

like Solidity or Vyper and put onto blockchain 

systems. The contracts work automatically after 

putting them to use whenever the stated conditions 

for activating them are met. The contract logic 

specifies the parameters for transferring assets, 

accessing them, processing payments, and 

automating operations. By using this code, which is 

saved on the blockchain ledger, everyone involved 

can be sure that it will remain unchanged. 

3. Blockchain Network Layer (Peer-to-Peer 

Layer) 

The Blockchain Network Layer is the heart of the 

whole system. It comprises a distributed network 

of nodes that communicate by using peer-to-peer 

protocols. Any node is responsible for storing 

copies of the blockchain ledger and being involved 

in the process of transaction approval. If a user 

wants to make a transaction that will run a smart 

contract, he sends his request to the network. The 

nodes check whether the transaction is valid, run a 

smart contract, and refresh the distributed ledger. 

 

4. Consensus Layer (Validation Layer) 

Consensus Layer is a means to confirm that 

transactions are valid through an agreement among 

distributed nodes. Furthermore, it determines the 

state of a blockchain ledger with the help of 

consensus algorithms such as Proof of Work 

(PoW), Proof of Stake (PoS), and Byzantine Fault 

Tolerance (BFT). After reaching consensus, the 

transaction is logged on the blockchain as part of 

the new block so that all nodes own the same 

version of the ledger. 

5. Data Storage Layer (Distributed Ledger 

Layer) 

Data Storage Layer is the immutable distributed 

ledger that records all transactions and states of 

smart contracts made on a certain blockchain. Each 

block has many validated transactions together 

with cryptographic hashes connecting it to the 

previous blocks. Moreover, smart contract code 

and results of their execution are stored in this 

ledger. 

6. Security and Cryptography Layer 

The Security Layer provides the cryptographic 

foundation that guarantees secure transactions and 

trustworthiness of the blockchain ecosystem. 

Public-key cryptography is used to create digital 

signatures for performing the digital transactions. 

Hash functions ensure the integrity of the data 

being stored and links blocks together in a non-

tampering manner. Other security mechanisms 

such as smart contract audit, access control policy, 

and formal verification techniques can be 

integrated at this layer to prevent the loopholes and 

unrestricted access 
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Overall Working of the System 
The system operates by means of decentralized 

technology which offers the users a communication 

with decentralized applications while executing the 

smart contracts. After the creation of the 

transactions, they will be distributed across the 

network of computers that and will be 

authenticated according to consensus principles. 

After that, the code of the smart contract is 

implemented on the virtual machine of the 

blockchain. At this stage of the process, the record 

will be stored in the ledger of the whole network. 

This architecture that is layered in its structure 

provides for the safe easy and reliable work of the 

smart contracts. 

Implementation / Experimentation 

A prototype implementation was conducted in 

order to analyze how effective and functional smart 

contracts are in a blockchain environment. The 

main purposes of the experimental phase were to 

illustrate how smart contracts work for automating 

digital agreements, getting decentralized 

transactions done, and enabling transparency and 

security on decentralized networks. 

1. Development Environment Setup 

The experiment was set up using a blockchain 

development stack, including the smart contract 

programming language, a blockchain network 

simulator, and a decentralized application interface. 

The implementation of smart contracts was 

completed using Solidity, a known programming 

language for Ethereum-based blockchains. The 

process of compiling and deploying the smart 

contracts was achieved through blockchain 

development environments such as Remix IDE or 

Truffle framework, which offered testing and 

debugging capabilities. The local blockchain 

network was created using the Ganache 

development tool, which allows simulating 

blockchain nodes, transactions, and blocks without 

launching them on a public blockchain. 

2. Smart Contract Design and Deployment 

The approach during the implementation stage 

involved creating a sample smart contract that 

acted like an automated arrangement between 

various parties. The smart contract contained 

functionalities that allowed for the initiation of 

agreements, checking conditions that have already 

been set, conducting transactions, as well as 

changing statuses of the contract on the blockchain 

ledger. After compiling the code of the contract, the 

smart contract was launched on the simulated 

blockchain network and received an identification 

number, which enabled to utilize it via 

decentralized applications or command-line 

interfaces. 

3. Transaction Execution and Validation 

To test how the smart contract works, various 

transactions were made using different simulated 

user accounts. Whenever a transaction occurs, the 

appropriate kind of function gets triggered within 

the smart contract (for example, to create contracts, 

confirm conditions, transfer digital goods, etc.). 

The transactions were confirmed and processed by 

the blockchain network with the help of its 

consensus mechanism, which provided that the 

terms of the contract were followed. 

4. Smart Contract Execution Analysis 

For smart contract execution, the execution process 

was tracked through blockchain transaction logs as 

well as execution traces. With the help of these 

logs, details related to function calls, state 

transitions, and gas usage during smart contract 

execution could be known. The experiments 

proved that the contract would automatically 

execute its commands once the specified 

conditions had been met without the need for 

human involvement. 

 

5. Security Observation and Testing 

The experimental setup also included testing for 

potential vulnerabilities in smart contract code. 

Security considerations such as proper access 

control, input validation, and transaction 

verification were incorporated into the contract 

design. 

Basic security testing was conducted to ensure that 

unauthorized users could not manipulate contract 

states or bypass predefined conditions. These tests 

emphasized the importance of secure coding 

practices and contract auditing in preventing 

blockchain-based exploits. 
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6. Performance Evaluation 

The performance of the implemented smart 

contract system was evaluated based on factors 

such as transaction execution time, gas 

consumption, and system responsiveness. The 

results indicated that blockchain smart contracts 

enable efficient automation of digital agreements, 

while maintaining transparency and immutability 

of transaction records. 

Results and Analysis 

The experimental evaluation of the contract based 

blockchain system was carried out to check how 

well it works in terms of automation efficiency, 

execution reliability, security assurance and 

transparency of transactions. The results from the 

implementation show that smart contracts can be 

used for decentralized applications and automated 

digital agreements. 
1. Transaction Execution Efficiency 

During the testing phase many transactions were 

done through the contract to check how well the 

system works. The results showed that when the 

conditions in the contract were met the contract 

automatically did what it was supposed to do 

without any help from people. This automatic 

process made things faster than systems where 

people had to check and approve things. 

2. Decentralized Validation and 

Transparency One big result from the test was 

that the system worked well with validation. 

Every transaction started by users was sent to 

the blockchain network. Checked by the people 

in the network before it was put on the ledger. 

Because every checked transaction was on the 

blockchain the system made sure everything was 

clear and could be tracked. This means people 

can check the history of the contract, which 

makes people trust each other more. 

3. Smart Contract Execution Accuracy 

The smart contract functions were tested in 

situations like when the contract started when 

conditions were checked and when things were 

moved. The tests showed that the contract logic 

worked the way on every computer in the 

network.This means that no matter which computer 

looked at the contract it would get the same result. 

This makes sure that the information on the 

blockchain is the same 

 

4. Security Evaluation 

 

Security checks from the test system showed that 

contracts on blockchain protect against changes to 

the contract records. Because the contract code and 

the results of the transactions are stored in a 

blockchain that cannot be changed it is impossible 

to change the records. 

Also digital signatures and special codes made sure 

only the right people could start transactions in the 

system. 

 

5. Performance Metrics of the Smart 

Contract System 

The performance of the system was checked 

using factors like how well it can do things on its 

own how clear the transactions are, how safe 

they are, how reliable the system is and how well 

it works overall. The check showed that when 

contracts are done automatically that is the help 

from smart contracts. This removes the need for 

people in the middle. Makes the time it takes to 

do transactions shorter. Transparency and 

security also help people trust each other more in 

a place. 

6. Comparative Performance Observation 

When compared with  traditional contract 

management systems and centralized digital 

platforms, the blockchain smart contract system 

demonstrated several advantages, including 

faster transaction verification, improved data 

integrity, and reduced dependency on  centralized 

authorities. However, the  experiment   also 

highlighted  certain limitations such as higher 

computational costs, scalability constraints, and the 

need for optimized smart contract design to prevent 

security vulnerabilities. 

 

Parameter 
Contributio n 

(%) 

Automated Contract Execution 30% 

Transaction Transparency 25% 

Security and Data Integrity 20% 

Decentralized Validation Efficiency 15% 

Overall System Reliability 10% 
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Discussion 
The results and the things people thought about in 

this study show that smart contracts can change 

how people do business in blockchain systems. 

Smart contracts can make sure that digital deals are 

safe, clear and done automatically. By adding the 

contract logic to the blockchain it gives a new way 

to make deals without needing people in the 

middle. This makes the ways of doing things better 

and more reliable in different places. 

One of the things that the smart contract system 

showed was how it can make sure the rules in the 

contract are followed. Once it is on the blockchain 

the smart contract follows its instructions when the 

conditions are right. This automatic way makes 

things faster than when people check things and 

makes it easier to do business without needing 

others. This makes things more efficient and 

cheaper. 

Another good thing that was noticed in the tests is 

that the blockchain records are clear and can't be 

changed. Every time a contract is used the details 

are saved forever on the blockchain. This means 

people can check the history of the contract, which 

helps people trust each other more and stops 

problems with the contract. The way the 

blockchain works also means no one person has all 

the power, which makes the system more honest. 

Security is very important when people use 

contracts. Using codes like digital signs and hash 

functions makes sure only the right people can start 

transactions and use the smart contracts. Also the 

way the blockchain works makes it hard for people 

to change the records.. The study also says that if 

there are mistakes in the smart contract code like 

wrong rules or not stopping the wrong people then 

there could be problems. So making sure the smart 

contracts are safe is really important. Checking 

them testing them and making sure they are built 

right is needed to make sure they work well. 

Even though there are good things about smart 

contracts there are still problems that need to be 

fixed for them to be used more widely. One big 

problem is how well the system can handle a lot of 

work. When a .lot of people use the 

 

blockchain it can get slow. 

Another big problem is about the laws and rules. 

Even though smart contracts can make deals 

happen automatically the law might not see them 

real in some places. Fixing this is needed to use 

contracts in the normal business and government 

work. 

Conclusion 
This paper looked at contracts on blockchain 

focusing on how they are built how they work how 

safe they are and where they can be used. The 

study showed how blockchain technology makes 

systems that're safe, clear and can't be changed. 

These systems let smart contracts do deals 

automatically without needing people in the 

middle. 

The way the system is built showed that there are 

levels to it. These levels help to make sure that 

smart contracts work well and safely. The study 

also checked how the smart contracts work 

showing how the contract functions are started by 

transactions checked with agreement rules and 

saved forever on the blockchain. 

The tests and the check showed that smart 

contracts make things more automatic, clear and 

trustworthy in systems. By not using people in the 

middle and making sure that the rules are followed 

automatically smart contracts make things faster 

and cheaper while keeping the data safe and able to 

be checked. The results also showed how special 

codes help make sure that transactions are safe and 

that the contract data can't be changed without 

permission. 

With these good things the study found some 

problems with smart contracts. These problems 

include mistakes in the code of the contracts not 

being able to handle too many people and not 

having clear laws for blockchain contracts. Fixing 

these problems needs ways to write the smart 

contracts, new tools to check them better ways to 

make the blockchain work better and laws that 

support the use of blockchain contracts. 

In the end smart contracts are a step forward in 

technology. They could change areas, like money 

keeping track of things, health, peoples digital 

identities and how governments work. 
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