1. INTRODUCTION

The integrity and transparency of electoral processes are crucial for democratic governance.
Traditional voting systems, whether paper-based or electronic, face significant challenges,
including security vulnerabilities, human errors, and the risk of fraud. Blockchain technology
presents a promising alternative by providing a decentralized, immutable, and transparent
mechanism for conducting elections securely.

Transparency and traceability in voting systems are often misunderstood and used
interchangeably. Transparency refers to the accessibility and verifiability of election processes,
ensuring that all stakeholders—uvoters, election officials, and observers—have a common
understanding of the system without distortions or manipulation. On the other hand, traceability
in voting pertains to the ability to track and verify the integrity of each vote cast while
maintaining voter anonymity.

Blockchain-based voting systems (BBVS) leverage cryptographic security, decentralized
validation, and immutable ledger technology to enhance the reliability of electoral processes.
Unlike traditional systems, BBVS ensures that each vote is securely recorded, independently
verifiable, and resistant to tampering.

This study explores the use of blockchain technology in building a secure and decentralized
voting system. The proposed approach integrates smart contracts for automated vote tallying
and identity verification mechanisms to prevent fraud. Additionally, off-chain storage solutions
are employed to ensure scalability while maintaining a high level of security. A Public Key
Infrastructure (PKI) is designed to create and validate digital identities, enhancing trust in the
voting process.

Following a Design Science research approach, this study analyzes the requirements of
blockchain voting and proposes an Ethereum-based smart contract system. The implementation
is validated through a real-world electoral use case, demonstrating its capability to ensure voter
privacy, election transparency, and verifiable results. The results highlight how blockchain
technology can revolutionize voting by ensuring trust, security, and accessibility in modern
democratic systems.
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2. BACKGROUND

The use of blockchain for voting systems presents a promising solution to enhance electoral
transparency, security, and trust. However, several challenges must be addressed to ensure
effective implementation. Below are key obstacles in the domain:

2.1 Integration with Existing Electoral Systems Many electoral bodies still rely on traditional
voting mechanisms, including paper ballots and centralized electronic voting machines.
Integrating blockchain with these legacy systems can be complex, costly, and time-consuming.
Resistance to adopting blockchain-based voting may arise due to high upfront costs, technical
complexity, and the need for extensive training of election officials and voters.

2.2 Voter Privacy Concerns Blockchain ensures transparency by recording all transactions
immutably, which may conflict with the need for voter privacy. While public blockchains offer
openness, they may not be suitable for elections where anonymity must be preserved. Designing
a system that balances transparency and voter confidentiality is a significant challenge, requiring
advanced cryptographic techniques such as zero-knowledge proofs.[4]

2.3 Scalability and Transaction Speed Public blockchain networks often face scalability and
speed limitations. Elections involve millions of voters casting ballots within a limited timeframe,
generating high transaction volumes. If the blockchain network cannot handle large-scale voting
efficiently, delays in vote processing and result tallying could undermine trust in the system.

2.4 Standardization Issues There is currently no universal standard for implementing
blockchain in electoral systems. Different countries and election commissions may adopt varying
blockchain protocols, leading to interoperability challenges. The lack of standardization can
hinder collaboration between electoral agencies and slow down the adoption of blockchain-based
voting systems.

2.5 Data Integrity and Accuracy Blockchain relies on accurate data input for maintaining
election integrity. If incorrect or fraudulent votes are recorded, the entire system could be
compromised. Ensuring that only eligible voters cast ballots and that the recorded votes reflect
their true intent requires robust identity verification mechanisms and secure authentication
protocols.

2.6 Cost of Implementation While blockchain-based voting promises long-term benefits, the
initial investment for infrastructure development, voter education, and security enhancements
can be substantial. Smaller municipalities or developing nations may struggle to justify the costs,
slowing down widespread adoption.

2.7 Regulatory and Legal Barriers The regulatory framework surrounding blockchain voting is
still evolving. Different jurisdictions have varying laws on digital elections, identity verification,
and data protection. Electoral commissions must navigate these legal complexities to ensure
compliance with local and international election laws.[4]

2.8 Adoption and Stakeholder Collaboration
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Successful implementation of blockchain-based voting requires collaboration between
government agencies, election commissions, and technology providers. Achieving
consensus among stakeholders can be challenging.

Resistance from political parties, election officials, or voters who distrust blockchain
technology could slow adoption and create obstacles to widespread implementation.

2.9 Energy Consumption

Certain blockchain technologies, particularly Proof-of-Work (PoW) systems, are highly
energy-intensive. This raises concerns about sustainability, especially for large-scale
elections.

The environmental impact of blockchain-based voting must be considered, with a
preference for energy-efficient consensus mechanisms such as Proof-of-Stake (PoS) or
permissioned blockchains.

2.10 Trust and Public Perception

Despite its advantages, blockchain voting faces skepticism from election officials,
politicians, and the general public. Concerns about the security, reliability, and potential
vulnerabilities of blockchain-based elections must be addressed through rigorous testing
and transparency.

Educating voters and stakeholders about blockchain’s capabilities is crucial to
overcoming distrust and encouraging widespread adoption.

2.11 Complexity of Smart Contracts Smart contracts play a critical role in automating vote
validation and tallying on blockchain networks. However, designing, deploying, and maintaining
smart contracts can be complex. Errors in contract logic or improper implementation could lead
to voting discrepancies or security vulnerabilities, impacting election outcomes.

Transaction

Blockchain

[4]

5Figure 2.1 blockchain background
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3. BLOCKCHAIN BASICS

Despite these challenges, blockchain remains a strong candidate for solving supply chain issues
related to transparency and traceability. Overcoming these obstacles will require a combination
of technical innovation, standardization, industry collaboration, and regulatory clarity.

Blockchain technology is a decentralized, distributed ledger system that allows data to be
securely stored and verified across multiple participants without the need for a central authority.
While most commonly associated with cryptocurrencies like Bitcoin, its applications extend far
beyond that, including supply chain management, healthcare, and voting systems. Below are the
key concepts related to blockchain:

3.1 Decentralization

In a decentralized system, there is no single central authority or intermediary controlling
the network. Instead, control is distributed across a network of participants (often called
nodes). Each participant has a copy of the entire blockchain and can contribute to its
maintenance and validation.

Decentralization ensures that no single entity has full control over the data, making it
more resilient to fraud, attacks, or manipulation. Every participant can independently
verify the information stored in the blockchain, promoting trust among users without
relying on a third party.[1]

3.2 Immutability

Immutability means that once data is recorded in the blockchain, it cannot be altered or
deleted. Every transaction or piece of information added to the blockchain is
cryptographically linked to previous blocks, creating a chain of records that cannot be
changed without disrupting the entire structure.

This feature makes blockchain highly secure and reliable for storing important data. For
example, in supply chains, once a product’s transaction or provenance is logged on the
blockchain, it becomes permanent and verifiable. This ensures the integrity of data and
helps prevent fraud, errors, or tampering.[1]

3.3 Smart Contracts

Smart contracts are self-executing contracts with the terms of the agreement directly
written into code. These contracts automatically execute actions (e.qg., transferring
ownership, releasing payment) when predefined conditions are met [2].

Smart contracts remove the need for intermediaries, streamline processes, and ensure that
transactions occur automatically without human intervention. For example, in a supply
chain scenario, a smart contract could automatically release payment to a supplier once
goods have been delivered and verified as meeting the agreed-upon specifications.

3.4 Key Components of Blockchain[1]
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Blocks — A block is a collection of data, including a list of transactions or records, a
timestamp, and a reference (hash) to the previous block. This creates a linked chain of
blocks, which is why it’s called a "blockchain."

Hashing — Hashing is a cryptographic process used to secure data. Each block in the
blockchain has a unique hash, a fixed-length string of characters that represents the data
in the block. If even a single character in the block changes, the hash will change, making
any tampering detectable.

Consensus Mechanisms — Consensus algorithms (such as Proof of Work, Proof of
Stake) are used to agree upon the validity of transactions. These mechanisms ensure that
all participants in the blockchain network agree on the current state of the ledger without
requiring a central authority.

o Proof of Work (PoW): Miners solve complex mathematical puzzles to validate
transactions and add them to the blockchain. Bitcoin uses this method.

o Proof of Stake (PoS): Participants (validators) are chosen to validate transactions
based on the amount of cryptocurrency they hold or “stake.” Ethereum plans to
transition from PoW to PoS.

Nodes — Nodes are individual computers or devices that participate in the blockchain
network. Some nodes store the entire blockchain, while others may just store a copy of
the most recent transactions. Nodes validate and propagate transactions, ensuring the
integrity and security of the system.

Public and Private Keys — In blockchain networks, each participant has a pair of
cryptographic keys: a public key (like an account number) and a private key (like a
password). Public keys are used to receive transactions, while private keys are used to
sign transactions and prove ownership.[1]

3.5 Key Advantages of Blockchain Technology

1.

Security — Blockchain uses advanced cryptography and consensus mechanisms to ensure
that data is securely stored and transmitted. This makes it difficult for hackers to alter or
falsify information.[7]

Transparency — All transactions on a blockchain are visible to all participants. While
privacy can be maintained, the data itself is open for verification, which can enhance trust
among users.[7]

Efficiency — Blockchain removes intermediaries, reducing transaction costs and delays.
Smart contracts automate processes, leading to faster and more efficient transactions.
Resilience — Because there is no single point of failure in a decentralized blockchain, it is
highly resistant to hacks or system failures. Even if some nodes go offline, the network
can continue to function.[7]

3.6 Use Cases of Blockchain Beyond Cryptocurrencies

Supply Chain — Blockchain can track the provenance of goods, ensuring that products
are sourced ethically and reducing fraud.

Healthcare — Blockchain can securely store patient records, making it easier for
healthcare providers to access and share data while maintaining privacy.
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Voting — Blockchain-based voting systems can help prevent voter fraud and ensure
transparency and accuracy in elections.[10]

Financial Services — Blockchain can streamline payments, cross-border transactions, and
reduce fraud in banking and insurance.[10]
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4. USE CASE OVERVIEW

Traditional voting systems, whether paper-based or electronic, face several challenges, including
voter fraud, tampering, lack of transparency, and inefficiencies in vote counting. Ensuring
election integrity is critical for maintaining democratic processes.

Blockchain technology, with its decentralization, immutability, and cryptographic security,
offers a robust solution for secure, transparent, and verifiable voting systems. This use case
explores how blockchain can be leveraged to create a secure voting system, ensuring trust,
accuracy, and accessibility while protecting voter privacy.

4.1 Objectives

The primary objectives of a blockchain-based secure voting system include:

1.

Enhanced Transparency: Provide real-time, immutable records of votes while
maintaining voter anonymity.

2. Tamper-Proof Elections: Use blockchain’s immutability to prevent vote manipulation
and unauthorized changes.

3. Secure Voter Authentication: Ensure only eligible voters can cast votes using
cryptographic identity verification.

4. Trust & Verifiability: Enable voters to verify that their votes were counted without
revealing their identity.

5. Fraud Prevention: Eliminate issues such as double voting, ballot stuffing, and
unauthorized access.

6. Efficiency & Accessibility: Reduce delays in vote counting and enable remote, secure
voting options.

4.2 Scope

This use case applies to various election types, including:

National & Local Elections: Ensuring tamper-proof democratic voting.

Corporate & Organizational VVoting: Securing boardroom and shareholder decisions.
University & Institutional Elections: Enabling transparent student or faculty elections.
Referendums & Polls: Providing an auditable and trusted method for public opinion
collection.

Key Components:

Voter Authentication: Secure identity verification using cryptographic keys or
biometrics.
Ballot Casting & Recording: Secure submission and storage of votes on the blockchain.
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« Vote Validation & Counting: Automated, transparent vote tallying without
intermediaries.
o Auditability: Publicly verifiable election results while maintaining voter privacy.

4.3 Stakeholders

o Voters: Individuals casting their ballots through the blockchain-based system.

« Election Authorities: Organizations managing elections, such as governments or
independent commissions.

o Candidates & Political Parties: Participants relying on fair and transparent vote
counting.

e Observers & Auditors: Independent bodies ensuring election integrity.

o Regulatory Bodies: Organizations enforcing election laws and cybersecurity standards.

4.4 Architecture

The blockchain-based voting system consists of multiple layers:
A. Blockchain Layer

1. Decentralized Ledger:
o A permissioned or hybrid blockchain (e.g., Hyperledger Fabric, Ethereum)
ensures secure, transparent election processes.
o Nodes (e.g., election authorities, auditors) validate transactions without central
control.
2. Immutability & Transparency:
o Every vote is recorded as a transaction on the blockchain and linked
cryptographically to prevent tampering.

B. Voter Authentication Layer

1. ldentity Verification:
o Multi-factor authentication (MFA), biometric 1D, or government-issued digital
IDs ensure that only eligible voters participate.
2. Zero-Knowledge Proofs (ZKP):
o Enables verification of voter identity without exposing personal information.

C. Voting & Smart Contract Layer

1. Secure Ballot Casting:
o Voters submit their choices through an encrypted and blockchain-validated
process.
2. Smart Contracts for Vote Counting:
o Automated, tamper-proof vote tallying ensures instant and accurate results.
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3. Dispute Resolution:
o Blockchain mechanisms prevent disputes by allowing cryptographic audits of
votes.

D. User Interface Layer

1. Voter Portal:
o A web and mobile-friendly interface enables easy and secure voting.
2. Election Authority Dashboard:
o Election officials monitor real-time voter turnout and audit logs.
3. Public Audit Portal:
o Observers can verify election integrity while maintaining voter anonymity.

E. Integration with External Systems
1. Government Databases:
o Ensures secure voter registration by integrating with national ID systems.

2. Regulatory Compliance Tools:
o Enables compliance with election security laws and data protection regulations.

4.5 Security and Privacy
« End-to-End Encryption: Ensures votes remain confidential.

e Permissioned Access: Controls who can validate election data.
o Immutable Audit Trail: Guarantees election integrity and verifiability.

4.6 Benefits

=

Tamper-Proof Elections: Eliminates vote rigging and fraud.

2. Transparency & Trust: Voters and stakeholders can independently verify election
results.

3. Faster & Cost-Effective Counting: Automates vote tallying, reducing manual
intervention.

4. Secure Remote Voting: Enables voters to participate securely from anywhere.
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5. IMPLEMENTATION

5.1 Define the Voting Workflow

Identify Stakeholders: Voters, Election Authorities, Candidates, Auditors, Regulators.
Determine What Data Will Be Stored: Voter ID (hashed), Timestamp, Ballot Hash,
Vote Count, Election Results.
Define Key Operations:

o Voter Registration

o Secure Ballot Casting

o Vote Verification

o Result Tallying

5.2 Choose the Blockchain Type

Private Blockchain (Hyperledger Fabric, Quorum): Used for government or corporate
elections requiring restricted access.[1]

Hybrid Blockchain (Ethereum, Polkadot): Enables public verification while keeping
voter identities private.[1]

Public Blockchain (Ethereum, Polygon): Provides full transparency, but requires
privacy-preserving techniques.[1]

5.3 Design Smart Contracts for Secure Voting

Smart contracts will automate the following processes:

Voter Registration: Election authorities issue unique cryptographic credentials to
eligible voters.

Ballot Casting: Voters submit encrypted votes that are recorded immutably.

Vote Counting: Smart contracts tally votes transparently and automatically.
Verification Mechanism: Voters can verify that their vote was counted without
revealing their identity.[8]

5.4 Develop & Deploy Smart Contracts

Example Solidity Code for Secure Voting:

solidity

CopyEdit

/I SPDX-License-ldentifier: MIT
pragma solidity ~0.8.0;

contract BlockchainVoting {
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struct Voter {
bool registered;
bool voted;
uint vote;

ky

mapping(address => Voter) public voters;
mapping(uint => uint) public votes;
address public electionAuthority;

event VVoterRegistered(address voter);
event VoteCast(address voter, uint candidate);

constructor() {
electionAuthority = msg.sender;

}

function registerVVoter(address _voter) public {
require(msg.sender == electionAuthority, "Only election authority can register voters");
require(!voters[ voter].registered, "Voter already registered™);
voters[_voter] = Voter(true, false, 0);
emit VVoterRegistered(_voter);

ks

function castVote(uint _candidate) public {
require(voters[msg.sender].registered, "Not a registered voter");
require(!votersimsg.sender].voted, "Already voted");
voters[msg.sender].voted = true;
voters[msg.sender].vote = _candidate;
votes[ candidate]++;
emit VoteCast(msg.sender, _candidate);

¥

function getVotes(uint _candidate) public view returns (uint) {
return votes[_candidate];
}
3121

5.5 Implement Secure Voter Authentication

o Zero-Knowledge Proofs (ZKP): Allow voter verification without exposing their
identity.

e Multi-Factor Authentication (MFA): Ensure voter eligibility through digital identity
verification.

o Decentralized Identity (DID): Uses blockchain-based IDs for voter registration and
authentication.
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5.6 Frontend & Web3 Integration

e Use React.js/Next.js for the Voting Interface.
e Integrate Weba3.js or Ethers.js to interact with smart contracts.
o Enable Metamask or Digital ID Wallets for voter authentication.

5.7 Test the Smart Contracts

o Deploy on Ganache (Local Ethereum Testnet) for testing.

e Use Truffle or Hardhat for unit testing and simulation.

e Security Analysis: Run audits using Slither, MythX, or OpenZeppelin Defender.
5.8 Deploy on a Blockchain Network

o Deploy on Ethereum (Mainnet or Testnet like Goerli, Sepolia).

e Use IPFS (InterPlanetary File System) for decentralized storage of election records.
5.9 Monitor & Maintain the System

e Use Chainlink oracles to verify external election-related data.

e Implement Event Logging & Real-Time Monitoring for security audits.

e Regularly Update Smart Contracts to improve security and efficiency.
5.10 Ensure Compliance & Scalability

« Align with GDPR, Election Laws, and Cybersecurity Regulations.

o Optimize Gas Fees using Layer 2 solutions (Polygon, Optimism, Arbitrum).
e Scale the System with sidechains, sharding, or rollups to handle large-scale elections.
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6. ADVANTAGES

Using blockchain for supply chain transparency and traceability provides several significant
benefits:

6.1 Enhanced Transparency

« Real-time tracking: Blockchain enables stakeholders (manufacturers, suppliers,
distributors, retailers, and consumers) to track goods in real-time.

e Immutable records: Every transaction recorded is tamper-proof, ensuring that once
data is entered, it cannot be altered, enhancing trust and transparency.

6.2 Improved Traceability

e End-to-end tracking: Products can be tracked from raw materials to final delivery.[5]
o Auditability: Blockchain creates a verifiable audit trail, helping detect fraud and
inefficiencies.

6.3 Enhanced Security

« Cryptographic protection: Blockchain encrypts all stored data, reducing unauthorized
access.[6]

o Distributed ledger: No central point of failure makes it resistant to cyber-attacks and
system failures.[6]

6.4 Reduced Fraud and Counterfeiting

« Authentication of goods: Blockchain ensures that only verified products enter the supply
chain.

e Transparency discourages fraud: Each transaction is recorded, making counterfeit
goods easier to detect.

6.5 Better Collaboration
o Shared visibility: Stakeholders have access to the same data, leading to better decision-
making.
e Smart contracts: Automates approvals, payments, and shipment releases.
6.6 Increased Efficiency
« Streamlined processes: Automates manual verification processes, reducing paperwork
and human intervention.

o Faster transactions: Eliminates intermediaries, ensuring quick payments and shipment
processing.
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6.7 Improved Compliance & Regulatory Reporting

Accurate data: Blockchain ensures compliance with food safety, ethical sourcing, and
environmental regulations.

Easier auditing: Auditors can instantly verify supply chain transactions, improving
regulatory compliance.

6.8 Consumer Trust & Loyalty

Transparency in sourcing: Consumers can verify if products are ethically sourced using
QR codes.

Product verification: Scannable QR codes ensure authenticity, preventing counterfeit
purchases.

6.9 Cost Savings

Elimination of intermediaries: Reduces costs by removing third-party verification
processes.
Fraud prevention: Minimizes financial losses by preventing counterfeiting and theft.

6.10 Sustainability

Environmental impact tracking: Companies can monitor carbon footprint and
sustainability efforts.

Waste reduction: 10T sensors provide real-time insights into demand and storage
conditions.
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7. CHALLENGES
While blockchain brings many advantages, challenges in implementation need to be addressed:
7.1 Scalability Issues

e Transaction speed: Public blockchains (like Ethereum) can slow down with increased
transactions.
e Network congestion: As more participants join, processing speed may be affected.

7.2 High Initial Costs

« Implementation expenses: Setting up blockchain infrastructure, smart contracts, and loT
integration requires significant investment.

o Legacy system integration: Businesses must adapt existing ERP and supply chain
management software to work with blockchain.

7.3 Data Privacy Concerns

e Sensitive business data: Public blockchains expose pricing, trade secrets, and
proprietary data.

o Permissioning complexity: Hybrid/private blockchains help protect sensitive data but
add complexity.

7.4 Adoption & Standardization Challenges
o Lack of global standards: Different supply chain stakeholders may use different
blockchain protocols, making interoperability difficult.
« Resistance to change: Suppliers and distributors may hesitate to adopt new technology.
7.5 Data Entry & Maintenance Complexity
e Human error: Incorrect or incomplete data input can compromise blockchain integrity.
« Ensuring data consistency: All participants (manufacturers, distributors, retailers) must
update records in real time.
7.6 Regulatory & Legal Challenges
« Legal recognition: Some governments do not fully recognize blockchain-based
transactions.
e« GDPR compliance: Blockchain's immutable nature conflicts with data privacy laws
(e.g., the right to be forgotten).[9]
7.7 Energy Consumption

e Proof of Work (PoW) blockchains (e.g., Ethereum) are energy-intensive.
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« Sustainability concerns: Companies must choose energy-efficient alternatives like
Proof of Stake (PoS).

7.8 Interoperability Issues

« Different blockchain platforms (Ethereum, Hyperledger, VeChain) may not
communicate easily.

o ERP system compatibility: Connecting existing enterprise software with blockchain
requires custom integration.

7.9 Lack of Skills & Expertise

e Shortage of blockchain professionals: Companies must invest in training employees.
e Technical complexity: Managing smart contracts, Web3, and security risks requires
expertise.

7.10 Privacy vs. Transparency

« Public vs. private blockchain trade-offs: Public blockchain ensures full transparency
but exposes confidential data.
« Balancing control: Private blockchains offer control but reduce decentralization.

7.11 Network & System Downtime

« Reliability of blockchain networks: Businesses must ensure network uptime and
availability.

« Smart contract bugs: Poorly written smart contracts can cause supply chain
disruptions.

7.12 Stakeholder Adoption

o Full network participation: If any key supply chain participant does not adopt
blockchain, its effectiveness diminishes.

e Varying technical capability: Smaller suppliers may lack the resources to adopt
blockchain solutions.
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8. CONCLUSION

Blockchain technology has the potential to revolutionize industries by providing secure,
transparent, and efficient transaction records through decentralization, immutability, and smart
contracts. In voting systems, blockchain enhances security, transparency, and trust by preventing
fraud, ensuring voter anonymity, and enabling verifiable elections. While adopting blockchain in
elections requires initial investment, regulatory support, and public awareness, it offers long-term
benefits such as reduced election fraud, improved voter accessibility, and enhanced public trust.
However, challenges like scalability, cybersecurity threats, legal acceptance, and integration with
existing electoral systems must be addressed through collaboration among governments,
researchers, and technology providers. Furthermore, blockchain supports SDG 16 (Peace,
Justice, and Strong Institutions) by ensuring free, fair, and credible elections, strengthening
democratic governance worldwide.
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9. SDGs ADDRESSED

Using blockchain for secure voting systems can help address several United Nations Sustainable
Development Goals (SDGs) by enhancing electoral integrity, increasing voter participation, and
ensuring transparent governance. Below are the UN SDGs that blockchain technology can
support, along with justifications for each:

SDG 1: No Poverty

Justification: A secure and transparent voting system ensures fair democratic governance, which
is crucial for developing policies that address poverty. Blockchain-based elections enable
marginalized communities, particularly in underdeveloped regions, to have a voice in decision-
making. This leads to the formulation of policies that effectively allocate resources and support
economic empowerment.

SDG 9: Industry, Innovation, and Infrastructure

Justification: Blockchain-based voting systems represent a technological innovation that
strengthens democratic processes. By providing a secure, efficient, and scalable voting
infrastructure, blockchain improves electoral integrity, reduces costs, and ensures accessibility
for all citizens, including those in remote areas. This innovation contributes to the development
of reliable digital governance infrastructure.

SDG 16: Peace, Justice, and Strong Institutions
Justification: Blockchain’s transparency and immutability create tamper-proof voting records,
reducing electoral fraud, bribery, and manipulation. Secure voting systems reinforce trust in

institutions, strengthen democracy, and promote fair electoral processes, leading to more
peaceful and just societies.
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11 APPENDIX A

https://drive.google.com/drive/folders/IFkKAwgcL2EHULIRTmjKRmMe50 PolzGUt?usp

=sharing

[=]

£

[=]

20| Page



https://drive.google.com/drive/folders/1FkKAwgcL2EHuLrRTmjKRme50_Po1zGUt?usp=sharing
https://drive.google.com/drive/folders/1FkKAwgcL2EHuLrRTmjKRme50_Po1zGUt?usp=sharing

