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ABSTRACT

Managing royalty fees in the music business is the task that is done by
record labels, music retailers, and performance-rigsht organization firms.
Royalty fees are mostly distributed in a centralized manner. A centralized-
based approach may be straightforward for managing a music business.
However, a centralized-based approach prevents artists to be able to set
their revenue model for their music and getting paid promptly. To allow an
artist to have freedom in setting their revenue model, a decentralized-based
approach may need to be proposed. In this work, we propose to apply
Blockchain and Smart Contract in the music business to propose a
decentralized-based music streaming service that allows artists can
independently design their royalty fee model and get paid promptly. Our
proposal is based on an extension of ERC20 and ERC721 standards on writing
a smart contract. Our proposal is deployed and tested in a private Ethereum-
based blockchain in a laboratory-controlled environment to determine the
feasibility and gas fee required. The result suggests that the business logic
required in our contract does not consume a high amount of gas fee. Hence,
it can be deemed that our contract design is suitable for deploying in an

actual decentralized-based music streaming service.
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2.3.1 BMCProtector: A Blockchain and Smart Contract Based

Application for Music Copyright Protection (2018)
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2.3.2 Computing exact worst-case gas consumption for smart

contracts (2018)
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2.3.3 Detecting Ponzi schemes on Ethereum: Towards healthier

Blockchain technology (2018)
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2.3.4 Music Streaming Application using Blockchain (2019)
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2.3.5 A Study on Blockchain-based Music Distribution Framework:

Focusing on Copyright Protection (2020)
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2.3.6 Monetizing new music ventures through blockchain: Four possible

futures? (2019)
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2.3.7 The Impact of Blockchain Technology on the Music Industry (2019)

Juwanddeildnsvaeunansenuiienaintuveamaluladudenisusegnamnssy

waslaen1sInTgLLeesinINsuazEle g lugnamnssu lnglddeyanisiiuls

Y

s 1 a

LAZIUIATVDIQAAINNTIUNGS TINRAIURU TR INAGvENSHIUN9ATRRA vasl 2017
NaagUeanuIHaNIENUTIUINFe RN smate1ainvuldndeidedgnA i lalumalulad

Tyidannme [20]



10

2.3.8 Using Blockchain for Online Multimedia Management:

Characteristics of Existing Platforms (2020)
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2.3.9 Piano Automatic Computer Composition by Deep Learning and

Blockchain Technology (2020)
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2.3.10 Securing music sharing platforms: A Blockchain-Based Approach
(2022)
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2.3.11 A DRM Solution for Online Content Using Blockchain - A Music
Perspective (2018)
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2.3.12 Blockchain-mediated Licensing: Legal Engineering for Artist

Empowerment (2020)
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2.3.13 Research on Decentralized Music Sharing Model Based on

Consortium Blockchain (2019)
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2.3.14 Digital music copyright management system based on

blockchain (2020)
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3.2 DMS Contract : A Smart Contract for Decentralized Music Streaming

System
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{"musicName": "...... .,
"song-writer": " "
"Instrumental": "....",
"Vocal lyrics": "....",
"description": "....",
"music": "...... "

U7 3 DMS: Metadata JSON format
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answaur DMS Contract waznisnaaas

unilaznandensilivulaniiowmun DMS Contract Tudiudfyy daluaznani

LRNUNITNAEDY Nedauazn1sUseilulseansninues DMS

4.1.

nA1sWaWY DMS Contract

DMS Contract Tunastunaasaianisnaaautarn15idgluuddedunwaunlag

p1desHIsAENITAUY Smart Contract 74831 OpenZeppelin Weoulanlagenfe

1w Solidity 1iestu 0.8.4 d@rudAgydisusnues DMS Contract nestunaassilAanis

ganuwuulil DMS Contract fuviinis Inherit anaud@nssialuiann ERC wuuiiu

ERC721: wislsildmnuanunsaves ERCT21

ERC721URI Storage: wielildinnuaninsanisifiu Storage wos ERC721 18
URI

ERC721Burnable: fialtf Token awnsafinisvhatsesnanszuuldmndesnis
Ownable: Wisl Token Ssnsiiirvosmasiudeudtvasls

TngldlsuisadunenunludnuazAsusaluil

import "@openzeppelin/contracts/token/ERC721/ERC721.s0l";

import "@openzeppelin/contracts/token/ERC721/extensions/ERC721URIStorage.sol”;
import "@openzeppelin/contracts/token/ERC721/extensions/ERC721Burnable.sol";
import "@openzeppelin/contracts/access/Ownable.sol";

import "@openzeppelin/contracts/token/ERC20/IERC20.sol";

contract TestDMS is ERC721, ERC721URIStorage, ERC721Burnable, Ownable {
constructor() ERC721("TestDMS", "TDMS") {}

5U7 4 DMS: ERC import

mﬂguﬁ' 4 Funningaliladnisyn ERC2981 unldlu DMS Contract 1iasdu

nAaailodainAuaInisatun1sItean Royalty Fee Tu ERC2981 wuidndudesgn
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Override wiawAbutunauluniseiuin saduauilwieniagiauailandulunisaiuiu
Royalty wuulumiununis Override szuusupsifisanaiugideunazanusndulunis

Override TagAnua1unsafitiuiuny ERC2981 Tu DMS Aeilsridu listeningMusic

Uil

function listeningMusic(address _sender) payable public {
//IERC20(OnlyToken).approve(_sender,Amount);
//IERC20(OnlyToken).allowance(_sender, address(this));
IERC20(OnlyToken).transferFrom(_sender, address(this), Amount);
uinti=0;
for (i = 1;i <= contri.length; i++){
Contributor storage _contri =(contri[i]);

_contri.account.transfer(msg.value/_contri.percent);

}
_baseURI;

3‘1117 5 Function listeningMusic

31n3U7 5 Hefdu listeningToMusic seansiliainuannsandnden1sissuy
asaldds transferFrom fianunsavitnisAaniegyannguelanasuaivaaniniumh

nsuusangliiiu Contributor Tamunsilasidudasausiay Contributor Anuruaunly

ADUNTN

Handudugninsiniulaunilaidungunisaideimnas Playlist Metadata sineq

My Seazdgalaniauanldlunmsiaun DMS dulanseglunianuin n. Melaul

4.2 13 Deploy Contract waznisdauszansnimmansldeuy
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DMS Contract ﬁx‘iﬁﬂﬁ’]’m’lLLE%J’JﬁgﬂmJﬂﬁ?uvLﬁQﬂﬁ’]mi Implement wag Deploy
fu Blockchain Network 953lnga is Remix IDE 983 Ethereum Foundation il
Usziufannudululdlunisldausieegnadiussdnsnm nsusediuan Gas Fee #ildly
n15 Deploy Contract Sududsslu Ineen Gas Fee #ildlunns Deploy DMS Huas
dofviuinvesteyanasynddefidiunetsves DMS duilUiinadvonsuldviogaiun

2zvinssulAasa

Tuguwes Delay Juilosarnsyuuves Ethereumn Blockchain Network uluy
newfivinns Deploy Contract ﬁ?u%éfaasam’;aaauqﬁﬂiﬁumﬂ;ﬁmmaau%umauﬁﬁamfw
pending Fudlefinsdenldiuitaiduly DMS douffuaziin pending JuvildiAnennis
ardrguldmuduauveanis pending ss1uiniidnadeiasevie Ethereum auatunse
Wasuaauzveuasetigldiuryiesdii 1000 pending Mnfina1asnmumaaniisinn

L s ]

Tu DMS duazdasdnean Royalty Wdsiddrusiuiumas deauilldlasinsivualidn

a1u1sasuseslanau lusuneaeslaiins pending 8¢ 30 s1en158luilnasoanuy

LAS8UY

\eYN1MAaBIN1TInA1 Gas Fee ilpeigen Gas Fee duillaniaduniudueg

Audirinaseviednisideygludiunugvsels 4 Validator Node #inseusu Validate

¥
= A

Block Tusiunnusetesieln Tuinuidedmioann1saunIUY8IANUAUILUUTD AT DY

far1 Gas dlaaanyinnisneassiulAsevnsaadLuy fasaluil

- Ethereum Ropsten Test Network

wintetiiduimiouieves Ethereum Foundation dmsuldnaaeuaiugnéies
999 Smart Contract Tvdfwmunlaeunimundasy wistnetdasdananisidanulunsedng
flnawAee Production 9349 wagepsiiamnunuikiuunussninly Ethereum Production
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wsetneilelilanasnsindifesiuinsaviendnuinian



24

- SciNET Sandbox

\w3oe1e SCNET 1 Blockchain lanngisimunisluiesujuinisvesnmy
Anereans wninenduaatuasuns  w3etie SCNET deenuuuiiieldinnismaaes
39918 Ethereum dusunieluioaufjuifinns lae Network agUsznausie Validator
Node wuu Proof of Authority 2 Node wiieaiviniufiasslne Opensource F geth
dleadaensdl SCNET 3 Traffic fitfosndn Network wuu Public Chain 8uqunndsléd
nsvnaesiadl Gas uu SCINET fife

[

AsneasuiadInlsyansnmnazaily Gas Fee w99 DMS duiidunausail

1. ¥1n13 Deploy DMS a3uu Ropsten Test Network

2. yhmsmeaeaienldilsituesoluiiiu Remix IDE 5 afuiieTndnadslunsld
A1 Gas

setMusicName

addContributor

setServiceCharge

setPayToken

O O O O

listeningMusic

3. yheuneudl 1 uag 2 lneasun1smanasiannuy Ropsten Test Network 18y

SciNET

4.2. waawsnlaanAzalenaEaU
munesureliludiunaunt 15U5ulY DMS suasetne Ropsten way SCNET
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A5 3 HANISNNADN: AISTIUBEULAFTIINTUAINSUNITANTUNIS DMS

o LASOUNENAADU
andu

Ropsten SCINET

setMusicName 0.00005094 | 0.00004447
addContributor | 0.00013869 | 0.00012892
setServiceCharge | 0.00004944 | 0.000042

setPayToken 0.00004944 | 0.00004383

listeningMusic 0.00004946 | 0.00002733

1015199 3 Tieedsrsinisunaadlde Gas Fee Taaiduaadsuninisisenly

HendupssndudmsunsidygrdAginags Jadesdinsandunisasssuiouly DMS

9351 Tunsfdlvesaiedie Ropsten smnassuazinnaanslugiiaiiaiedisliinig

1AW UNDNANLALIANMUNUNIUYDIANSTTUL BN A9 T D99 NVIMLAT DL BRI UNS

HAN5NAABY WU wii1n1s Deploy vu Ropsten Test Network wag SCINET
riinam Gas uansnsiudniles usiuwiltduvesan Gas Alduuegluusmnadnindifesiu

naTAENTYINILYe DMS duaunsavinistdanuldlaed Contract liflvwnfiannvsess

AUz y A luULeS a8 TA1US NSRRI ALNIANNT LT
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d5UnaUdY Ueuvn quasIA uae uNuNISNAaRIHaYen

5.1.  d@5Unan13ie
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5.2.  Ugwuazauassalunisidey
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https://github.com/Mastel2etrun/DMS

// SPDX-License-Identifier: MIT
pragma solidity 20.8.4;

import "@openzeppelin/contracts/token/ERC721/ERC721.s0l";

import "@openzeppelin/contracts/token/ERC721/extensions/ERC721URIStorage.sol”;
import "@openzeppelin/contracts/token/ERC721/extensions/ERC721Burnable.sol”;
import "@openzeppelin/contracts/access/Ownable.sol";

import "@openzeppelin/contracts/token/ERC20/IERC20.s0l";

contract TestDMS is ERC721, ERC721URIStorage, ERC721Burnable, Ownable {
constructor() ERC721("TestDMS", "TDMS") {}

function safeMint(address to, uint256 tokenld, string memory uri)
public
onlyOwner
{
_safeMint(to, tokenld);
_setTokenURI(tokenld, uri);

}

function _burn(uint256 tokenld) internal override(ERC721, ERC721URIStorage) {
super._burn(tokenld);

}
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function tokenURI(uint256 tokenld)
public
view
override(ERC721, ERC721URIStorage)
returns (string memory)

{
return super.tokenURI(tokenld);

}

//ﬁm‘iwaq‘vadﬁfyfmﬁ
function _baseURI() internal pure override returns (string memory) {

return "https://ipfs.io/ipfs/QmUFdJYEH934SuVtHKcvUYfDHQFQiwvToJQzNLqvsM51Tnk";
}
///////////////////(////////////////////////////////////////////////////////////////////////////////
// MsdAneusnsiiaNfoinsilainadann contract
// s Tumsignaniawassieddanaiiues lslunsuaniduu

I T 11111

//\Du String finansfsdoinas

string musicName;

function setMusicName(string memory name) public onlyOwner {
musicName = name;

}

//aBoiwadiisialy

function getMusicName() public view returns (string memory) {
return musicName;

}

//swanduamsiAudoyavesiiausuludvans
struct Contributor {

string name;

string position;

address payable account;

uint percent;

}

//amuanduavasdilausulunanunadasldiavizuain 0
Contributor[] public contri;
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//Wingiausuiluanandinas
//msfamiasidusiiuutiawasns Solidity idessin
//100; == 1 Percent
//500; == 5 percent
//2000; == 20 Percent
function addContributor(string memory _name,string memory _position,
address payable _account,uint _percent) public onlyOwner {
Contributor memory newCon = Contributor({
name : _name,
position : _position,
account : _account,
percent : _percent
D

contri.push(newCon);

}

// 18 Tumsulouandoaveuiidusluiwag
function editContributor(uint assetld,string memory _name,string memory _position,
address payable _account,uint _percent) public onlyOwner{
Contributor storage _contri =(contri[assetld]);
_contri.name = _name;
_contri.position = _position;
_contri.account = _account;
_contri.percent = _percent;
}
//BReginudiadusnludvavsinamiiiau
function recordsArrayLenth() public view returns (uint256){
return contri.length;

}
/*
//amwandsnvaaiausulunanuinadg
function getContributor(uint assetld) public view returns (string memory,address,uint) {
return (contri[assetld].name,contri[assetld].account,contri[assetld].percent);
}
*/
event Received(address, uint);
receive() external payable {
emit Received(msg.sender, msg.value);

}
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[T 1117171717717 1171177117 1171171177117117111717711711711171171117717

Ry

// miﬁmmu%milﬁaur,gmaqmiwsuwaq’»nﬂ contract
// s Tumsghaniawasdodddo: lstnagu Ausns winuidunse ercii lguanasu

[T 1111717171117 11717177177 117117117711771711171771171171117117111717

/" vasdayan

address Owner;

function setOwner(address _owner) public onlyOwner {
Owner = _owner;

}

//FUAMSIUASITANNANINAY

uint Amount;

function setServiceCharge(uint _amount) public {
Amount = _amount;

}

/e Tsuawiz ERC20 fifmue

address OnlyToken;

function setToken(address _token) public onlyOwner {
OnlyToken = _token;

}

struct someToken {
string symbol;
address payable token;
}
someToken[] public token;
//wWis ERC20 #iansnsald lef
function addToken(string memory _sym,address payable _token) public onlyOwner {
someToken memory newToken = someToken({
symbol : _sym,
token : _token
1,
token.push(newToken);

}
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//T@Reas ERC20 snssdeyeyunil
//uanilafimsds ERC20 snudenummuaazas URL fifuiioguaanadli
function listeningMusic(address _sender) payable public {
//IERC20(OnlyToken).approve(_sender,Amount);
//IERC20(OnlyToken).allowance(_sender, address(this));
IERC20(OnlyToken).transferFrom(_sender, address(this), Amount);
uinti=0;
for (i = 1;i <= contri.length; i++){
Contributor storage _contri =(contri[i]);
_contri.account.transfer(msg.value/_contri.percent);
}
_baseURI;

}

//Tioq ERC20 fiilos)

//function getBalanceToken(address _address) public view returns (unit) {
// return ERC20(_address).balanceOf(address(this));

//}

// sayarvaanauiovnmsnuiwadlugindsunns

// nuaneds ERC20 figiasang

uint SalePrice;

function setSalePrice (uint _salePrice) public {
SalePrice = _salePrice;
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//sReAvANETI lannmsTILLIa

uint feeDenominator;

function _feeDenominator(uint _fee) public {
feeDenominator = _fee;

struct Royaltylnfo {
address receiver;
uint96 royaltyFraction;

}

Royaltylnfo private _defaultRoyaltyInfo;
mapping(uint256 => Royaltylnfo) private _tokenRoyaltyInfo;

function royaltylnfo(uint256 _tokenld) public view returns (address, uint256) {
Royaltylnfo memory royalty = _tokenRoyaltyInfo[_tokenld];
if (royalty.receiver == address(0)) {
royalty = _defaultRoyaltyInfo;
}
uint256 royaltyAmount = (SalePrice * royalty.royaltyFraction) / feeDenominator;
return (royalty.receiver, royaltyAmount);

}

//pnnNal

function sellOutMusic(address _receiver, address payable _token) public view returns (string memory) {
royaltyInfo;
ERC721(_token).transferFrom(Owner, _receiver);

}
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Abstract—Managing royalty fees in the music business
is the task that is done by record labels, music retailers,
and performance-right organization firms. Royalty fees are
mostly distributed in a centralized manner. A centralized-
based approach may be straightforward for managing a
music business. However, a centralized-based approach
prevents artists to be able to set their revenue model
for their music and getting paid promptly. To allow an
artist to have freedom in setting their revenue model, a
decentralized-based approach may need to be proposed.
In this work, we propose to apply Blockchain and Smart
Contract in the music business to propose a decentralized-
based music streaming service that allows artists can
independently design their royalty fee model and get paid
promptly. Our proposal is based on an extension of ERC20
and ERC721 standards on writing a smart contract. Our
proposal is deployed and tested in a private Ethereum-
based blockchain in a laboratory-controlled environment to
determine the feasibility and gas fee required. The result
suggests that the business logic required in our contract
does not consume a high amount of gas fee. Hence, it can
be deemed that our contract design is suitable for deploying
in an actual decentralized-based music streaming service.

Index Terms—Keywords- Blockchain : decentralized :
music streaming :; smart contracts

I. INTRODUCTION

Nowadays. music streaming becomes a mainstream
online service. People prefer an online subscription
service over buying physical copies of music albums.
Music streaming users are growing rapidly. said at least
523.9 million people, an increase of 26.4% over the
same period of 2020 [1]. Well-known services nowadays
include Spotify, Apple iTunes, Google Music, etc.

Although the music streaming system has greatly
grown the music business. But the exclusivity of each
platform also requires artists and their associated parties
to agree to the terms of their respective payouts, which
may be delayed or proportional to the artist’s non-
negotiable compensation. The mechanisms and contracts

Chinnapong Angsuchotmetee
Division of Computational Science, Faculty of Science,
Prince of Songkla University, Songkhla, Thailand
Email: chinnapong.a@ psu.ac.th

for compensation to those involved in the music business
are shown in Figure 1
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Fig. 1. Mech and ¢c ion contracts in the music business

of the legacy system

To resolve the monopoly of platforms using central-
ized architecture in the aforementioned manner The tech-
nology designed to solve these problems is blockchain
technology, which has three key features: (1) the written
data cannot be changed (2) all parties in the system
are jointly owned by the system. together There is no
central authority to maintain the system and (3) there is a
Smart Contract system that allows system users to write
any programs for users of the system to run together.
At present, many systems were originally centralized
systems, moved to use in distributed architecture instead,
such as BitSong, Musicoin, ROCKI, OPUS, etc.

Blockchain allows musicians to easily approve and
manage their music copyright with distributed ledger
technology. Rights-holders can automatically and im-
mediately receive a share of royalties from the music
industry. even if no broker is involved in the distribution
process. to deal with piracy issues using encryption and
watermarking methods. However, it has been mentioned
in [2] that introduce a versioning mechanism to update
the data in the smart contract for correcting mistakes
made by the publisher, By distributing and managing

978-1-6654-8559-3/22/531.00 © 2022 IEEE



music using the proposed model, can provide all trans-
action information and related tasks in the music market
safely and transparently.

All of the above The main goal of this research is to
propose a blockchain and smart contract implementation
to deliver music streaming systems based on a distributed
architecture. Our study is based on an Ethereum-based
network which means that your proposal is compatible
with Ethereum and its derivative (e.g.. Binance). Our
proposal is named Decentralized Music System (DMS)
contract. DMS contract is written in solidity language.
DMS contract along with our proposed architecture
design can help an artist get paid for their music without
having to go through a central authority.

This paper is organized as follows. Section 2 describes
the related works. Section 3 introduces the design of our
proposed contract. Section 4 describes the deployment
and validation of our contract in our test-bed. The result
is given in Section 5. The discussion, conclusion, and
future work are described in Section 6 and Section 7.

II. RELATED STUDIES

Studies that are related to our work can be categorized
into 2 groups which are (i) Application of Blockchain in
the music business and (ii) Ethereum Request for Com-
ment (ERC) standard. They are described as follows.

A. Application of Blockchain in Music Business
Studies in this group are mostly aimed to apply
Blockchain in managing music copyright. A significant
study in this field is in [2]. This study focuses on propos-
ing a new music copyright protection scheme that not
only assures the rights holder’s income stream but also
considers the protection and tracks the copyright itself
after a song has been purchased. this work concludes that
the right of artists to reproduce, perform and distribute
a musical work. However, there are still some issues of
concern in the digital music industry, including rights
and licensing management, levying fees from intermedi-
aries, and piracy problems. This is particularly important
because many countries around the world have published
related laws and rules to help protect this kind of right,
but there are still some business and political problems
that may block users from taking part. For example,
some companies do not want to lose control of the
process. Not every artist wants to disclose their income to
the public. Other similar works in [3] and [4] also yielded
a similar conclusion. To date, public blockchain-based
music platforms, through providing aligned incentives,
radically innovate the digital music business towards a
decentralized and artist-driven business model and urge
established organizations to follow suiLit can solve the
limitations of the current music copyright monopoly
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management and can accept the newly emerged various
types of works in an expanded form, but gas consump-
tion [5] and delay have not yet been investigated.

B. Ethereum Request for Comment (ERC) standard

Deploying a new contract over the Ethereum network
or its derivative requires programming a smart contract in
Solidity language. A solidity-based [6] contract over the
Ethereum network is considered to be Turing complete
which means that any kind of business logic can be
programmed into the network without any limitation. To
avoid having too many types of contracts over the net-
work, the community of Ethereum developers gathered
and proposed a set of standard contract codes so-called
Etherewm Request for Comment (ERC). One of the most
famous ERC standards is the ERC20 [7]. ERC20 is used
as an Initial Coin Offering (ICO) for most businesses on
the Ethereum network. Another important ERC is the
ERC721 [8]. ERC721 is designed for offering a Non-
Fungible Token (NFT) to Ethereum users. An NFT is a
token that is associated with a piece of asset, mostly an
image. An NFT can be used for representing ownership
of a piece of an asset over Blockchain network. The
concept of NFT through ERC721 is later extended to
ERC2981 [9] which is designed for collecting royalty
fees for the usage of a given NFT.

Due to the fact that ERC721 and ERC2981 are not
designed and designated for the music business, they
may not be able to cover every aspect of the require-
ment of proposing a decentralized-based music business
despite the fact that it can already be used for modeling
ownership of a single music asset. The requirements of
a decentralized-based music business that we identified.
compared with ERC721, and ERC2981 features are
described in Table L.

TABLE |
REQUIREMENT OF A DECENTRALIZED-BASED MUSIC BUSINESS
AGAINST ERC721 AND ERC2981 FEATURE.

Requirement Feature Coverage
TFRCTIT E&%.‘W!
Set the soag title, detals of the artist. }
composer, record label, etc. Pustinl Not covered
Set up service charge .
Listening %o music from the contract. Pustial Not covered
Set a song s value i order ial
to sell it 10 another account. P Not conered
Set up contmcts 1o Partial | Not covered
inchude songs or playlists.
C20 currency

which symbol will be Partial Not covered
used for the payout.
Set up an allocation of percentages
camed from music service fees and .
paid music royalty payments to Not coverad Partial
msic ib




III. PROSPOSAL : DMS ARCHITECTURE & DMS
CONTRACT

In this study, we propose an architecture of a
decentralized-based music streaming platform over a
blockchain network through the usage of the Ethereum
and Smart Contract mechanism. The architecture and
contract are both named Decentralized-based Music
Streaming (DMS). The proposed architecture is depicted
in Figure 2.
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Fig. 2. DMS : Architecture Design

Figure 2 depicts that our proposal DMS Platform are
based on an idea of a simple NFT-based marketplace.
However, the major difference lies in the usage of our
own DMS contract which can help an artist to be able to
set their own payment scheme without relying on PROs.
Our contract is named DMS.

DMS contract is developed through extending
ERC721 and ERC2981. We choose to base our imple-
mentation on ERC721 and ERC2981 in order to ensure
that our contracts are still compatible with the existing
NFT-based system. The extension that we propose are (i)
‘setMusicName’ for setting details of the artist on music
NFT asset (ii) "addContributor’” function was used to add
variables definition into a struct that holds any variable
such as name, position, account, and percentage.T (iii)
‘set service charge’ for setting up payment model (iv)
‘addPayToken’and "free denominator’ for setting up an
allocation of percentages earned from music service fees
and paid music royalty payments to music contributors
and (v) extension metadata for baseURI property of
ERC721 to support music playlist, in the case of pro-
viding music album service. The metadata extension is
depicted as follows.

{

{"musicName®™: "...... -
"song-writer": *....",
"Instrumental®: ".._.."%,
"Vocal lyrics®: "....",
"description": *....",
"music": "...... "

ke

1

Another essential extension that DMS proposed is the
listeningToMusic function.This function takes all pa-
rameters and payment schemes that users set to pay
all contributors promptly for each music access. The
function is implemented as followed.

function listeningMusic (address _sender)
payable public {
IERC20 (OnlyToken) .
transferfFrom(_sender,
address (this),
Amount) ;
uint i = 0;
for (i = 1;i <= contri.length; i++){
Contributor storage _contri
=(contri[i]);
_contri.account.
transfer (msg.value/
_contri.percent);
}
_baseURI;

The function listeningMusic uses IERC20 token
adapter to ensure that the payment scheme to contrib-
utors can support any kind of ERC20-based token. The
function works by looping through the list of contributors
that are added from addContributor function beforehand
and paying all of them before returning baseURL back to
the music playback request. Each contributor is defined
as a struct as follows.

struct Contributor
string name;
string position;
address payable account;
uint percent; }

As given above, each contributor is defined using four
main values which are (i) contributor name (ii) their
position (iii) payable account, and (iv) percentage that
they can gain for each playback. The source code and
further description of DMS can be found online'.

IV. VALIDATION: DMS GAS FEE MEASUREMENT

In every Ethereum-based blockchain network, the Gas
Fee reflects the size of a smart contract and computa-
tional power required for executing the contract. The fee
has to be paid by using the native utility coin of a given
network. For example, in the Ethereum network, the fee
has to be paid in ETH, while Binance requires the fee
to be paid in BSC. In this work, we propose a new con-
tract design. Hence. ensuring the fee is minimal, while

' hups:/github.com/Maste 1 2etrun/DMS
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covering all the requirements of music business logic is
essential. Therefore, we choose gas fee measurement as
a metric for validating our study.

To validate our study, we deploy DMS onto two
Ethereum networks which are (i) the Ropsten test net-
work of Ethereum and (ii) our laboratory-controlled
SciNET, a private ethereum network deployed using two
GETH validator nodes. Testing on Ropsten represents the
actual usage when the network is deployed in the large
scale network while deploying on SciNET represents
the measurement of the gas fee over a low-contention
network case. We deploy DMS and execute our contract
to both networks five times. The average gas fees on
both Ropsten and SciNET are measured.

V. EXPERIMENT RESULTS

As described in the previous section, we deploy DMS
over Ropsten and SciNET network to measure the gas
fee of our contract execution. The results are given in
Table 11

TABLE Il
EXPERIMENT RESULT: GAS FEE REQUIRED FOR EXECUTING DMS
function Test Netwoek
R n) SaNET
selMusicName | 0. | 0.00004447 |
addContnbutor | 0.00013869 | 0.00012592 |
selSetw.;;Chmarse 000004944 | 0.000042
y I 000004383 |
TsteningMusic | 0.00004946 | 0.00002733 |

Table II gives the average of five trials of the gas
fee required for executing five essential contracts which
require a gas fee to be executed in our DMS. In the
Ropsten network case, we experiment and measure the
result during the period in which networks do not have
contention to avoid the gas fee fluctuation due to the lack
of a free validator. The result shows that our extension
from ERC721 and ERC2981 to propose DMS does not
make a contract to be too complicate and too expensive
to the point that gas fees are not feasible to be used.

VI. DISCUSSION

In every smart contract-based system, regardless of the
application domain, a gas fee is essential for the success
of the system itself. Larger the contract size and a large
number of users of the contract itself can lead to the
difficulty in finding a validator to pick up and execute
the transaction [10].

In our work, it can be seen that DMS consumes
very little gas fee in both Ropsten and our laboratory-
controlled SciNET network. It can be seen that most
of the setup functions have similar gas fees, except for
adding contributors to the music copyright. to collect
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various information about the contributors and bring to
charge royalties. To deploy DMS in practice, besides the
design and deployment of the contract, the marketplace
front-end is needed to be signed. Also, the fact that
we propose an extension to an existing ERC721 and
ERC2981 means that the existing implementation of a
cryptocurrency wallet [11] will not support our DMS
natively. A custom implementation of DMS onto an
existing cryptocurrency wallet may need to be proposed.
Both aspects as mentioned will be our focus direction of
the future work.

VII. CONCLUSION AND FUTURE WORK

This work is concerned with implementing an ar-
chitecture of a decentralized-based music streaming
platform using blockchain. The preliminary design of
DMS architecture is proposed. Our custom contract pro-
grammed by extending from ERC721 and ERC2981 to
support music streaming business logic is developed. Our
DMS contract is validated through gas fee measurement.
The study reveals that the gas fees required from our
extension are not expensive and feasible to be used in

practice.
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