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Abstract. Objective: This paper proposes a Solution Concept based on Bitcoin 
Blockchain technology to aid in solving the problem of transparency in the 
Brazilian Real Estate Registry System by registering Property Payments, 
Property Registries (Ownership), and Property Transfers on the Bitcoin 
Blockchain. Methods: This paper develops the Solution Concept using Unified 
Modeling Language (UML) diagrams, Principles of Knowledge 
Representation and it uses the Testnet3 and Signet Networks of the Bitcoin 
Blockchain to implement the Solution Concept using the Bitcoin Core’s full 
node and wallet, and the Bitcoin Ordinal Software Utility. Results: Through 
the Solution Concept, it is verified that there would be more certainty and 
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security in the Brazilian Real Estate Registry System when Property Payments 
are made in bitcoin. Additionally, it is verified that provenance and digital 
thread of Property Registries would be assured if they were registered on the 
Bitcoin Blockchain. Lastly, the Bitcoin Blockchain Testnet3 Network also 
endures the same scalability issues as the Bitcoin Blockchain Mainnet 
Network, with delayed confirmation times of payment, Property Registry, and 
Property Transfer transactions. Conclusions: The Bitcoin Blockchain adds 
transparency to the Brazilian Real Estate Registry System because Property 
Payments, Property Registry (Ownership), and Property Transfers registered 
on the Bitcoin Blockchain are public, traceable, and immutable (Bitcoin.org, 
n.d.-c). Although the Bitcoin Blockchain Network endures with scalability 
issues, it was verified that this is due to Bitcoin Blockchain’s public network 
design that prioritizes decentralization and security over scalability within the 
realm of the Blockchain Trilemma (Nakai et al., 2024, p. 80560).  

1. Introduction 
This paper proposes a Solution Concept to aid in solving the problem of transparency in 
the Brazilian Real Estate Registry System by registering Property Purchase Payments, 
Property Registries and Property Transfers on the Bitcoin Blockchain.  

 It justifies implementing this solution based on Bitcoin Blockchain technology 
to increase transparency in the Brazilian Real Estate Registry System because 
"transparency is the key factor that influences the adoption of blockchain technology in 
the real estate transactions system" according to research conducted by Hoxha & Sadiku 
(2019, p. 696) in Kosovo. For this reason, the Bitcoin Blockchain technology can aid in 
solving the problem of transparency in real estate financial transactions since Bitcoin 
was primarily created to register financial transactions. Additionally, the Bitcoin 
Blockchain technology can aid in solving the problem of transparency in real estate 
records by storing Property Registries and Property Transfers on the Bitcoin 
Blockchain.  

 Contextually, there are several government measures instituted by Law 14.382 
(Dispõe sobre o Sistema Eletrônico dos Registros Públicos, 2022) in Brazil that were 
scheduled to be implemented by January 31st, 2023 to increase transparency in services 
of notary and registry offices. The Law 14.382 aims to:  

modernize and unify notary offices systems across the country and allow 
registrations and consultations via the internet". […] The Serp [Sistema 
Eletrônico dos Registros Públicos] must be implemented by January 31st, 2023. 
From that date onwards, certificates will be extracted by reprographic or 
electronic means, that is, registration officers will be exempt from printing 
certificates (civil or titles). Electronic certificates must be made using 
technology that allows the user to print them and identify their authenticity, 



 

 

 
Advances	on	Knowledge	Representation	Journal	

 

 

Adv. Know. Repr. 2025; volume 1; number: 1. 10.5281/zenodo.15041980 
 

 

139 

according to the criteria of the National Council of Justice (CNJ). The system 
should allow remote assistance to users of public records via the internet; the 
reception and sending of documents and titles; the issuance of certificates; the 
provision of information in electronic format and the electronic visualization of 
acts transcribed, registered, or annotated in the registry offices. According to the 
government, the Serp should "debureaucratize" access to documents, which are 
currently scattered across different registry offices, and reduce costs. Through 
the system, it should be possible to access several documents electronically, in 
one place. (Agência Senado, 2022).  

2. Literature Review 
This literature review aims to present the topics that form the basis of this research 
paper. 

2.1. Bitcoin Blockchain Technology 
The emergence of blockchain and cryptocurrencies is the result of decades of research 
in distributed systems and cryptography (Antonopoulos, 2010, p. 219), which resulted 
in the creation of Bitcoin: “A purely peer-to-peer version of electronic cash would allow 
online payments to be sent directly from one party to another without going through a 
financial institution” (Nakamoto, 2008, p. 1). The blockchain is a public, traceable, and 
immutable data structure (Bitcoin.org, n.d.-c) that records and timestamps Bitcoin 
transactions which are accessible to anyone with an internet connection. This 
technology introduced decentralized trust in the banking and payment system 
(Antonopoulos, 2010, p. 3, 15).  

 Traditionally, trust is centralized on the authority of a Central Bank. In Bitcoin, 
on the other hand, there is no central authority; instead, it is replaced by consensus 
algorithms established among peer-to-peer computers in the network (Diniz, 2018, p. 
51). Each peer-to-peer member in the network shares a copy of a ledger containing the 
history of all Bitcoin transactions, called blockchain. According to Antonopoulos (2017, 
p. 195): 

each block within the blockchain is identified by a hash, generated using the 
SHA256 cryptographic hash algorithm on the header of the block. Each block 
also references a previous block, known as the parent block, through the 
“previous block hash” field in the block header. In other words, each block 
contains the hash of its parent inside its own header.  The sequence of hashes 
linking each block to its parent creates a chain going back all the way to the 
first block ever created, known as the genesis block (Figure 1). 
(Antonopoulos, 2017, p. 195). 
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Figure 1.  

Generation 
of 

blockchain 
from 

unordered 
transactions 

Note. From 
Blockchain 
Technology: 

Beyond Bitcoin, 
by Crosby et al., 
2023, Applied 

Innovation, 2(71), 
p. 11 

(https://scet.berkel
ey.edu/wp-content/uploads/AIR-2016-Blockchain.pdf). 

 Bitcoin transactions are defined “as a chain of digital signatures. Each owner 
transfers the coin to the next by digitally signing a hash of the previous transaction and 
the public key of the next owner and adding these to the end of the coin. A payee can 
verify the signatures to verify the chain of ownership” (Nakamoto, 2008, p. 2) (Figure 
2).  

 Additionally, the Bitcoin Blockchain technology also allows recording and 
timestamping other data formats. In November 2021, Bitcoin activated a major upgrade 
called Taproot. This upgrade increases Bitcoin transactions to “4MB rather than about 
1.8MB” (Trustnodes, 2023), allowing media such as “images, videos, PDFs, etc”' 
(Eshghi, 2024) to be stored on the blockchain. Thus, this increase of up to 4MB in 
transaction storage allowed the implementation of Non-fungible Tokens (NFTs) through 
a protocol called Ordinal Theory on the Bitcoin Blockchain.  
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Figure 2. Chain of digital signatures 

Note. From Bitcoin: a Peer-to-Peer electronic cash system, by Nakamoto, S., 2008, Satoshi 
Nakamoto Institute, p. 2 (https://nakamotoinstitute.org/library/bitcoin/). 

 “An NFT, or non-fungible token, is a unique, digital object certified on a 
blockchain or distributed ledger” (Ross et al., 2021, p. 2262), that can be “owned and 
transacted by individuals as well as consignment to third party 
brokers/wallets/auctioneers (‘operators’). NFTs can represent ownership over digital or 
physical assets” (Entriken et al., 2018). Non-fungible Tokens (NFTs) “can represent 
digital or real-world items like artwork and real estate” (Sharma, 2024). As a result, an 
NFT and its representative object are both linked together (Serrano, 2022).  

 The Ordinal Theory made NFTs possible on Bitcoin by allowing data to be 
registered on the smallest unit of a bitcoin (BTC), called satoshi or sat, which was 
termed in honor of the anonymous Bitcoin creator Satoshi Nakamoto. Every bitcoin is 
composed of 100,000,000 (100 million) sats. If one satoshi is converted to Bitcoin, 1 sat 
(or satoshi) equates to 0.00000001 BTC, i.e., 100 millionth of a BTC. (Kaur, 2023). 
 The total supply of bitcoins is 21,000,000, which, theoretically, would allow 
2,100,000,000,000,000 (2.1 quadrillion) sats to be registered with data on the Bitcoin 
Blockchain. As of October 21th, 2024, the bitcoin supply was 19,769,436 bitcoins 
(Blockchain.com, 2024a), i.e., 1,976,987,600,000,000 (approximately 1.976 
quadrillion) satoshis. The bitcoin supply is expected to increase every 10 minutes on 
average as every miner that solves a cryptographic riddle (Köhler & PIZZOL, 2019, p. 
13598) is rewarded with 3.125 bitcoins, which would add 312.500.000 (312,5 million) 
more satoshis in circulation, every 10 minutes in average.  
 The Ordinal Theory is concerned with imbuing individual identities to satoshis 
by assigning them serial numbers that are indexed in ordinal sequence. Every satoshi is 
numbered in an ordinal sequence (starting at 0) in the order in which every satoshi was 
mined and created. The fixed identifier on every satoshi enables the development of 
Bitcoin applications that can store data on an individual satoshi. It also enables the 
transfer of an individual satoshi that contains data stored on it by sending it to another 
wallet. (Ordinal Theory Handbook, n.d.-a; Rodarmor, 2022).   

2.2. Blockchain Trilemma  

The Bitcoin Blockchain design prioritizes security and decentralization over scalability 
within the realm of the Blockchain Trilemma (Figure 3). Vitalik “Buterin’s [Blockchain 
Trilemma] concept stipulates that a blockchain network can, at best, achieve two out of 
the following three essential properties: decentralization, scalability, and security” 
(Nakai et al., 2024, p. 80560).  
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Figure 3. Blockchain trilemma (Nakai et al., 2024, p. 80560) 
 
 The definitions of each Blockchain Trilemma property are: 

• Scalability: “The maximum throughput and latency of a network are the most 
decisive indicators for scalability for users who do not actively participate in the 
network. Therefore, the maximum throughput (how many transactions per 
second a network can handle), the block time, and time to finality are selected to 
measure the scalability of a network” (Werth et al., 2023, p. 150). 

• Decentralization:  "is at the core of blockchain technology, but also a 
bottleneck regarding scalability and security. It describes the transfer of control 
and decision-making rights from a central authority to a distributed network. A 
characteristic of decentralization in blockchains is the distrust between its 
participants, which is desired and required for it to work correctly" (Werth et al., 
2023, p. 147). 

• Security:  
In cybersecurity, the CIA acronym stands for confidentiality, integrity, and 
availability. Confidentiality involves the task of keeping particular 
information secret. This is done in blockchain platforms in the form of 
encrypted addresses. Users can interact with the system using public key 
hashes without revealing their real identity. However, this only guarantees 
pseudonymity as the ledgers are public and transactions can be traced. Once 
a public address is compromised and the owner of an address is known, 
blockchain platforms no longer provide confidentiality. Integrity refers to 
data's consistency, authenticity, and accuracy. It also states that data must not 
be tampered with, which is achieved through the immutability of the 
blockchains. Availability means that the blockchain state is always available 
and readable. (Werth et al., 2023, p. 147-148). 
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2.3. Real Estate Registry System in Brazil 

The Real Estate Registry System is composed of Real Estate Registry Offices. Each 
Real Estate Registry Office “has an ‘area of activity’ delimited by law, called real estate 
circumscription, and the user is obliged to use the registry office responsible for the 
location of the property” (Registro de Imóveis, n.d.). 

 Registry Offices are managed privately by natural persons, who are delegated by 
the Brazilian Public Authority. A natural person becomes a Registry Officer by being 
selected through public tender in which the natural person takes an exam to exercise 
notary and registry activities. The exam is comprised of five stages: exam with 
objective questions; written exam; practical exam; oral exam; proof of qualification 
requirements for granting registry delegations and examination of titles for notary 
positions. (Constituição, 1988, Cartório no Brasil, n.d.).  
 “Brazil adopted the ‘title and mode’ [registry and] notary system to organize 
property registration. This is made up of two stages: The first consists of the obligation 
between the parties [through a Public Deed] and the second in the effective transfer of 
the property to the buyer, through registration of the title at the Real Estate Registry 
Office” (Gomes, 2022).  

 Therefore, in the Brazilian Real Estate Registry System, a Public Deed of Sale 
and Purchase (Escritura Pública de Compra e Venda) is required before a property can 
be registered. The Registry Office analyses if the Public Deed of Sale and Purchase 
fulfills all qualification requirements of the law. Once the Public Deed of Sale and 
Purchase is qualified, the Registry Office registers the Public Deed of Sale and 
Purchase.  (Burtet et al., 2021, p. 156). Regarding the Real Estate Registry System, 
Loureiro (2004, p. 250) affirms that: 
 

The real estate registry, in addition to serving as registration of real estate 
property, enabling any interested party to know of all mutations, alterations, 
and extinctions relating to properties, serving as a 'mirror and indicator of 
the contracts that take place, with relation to the real estate property, and in 
this role is dependent on celebrated contracts; and your mission is to bring 
them to publicity, to facilitate the means of getting to know them right 
away'. The basic function of the property registry is to constitute the faithful 
repository of the real estate property and the legal transactions inherent to it, 
in the country, observing the territorial limitations established by judicial 
organization laws. (Loureiro, 2004, p. 250). 

 
 The signing of the Public Deed of Sale and Purchase and its registration in the 
Registry Office is among the last steps in the process of buying a property. An article 
entitled "6 Steps When Buying a Property" by Souza (2022) describes the process of 
buying a property in Brazil. This process is illustrated in Figure 4, and each of the 
processes is detailed below.  
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F

igure 4. Steps to buying a property in Brazil 

1) Gathering of Documents and Certificates 

"The analysis of documents and certificates is essential to guarantee the 
security of legal business, avoiding losses. Through this step, it will be 
possible to discover any debts that accompany the property [...]. 
Furthermore, it will be possible to check whether the person selling is the 
real owner of the property and whether there are no encumbrances on the 
property's registration that compromise it, such as mortgage, seizure, or 
even enjoyment of property rights”. (Souza, 2022). 

2) Preparing Sale Proposal 

"It is important to bind the seller because if the proposal is accepted by 
him, he[/she] must sell the property under the agreed terms. The proposal 
must be clear and objective, in addition to containing essential 
information such as details about the property for sale and the details of 
the parties, the value and method of payment, ownership, and all 
important items of the transaction". (Souza, 2022). 

3) Sale Agreement Contract 

“Everything about the negotiation will be agreed upon, such as value, 
payment methods, details of the property and parties, documents, 
possible objects that will remain in the property, penalties, guarantees, 
and other essential items for carrying out the transaction, formalizing the 
commitment of sale contract”.  (Souza, 2022). 

4) Deed to Transfer Ownership of the Property 

“[…] the [public] deed [of sale and purchase] must be granted by the 
seller to the buyer when the property is purchased [by the buyer] with its 
own financial resources, apt of being registered in the appropriate 
registry office” (Souza, 2022). 

The Public Deed of Sale and Purchase is signed between both Property 
Owner and Property Buyer at a  Notary Public Office once the following 
steps have been completed: 

• the gathering of documents and certificates have been analyzed and 
approved by a notary public clerk; 
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• confirmation of Property Payment by obtaining proof of payment 
from the Property Buyer and confirmation of payment receipt from 
the Property Owner. 

5) Property Transfer Tax (ITBI) 

“The buyer will be required to pay the Real Estate Transfer Tax (ITBI) 
[Inter-Vivos Property Transfer Tax - Imposto sobre a Transmissão Inter 
Vivos] to the Municipality where the property is located” (Souza, 2022). 

6) Registry 

“There is the saying “those who do not register are not owners”. The 
Registration [of the Public Deed of Sale and Purchase in a Real Estate 
Registry Office] serves to complete and make the purchase of the 
property effective. It is through this that the buyer becomes the formal 
and legal owner of the property”. (Souza, 2022).  

2.4. Related Works 
Since “the end of 2020” (Souza et al., 2024, p. 4), Blockchain technology has been used 
in the Brazilian Notary System through e-Notariado, which is a digital certificate 
platform that provides “a set of services dedicated to meeting the needs of modernizing 
notarial activity” (Colégio Notarial do Brasil, n.d.). The e-Notariado platform is 
composed of two technologies: a Cloud Backup solution for data storage, and a 
Blockchain solution called Notarchain (Colégio Notarial do Brasil, n.d.), that 
implements IBM’s (International Business Machine) Hyperledger Fabric Blockchain 
Technology (Brito, 2022, p. 43) to provide its services.  
 Notarchain is "the blockchain of notaries [in Brazil]. Notarchain is a blockchain 
network exclusively for notaries, where each notary is one of the supporting nodes of 
this security and data exchange system. In the network, the strong encryption that 
ensures the validity of an electronic document is shared among the participants so that 
fraud does not occur at either end. In other words, it will be possible to detect if any of 
the documents are fraudulently altered" (Colégio Notarial do Brasil, n.d.). Some of the 
acts available through Notarchain within the e-Notariado's services are Public Power of 
Attorney, Public Deed, Public Deed of Real Estate Purchase, Divorce, Living Will, 
Prenuptial Agreement, etc (E-Notariado, n.d.).  

 Additionally, according to the article entitled “Top 12 NFT Real Estate 
Companies To Follow” by Mileva (2023), there are several companies that “use 
blockchain technology to allow investors to buy and sell property tokens [as NFTs]”. 
According to Mileva (2023), the NFT real estate company, called Propy (Propy, 2023), 
provides its services “by recording the real estate transactions on the blockchain, the 
buyer gets access to the property's legal documents that signify ownership within a span 
of minutes” (Mileva, 2022). Additionally, Mileva (2023) states that the NFT real estate 
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company, called RealT (RealT,2023), “offers cost-effective and simplified investments 
by eliminating the need for paper deeds. With the use of the Ethereum blockchain, you 
can fractionally invest in real-world properties through their NFTs called RealTokens” 
(Mileva, 2022).  
 Lastly, Mileva (2023) states that the NFT real estate company, called Vesta 
Equity (Vesta Equity, 2023), allows both property owners and investors “to directly 
connect with each other through the company's tools and marketplace. When a property 
is tokenized and negotiations and agreements are finalized on the percentage of the 
property, the investor gets full residential rights fully retained through the platform. 
Aside from not having any monthly payments, the investor also partakes in the 
property's appreciation” (Mileva, 2022). 

3. Methodology 
The Solution Concept uses Unified Modeling Language (UML) diagrams to “specify, 
visualize and document” (Object Management Group, 2005) a method based on Bitcoin 
Blockchain technology to aid in solving the problem of transparency in the Brazilian 
Real Estate Registry System. It uses three UML diagrams to design a Brazilian Real 
Estate Registry System based on Blockchain technology that: 

• Use case diagram (Section 3.1) 

• State Diagram (Section 3.2)  

• Deployment Diagram (Section 3.3) 

 Additionally, the Solution Concept applies the principles of Knowledge 
Representation  (Section 3.4) on Property Registries and Property Transfers that are 
registered on the Bitcoin Blockchain to aid in building a machine-readable domain that 
is accessible to the public to increase transparency in the Brazilian Real Estate Registry 
System. 

Additionally, the Solution Concept implements principles of Knowledge Representation 
on Property Registries that are recorded on the Bitcoin Blockchain. This is intended to  

 
 The Solution Concept delimits itself within the following scope of operations: 

• it is concerned only with the Real Estate Registry System, which is step 6 – 
REGISTRY  in Figure 4 of the process of buying a property in Brazil described 
in Section “2.4. Related Works”. It is taken into consideration that steps 1 
through 5 in Figure 4 have already been properly completed.  

• it only contemplates direct property purchases without real estate broker 
intermediaries between Property Buyers and Property Owners (Hryczyk, 2024). 
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• it also only contemplates one-time full upfront payments on property purchases 
between Property Buyers and Property Owners. 

3.1. Use Case Diagram 
A Use Case Diagram provides an external view to describe a system and its interactions 
with the exterior world and represents a high-level view of how a system functions upon 
receiving a user request (Furlan, 1998, p. 169).  

 The Use Case Diagram illustrated in Figure 5 performs three use case 
operations:  

 
 

 
 

 
 

 
 

 
 
 

Figure 5. Use case diagram of Brazilian real estate registry system based on blockchain technology 
Register Property Use Case 

The REGISTER PROPERTY operation represents a registration of a 
new property or registration of a property that has already been 
registered on the traditional Brazilian Real Estate Registry System and 
needs to be registered on the Bitcoin Blockchain.  

Pay Property Use Case 
The PROPERTY BUYER (Figure 5) performs the PAY PROPERTY 
operation, by sending payment to the PROPERTY OWNER.  
Transfer Property Use Case 

The TRANSFER PROPERTY operation represents the transfer of a 
property from the PROPERTY OWNER to the PROPERTY BUYER. 
The REGISTRY OFFICE registers the Property Transfer by linking the 
Property Transfer to the Property Registry.  
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3.2. State Diagram 

According to Furlan (1998, p. 205), a state diagram verifies events and transitions of 
states that occur in a system in chronological order.  

 There are three state events in the State Diagram in Figure 6: 
 

 
 

 
 

 
 
 

Figure 6. State diagram of Brazilian real estate registry system based on blockchain technology 
Registering Property State 

In state event REGISTERING PROPERTY in Figure 6, the REGISTRY 
OFFICE registers a Property Registry on the Bitcoin Blockchain. This 
state event only occurs if it is a new property or a property that has 
already been registered on the traditional Brazilian Real Estate Registry 
System and needs to be registered on the Bitcoin Blockchain.  
Paying Property State 

In the state event PAYING PROPERTY in Figure 6, the PROPERTY 
BUYER sends a Bitcoin payment from his/her wallet address to the 
PROPERTY OWNER’s wallet address.    
Transferring Property State 

In state event TRANSFERRING PROPERTY in Figure 6, the 
REGISTRY OFFICE transfers property ownership from the 
PROPERTY OWNER to the PROPERTY BUYER. This is 
accomplished by registering (storing) the Property Transfer as a "child" 
of a "parent" Property Registry registered (stored) in "State Event 1 
REGISTERING PROPERTY". The "Parent-Child" functionality is 
detailed in Section "4.1. Implementation of the Solution Concept”.  

3.3. Deployment Diagram 

The deployment Diagram in Figure 7 models the physical architecture of a Real Estate 
Registry System based on Bitcoin Blockchain. It shows “relationships between the 
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software and hardware components in the system and the physical distribution of the 
processing” (IBM Documentation, 2023).  
 The deployment diagram is composed of a Linux Server node, Artifacts, and a 
Frontend node. 

Figure 7. Deployment diagram of Brazilian real estate registry system based on blockchain 
technology 

3.3.1. Linux Server Node 

The Linux Server node in the deployment diagram (Figure 7) consists of a “Linux 
Operational System Server”. There are two components installed on the “Linux 
Operational System Server” node: Bitcoin Core and “ord” (Ordinal Software Utility). 
The Bitcoin Core and “ord” are interdependent upon one another. Additionally, the 
deployment diagram also has a deployment specification file called “bitcoin.conf” that 
is required, so that Bitcoin Core can work alongside “ord” (Ordinal Theory Handbook, 
n.d.-c). 
 Bitcoin Core is an open-source software (Bitcoin.org, n.d.-b). It is maintained by 
a team of community developers that consists of a Bitcoin wallet and a ''full node'' that 
validates blocks on the Bitcoin blockchain (Bitcoin.org, n.d.-a). 

 The Bitcoin Core “full node” is a secure “full client [sever] in the sense that it 
downloads [and runs] a complete [updated] copy of the Blockchain for transaction 
verification” (Van der Horst et al., 2023, p. 22388).   
 The Bitcoin Core wallet “can refer to either a wallet program or a wallet file. 
[…] Wallet programs create public keys to receive satoshis and use the corresponding 
private keys to spend those satoshis. Wallet files store private keys and (optionally) 
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other information related to transactions for the wallet program”. (Bitcoin Developer, 
n.d., Introductions section, para. 1). 
 The Bitcoin Core wallet depends on an Ordinal Software Utility called "ord"  
because the it "cannot create inscriptions [store data] and does not perform sat control" 
(Ordinal Theory Handbook, n.d.-c). 

 The “ord” (Ordinal Software Utility) implements the Ordinal Theory to allow 
individual satoshis (sats) to be stored with arbitrary digital content. Interdependently, 
the “ord” Software Utility needs to work alongside Bitcoin Core. This allows “ord” to 
access the entire transaction index of Bitcoin Core “full node”, so that “ord” can 
perform sat (satoshi) control by maintaining its own inscription [data storage] index 
database. (Ordinal Theory Handbook, n.d.-a; Ordinal Theory Handbook, n.d.-b; Ordinal 
Theory Handbook, n.d.-c).   
 The deployment specification file “bitcoin.conf” (Figure 7) contains 
configuration settings for the Bitcoin Core “full node”. It has two parameters: “txindex” 
and “signet”. Parameter “txindex”, sets  Bitcoin Core “full node” to store a copy of 
Bitcoin Core's transaction index on the “Linux Operational System Server”.  
3.3.2. Artifacts 

Artifacts in the deployment diagram (Figure 7) consist of Bitcoin Blockchain Data, 
Bitcoin Wallet Data, and “ord” Database.  

 The Bitcoin Blockchain Data is a physical implementation of the Bitcoin Core  
''full node'' that is represented by several pieces of data (IBM Documentation, 2023): 
Bitcoin Blocks, Blocks Index Database, Chainstate Database, and Transactions Index 
Database.   

 Bitcoin Blocks (in $HOME/.bitcoin/blocks) “contain raw block data received by 
a bitcoin core node. […] these blk.dat files basically store ‘the blockchain’” (Walker, 
2024). They are “needed for rescanning missing transactions in a wallet, reorganizing to 
a different part of the chain, and serving the block data to other nodes that are 
synchronizing” (Bitcoin Wiki, 2020, Overview section, para. 2).  
 Blocks Index, Chainstate, and Transactions Index databases are built from the 
Bitcoin Blocks data. Validation and operations become impracticably slow without 
them (Bitcoin Wiki, 2020).  

 The  Blocks Index Database (in $HOME/.bitcoin/blocks/index) “contains 
metadata about all known blocks, and where to find them on disk. Without this, finding 
a block would be very slow” (Bitcoin Wiki, 2020, Overview section, para. 3). 

 The Chainstate Database (in $HOME/.bitcoin/chainstate) “maintains 
information about the resulting state of validation as a result of the currently best-known 
chain” (Gr0kchain, 2019). It is “a compact representation of all currently unspent 
transaction outputs and some metadata about the transactions they are from. The data 
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here is necessary for validating new incoming blocks and transactions” (Bitcoin Wiki, 
2020, Overview section, para. 4).  
 Transactions Index Database stores a copy of the transaction index database (in 
$HOME/.bitcoin/indexes). It is an optional setting in Bitcoin Core, but it is required by 
the “ord” Software Utility, so it can access Bitcoin Core's transaction index and rest 
interface to perform sat (satoshi) control by maintaining its own data storage index 
database. (Gr0kchain, 2019; Ordinal Theory Handbook, n.d.-c).  

 By maintaining “an index of all transactions. This means a complete copy of the 
blockchain that allows you to programmatically retrieve any transaction by ID” 
(Antonopoulos, 2017, p. 41).  
 The Bitcoin Wallet Data is a physical implementation of the Bitcoin Core wallet 
represented by a file called "wallet.dat" (in $HOME/.bitcoin/wallets) which contains 
private key information, scripts corresponding to addresses, metadata, and wallet 
transactions (Bitcoin Wiki, 2023).   
 The "ord" Database (in $HOME/.local/share/ord) is a physical implementation 
of the "ord" Software Utility. Bitcoin Core wallet is represented by a file called 
''wallet.dat'' (in $HOME/.bitcoin/wallets).   

3.3.3. Frontend Node 
 The Frontend node in the deployment diagram (Figure 7) represented by a 
"Frontend" can consist of a Desktop Application. 

3.4. Knowledge Representation 

Knowledge Representation (KR) is an application of ontology within the knowledge 
domain of computer science (Almeida, 2013, p. 1682). “In computer science, ontologies are 
understood as devices that bring a machine-readable conceptual structure to a domain of 
interest” (Oellinger  & Wennerberg, 2006).  Moreover, in computer science, ontology “is a 
formal, explicit specification of shared a conceptualization” (Gómez-Pérez, 2004, p. 44). In 
KR, “ontology supports a machine-readable representation of the context aimed at 
automatic reasoning” (Almeida, 2013, p. 1682). Additionally, “an ontology is a kind of 
controlled vocabulary in that it specifies the set of predicates that can be used to make 
statements (i.e., representations) about a resource” (Almeida, 2013, p. 1690). 
 In the Solution Concept, KR is applied when Property Transfers are registered 
on the Bitcoin Blockchain in JSON (JavaScript Object Notation) file format using the 
concept of IRIs (Internationalized Resource Identifiers) from JSON-LD (JavaScript 
Object Notation – Linked Data) to identify relationships between "child(ren)" Property 
Transfer(s) and a "parent" Property Registry. JSON-LD is a structured data, 
recommended by Google, for "providing information about a page and classifying the 
page content" (Google Developers, n.d.). It is "a JSON-based format to serialize Linked 
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Data […] in Web-based programming environments, to build interoperable Web 
services, and to store Linked Data in JSON-based storage engines" (W3C, 2020).  
 The concept of IRIs is used to make RDF (Resource Description Framework) 
statements “for describing and exchanging metadata, which enables standardized 
exchange of data based on relationships” (TechTarget Network, 2022). IRIs “are 
fundamental to Linked Data as that is how most nodes and properties are identified” 
(W3C, 2020).   

 In the Solution Concept, a Property Transfer is registered in JSON file format on 
the Bitcoin Blockchain containing the following IRI key-value:  

• @parent: key to identify the inscription ID of a “parent” Property Registry. 
Every Property Transfer contains a @parent value identified with the 
inscription ID of its “parent” Property Registry that was registered on the 
Bitcoin Blockchain.  

4. Results and Discussions 
In the traditional Brazilian Real Estate Registry System, there is uncertainty and 
insecurity when a Property Buyer makes a one-time full upfront payment (as delimited 
in Section “3. Methodology”) to the Property Owner during the process of Property 
Purchase because the Notary Public Office requires the Buyer to have transferred the 
one-time full upfront payment to the Property Owner's bank account before both, the 
Buyer and the Owner, are allowed to sign the Public Deed of Sale and Purchase 
(Escritura Pública de Compra e Venda). This is required because only the Property 
Buyer and the Property Owner have access to the payment information registered on 
their bank accounts. For this reason, the Property Buyer is required to present proof of 
the one-time full upfront payment to the Notary Public Office before both, the Property 
Buyer and the Property Owner, are allowed to sign the Public Deed of Sale and 
Purchase.  
 This practice of requiring the Property Buyer to have transferred the one-time 
full upfront payment to the Property Owner’s bank account may put the Property Buyer 
at risk of falling for a “Double Sale Scam” or “False Owner Scam”. The “Double Sale 
Scam” occurs when the Property Owner sells the property to more than one Property 
Buyer before the Public Deed of Purchase is taken to the Real Estate Registry Office for 
the definitive transfer of the property to a Property Buyer. (Neto, 2022, Golpe 
Imobiliário, n.d.).  

 The "False Owner Scam" occurs through a scammer who “taking advantage of 
the lack of knowledge and information about how the purchase and sale process works, 
the individual presents himself as the seller and owner of the property. […] He [the 
scammer] presents documents and contracts with the sole intention of creating an 
illusion, but none of them have any legal validity. In his naivety, the person [Property 
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Buyer] makes a down payment or deposit [or one-time full upfront payment], and the 
scammer simply disappears with the money” (Neto, 2022). 
 On the other hand, as proposed in this paper's Solution Concept, if a Property 
Buyer sends a payment in Bitcoin to a Property Owner, the Bitcoin payment can be 
verified on the Bitcoin Blockchain. Since the Notary Public Office can verify Property 
Payments on the Bitcoin Blockchain, it would no longer require proof of Property 
Payment from the Property Buyer. As a result, the Property Buyer and Property Owner 
would be allowed to sign the Public Deed of Sale and Purchase at the Notary Public 
Office before the Property Buyer is required to make a one-time full payment in Bitcoin 
to the Property Owner. Consequently, the Property Buyer would only be required to 
send the one-time full payment in Bitcoin to the Property Owner after having taken the 
signed Public Deed of Sale and Purchase to the Real Estate Registry Office. This 
prevents the Property Buyer from falling for a "Double Sale Scam" or "False Owner 
Scam" because the Real Estate Registry Office would only register the definitive 
transfer of the property to the Property Buyer after it verifies that the Property Buyer 
has sent the one-time full payment to the Property Owner on the Bitcoin Blockchain.  
 Regarding registries of property ownership and transfer, this paper's Solution 
Concept uses the Bitcoin Blockchain to provide provenance, and digital thread of 
registries. Provenance is provided through “the history of the ownership” (Provenance, 
n.d.) of a Real Estate property registered on the Bitcoin Blockchain. Moreover, 
considering the concept of digital thread from China (2023), the digital thread of a 
Property Registry is provided through the digital representation of its lifecycle, from 
registration of a new property to transferring it to a Property Buyer, resulting in a 
complete and transparent view of the Property Registry history. Provenance and digital 
thread of Property Registries are made possible through the “Parent-Child” functionality 
(Section “3.2.3. Transfer property operation”) of the Ordinal Theory Protocol (Section 
“2.1. Bitcoin Blockchain Technology”) by registering Property Transfers as “children” 
of a “parent” Property Registry on the Bitcoin blockchain. Additionally, the concept of 
“Parent-Child” functionality of the Ordinal Theory Protocol is also applied by 
implementing principles of Knowledge Representation (KR) when a Property Transfer 
is registered in JSON file format on the Bitcoin Blockchain containing a @parent IRI 
(Internationalized Resource Identifiers) key-value (Section “3.4. Knowledge 
Representation”).  

4.1. Implementation of the Solution Concept 

An implementation of the Solution Concept based on Bitcoin Blockchain technology 
executes operations (Register Property, Pay Property, and Transfer Property) 
considering the use case, state, and deployment diagrams described in Section "3. 
Methodology". The Solution Concept operations are implemented in chronological 
order as described in Section "3.2.  State Diagram” as presented in the following 
Sections 4.1.1., 4.1.2. and 4.1.3. 
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 The Solution Concept used was tested on the Testnet3 and Signet Networks of 
the Bitcoin Blockchain. The Testnet3 Network “is an alternative Bitcoin block chain to 
be used for testing. Testnet3 coins are separate and distinct from actual bitcoins, and are 
never supposed to have any value. This allows application developers or bitcoin testers 
to experiment, without having to use real bitcoins or worrying about breaking the main 
bitcoin [block]chain” (Bitcoin Wiki, 2024). The Signet Network “is another testing 
network similar to Testnet3 but with enhanced coordination and stability. Unlike 
traditional Testnets, Signet blocks must be signed by a designated authority, ensuring 
stability and reliability in the testing process” (Xverse, 2025). 

 On the Testnet3 Network bitcoins have no real value, the bitcoins can be 
“obtained via online services called faucets. Secondly, the mining difficulty is also set 
to a lower value than Mainnet, making the blockchain grow faster” (Franzoni et al., 
2020, p. 4). Although, it would be expected that obtaining timestamps of confirmed 
transactions on Testnet3 would be faster than on Mainnet, implementation of the 
Solution Concept endured scalability issues related to delayed confirmation of payment 
and registry transactions on the Bitcoin Blockchain Testnet3 Network. Also, the 
Ordinals Explorer for the Testnet3 Network, which allows searching and browsing 
inscriptions on an internet web browser has been disabled. For this reason, the Solution 
Concept was implemented on the Signet Network of the Bitcoin Blockchain, which has 
"stable network behavior [which] is crucial for accurate testing outcomes" (Xverse, 
2025) and has an Ordinals Explorer for the Signet Network enabled for internet web 
browsers. 
4.1.1. Register property operation 

In the REGISTER PROPERTY OPERATION, the REGISTRY OFFICE registers a 
Property Registry in JSON file format (Figure 8) on the Bitcoin Blockchain, considering 
that it is a new property or a property that has already been registered on the traditional 
Brazilian Real Estate Registry System and needs to be registered on the Bitcoin 
Blockchain (as described in Section “3. Methodology”).  
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Figure 8. Property registry in JSON file format 
  

 The Property Registry (Figure 8) contains three information objects:  

• “type”: informs that the type of registry is “Property Registry” 

• “property_info”: details information about the Property 

• “owner_info”: details information about the PROPERTY OWNER  
 Implementation of this operation results in the Property Registry (Figure 8) 
being registered (stored) by the REGISTRY OFFICE on the Bitcoin Blockchain Signet 
Network4. 

4.1.2. Pay property operation 
In the PAYING PROPERTY OPERATION, the PROPERTY BUYER sends a Bitcoin 
payment from his/her wallet address to the PROPERTY OWNER’s wallet address (as 
described in Section “3. Methodology”). For this paper's Solution Concept, it is 
assumed that the Property Payment in the amount of 0.00001 sBTC has been agreed 
between the Property Buyer and the Property Owner, through a fictional Public Deed of 
Sale and Purchase signed between both parties.  
 Implementation of the PAYING PROPERTY OPERATION results in the 
PROPERTY BUYER sending a one-time full upfront payment in Bitcoin in the amount 
of 0.00001 sBTC to the PROPERTY OWNER on the Bitcoin Blockchain Signet 
Network5.   
4.1.3. Transfer property operation 

The TRANSFERRING PROPERTY OPERATION transfers property ownership from 
the PROPERTY OWNER to the PROPERTY BUYER (as described in Section “3. 
Methodology”). In this operation, the REGISTRY OFFICE registers (stores) the 
Property Transfer (Figure 9), as a “child” of the Property Registry registered (stored) in 
“State Event 1 REGISTERING PROPERTY”, in JSON file format.      
 To make the Property Transfer a “child” of the Property Registry, the “parent” 
Property Registry has to be registered in the REGISTRY OFFICE's Bitcoin wallet 

 
4The Property Registry registered (stored) on the Bitcoin Blockchain Signet can be accessed at the 
following link: 
https://signet.ordinals.com/inscription/b5a40f2687eed4cc4c4a1aa960dad4411bcfa78cb67ae8363424ac7b
82b290afi0  
5The Property Payment transaction registered on the Bitcoin Blockchain Signet Network can be accessed 
at the following link: 
https://mempool.space/signet/tx/9c81b2c2d3fca9e87074bdd43ba59309646db73acde0e9d71723cd4e4259
6993  
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(Ordinal Theory Handbook, n.d.-c). Since the REGISTRY OFFICE controls the wallet 
that contains the Property Registry, it can create as many “children” of a Property 
Registry, trustlessly establishing the provenance of the Property Transfers registered on 
the Bitcoin Blockchain, as proof of having been created by the REGISTRY OFFICE. 
(Ordinal Theory Handbook, n.d.-b).  

 The REGISTRY OFFICE only performs the Property Transfer registry upon 
confirmation that a Bitcoin payment in the amount agreed between both, the 
PROPERTY OWNER and PROPERTY BUYER, has been sent from the PROPERTY 
BUYER's Bitcoin wallet address to the PROPERTY OWNER's Bitcoin wallet address.  

 The Property Transfer (Figure 9) contains five information objects:  

• “type”: informs that the type of registry is “Property Transfer” 

• “property_info”: details information about the Property 

• “owner_info”: details information about the PROPERTY OWNER  

• “buyer_info”: details information about the PROPERTY BUYER  

• “payment_info”: details information about the Payment sent from the 
PROPERTY BUYER to the PROPERTY OWNER.  

Figure 9. Property transfer in JSON file format 
  



 

 

 
Advances	on	Knowledge	Representation	Journal	

 

 

Adv. Know. Repr. 2025; volume 1; number: 1. 10.5281/zenodo.15041980 
 

 

157 

Implementation of the TRANSFERRING PROPERTY OPERATION results in the 
Property Transfer (Figure 9) being registered (stored) by the REGISTRY OFFICE on the 
Bitcoin Blockchain Signet Network6. This allows for verifying provenance on the 
Ordinals Explorer (link of Footnote 3) that the Property Transfer is a “child” of the 
“parent” Property Registry. It can also be verified on the Ordinals Explorer (link of 
Footnote 4) that the Property Registry is the “parent” of the “child” Property Transfer. 
 Additionally, principles of Knowledge Representation can be applied since the 
Property Transfer was registered on the Bitcoin Blockchain in JSON file format 
containing the IRI @parent value 
“b5a40f2687eed4cc4c4a1aa960dad4411bcfa78cb67ae8363424ac7b82b290afi0” (Figure 
9). This @parent value, which references the Property Registry inscription ID (Figure 
7), allows for making the following RDF statements (TechTarget Network, 2022) as 
illustrated in Figure 3: 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. RDF (Resource Description Framework) statements 

4.2. Limitations and Challenges of the Solution Concept 
Regarding limitations and challenges, the implementation of the Solution Concept 
endured scalability issues related to delayed confirmation of payment and registry 
transactions on the Bitcoin Blockchain Testnet3 Network. The Testnet3 Network is set 
to confirm transactions faster than the Mainnet Network (Franzoni et al., 2020, p. 4); 
therefore, it would be expected that the Testnet3 Network would confirm transactions 
faster than the Mainnet Network. However, regardless of whether utilizing the Bitcoin 
Blockchain on Mainnet Network or Testnet3 Network delayed confirmation of 
transactions is very common nowadays, which may be caused by high traffic or 

 

6The Property Transfer registered (stored) on the Bitcoin Blockchain Signet can be accessed at the 
following link: 
https://signet.ordinals.com/inscription/f1c787ac671b00328e3fec0ce51cf5a9bb53391f06decaa27a5159bfc
90ff40ci0  
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transactions sent with low fees (Blockstream, n.d.). Because of the delayed confirmation 
of transactions endured on the Testnet3 Network, payment, and registry transactions on 
the Solution Concept were implemented on the Bitcoin Signet Network. 
 There was no data available regarding the Average Confirmation Time of 
transactions on the Testnet3 and Signet Networks since they are intended for use by 
“application developers or bitcoin testers to experiment, without having to use real 
bitcoins or worrying about breaking the main bitcoin [block]chain” (Bitcoin Wiki, 
2024). However, on the Mainnet Network, there is data provided by Blockchain.com, 
which is a Bitcoin "Blockchain Explorer that enabled anyone to not only examine 
transactions and study the blockchain" (Blockchain.com, 2024b).  
 To comprehend Bitcoin Blockchain's delayed confirmation, three charts 
provided by Blockchain.com were analyzed: Average Confirmation Time, Average 
Number of Transactions per Block 
, and Transaction Rate. Additionally, a comparison with the Notarchain Blockchain is 
formulated within the realm of the Blockchain Trilemma (Section 2.2), to comprehend 
Bitcoin Blockchain's delayed Transaction per Second (TPS) Rate. 
 In respect to the Average Confirmation Time chart, during the 30 days from 
October 14th, 2024 to November 12th, 2024, the Average Confirmation Time “for a 
transaction with miner fees to be included in a mined block and added to the public 
ledger” (Blockchain.com, 2024f), was 85 minutes (Figure 9). This is almost 8.5x (eight 
and five-tenths times) longer than the Average Confirmation Time of 10 minutes 
(KÖHLER; PIZZOL, 2019, p. 13598) that the Mainnet Network is expected to perform 
since it was launched in January 2009. The long Average Confirmation Time of 85 
minutes (Figure 9) was caused because “there is only a certain amount of space in each 
block, so it will take a longer time for your transaction to be confirmed when it is 
competing with others to be added” (Blockstream, n.d.).   
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Figure 11. Average confirmation time from October 14th, 2024 to November 12th, 2024 

(Blockchain.com, 2024d)  
 As for the Average Number of Transactions per Block chart, during the 30 days 
from October 14th, 2024 to November 12th, 2024, the Average Number of Transactions 
per Block was only 3,450 transactions (Figure 12). Since the Bitcoin Blockchain is 
being used not only to send bitcoins from one wallet to another but also to store data on 
the Bitcoin Blockchain through the Ordinal Theory Protocol, this is contributing "to 
clog the [Mainnet] network, raising confirmation time and costs for regular Bitcoin 
transactions" (Vardai, 2023). Likewise, the popularity of the Ordinal Protocol may also 
increase the use by "application developers or bitcoin testers to experiment" (Bitcoin 
Wiki, 2024) on the Testnet3 Network, which may also explain why transaction 
confirmation time is delayed on the Testnet3 Network.   
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Figure 12. Average number of transactions per block from October 14th, 2024 to November 12th, 

2024 (Blockchain.com, 2024c) 
  

 Concerning the Transaction Rate chart, the Bitcoin Blockchain is compared with 
the Notarchain Blockchain (Section “2.4. Related Works”) in terms of the number of 
Transactions per Second (TPS). During the 30 days from October 14th, 2024 to 
November 13th, 2024, Bitcoin's Transaction Rate of 6.87 TPS (Figure 13), was 320 
times slower than Notarchain’s 2.2k TPS (Nakaike et al., 2020, p. 1).  

 Regarding the realm of the Blockchain Trilemma (Section 2.2), by comparing 
the Bitcoin Blockchain with the Notarchain Blockchain, Bitcoin Blockchain's slower 
Transaction Rate of 6.87 TPS is due to its public network design that prioritizes 
decentralization and security over scalability. On the other hand, Notarchain 
Blockchain's higher Transaction Rate of 2.2k TPS is due to its private network design 
that prioritizes security and scalability over decentralization.  
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Figure 13. Transaction Rate from October 14th, 2024 to November 13th, 2024 (Blockchain.com, 
2024e)  

5. Conclusion 
This paper’s Solution Concept develops a method to aid in solving the problem of 
transparency in the Brazilian Real Estate Registry System by registering Property 
Payments, Property Registries (Ownership), and Property Transfers on the public, 
traceable, and immutable Bitcoin Blockchain (Bitcoin.org, n.d.-c). Considering the 
realm of the Blockchain Trilemma (Section 2.2), the limitations and challenges related 
to delayed confirmation of payment and registry transactions on the Bitcoin Blockchain 
are justified by its public network design that prioritizes decentralization and security 
over scalability. To make the Property Transfer a “child” of the Property Registry, the 
“parent” Property Registry has to be registered in the REGISTRY OFFICE's Bitcoin 
wallet (Ordinal Theory Handbook, n.d.-c). Since the REGISTRY OFFICE controls the 
wallet that contains the Property Registry, it can create as many “children” of Property 
Transfers, trustlessly establishing the provenance of the Property Transfers registered on 
the Bitcoin Blockchain, as proof of having been created by the REGISTRY OFFICE. 
(Ordinal Theory Handbook, n.d.-b). Additionally, the Property Transfers registered on 
the Bitcoin Blockchain implement principles of Knowledge Representation (KR)  which 
allows for making the RDF (Resource Description Framework) statements (Figure 12). 
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