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Blockchain technology is an innovative digital ledger system that provides 
secure record-keeping by storing and redundantly verifying transactions on a 
distributed network of nodes. This technology bifurcates into two primary 
classes: public (or permissionless) and private (or permissioned) 
blockchains. Permissionless blockchains are open access and allow the 
participation of any individual or entity, while permissioned blockchains 
require credential validation or sometimes an economic incentive to allow 
collaboration in the network. Permissionless blockchains have driven the 
development of decentralized applications, also known as DApps, which 
exhibit features such as distributed business logic, resilience to failures at 
central points, and guarantee of data Immutability. 
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Develop a scalable on-chain storage mechanism for DApps that supports 
high transaction rates and low latency while ensuring security services such 
as immutability, availability, and consistency over a permissionless 
Blockchain Multichain System. 
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Spent By Relation “← ” 

Formally, it is represented as a tuple 𝐺 = 𝑉, 𝑅 ,	where 𝑉	is a finite set of vértices, and 
R	is a set of edges, such that: 

• The set of vertices represent the outputs of the UTXO model and is divided into two 
subset 𝑉 = 	Ξ ∪ Θ. Here, Ξ is the set of spent outputs, and Θ is the set of unspent 
outputs. 

• The set of edges 𝑅	is determined by the Spent-by relation, which specifies how the 
Θ and Ξ are related. 

To define the Spent-by relation, we begin by partitioning Graph 𝐺	 into a Subgraph 
𝐻 = 𝑉!𝑅! , as illustrated in Figure 4, where Ξ" ⊂ Ξ, Θ" ⊂ Θ, such	as 	𝑉!=	Ξ" ∪ Θ"

Let us define the set of edges 𝑅!, which satisfies the following properties: 

• 𝑅! = { 𝑥, 𝑦 This represent all pairs 𝑥, 𝑦 , where 𝑥 and 𝑦 are elements of the set Ξ"
and Θ" respectively.

• |𝑅!| = 𝑉! − 1. This means that the number of edges in 𝑅!	is one less than the 
number of vertices 𝑉!.

Based on the cardinality relation between Ξ! and Θ!	different transactional behaviors 
are observed: Splitting, Merging, and Transferring.

Develop a scalable on-chain storage mechanism for DApps that supports 
high transaction rates and low latency while ensuring security services such 
as immutability, availability, and consistency over a permissionless 
Blockchain Multichain System. 

• Outputs across transactional patterns this parameter, denoted as 𝑘	represents 
the total number of outputs generated by all transactional patterns (splitting, 
merging, and transferring). It is the sum of the outputs from each pattern, 
expressed as follows:

𝑘 = 𝑘! + 𝑘" + 𝑘#
• Number of outputs of all  transactional pattern in a time interval this 

parameter, denoted as 𝜎,represents the total number of outputs generated by all 
transactional patterns per time interval. It is calculated by dividing the total number 
of outputs 𝑘 by the time interval 𝑡 expressed as:

𝜎 =
𝑘
𝑡

• Average number of outputs per transaction this parameter, denoted as 𝜆
represents the average number of outputs generated per transaction. It is 
calculated by dividing the total number of outputs 𝑘 by the total number of 
transactions 𝑇𝑥 expressed as:

𝜆 =
𝑘
𝑇𝑥

• Transactional Throughput we define transactional throughput (𝑡𝑝𝑠) as the 
number of transactions processed per second. If 𝜎 is the total number of outputs 
generated in a time interval 𝑡 and 𝜆 is the average number of outputs per 
transaction, then transactional throughput is calculated as:

𝑡𝑝𝑠 ≈
𝜎
𝜆

3. To design and implement an algorithm on a permissionless Blockchain System
that partitions storage growth patterns of a UTXO, preserving the necessary
properties to ensure the availability and immutability of transactions.
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Figure 4. Evolution of storage size by transaction type on the Bitcoin network over time. The x-axis represents the 
timestamps of the transactions, and the y-axis shows the storage size in that time range.

Figure 5. Visualization of a subset of the UTXO model represented as a DAG, where the highlighted subgraph H 
delineates the relationship between spent and unspent outputs within the system.

Bitcoin Transactions Types and Their Impact on Storage Scalability

• Throughput-Storage Relationship the storage generated by each transactional 
pattern is related to the average output size 𝜏 the number of outputs generated per 
time interval 𝜎, and the number of nodes in the system 𝜂. Therefore, the relation 
between the transactional throughput and storage is given by:

𝜔 ≈ 𝜏𝜎𝜂

By increasing the transactional throughput 𝑡𝑝𝑠,we also increase the number of 
outputs per interval of time 𝜎, and therefore, the required storage increases.
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Figure 6. Visualization of the Bitcoin Blockchain using Neo4j

Figure 7. Topology of the Bitcoin File System and Security 
Services

Figure 8. Abstraction of Bitcoin File System for Security 
Services

Figure 9. Chain State Trade-Off Based on Transactional Patters

Figure 10. Implementation Mechanism of Fragmentation and Trade-Off.

Relationship between Throughput and Storage

Previous Advances 

The Spent-by relation defines the set of relations that exist between subsets of 
unspent outputs and spent outputs. Formally, we define the Spent-by relation as a 
subset 𝑅! of the Cartesian product Ξ"×Θ":	

𝑥 ← 𝑦,𝑤ℎ𝑒𝑟𝑒	𝑥 ∈ Ξ"	𝑎𝑛𝑑	𝑦 ∈ Θ"
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