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Introducing CATA
Satoshi Nakamoto 's revolutionary creation of the consensus protocol opened a new
era of decentralized computing, called blockchain. People can freely contribute resources
and receive benefits in a fair and open network, and the decentralized ledger will honestly
record all decisions made in the network without privileged parties. The evolution of
decentralized protocols is similar to early Internet protocols, but in essence they have
achieved true decentralized autonomy, and a brand new network for providing upper-level
value has also been born.
Excitingly, since its birth, Blockchain has gradually spawned various real-world
application scenarios. From the first decentralized ledger, to decentralized finance, to NFT,
to decentralized games, etc., the decentralized network has proven its practical value and
immeasurable potential.
CATA Network's mission is to provide a general purpose cloud storage infrastructure.
Unlike existing mainstream decentralized storage solutions (e.g. Filecoin, Arweave, etc.),
CATA is not a specific storage module (e.g. file system or database). Instead, the plan
is to build a more complete storage system, or rather, a decentralized Big Data system,
to provide more flexible, scalable, and practical data management services for upper layer
of decentralized applications.
CATA built a decentralized file system network based on the IPFS protocol and
implemented raw data sharding, distribution, storage and backup in this layer to meet
the persistence and security requirements of data storage. However, CATA's goals for
the underlying storage layer are not limited to this; performance and cost metrics are
also considered. In the future blockchain, there will be more decentralized applications,
leading to larger and more complex data management requirements. Ensuring the
scalability of the system and establishing a competitiveness comparable to centralized
cloud storage is the core goal of the future CATA file system layer.
From the perspective of traditional storage system architecture, the file system
typically focuses only on the organization and management of the data itself on the storage
device, providing only the management of file operations to the upper layer. While the
application itself is often more complex and variable for data management needs, such
as:



Data Type (e.g., structured data, unstructured data);
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Data Lifecycle (e.g., long term persistent data, short term cache);



Usage (e.g., OLAP, OLTP);



Workload type (e.g., query-intensive, update-intensive);



Other requirements (e.g, privacy protection, multiple backups);

Therefore, on top of the underlying file system layer, CATA will carry richer data
management tools to build a complete storage infrastructure. In this way, decentralized
applications can flexibly select and combine various storage services to meet their data
management needs.
For now, CATA has implemented a decentralized metadata query engine to support
Sql-based queries and custom retrieval of structured data for Dapp systems. CATA will
also complete the optimization of market incentive rules in the next phase to fully stimulate
the value of personal storage resources (including storage, compute, bandwidth and other
resources), so as to promote the development of decentralized cloud storage market.
In future releases, we will continue to integrate new decentralized storage tools into CATA.
This is a long-term plan and will be the inevitable trend of decentralized storage
development.
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Why CATA
Decentralized storage will be the next generation of storage infrastructure
With the advent and development of technologies such as Big Data, cloud computing,
communication technology, IoT and AI, people have more and more opportunities to
collect and produce data, and the global volume of data is exploding. Data has become
the most important asset in today's world, and almost all applications and services now
rely on data to generate value. Therefore, data storage has also become the most
fundamental and important technology in the era of Big Data. According to the
international authority Statista, global data generation has reached 64.2ZB in 2020, and
it is expected to reach 181ZB by 2025.

Figure 1: status of global data volume growth

(from Statista)

As the new oil of the information age, the need for data storage and maintenance
is growing. How to properly store huge amounts of data while providing efficient and stable
processing capabilities is a current problem for data storage facilities.
Centralized storage solutions are often built by professional service providers. Service
providers tend to purchase hardware equipment and design data centers in a unified
manner. High-performance hardware clusters and centralized management operations
5

provide more stable storage services. In a centralized storage solution, the data storage
nodes are often fixed, similar to a centralized warehouse. The nodes are not only
responsible for the task of persistent storage of data, but also have to bear the
tremendous pressure of data transfer. Although multiple nodes can be introduced to
reduce the pressure on a single node through distributed technology, there are still risks
of a centralized architecture. For example, scalability is weak, disaster tolerance is low,
and the cluster is difficult to set up. However, the advantages are high controllability of
hardware, which ensures better reliability and consistency of storage systems, and the
centralized architectures tend to have better performance.
Compared to centralized storage, decentralized storage is represented by the IPFS
protocol, a file storage and content distribution network protocol that integrates various
distributed system technologies (e.g., blockchain technology, P2P communication
protocols, cryptography, etc.) to provide unified data storage to users. It is essentially
a P2P distributed storage system where anyone can act as a server to store files and
access file resources on the network via a unique address generated based on the file
content. The peer-to-peer nature of the nodes lowers the threshold of network growth,
and both professional service providers and individuals can contribute their storage
resources to the network and earn revenue. This decentralized governance model also
promotes a more open and equitable distribution of market resources and frees the market
from the monopoly of Internet giants. Although decentralized storage is still in its infancy,
it will provide a more secure and efficient storage market in the future.
Overall, compared to centralized storage, decentralized storage can solve the
following problems:
Centralization risk: The reliability of a centralized storage system depends entirely
on the service provider's own operational capabilities and reputation. Storage facilities
under the control of the service provider may be subject to short-term service unavailability
or data loss due to company mismanagement, engineer misbehaviors or attacks from
hackers.
Cost: Because centralized storage solutions require high infrastructure set-up costs,
staffing costs, and operations and maintenance costs, this can make storage services
more expensive, especially for small-scale storage needs.
Privacy issues: Data itself has the need for privacy protection. Centralized storage
facilities often can not guarantee the transparency of internal operations, and there is
a risk of user data storage being leaked or trafficked.
Edge resource utilization efficiency: centralized storage solutions have high entry
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barriers, while the incentive mechanism under decentralized networks makes it easier to
build a fair and open resource allocation market to encourage edge resources to join,
thus improving storage resource utilization efficiency.

However, decentralized storage is still in a very early stage. Mainstream projects are
still focused on decentralized file system protocols and incentive layer construction and
validation, and no mature commercial storage services have been formed yet. CATA wants
to solve this dilemma by building a decentralized cloud storage infrastructure.
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Storage requirements are growing fast
Ledger -> Metaverse -> Future
Since the introduction of Bitcoin, the exploration of blockchain and decentralized
ecology has not stopped. With the emergence of Ethereum and the gradual expansion
of on-chain facilities, a large number of applications and services originally built on
traditional Internet technology have also appeared on decentralized networks one after
another. The decentralized network has gradually become the core and foundation of
the next era.
We observed that the technology and ecology of blockchain systems are in the
process of rapid development, and the demand for storage is also growing rapidly.
Initially, Bitcoin created a decentralized ledger service. It creatively eliminated
dependence on centralized systems and enabled the storage and circulation of value.
At this stage, the information that needed to be stored was mainly ledger information
(e.g. account balances, transactions, etc.). The scale and complexity of data are relatively
limited, and the public chain itself can complete the storage and integrity protection, so
a large number of excellent public chain protocols and expansion solutions for public
chains are born at this stage, while the demand for decentralized storage is still not
obvious.
And with the creation of Ethereum, on-chain systems began to support
Turing-complete logic. Some decentralized applications with simpler logic ran successfully
on the blockchain. Examples include decentralized finance, decentralized identity, and
some early games like crypto-cats. These applications prove the feasibility of blockchain
in the field and the potential for future developments. At this stage, decentralized
applications have gradually revealed the need for storage, such as some ID books, game
resources, etc. The storage needs are still limited and can be solved by existing public
chains or off-chain systems. As the infrastructure continues to improve, the Dapp
ecosystem continues to grow. Figure 2 shows the growth curve of the number of Dapps
since 2015, and you can see that there are currently thousands of mature Dapps running
on mainstream blockchains, covering categories such as gaming, finance, social,
governance, and more. On-chain storage is starting to be unable to meet all the needs
of these Dapps. Data management for most Dapps still relies primarily on centralized
service providers.
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Figure 2: status of the number of Dapps

(from stateofthedapps.com)

Then by 2021, NFT has become the hottest topic in the blockchain filed. Both
real-world assets (artwork, literature, technology patents and even a Tweet) and digital
assets (images, videos, game props, etc.) can be mapped as unique NFTs on the blockchain.
As the most important part of the meta-universe, NFTs form the bottom economic system
of the meta-universe. The Figure 3 shows the explosive growth of NFT market revenue
since this year.

Figure 3: Total usd spent on NFT markets in 2021 (from nonfungible.com)
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Unlike the monetary properties of fungible tokens, what NFT carries is the value of
the underlying resources behind it, such as some valuable intellectual property (novels,
games, anime, etc.). The blockchain itself serves as a ledger to build a marketplace for
NFT, which can be used for the specification and circulation of tokens. However, the
resources behind it are difficult to be stored entirely by the blockchain. On the one hand,
these resources often have a very large amount of data, for example, the original file
of a movie can be tens of gigabytes. And on the other hand, these data often have a
very strong demand for use and will be read frequently. However, the resources behind
it are difficult to be stored entirely by the blockchain.On the one hand, these resources
often have a very large amount of data, for example, the original file of a movie can
be tens of gigabytes, and on the other hand, these data often have a very strong demand
for use and will be read frequently. And in the future, with the development of
meta-universe, more and more applications on blockchain will emerge. Including
blockchain games, VR, media, social and so on. Storage tools will also become the most
important infrastructure in the future decentralized world.
The current decentralized storage is still at a very early stage, and the maturity and
practicality of various solutions are not yet comparable to centralized storage solutions.
This is the problem that the CATA team expects to solve.
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New Ecosystem for decentralized data storage
The need for storage in a decentralized world is growing every day, and current
decentralized storage solutions are still a long way from being truly productized.
Let's turn our attention back to the storage facilities of Web 2.0. In the era of Web
2.0, people pay more attention to the delivery and sharing of information, and applications
and various Web services have become more flexible and diverse. Storage facilities are
not only referring to CD-ROMs, disks and other storage devices, but also towards the
direction of application storage. Simply put, application storage should be a service that
integrates storage devices and upper-level software functions. Due to the flexibility and
scalability of the software system itself, it can hide the complexity of hardware cluster
management and reduce the difficulty of the development of upper-layer applications.
And software and hardware collaboration can eliminate bottlenecks to a certain extent
and improve overall operational efficiency.
In addition, the product form of storage services includes not only disk writes and
reads, but also a data management system built on top of the underlying storage, following
various storage layer protocols (file system protocols, file transfer protocols, database
standard protocols, etc.) to support upper layer applications. A simple centralized service
architecture is shown in Figure 4.a in which the underlying file system supports the upper
Big Data System(BDS), which in turn provides flexible and scalable storage capacity directly
to the upper computation systems and applications. Unfortunately, while mature file
systems are emerging in the decentralized world, there does not exist a mature and
practical Big Data system, which is exactly the role that CATA is expected to play, as
shown in Figure 4.b.

Figure 4: The architecture of traditional application and decentralized application
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CATA's goal is to build a complete decentralized data storage system. At the same
time, CATA will build an ever-growing open source technical community for decentralized
data storage and inspire more developers to create new storage tools and standard
protocols to meet the diverse needs of Dapps for data management.
In the first phase, we first plan to build a decentralized query engine that can support
structured data management to improve the flexibility of the existing decentralized file
system. At the same time, we want to use NFT as the first scenario, and metadata
management is one of the pressing problems of current NFT applications.
Inspired by the distributed serverless query engine, CATA adopts a design scheme
that decouples the storage and retrieval functionality. The bottom layer is a persistent
decentralized file storage network built through the IPFS protocol. The file system
completely forgoes centralized services (e.g., a central metadata storage module) and
instead relies entirely on P2P communication. It splits files with a certain granularity and
uses content addressing to locate data, ensuring data persistence and availability. At the
same time, we creatively docked Drill, a distributed query engine, to the decentralized
file system and built the Cata database layer. In this way, the whole decentralized storage
system will provide scalable storage functionalities for the upper Blockchain Systems and
Dapps. Currently, we have already supported common data formats such as json, basic
SQL query functions, data export functions, and eliminated the centralized metadata
storage module.
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Technology
Background
Various smart products powered by Big Data have demonstrated strong capabilities,
from personalized search and recommendation, to precision advertising, to financial risk
management and control. Using various algorithms to extract information from Big Data
can provide an effective and decision-accurate foundation. The implementation of the
NFT application of Blockchain has also brought with it a large set of metadata storage
and retrieval requirements, all of which require the support of Big Data systems.
But there is no Blockchain that can fully meet the requirements of Big Data systems.
The main difficulty lies in the on-chain storage of Big Data. And we simply hope to combine
the "classic" Big Data system and IPFS and other blockchain storage solutions to build
a "landing" oriented Big Data storage and query blockchain to meet the chain requirements
of various Big Data systems .
From a technical point of view, our positioning is shown in the figure below:

We first need to solve the problem of data center storage, mainly through CATA
storage completed. The following is an introduction to decentralized storage and
decentralized database systems.
The following table shows the relationship between file system, database system and
Big Data systems and typical representatives of them:
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Table 1: database and file system
Position

Storage form

P2P/blockchain
system

Structured data such Mysql/Redis/mong
as salary tables and
o
user tables

Specific data
structure

TrustSQL,
Bluzelle,
BigchainDB

File system Basic storage Video, pictures and
Amazon S3,
other files
Alibaba Cloud OSS

Disk files,
mostly binary

IPFS, Storj

Disk file, mainly
line text

BigchainDB

Database

Big data
system

Online
service

Typical processing
data

Offline
Access logs,
service, data
biological genes,
analysis,
etc., semi-structured
mining
data

Representative
system

Hadoop HDFS,
Amazon Athena

Decentralized storage
In a Big Data system, the first thing to solve is the storage problem of the data
itself. Corresponding to the blockchain, it is to solve the blockchain decentralized storage
problem of Big Data.
Decentralized storage is often scattered and stored on different hosts by
decomposing files into multiple small pieces, and is different from central storage, which
is sent to an enterprise entity. At the same time, the user’s stored data is encrypted to
ensure security and privacy. The locations can be all over the network. By sharing storage
space, each user is both a user and a service provider.
This is completely different from storing files and information on central servers such
as Google Drive and Amazon S3.
In general, decentralized storage has the following advantages:
Safer and more private： Decentralized data and networks are more secure than
a single service center, and it is more difficult to be attacked. On a decentralized network,
data is decomposed and distributed across multiple nodes (using sharding
technology). These files are encrypted with a private key so that nodes (participants in
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the network) cannot view your data. In addition, sharding is only a small part of their
original data, which makes their content impossible to read.
Better redundancy backup: Data is stored in different nodes, and data loss is
prevented through data redundancy (extra copies are stored in the event of data storage
or transmission errors).
Lower cost: lower costs due to higher efficiency. Blockchain storage costs can reduce
the price of cloud computing by 50%-100%.
Faster speed: Since the network can first select the node service closer to the user,
the zoom effect and data fragmentation (smaller fragments can be saved and retrieved
at the same time) to increase the speed.
The current typical decentralized storage systems are as follows:
IPFS/Filecoin: Inter-Planetary File System (IPFS) is based on content-based
addressing, a P2P hypermedia distribution protocol that aims to provide a persistent and
decentralized method of storing and sharing files. Content-based addressing is a
revolutionary concept that is completely different from the traditional way of accessing
files based on addresses. In this way, the access method remains completely unchanged
no matter how the files are migrated.
The nodes on the IPFS network form a distributed file system that can be accessed
in a variety of ways (for example, via FUSE and HTTP). Local files can be added to the
IPFS file system and are then automatically uploaded to the network to make them
available to the world. Files are identified by their hashes and distributed using
BitTorrent-based protocols. Filecoin is the second layer of the project. The digital currency
was created to incentivize data storage on the IPFS network.
Storj: Storj is a company based on Ethereum and P2P protocols, providing safe,
private, and efficient cloud storage. Storj utilizes file fragmentation/fragmentation to store
data and protects data with end-to-end encryption. Storj is similar to Baidu Cloud Disk.
The business process is that users pay to rent storage from Storj, and miners share their
own disks to receive tokens. Storj's mining software (GUI interface) does a good job, and
the settings are relatively simple. Download the software and follow step by step. In the
middle, you need to enter your own token acquisition address. Because of the ERC20
protocol used by Storj, the token address can use your own Ethereum address.
But Storj does not have smart contracts built into the blockchain. Storj uses a
pay-as-you-go approach, where the tenant pays the hosting host on a regular basis. When
the user is not online, the hosting host does not get paid. Storj is still in the internal
testing phase, it can already be mined, and revenue is billed monthly.
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Sia: Sia is very similar to Storj. It cuts files into small pieces and encrypts them to
a distributed network. GPU mining used by Sia, if you want to participate, you need to
buy a graphics card. Sia mining needs to join the mining pool just like BTC, and the mining
settings are also more complicated. Sia supports smart contracts built into the blockchain.
The contract requires the hosting host to store files before they can get paid. Once the
contract is confirmed, the escrow host is guaranteed to be paid, even if the renter has
never accessed the file. If the hosting host is offline or the file is lost, this contract also
allows it to punish the hosting host compulsorily.
Maidsafe: The Maidsafe team aims to create a new backbone network where data
can be stored, accessed and exchanged. The network is composed of all Upwork Blog
publishing participants who contribute their computing power in a peer-to-peer
manner. Decentralized applications (dapps) can be built on Maidsafe.
Genaro Network: Genaro claims to be the first distributed storage area network with
a Turing complete public chain. Genaro is developed and operated by Genaro Ltd, a
non-profit foundation in Singapore. The goal of the Genaro ecosystem is to build
blockchain 3.0, as the next-generation blockchain platform to help blockchain applications
land. At present, Genaro began to cooperate with Storj. It seems that Genaro itself does
not solve the problem of decentralized storage, but is committed to solving the problem
of how to use decentralized storage to provide better platforms and interfaces for other
applications.
Arweave: Arweave is implemented by blockchain, and files are stored in each block.
In fact, Arweave's data structure is more like a network than a chain. Arweave has
developed a new consensus method called Proof of Access. The approach is that every
time a new block is created, a previous block must be verified at the same time. This
previous block number is randomly generated, and only nodes with random blocks can
perform POW block generation. In this case, each node must store enough blocks to have
the opportunity to participate in POW block generation and get paid. Due to the storage
cost, with the exponential growth of data, it is impossible for each node to store all the
blocks. The presence of random blocks allows the amount of data stored by each node
to be adjusted to achieve a balanced distribution of data.

Decentralized database
Since there is no well-known blockchain data system, we need to introduce the
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database system, especially the development of the big data system in recent years, as
shown in the following figure5:

Figure 5: history of big data system
Before 2008, the traditional relational database was mainly used. To improve the
performance, the method of sub-tables and sub-databases was mainly used. The definition
of a relational database creates a table of metadata, or a formal description of tables,
columns, ranges, and constraints. Each table (sometimes called a relationship) contains
one or more types of data represented by columns. Therefore, relational databases
generally use the "row storage" model.
The most commonly used index for relational databases is B+Tree. B+Tree is a tree
data structure. It is an n-sorted tree. Each node usually has multiple children. A B+Tree
contains root nodes, internal nodes, and leaf nodes. The root node can be a leaf node,
or it can be a node that contains two or more child nodes.
In terms of consistency solution, B+ Tree's synchronous multithreading search starts
at the root node, captures the read memory of the child node, and then releases the
read memory of the parent node; this process is repeated until the location of the target
node is found. B+ Insert/delete tree: starts from the root node and obtains the write
latch of the child node; repeat this process until the position of the target node is found;
if the child node is safe, insertion/deletion does not cause any changes in the tree
structure, that is, the parent node does not need to be adjusted and can release all
the write latches of the ancestors; optimistic insertion/deletion consists in searching first
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to obtain the read latch of the target node. If the destination node is not safe, return
to the above process of obtaining the write latch from the root node.
With the rapid development of Big Data, a number of systems dedicated to Big Data
processing have been derived from the traditional database field after 2008. The typical
one is the Hadoop system.
The overall Hadoop architecture mainly implements the underlying support for
distributed storage through HDFS and implements the program support for distributed
parallel task processing through MR.
HDFS uses a master-slave (master/slave) structural model. An HDFS cluster consists
of a NameNode and multiple DataNodes (in the latest version of Hadoop2.2, the
configuration of multiple NameNodes has been implemented - this is also the case with
some large companies by modifying the Hadoop source code). The NameNode acts as
the main server and manages the file system namespace and client access operations
on files. DataNode manages the stored data. HDFS supports data in the form of files.
Internally, the file is divided into several data blocks that are stored on a group of
DataNodes. The NameNode performs file system namespace operations such as opening,
closing, and renaming files or directories, and is also responsible for assigning data blocks
to specific DataNodes. The DataNode is responsible for processing file reads and writes
on the client side of the file system and creates, deletes, and replicates the database
under the unified scheduling of the NameNode. The NameNode is the manager of all
HDFS metadata, and user data never passes through the NameNode.
As a distributed file system, HDFS can be used as a reference for data management:
the placement of file blocks: a block has three backups, one on the DateNode specified
by the NameNode and one on the DataNode that is not on the same machine as the
specified DataNode. The purpose of the backup is data protection, that is, that the
specified DataNode is on the DataNode in the same rack. This method is used to account
for failure of the same rack and performance issues caused by different data copies.
Compared to a decentralized system, Hadoop is a typical distributed system. There
must be a NameNode as the central system to store metadata information such as storage
nodes for files while coordinating the work of each node through zk. Therefore, Hadoop
has a central node.
By 2015, the cloud platform gradually became the mainstream platform for
development. Against this background, the demand for "building" a database system
became less and less. Most users began to use the cloud platform to build database
services, and with the spread of SSD and similar technologies, there are also different
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voices about whether it is necessary to build a "database system". Serverless database
was born.
Serverless is a complete process for building and managing a microservice
architecture that allows you to manage your application delivery at the service delivery
level instead of the server delivery level. The difference with traditional architecture is
that it is fully managed by a third party, triggered by events, and exists in a stateless,
temporarily stored (possibly existing only during a call) computing container. Building
serverless applications means developers can focus on product code without having to
manage and operate cloud or local servers or runtimes. Serverless really achieves that
deploying applications does not require building infrastructure and services are created,
deployed and started automatically.
Serverless architecture makes it possible to stop worrying about the resources needed
for operation, and only pay attention to your business logic and pay for the resources
you actually use. It can be said that with the advent of serverless architecture, the real
cloud computing era has just begun.
For the database, Serverless is just a change in product form and usage pattern,
but the function of the database itself has not changed. When using this database, the
user uses the underlying capabilities of the database as a Serverless service and does
not have to worry about the operation and maintenance of the underlying database.
In the database field, Serverless is more applied to query and analysis (OLAP) rather than
OLTP in the strict sense. The relationship between OLAP and OLTP is introduced as follows:
OLAP (On-Line Analytical Processing) is also called transaction-oriented processing.
Its basic feature is that user data received at the front desk can be immediately forwarded
to the data center for processing, and the processing results are available in a short
time , is one of the ways to quickly respond to user operations. When applied to the
data warehouse, the goal is to use the decision maker. The focus of OLAP system is
on data analysis, and the response speed is not so high.
OLTP online transaction processing that allows analysts to view information quickly,
consistently and interactively from all aspects to achieve the purpose of deep
understanding of the data. It has the features of FASMI (Fast Analysis of Shared
Multidimensional Information) which is the fast analysis of shared multidimensional
information. The main application is the traditional relational database. The OLTP system
emphasizes on storage efficiency and high real-time performance. Oracle, Redis, Hbase.
According to the type of query, OLAP is generally divided into ad hoc query and
fixed query.
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Ad hoc query: complete some temporary data analysis requirements by handwriting
SQL. This type of SQL has variable forms and complex logic, and there is no strict
requirement for query time.
Hardened query: refers to some hardened data access and reading needs, which
are provided to users in the form of data products, thereby improving the efficiency of
data analysis and operation. This kind of SQL fixed mode has higher requirements for
response time.
According to the implementation of the architecture, the mainstream OLAP engine
mainly has the following three points:
MPP architecture system (Presto/Impala/SparkSQL/Drill, etc.). This architecture
mainly starts with the query engine and uses a distributed query engine instead of the
hive+mapreduce architecture to improve query efficiency.
The search engine architecture system (es, solr, etc.) converts the data into an
inverted index during storage, and uses the Scatter-Gather calculation model, sacrificing
flexibility in exchange for good performance, and it can be used in search queries.
Second-level response. But for queries that focus on scanning and aggregation, as the
amount of processed data increases, the response time will also degrade to the minute
level.
Pre-computing systems (Druid/Kylin, etc.) pre-aggregate data during storage, further
sacrificing flexibility in exchange for performance, in order to achieve a second-level
response to very large data sets.
The existing implementation of data trajectory, from the perspective of business
requirements, is: each billing period is listed according to the specified query to analyze
the reasons for unsettled, and prefer to solidify the query. However, the existing
implementation method is to first query the main table data according to the query column
value, and then obtain the SQL for querying the auxiliary table according to the associated
fields of the main table auxiliary table. The SQL is dynamically spliced. This method is
more inclined to ad hoc query accomplish.
Currently on the market mainstream open source OLAP engine contains not limited
to: Hive, Presto, Kylin, Impala , Sparksql, Druid, and so on . Of course, these basic query
engine also belong Serverless type.
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Architecture
Infrastructure
The overall system structure diagram of Cata is as follows(Figure6):

Figure 6: system structure of CATA

Comparing this to the centralized system framework, you can clearly see the features
of the Kata architecture. From bottom to top, you can see that in the file storage layer,
the centralized system generally uses storage systems like s3 and google cloud. In CATA,
the fully decentralized CATA.storage is used. The design mainly refers to the hierarchical
structure of IPFS and adds a consensus layer to the application layer of IPFS to incentivize
storage and traffic contributions.
At the database layer, centralized systems generally use systems such as msyql and
mongoDB, as well as some distributed databases such as HIVE and even some
decentralized databases such as Cassandra, but these are generally deployed in local
area networks. few. The database system in CATA has a completely decentralized design
and mainly uses a serverless query engine. Since no special data engine is needed, the
underlying data system directly uses the decentralized storage system of CATA.storage .
In terms of the computation layer, centralization is based on the server as the basic
unit. Typical distributed computing systems such as EC2 cloud servers and Hadoop, but
like the other two layers, are generally used in the local network and are usually not
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involved in the consensus design. CATA's computation and consensus are mainly based
on mainstream blockchain design.
As described above, the storage is supported by CATA.storage. And the database
is supported by CATA database. The basic framework of the two systems has been
presented below.

Cata.storage
The storage system of cata, the structure of the Cata.storage system is shown in
the figure7:

Figure 7: Cata.storage system

The first phase of the implementation of CATA.storage is mainly based on the design
of IPFS nodes, which mainly optimizes the routing cache, file fragment size, number of
backups, etc.
Network design. The P2P network of cata.storage refers to the LibP2P module design
of IPFS, including three main functions of routing, network, and switching, as shown in
the following figure 8:

22

Figure 8: CATA network

In terms of consensus design, taking into account the orientation of the project, the
first phase mainly uses a simple POA mechanism, that is, only authenticated nodes can
upload data and query data. Gradually join the POC mechanism to attract more users
to participate in the project. Basic rewards are given to contributors of storage and traffic.

Cata.database
CATA .database system configuration as shown below (Figure9):
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Figure 9: Cata.database structure
The system consists of three parts : IPFS file system , data query
engine and blockchain system .
IPFS provides distributed and decentralized data storage, the data query engine
realizes the query and utilization of data stored on IPFS, and the blockchain system
provides a pricing and billing platform for data query in the form of smart contracts.
CATA.database data layout on the IPFS shown below (Figure10), (A) all the data file
is divided slices plurality slice (b) fragment is organized as a tree structure (c) stored
on different nodes IPFS.

Figure 10: data fragment of cata

The underlying storage of the query system is compatible with the IPFS file
system. IPFS is a distributed P2P file system. Each file stored in IPFS is identified by its
hash fingerprint, that is, "Content ID" (Content ID, CID). Many nodes running IPFS
distributed all over the world constitute an IPFS network. The node where the
corresponding file is located can be found by querying the CID in the network, so that
the file can be accessed. In order to store file data efficiently, files in IPFS are divided
into "blocks". Blocks and blocks are organized through a data structure called MerkleTree,
that is, the parent node in the tree is the hash digest of all child nodes. This allows the
entire data set to be identified by the CID of the top block, and can prevent data tampering.
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CATA.database a typical query as follows (Figure 11):

Figure 11: query of CATA
The way Cata.database data is stored in IPFS is as follows: when the data owner
adds a data set, the data file is first fragmented, and then organized into a tree structure,
and finally each data block is distributed on several nodes of the IPFS network
middle. Each IPFS node that stores a data block becomes a provider of this data block,
which can be found by other nodes and provide the data block for other nodes .
The second is the data query engine. Cata.database mainly based on calcite-based,
dremel model theoretical models for Google commission. In the system implementation,
reference is made to the distributed query engines such as Drill and presto designed
based on calcite. Such projects are generally a parallel query engine, which accepts
standard SQL query statements, supports CSV, JSON and other structured and
unstructured data file formats. You can query unstructured data without the need to define
the structure. Cata.database mainly to expand the drill and other storage interface, so
that it can run on IPFS, execute the query to the data source in IPFS. Figure 12 shows
the hierarchical relationship between the two. The user interacts with the entire system
through the Drill query interface. After Drill parses the SQL statement to obtain the CID
of the IPFS file, the planner of the query engine communicates with IPFS to obtain the
location of the file to be queried in the IPFS network, thereby establishing a query plan.
That is, how to convert from SQL command to actual query operations. The query plan
will be sent to the data provider node through the P2P network of IPFS, and the reader
will obtain the query result after completing the actual data reading and writing operation,
and finally sent back to the user who initiated the query. For the provider nodes that
provide data, they listen to the request packet on the IPFS network, then read the data
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from the locaarchitecture diagram is as follows:

Figure 12: code structure of cata.database

The figure 13 shows the system workflow when a user initiates a write request:

Figure 13: data flow of cata.database
The details are as follows:
1. The user inputs the SQL query statement to the data query engine, including the
CID of the data set to be queried, and the desired data transformation operation;
2. The engine parses the SQL to obtain the IPFS CID , and queries IPFS to find that
the data set is composed of multiple blocks, and obtains the CID of each block. For each
data block, query the IPFS distributed hash table (DHT) according to its CID to obtain
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the nodes (providers) in the IPFS network that can provide the data shards to establish
a query plan;
3. Query plan is sent to IPFS node corresponding to validated data operation without
the security and privacy risks. Each node performs the data conversion operations on
the data block of local storage to obtain new data block and corresponding new CID；
4. The new CID at each node is sent back to the requester's node, and is repackaged
to obtain a complete CID, which represents the new data set after the data transformation
operation, and is returned to the user .
Since all data operations are performed at the data owner's node, the data user
does not directly obtain the original data, so the purpose of querying and using the dataset
is realized while preserving the data owner's rights. Moreover, thanks to the data block
mechanism of IPFS, a huge data set can be divided into many small parts, and multiple
nodes store these data blocks separately and perform data transformation operations
in parallel to improve the query efficiency.
Considering that Cata.database mainly performs OLAP operations, i.e., metadata
queries, the consistency is not strict. Therefore, the OLTP operations required by the
system, such as billing and consensus, are usually placed in the computation layer, i.e.,
in the public chain of third-party providers. Such a model can not only ensure the
completeness and consistency of the system, but also reduce the overall usage cost of
the system and is more suitable for blockchain application scenarios. The hierarchical
use of OLAP and OLTP in Cata.database is shown in Figure 14:

Figure 14: OLTP and OLAP in cata.database

We compared Cata.dabase with BigChainDB, another blockchain database system,
and Cassandra, a traditional decentralized database application, as shown in the table
2:
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Table 2: different big data system

BigchainDB

Cassandra

Cata .database

Position

General
database

Nosql
database

Big data storage/query

Data processing

Structured

Key/value
data

Semi-structured

Application scenario

Consortium
chain-based

Private
cluster

Mainly public chain

Access control

powerful

weak

powerful

Consensus algorithm

Byzantium

none

POC/POA

TPS

middle

high

middle

Access delay

middle

Low

high

Structured data processing
capabilities

powerful

weak

weak

Semi-structured big data
processing capabilities

weak

weak

powerful
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The consensus design of Cata.dabase is mainly based on the use of queries. The
cost billing is based on the on-demand pricing model. In the on-demand pricing model,
the system bills based on the number of bytes processed (also known as the number
of bytes read), billing is based on the number of bytes processed, and the on-demand
price is based on usage only. Since the query engine includes multiple connexions, the
cost is also comprehensively accounted for, as described below:
1. Query the amount of data read. We will charge you based on the total amount
of data processed in the columns you select, and the total amount of data in each column
is calculated based on the data type in that column. To learn more about how we calculate
your data size, see Data Size Calculation.
2. Cache does not need to count query fees. There is no need to pay for queries
that return errors or queries that retrieve results from the cache. For script jobs, this
item is provided by statement.
3. The smallest billing unit. The system rounds up to the nearest MB when calculating
the cost. The data processed by each table referenced by the query is counted as at
least 4 MB, and the data processed by each query is also counted as at least 4 MB.
4. Cancel the inquiry situation. Canceling a running query job may incur costs, up
to the full cost of completing the query normally.
5. Limit query. When running a query, even if you set a clear LIMIT for the number
of results , we will charge you based on the amount of data processed in the columns
you choose.
Partition query. Partitioning and clustering the table helps to reduce the amount of
data processed by the query. Partitioning and clustering are best practices, please use
them whenever possible. If you run a query on a clustered table, and the query contains
a filter condition for a clustered column, the system will use the filter condition expression
to prune the blocks to be scanned by the query. This can reduce the number of bytes
scanned.
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Performance analysis
We use CATA prototype to build a large data set query system, all data sets are
stored on IPFS , through standard SQL statements to query . We conducted a preliminary
performance evaluation of the prototype system in a 6-node cluster. Each node runs a
cata.database instance, and IPFS works in cluster network mode. All statistics are the
average of 10 runs, and the performance test results are shown in the figure 15:

Figure 15: performance of cata.database

The figure above shows how the width of parallelization affects query performance.
Figure 14(a) considers the effect of bandwidth on query speed, where the fixed block
size is 1 MB. Figure 14(b) considers the effect of block partition size on performance.
For two different datasets, the scheduling time slightly increases when the query is
executed in parallel on more nodes, while the execution time first decreases and then
increases.
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Analyze the reason, mainly because the query node needs more time to collect enough
information about more providers that can process the query. The execution time can
be explained as a mixed effect of two factors: When the query distribution is smaller,
the total execution time mainly depends on the slowest node; when executed on more
nodes, the overhead (e.g., increasing the network communication cost and thus increasing
the system load) becomes more significant.
We compared the impact of different IPFS block sizes on query performance, as shown
in the figure above. In the experiment, the maximum parallel width is set to 3. The block
size has a significant impact on the scheduling time, i.e., the time taken to figure out
which node is best suited for executing a particular segment of the query. This is because
the smaller the block, the more the data set has to be split, the scheduler has to consider
more data units.
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Incentive Model
Note: CATA has not yet released the official incentive model and hardware
mining scheme. Any messages related to CATA mining are scams.
To build a healthy market for storage resource distribution and incentivize participants
to contribute storage, compute, and bandwidth resources to the CATA network. CATA
needs a sustainable incentive model.
We first observed the following problems with the current incentive model used by
decentralized storage systems：
1. The mainstream contribution calculation models are still based on capacity proof
(or space-time proof). This can be a very simple proof of the number of disks the
contributor provides to the system. However, a complete storage system should be an
integrated system that requires not only disk space but also other resources (e.g.,
bandwidth, CPU, etc.). Furthermore, performance metrics such as the performance and
availability of the disks themselves should be a factor in measuring contribution, in
addition to storage space.
2. An incentive model that lacks constraints on sustainability tends to introduce a
lot of idleness, and the network can be flooded with a lot of junk data, resulting in wasted
resources. Conversely, a complete reliance on fees can also lead to a lack of incentives
and make it difficult to get started.
3. Lack of scalability during go-live. The essential goal of a storage system is to protect
the value of data, not to provide universal storage. Vendors should be incentivized to
provide services that meet the needs of users, thereby increasing the value of the overall
system. For example, reasonable value tiering logic is used to construct a service level
that matches the value of the data. For higher value data with strict storage requirements,
more powerful and highly available storage resources can be designated while charging
higher fees.
Thus, we will design a new incentive model around the following core objectives:
1. Multiple types of compute and storage resources required by the system will be
included in the workload calculation model, and quality of service monitoring mechanisms
will be introduced. It is ensured that the resources in the network are always evaluable
to guarantee the quality of service.
2. The incentive is mainly derived from the revenue generated by actual usage. A
reasonable token continuity incentive model is also introduced to encourage participants
32

to provide available storage resources in the early stages of network operation.
3. Adding value tiering logic will differentiate professional storage service providers
from fragmented individual contributors, ensuring a low participation threshold and broad
participation while ensuring quality of network services.
The initial incentive model is currently being developed and tested. A formal description
of the workload calculation will be published in the next version of the technical white
paper.
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CATA Era 1.0: For NFT！
At present, NFT is the hottest topic in the blockchain field, with very strong storage
and query requirements, which also motivates and guides the design and development
of CATA project. CATA has designed a set of interaction protocols for Flow's Cadence
contract layer, enabling integration and full traceability of token transactions and data
storage, providing a one-stop solution for NFT publishing, storage, management and
distribution. It is fully compatible with Cadence's resource-oriented capabilities, allowing
Cadence developers to easily connect NFT contracts to storage facilities.

Challenges in NFT Storage：
1.

The dilemma between Usability and Cost
On-chain storage is flexible in business logic, but with limitations of available
space


Decentralized storage scheme(e.g. IPFS) can hold massive data, but with weak
interactivity


2.

Exhibition > Storage


3.

Most decentralized storage solutions are pure storage with no query capability

Copy minter


No copyright protection in NFT world

Full life-cycle solution for NFT storage on Flow：
The current NFT scenario relies on blockchain networks (e.g., Flow or ETH) to build
a marketplace, and metadata storage often relies on centralized storage solutions (e.g.,
AWS S3), or content is stored on a decentralized storage protocol (e.g., IPFS) and then
linked to the on-chain marketplace through additional operations, which has a poor impact
on the NFT user experience. The CATA storage protocol extends from the circulation layer
on the blockchain, through the metadata layer, to the underlying file system layer, covering
the business logic of NFT data storage, the associations between the on-chain and
off-chain worlds, and the entire process of token circulation. It provides a one-stop NFT
experience. Figure 16 illustrates the architecture of the CATA solution for NFT storage
and Figure 17 shows a simple example of the data structure.
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Figure 16: the architecture of the CATA's solution for NFT storage

Figure 17: data structures
With the collaboration of CATA, users can obtain persistent and secure storage
services through the underlying CATA file system to preserve the raw data of NFT. In
addition, the intermediate CATA-database layer can be used for flexible storage and
retrieval of structured data, such as NFT metadata.With the metadata layer, NFT project
parties can flexibly use and verify the data integrity on the chain, or build some tools
outside the chain such as NFT search engine, thus greatly improving the user experience
（e.g., I can search for all the movie NFTs starring Robert Downey Jr.).

35

