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Introduction
In recent time blockchain technology and its applications have
been of great interest in the financial sector. The optimization
of blockchain technology has become a necessity in the Defi
space where efficiency and scalability is highly prioritized. Just
like in many advanced real world systems, the ANFS applies
consensus algorithm dependent on the ‘leader’ node to obtain
an improved operational efficiency.
In addition to realizing high performance of the network, the
ANFS provides a secured and flexible blockchain framework that
uses HPOS (Hybrid Proof of Sequence) that is an integration of
POH (Proof of History), NPOS (Nominated Proof of Stake) and
PBFT (Practical Byzantine Fault Tolerance) consensus
mechanism to solve the problem of network scalability, security,
and data access combined with blockchain sharding technology,
and describes the consensus process of this consensus
mechanism.

Overview | How the ANFS works
The Autonomous Network Cross Domain Flexible Sharded
System (ANFS) uses an efficient consensus mechanism that is
fractional based, where distributed systems will work together
and the security of these blockchain networks is assured. The
ANFS helps to anticipate and curb certain attacks in the blockchain space. The ANFS puts into consideration the throughput,
scalability, security, energy consumption and finality of the
blockchain network. The native cryptocurrency for ANFS is called
AFS. New AFS are created within 30 sec (the time intervals will
decrease as whole chain develop) each time when a validator
forges a new block. Once the maximum supply is reached, new
AFS will no longer be created.

A High Performance
Blockchain Consensus
HPOS | ANFS Lab
Abstract: An efficient and secure consensus mechanism is
crucial for the whole blockchain system. In this paper, we
propose a sharded-based HPOS (Hybrid Proof of Sequence) that
integrates POH (Proof of History), NPOS (Nominated Proof of
Stake), PBFT (Practical Byzantine Fault Tolerance), and uses VRF
(Verifiable Random Function) to select committee nodes and
achieve consensus eventually. In HPOS, a consensus
committee composed of multiple nodes completes transaction
collection, transaction timing verification, block construction and
final state confirmation of the blockchain, and adopts the NPOS
mechanism as the incentive mechanism of the consensus
committee.

1 | Background Research
Since the birth of Bitcoin, its underlying support technology,
blockchain, has received widespread attention. Up to now,
blockchain has been widely used in many fields such as finance,
Internet of Things, and product traceability1, while as a new
type of Internet infrastructure, the application scenarios and
application modes of blockchain have also shown a rapid
update. However, in the process of further promoting the
application scenarios of blockchain technology to the ground,
the shortcomings of blockchain technology in terms of
operational efficiency and scalability are also increasingly
highlighted.
The consensus algorithm, as the core element of blockchain
technology, directly affects the performance and scalability of
the blockchain system2. The optimization of consensus
algorithms as a grip to improve the operational efficiency and
scalability of blockchain systems has become an important
direction of concern for industry and academia. Among them,
the POH mechanism proposed in the Solana project3 has
received increasing attention in recent years due to its good

operational efficiency. This consensus mechanism constructs
network-wide transactions into a time-series sequence that is
difficult to tamper with but easy to verify by means of a hash
cryptographic function with random and unpredictable output
results. In order to achieve consistency verification of the
blockchain network, in which the minimum amount of
redundant data generated in the network is only 176 b, thus
making the theoretical concurrency of Solana up to 710000 TPS,
which greatly improves the current efficiency level of the
blockchain. However, the Solona project based on the proof of
history (POH) consensus mechanism is overly dependent on the
“leader” node which not only puts great demands on the
hardware performance, but also makes the whole network
system “re-centralized”.
ANFS uses the HPOS consensus algorithm which is a very
resource-saving, and its scalability is also very good. In
untrusted a distributed system, the majority of 2/3 consent is
enough to believe that the state system is highly effective.
The ANFS is a blockchain platform implemented by the original
HPOS (Hybrid Proof of Sequence) consensus algorithm. The
current version of Bankia (On-chain Module Testnet) is
implemented by NPOS + BFT.
In view of this, this paper proposes a new consensus
mechanism - HPOS (Hybrid Proof of Sequence), which is based
on sharding technology and incorporates the core idea of POH
consensus mechanism. Unlike the traditional POH consensus
mechanism, the HPOS mechanism is based on the sharding
technology, in which the network transactions are randomly
assigned to multiple shards, and each shard is constructed by
the shard consensus node selected by the VRF function to
generate the transaction sequence of the shard, and any node
within the shard can verify the shard by computing any
fragment of the transaction sequence of the shard. Among
them, the consensus nodes of each shard jointly form the
network-wide consensus committee. In addition, to prevent
collusion, the nodes in the consensus committee will be
updated every certain time, and the NPOS mechanism is used
to realize the incentive for the consensus committee nodes.

2 | HPOS Consensus Mechanism
overall Architecture
Blockchain sharding, which divides the blockchain into
several shards (Shards) maintained by several nodes per
shard, greatly reduces storage, computation and
communication costs because the nodes within a shard
only need to communicate with a few
(hundreds) nodes from the same shard, therefore,
blockchain sharding is considered as an important
solution to improve the scalability and operational
efficiency of the blockchain4. Based on the
blockchain sharding technology concept and POH
consensus mechanism, a novel HPOS consensus
mechanism is proposed in this paper. In this section, the
overall architecture of the HPOS consensus
mechanism is described.

2.1 | Node Types and Selection Mechanism
In the HPOS consensus mechanism, the participating nodes are
divided into general user nodes, shard sequence generation
nodes, and shard sequence verification nodes.
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In the HOPS consensus framework, GUs do not participate in
consensus directly, but are randomly assigned to different
shards and can be informed of the latest status of the whole
system through the P2P network.

Sequence Generator (SG)

SG is responsible for sorting the transactions in its shard,
constructing the sequence of transactions in its shard,
broadcasting the sequence of transactions in its shard within
the shard using the Gossip protocol, and maintaining
communication with SGs in other shard using the Kademlia
protocol5.

Sequence Verifier (SV)

A SVs node are responsible for verifying the transaction
sequences generated by the SG and broadcasting the results
within the shard. In general, the SV has the same arithmetic
power as the SG and can replace it in case of SG failure.

Assuming that the number of participating nodes in the
blockchain system is n at a certain point of system operation,
based on the number of participating nodes in each shard is
m = c * log n (c is a constant generally set to 20), the number of
shards k = n/m, and the total number of SGs in the network is k
if one SG is set in each shard, see Figure 1 for data
simulation. However, SGs need to send their generated shard
transaction sequences to SVs with their own digital signatures.
According to the results of the literature6, current advanced
GPUs generate about 10 times the number of ECDS (elliptic
curve digital signatures) per second than the number of ECDS
they verify per second, based on which the number of SV nodes
within each slice can be set to 10 with equal arithmetic power
(cores).
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FIGURE 1 | NUMBER OF SHARDS
Note: The value range of n is [2000, 1000000], and the step size is 2000.
Figure 1 Simulation of the number of shards and the number of nodes within a shard.

The HPOS consensus has certain hardware requirements for SG
and SV, so at the beginning of the nodes entering the system,
they need to prove their hardware performance, and the proof
mechanism is similar to POW, where the first 11k nodes among n
nodes will be selected. After that, by running the NPOS
protocol [1], the top k nodes with the most votes among the 11k
candidate nodes will form the consensus committee of the
whole network, and the next 10k nodes will form the
supervisory committee of the whole network, which can
effectively avoid the "tragedy of the commons'' with the help of
NPOS mechanism. With the help of VRF each SG node and every
10 SV nodes will be randomly assigned to each shard. This
approach can effectively avoid the collision caused by fixing SGs
and SVs in one shard.

2.2 | The Start-up period of the System
The start-up period of the System covers mainly the
identification of SG and SV nodes and the assignment of SG
and SV nodes to each tract. To ensure a smooth start-up phase,
an Initiation Committee (IC) will be established during the
system start-up phase, which consists of 1/2 ‘n’ nodes randomly
selected from the ‘n’ nodes in the whole network.
Each node will be randomly assigned to each shard according to
its public key address at the beginning of the system and send
its shard number to the nearest IC node. All IC nodes will
aggregate the shard number information collected from
participating nodes into a HASH route table, which will be
maintained by the SG node of the shard during the subsequent
operation of the system.
During the system startup phase, IC will organize and generate
a network-wide consensus committee and a supervisory
committee. Among them, the mechanism for generating the
network-wide consensus committee and the supervisory
committee is described in section.

I. In the process of generating the network-wide consensus

committee and supervision committee, IC will verify the
workload proofs of the first 11k nodes among the ‘n’ nodes in
the network, and determine k SG nodes and 10k SV verification
nodes, respectively.

II. Iteration Period | After the start-up phase, the system will

enter the iteration period. During the iteration period, the
system will iterate every time, and the interval of each iteration
is called T. T represents the first iteration. In addition, the
shards responsible for SG and SV are reallocated at the
beginning of each iteration with the help of VRF function. The
intra-temporal system operation mechanism is shown in
Figure 2.
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Figure 2 | Intertemporal System Operation Mechanism
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As shown in Fig. 2, an arbitrary user node within the period,
which has been randomly assigned to a shard at the beginning
of its entry into the system, i.e., the transaction sequence
generation node within the shard is, and the 10 transaction
sequence verification nodes within the shard together
constitute the transaction verification sequence group, i.e.,.
Each SV node in the shard will verify the generated shard
transaction sequences in parallel, i.e., each SV node will be
responsible for verifying 1/10 of the shard transaction
sequences. Therefore, the verification speed of the shard
transaction sequence will be ten times faster than its
generation speed in general. When each SV in the shard
completes the verification of the shard transaction sequence
fragment it is responsible for, it will send the verification result
with its own signature, and when all the verification results of
all SVs in the shard are collected, it will release the shard
transaction sequence and encapsulate the sequence into the
block, and then announce the latest status of its shard
blockchain to the whole network. When the independent
verification results within the shard do not match the shard
transaction sequence constructed by the SG node, it will send
an "alert" to (other sv) within the shard, and the node will run
the PBFT protocol, which will re-verify the shard transaction
sequence by the responsible verification, and when there are
more than or equal to 7 verification results with the same
verification result. When there are more than or equal to 7
validation results with the same result, the SG will be judged as
"faulty", and the SV with the most votes in the startup phase
will temporarily take over the SG until the next iteration, when
a new shard SG node is elected.
Under the framework of HPOS protocol, each shard maintains a
unique shard transaction sequence, but no longer sets a unique
transaction sequence for the whole network, i.e., the
transaction sequence of the whole network is just a
concatenation of the transaction sequences of each shard, and
the transaction sequences are not sorted among the shard.

3 | SLApp

(Smart-Contract Low-Code Application)
SLApp (Smart-Contract Low-Code Application) aims to build a
smart contract platform with visual development, automated
deployment, sandboxed execution, and plug-in extension.

3.1 | Low-Code Visual Development Platform
SLApp puts forward the visual development scheme of low code
smart contract, which greatly reduces the development
threshold of smart contract and provides the possibility for the
rapid prosperity of the developer community.
Low code is a visual application development technology. It
extracts the common business process, logic and data model
modules in the development process, and provides the platform
service of quickly building applications in the form of graphical
building blocks. Therefore, developers with different levels of
experience can create smart contracts through graphical
interfaces, drag and drop components and model driven logic.
This technology not only eliminates the work of non-technical
developers writing code, but also provides professional
developers with the extension ability of custom writing code.

Low-Code Technology Advantages:
I Easy to Learn
Due to the characteristics of low code or 0 code, it will
undoubtedly greatly reduce the difficulty of learning the
programming language. Especially with the 0 code (no code)
development platform, even business personnel who do not
understand the programming language can quickly learn and
develop applications.

I Rapid Development
Due to the use of a large number of components and
encapsulated interfaces for development, as well as the IAAs and
PAAS layer capabilities of integrated cloud computing, the
development efficiency has been greatly improved.
In general view, low code can improve development efficiency by
more than 30%, while 0 code (no code) can improve development
efficiency several times; And greatly reduce the development cost.

I Speed
This is a relative concept. Generally speaking, since the low code
development platform or 0 code development platform generates
(compiles) executable code automatically, the overall quality of
the code is better than the industry average; And relatively
speaking, the error (Bug) is more controllable and the security of
the code will be higher.

3.2 | SCaaS(Smart-Contract as a Service)
SCaaS (smart contract as a service) is a solution for
automatic deployment and operation and maintenance
proposed by SLApp. The technical scheme inherits the idea of
serverless architecture and applies it to the service
governance field of smart contract.
The server free smart contract program does not run around
the clock, but in different ways: it waits for the request to
come in, starts any number of instances as needed to
process the request, and closes after the work is completed.
Serverless simplifies the programming of cloud computing,
which represents another change in programmer
productivity, such as the evolution of programming language
from the era of assembly to the era of high-level language Simplifying cloud programming: Berkeley's view on serverless
computing.

Technical Advantages of SCaaS:
I Operation and maintenance free

There is no need to manage the server host or server process.

I Elastic Scaling

Automatic scale expansion and automatic configuration
according to the load, with the expansion range from zero to
infinity.

I Pay on Demand

Actual costs are determined by usage

I High Availability

Implicit high availability

S ANDBO X
TES TING

R EL EA SE
M A NA GEM ENT

01

02

04

03

C ONTINUO U S
INTE G RATI O N

B U I LD
A U T O M A T I ON

Figure 4 | Low-Code Development Platform

As shown in the Figure 4: Developers can directly publish the
whole network by submitting code / low code. SCaaS
technology runs the WASM virtual machine in the blockchain,
providing developers with a sandbox safe and efficient
operation environment, without limiting the development
language, and has complete scalability.

3.3 | WASM VM
Web assembly (wasm) is a binary instruction format for stack
based virtual machines. WASM is designed as a portable
compilation target for various programming languages, with
small volume and fast loading, and supports the deployment
of client and server applications on the web.
Ending's law: "Any application that can be compiled to
WebAssembly, will be compiled to WebAssembly eventually."

WASM advantages:
I Efficient

Web assembly has a complete set of semantics. In fact, WASM
is a binary format with small volume and fast loading. Its goal
is to give full play to the hardware ability to achieve native
execution efficiency.

I Security

Web assembly runs in a sandboxed execution environment and
can even be implemented in existing JavaScript virtual
machines. In the web environment, web assembly will strictly
abide by the homology policy and browser security policy.

I Open-Source

Web assembly designs a very regular text format for,
debugging, testing, experimenting, optimising, learning,
teaching or programming. You can view the source code of
WASM module on the web page in this text format.

I Backward Compatible Standard

Web assembly is designed to be version free, feature testable
and backward compatible on the web. It can run not only in
the browser, client, but also in the server. At the same time,
the modular system interface WASI is also proposed.
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C++ compiler
for WASM
Rust compiler
for WASM

C# compiler
for WASM
Go compiler
for WASM
Python compiler
for WASM
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Figure 5 | WebAssembly Compatible Chart

SLApp is designed to be compatible with the solid / Vyper
smart contract language and support various other
general-purpose languages, such as C / C + + / rust / go / c#
/ Python and so on. At the same time, SLApp uses sandbox
technology to ensure the safe, independent, lightweight and
efficient operation of smart contracts. Therefore, WASM is
undoubtedly the best choice. The following is a simple
flowchart of SLAPP’s implementation of smart contracts:
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Figure 6 | Smart-Contract Execution Process

In summary, SLApp attempts to provide an easy-to-develop,
automatically deployed, data-secure, and operationally
efficient blockchain smart contract product from the
development process to deployment and maintenance by
using cutting-edge technologies such as Low-Code, SCaaS,
and WASM.

ANFS | The Future of Blockchain Networking
ANFS is going to reshape the future of blockchain networking
as it will apply advanced integrated consensus protocols that
will provide a secured and efficient network for blockchain to
solve the problem of scalability, efficiency and security. In the
future, open internet, crypto economy market, big-data, high
performance computing application will benefit from the highly
transparent, flexible and secure blockchain network that ANFS
will provide.
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