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The PaLa protocol is known for its simplicity and effectiveness in achieving
Byzantine Fault Tolerance (BFT). This thesis discusses the main properties of the
PaLa — partially synchronous blockchain protocol, its advantages and disadvantages,
and key aspects of its structure. We also compare PalLa with other algorithms, such
as Tendermint, Hotstuff, and Casper FFG, which have fewer limitations due to their
more complex structure. Based on the considered limitations, the following
modifications are presented, which allow to extend them: Pipelet protocol,
Committee rotation algorithm, and Streamlet protocol.

The PalLa protocol was proposed as a new consensus protocol based on
simplicity and efficiency, aiming to streamline the consensus process while
maintaining security standards. It is considered one of the simplest and most efficient
classical BFT consensus protocols, focusing on removing unnecessary complexities
present in previous protocols to enhance performance. PalLa is inspired by the
pipelined-BFT paradigm and a generalization called "doubly-pipelined PaLa", which
IS oriented towards settings that require high
performance [1].

Pala stands out as a simple partially synchronous blockchain protocol inspired
by the pipelined-BFT paradigm. Unlike its predecessors, PaLa focuses on removing
unnecessary complexities to streamline the consensus process. By leveraging a
partially synchronous network model and tolerating up to % corruptions, Pal.a aims
to achieve fast transaction confirmations while maintaining security. The Pala
protocol has several advantages over other blockchain consensus protocols making
it an outstanding solution in this field.

Key features of PalLa:

— Efficiency: PaLa minimizes the number of messages required to reach a
consensus and increases transaction speed without compromising security;

— Simplicity: by eliminating the inefficiencies present in traditional protocols,
PaLa provides a simple and elegant solution for Byzantine fault tolerance;

— Security: While speed is a priority, PalLa incorporates robust security
measures to protect against malicious activity and guarantee transaction integrity;
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— Network Model Adaptability: PalLa is based on partially synchronous
network assumptions and can tolerate up to s corruptions, making it adaptable to
various network settings while maintaining efficiency. The protocol's ability to
achieve consensus with just O(n) messages showecases its adaptability and scalability
in different blockchain environments [3].

Perhaps, the key features sufficiently describe the advantages of using this
protocol, so we should move on to the disadvantages and limitations, which are also
here. Although PaLa is recognized as the simplest and most efficient classic BFT
consensus protocol, it does not introduce many new innovations compared to other
protocols such as Tendermint, FBFT, Casper FFG, and Hotstuff. In addition, there
are scalability issues: for a network with more nodes, maintaining speed becomes
more difficult, which affects performance. In addition, the focus on simplicity, speed,
and increased throughput can lead to various security issues. The protocol's
responsiveness to real-world network delays, denoted as 6, is essential for achieving
fast transaction finality. Adapting to network conditions and minimizing delays is
crucial for enhancing transaction speed within the Pala protocol. The risks
associated with generating a large number of orphan blocks should not be
overlooked: maintaining a balance between block production rate and network
latency is crucial to prevent high rates of empty blocks that can affect transaction
completion and overall network efficiency.

As noted, one of the advantages of using Pala is speed, so for a clearer
understanding, let's compare it with other protocols used:

— Tendermint: Tendermint is known for its high throughput and fast finality,
making it a scalable solution for blockchain networks. It achieves consensus through
a practical Byzantine Fault Tolerance (PBFT) algorithm, offering robustness in
handling a large number of transactions [2]. It also has an optimal solution to improve
the efficiency of work in such conditions is to perform load balancing or use rpc
nodes, not just individual network validators. This allows to increase the speed and
avoid cases of node overload [5];

— Hotstuff: Hotstuff is another protocol that focuses on scalability and
efficiency by utilizing a leader-based approach for consensus. It offers fast
confirmation times and high throughput, addressing scalability challenges effectively
[2];

— Casper FFG: Casper FFG introduces a hybrid Proof-of-Work (PoW) and
Proof-of-Stake (PoS) consensus mechanism to enhance scalability and security. By
combining these two approaches, Casper FFG aims to achieve a balance between
transaction speed and network scalability [2].

It becomes apparent that in comparison to these protocols, PaLa may face
limitations in scalability due to its partially synchronous nature and the challenges
associated with handling network delays as the network grows.
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1. Pipelet protocol

Pipelet protocol: the Pipelet protocol was introduced as a practical streamlined
consensus protocol to improve scalability. Pipelet protocol: the Pipelet protocol was
introduced as a practical streamlined consensus protocol to improve scalability,
including extending the longest chain and finalizing the middle of three consecutive
normal notarised blocks, using familiar rules [4].

Pipellet aims to combine the advantages of simplicity, performance and
practicality found in other protocols such as Streamlet and PalLa, and offers a
conceptually different approach that reduces the message costs required to finalize a
block.

2. Committee rotation algorithm

A committee rotation algorithm is proposed to enhance the scalability and
security of PaLa. The algorithm aims to dynamically rotate consensus nodes in
dynamic networks using verifiable random functions (VRFs) to reduce
communication requirements in stable network conditions [4].

3. Streamlet protocol

The Streamlet protocol provides a simple and natural paradigm for building
consensus protocols, inspired by core technologies discovered in the past Streamlet
and PalLa messages grow exponentially with the number of nodes. To address
scalability concerns, detailed specifications on assumptions, consistency and
effectiveness under partial synchronization are provided [4].

Recent studies have evaluated the performance and scalability of prominent
consensus protocols like PBFT, Tendermint, HotStuff, Streamlet, and PalLa under
identical conditions. These evaluations highlight limitations in communication
complexity for larger networks and emphasize the need for practical solutions like
Pipelet to address scalability challenges effectively.

In conclusion, this paper has discussed the general properties of the PalLa
algorithm, its advantages and disadvantages in comparison with some other popular
algorithms. This protocol is quite simple and robust, but it may have some scaling
issues due to its structure. However, several modifications almost solve these
problems while maintaining the basic structure of the protocol, the best of which, in
the author's personal opinion, is Pipelet due to its practical applicability.
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