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1 Introduction

The Proof of Synergy (PoSyg) consensus mechanism represents a novel inte-
gration of the well-established principles of Proof of Stake (PoS) with a more
dynamic and comprehensive scoring model known as the Synergy Score. This
hybrid approach not only incentivizes long-term honest behavior but also dy-
namically adapts to penalize malicious activity, ensuring the resilience and
security of the network. By incorporating user engagement metrics such as
economic activity, governance participation, and continuous contributions to
network security, PoSyg aims to solve some of the key limitations of tradi-
tional consensus models, offering improved scalability, security, and fairness.

The PoSyg consensus protocol was specifically designed to address the
challenges of decentralized networks, such as Sybil attacks, 51% attacks, and
dishonest validator behavior. The protocol’s key innovation lies in its ability
to dynamically reward or penalize participants based on their synergy score,
which reflects the holistic contribution of each participant to the network’s
stability and growth. In this document, we explore the technical details of
PoSyg and explain how it incentivizes honest participation while discouraging
malicious actions.

2 Synergy Score: A Multi-Dimensional Met-
ric

The Synergy Score is the cornerstone of the PoSyg consensus mechanism.
It is a multi-faceted metric that accounts for various dimensions of partici-
pant behavior in the network. The score dynamically evolves over time and
is influenced by multiple factors, including the participant’s role in block
validation, economic transactions, and governance activities.

The general formula for calculating the Synergy Score at time ¢ is given

by:
Si(t) = aH;(t) + BEi(t) + yVi(t) — 0Fi(1) (1)
Where:

e H;(t): Honesty contribution, which includes block validation and pre-
vention of attacks.



e F;(t): Economic activity, such as transaction participation.

e Vi(t): Governance involvement, including voting and decision-making
in protocol upgrades.

e P;(t): Penalties applied for dishonest behavior or rule violations.

e «a,3,7,0: Weight coefficients determined by the network to prioritize
specific behaviors.

2.1 Honesty Contribution

Honesty in the network is evaluated based on a participant’s ability to con-
sistently validate blocks and adhere to network protocols. Validators who
behave honestly receive positive contributions to their synergy score, incen-
tivizing them to continue behaving according to the rules.

The increase in the synergy score due to honest behavior is given by:

H;(t+1) = Hi(t) + o - f(honest actions) (2)

Where f(honest actions) is a function that quantifies the contribution
from honest actions during block validation.

2.2 Economic Activity

Economic activity within the PoSyg network is also an important factor in
determining the synergy score. Participants who engage in a higher volume
of transactions, staking, or other economic activities receive an increase in
their synergy score, as these actions contribute to the overall health of the
network.

The contribution of economic activity is calculated as:

Ei(t+1) = Ei(t) + B - g(transaction volume, stake) (3)

Where g¢(-) is a function that takes into account the participant’s trans-
action volume and staking activities.



2.3 Governance Involvement

In decentralized networks, governance plays a critical role in protocol up-
grades and decision-making. Validators who actively participate in gover-
nance, such as voting on network upgrades or community proposals, are
rewarded with higher synergy scores.

The contribution from governance participation is:

Vi(t 4+ 1) = Vi(t) + v - h(votes cast, proposals supported) (4)

Where h(-) accounts for governance-related actions, such as casting votes
or supporting network proposals.

3 Reward System and Token Conversion

To ensure that participants remain motivated to contribute positively to the
network, PoSyg provides a dynamic reward system that is directly tied to
the Synergy Score. Participants can convert their accumulated synergy into
network tokens, which can be used for staking, transaction fees, or traded in
the marketplace.

The number of tokens earned by a participant is proportional to their
synergy score, and is calculated as:

Tokens; = S;(t) x C(5;) (5)

Where C(5;) is a conversion coefficient that is adjusted dynamically based
on the overall network activity and the participant’s performance relative to
the rest of the network.

3.1 Dynamic Adjustment of Conversion Rate

The conversion rate C'(.S;) is not static; it fluctuates based on several net-
work conditions to maintain economic balance and discourage the hoarding
of synergy points. This dynamic adjustment is influenced by:

e Network Health: When network activity is high, the conversion rate
decreases slightly to prevent an oversupply of tokens. During periods
of low activity, the conversion rate increases to stimulate participation.



e Synergy-to-Token Ratio: The ratio of total synergy in the network
to the total circulating supply of tokens also influences the conversion
rate. If the synergy score grows significantly faster than token circula-
tion, the conversion rate is reduced to avoid inflation.

e Long-term Participation: Validators who maintain long-term par-
ticipation receive higher conversion rates, encouraging continuous, hon-
est behavior.

4 Penalty System: Deterrence Against Mali-
cious Behavior

The PoSyg protocol includes a sophisticated penalty system designed to pe-
nalize participants who engage in malicious or dishonest behavior. These
penalties are progressive, meaning that repeated offenses result in exponen-
tially higher penalties. This approach prevents participants from gaming the
system and ensures that attacks, such as Sybil attacks or coalition-based 51%
attacks, are economically unfeasible.

The penalty imposed on a participant is calculated as:

P;(t) = Phase X (multiplier)” (6)
Where:
e P..: The base penalty for a dishonest action.
e n: The number of prior violations by the participant.

e multiplier: A factor that increases with each additional violation.

4.1 Sybil Attack Prevention

Sybil attacks involve the creation of multiple low-synergy nodes to overwhelm

the network. PoSyg mitigates this by enforcing progressive penalties for

Sybil-like behavior. The penalty for Sybil attacks is calculated as:
Smin

Stotal

PSybil =0 x

(7)
Where:



e Suin: The minimum synergy score of a Sybil attacker.
e Siota: The total synergy of the network.
e 0: A penalty coefficient based on the network’s parameters.

This ensures that low-synergy attackers are penalized relative to the over-
all health of the network, deterring Sybil attacks.

4.2 Coalition (51%) Attack Resistance

Coalition attacks, such as 51% attacks, occur when a group of participants at-
tempts to control the network’s consensus by pooling their resources. PoSyg
penalizes such coalitions by enforcing penalties proportional to the size of
the attacking group’s synergy score:

Scoalition
Paig, = 1y x g ®
network

Where:

e Scoaltion: The total synergy of the attacking coalition.
e Sictwork: The total synergy of the entire network.

e 1: A penalty coefficient for coalition attacks.

This formula ensures that large coalitions are heavily penalized, reducing
the likelihood of coordinated attacks on the network.

5 Conclusion

The Proof of Synergy (PoSyg) consensus mechanism offers a robust, scalable,
and secure solution for decentralized networks. By combining the strengths
of Proof of Stake with a dynamic Synergy Score, PoSyg incentivizes honest
participation while simultaneously deterring malicious actions through pro-
gressive penalties. The adaptive reward and penalty systems ensure that the
network remains resilient against attacks, such as Sybil and 51% attacks,
while fostering a healthy, active, and decentralized environment. PoSyg’s
innovative approach to consensus positions it as a strong contender for next-
generation blockchain platforms.
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