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Abstract A consensus mechanism for blockchain based on proof of contribution (PoC) is a kind
of consensus mechanism that is suitable for the application scenarios of intellectual property
protection and transaction. In the PoC mechanism, the contribution values of user nodes are
calculated periodically and the node with the largest contribution value will assume the right for
the construction of a new block. However, the PoC consensus mechanism has the problem that

the node that constructs the new block in the current round exhibits the property of strong
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certainty. If the node that is supposed to construct the new block in the current round fails to do
so, all the other nodes will remain in the waiting state and the system will hang and execution can
no longer continue. To make the PoC blockchain consensus mechanism applicable to the public
chain scenario, this paper proposes a new consensus mechanism based on the contribution value
as well as on the difficulty value in the proof of work consensus mechanism (PoC+PoW). In the
PoC+PoW consensus mechanism, some uncertainty is added into the process of determining the
right for the construction of a new block to overcome the shortcomings of the original PoC
consensus mechanism. In PoC+ PoW, the difficulty values of the mathematical problem that
participating nodes try to solve in the PoW competition is dynamically determined according to the
PoC values of the nodes. The proposed mechanism can thus be viewed as a disaster recovery
scheme for the PoC consensus mechanism to ensure the reliability of the system operation. The
proposed PoC+ PoW consensus mechanism would allocate a corresponding PoW difficulty value
to a node according to the ranking of the contribution value of the node. All nodes then compete
for the right for bookkeeping and block construction through the PoW consensus mechanism. The
new consensus mechanism that incorporates PoW would still fully respect the ranking of the
contribution values from PoC to ensure that the probability of constructing a new block by a node
is highly proportional to its ranking among all the contribution values. As far as system operation
is concerned, the probability of block construction can be guaranteed to reach or approach infinitely to
100% , which should effectively solve the system hanging problem existing in PoC-based systems.
This paper will present the design of an algorithm for the allocation of the PoW difficulty values from
three aspects: the ranking of the contribution values, the difference between adjacent contribution
values and the grouping method, and will verify the rationality and effectiveness of the proposed
allocation algorithm through experiment. In addition, a comparison between the new PoC -+ PoW
consensus mechanism and the traditional PoC consensus mechanism in terms of the efficiency of block
construction further verifies the superiority and the feasibility of the proposed PoC+ PoW consensus
mechanism.
Keywords  blockchain; consensus mechanism; contribution value; Proof of Contribution; difficulty
value; Proof of Work
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in the blockchain is constantly updated in real-time according
to the order of the time stamps, which can create an
untamperable tracking record for the transfer of any asset
without the need to seek the help of a trusted third-party.
Consensus mechanism is the soul and law of blockchain,
which maintains the normal operations of the blockchain
system. In the blockchain, each node maintains the same
ledger, and the allocation of accounting rights of the ledger is
decentralized. When point-to-point transactions are very
close in terms of time, sorting the transactions is decided by
the consensus mechanism. Blockchain consensus mechanisms
have been developed for over ten years and many types of
mechanisms have been proposed as the result.

Most current Blockchain systems rely on the circulation
of “coins” based on the proof of work (PoW) consensus
mechanism. In view of the application scenarios of intellectual
property protection and transaction, a consensus mechanism
based the prove of contribution (PoC) has been proposed in
which the contribution values of nodes are used as the key
index to decide which node should get the right to construct
the new block in each round. However, the PoC consensus
mechanism exhibits the property of determinism, resulting in
the possibility that if the selected node doesn’t function
correctly, system operation would hang and all other nodes
would go into the waiting state. Apparently, there is the
need to have a disaster recovery scheme for PoC to ensure
continuous and smooth operation of Blockchain systems that
employ the PoC consensus mechanism,.

The Blockchain consensus mechanism proposed in this
paper aims to improve the PoC mechanism by incorporating
the PoW mechanism that would introduce non-determinism in

the selection of the block-constructing node. From PoC to

PoW, the difficulty values for PoW are determined by the
ranking of the contribution values from PoC. This paper
proposed an algorithm for the allocation of difficulty values to
nodes based on the contribution values of the nodes to add
some uncertainty while fully respecting the contribution
values. The proposed scheme stimulates the spontaneity and
activity of node competitions in the system. In the scheme,
according to the contribution value ranking of the nodes, the
corresponding difficulty values of competition in the PoW are
determined for the nodes to ensure that the probability of
constructing a block by a node is proportional to the ranking
position of the contribution value of the node. The rationality,
effectiveness and feasibility of the difficulty allocation
algorithm is verified through experiment by examining three
parameters; the total number of nodes in the system, the
difference of the contribution values of adjacent nodes in the
ranking, and the node grouping strategy. Experimental
results also showed that the proposed scheme has improve
the efficiency of block generation compared to PoC while
possessing the capability of disaster recovery.

The proposed PoC + PoW consensus mechanism based
on contribution values and difficulty values can not only
guarantee the fairness of competition based on contribution
values, but also ensure high efficiency of block generation.
Experiments demonstrated that nodes that generate blocks
are mostly distributed among the top ten nodes in the ranking
list of the contribution values. The higher the ranking of a
contribution value, the higher the probability of block
generation by the corresponding node, and the probability of
block generation by all the nodes can reach or approach
infinitely to 100% ., which can effectively prevent system

hanging situations.





