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Abstract Pool mining is the solution to the highly variant reward incentive in solo-mining for

blockchain networks. In pool mining, miners collaborate to form mining pools and distribute the earned
rewards in accordance with pool policies to earn a steady income. In this paper, we considered a
paradigm for a new mining enterprise seeking amalgamation with one of the existing mining pools.
We set the criteria of the highest winning probability with respect to other mining pools for such a
merger. We formulated our problem for the selection of a mining pool for consolidation with the new
mining enterprise. The simulation for a case scenario shows the influence of block size on propagation
delay and winning probability. Finally, we selected the optimal mining pool for consolidation with the

new mining enterprise based on winning probability and empirical analysis.
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1. Introduction

Most of the public blockchain network (PBN) such
as cryptocurrency—based blockchain networks rely on
Proof-of-Work (PoW) based mining as underlying
consensus algorithm for the secure, immutable, irrever—
sible and non-forgeable transactional records as well
as meta-data [1]. The computational expensiveness
of proof of work algorithm is indicated by the mining
difficulty metric. With the increase of the global hash
rate within a blockchain network, the mining diffi-
culty is increased to maintain network stability [2].
The ever-growing mining difficulty [3] in bitcoin and
Ethereum has made PC mining absurd. Specialized
designed dedicated hardware such as GPUs and ASICs
have been engaged for efficient mining based on
their significantly higher hash rate [4]. Solo mining
[5] refers to mining alone to compute the target hash
by finding suitable nonce value, whereby mining
reward for the block is entirely paid to the solo miner.
However, solo mining using specially designed hard-
ware is also becoming infeasible and non-profitable
due to low winning probability. Pool mining is a solu—
tion to overcome these challenges and thus a source
of steady income for miners.

Miners in a mining pool coalesce to generate valid
proof-of-work before other mining pools. This is
done by dividing the task of searching for target hash
into smaller sub-task. The sub-tasks are assigned to
the miners in proportion to their reported individual
hash-rate. The detailed pool mining process in a
blockchain network is described in [6]. The mining
reward is distributed to miners within a mining pool
based upon pool policies by the pool manager. Fig. 1
shows that the top five mining pools of bitcoin
aggregately (as of April 2019) contribute 65% of the
total bitcoin network hash-rate.

The primary considerations for miners in the mining
ecosystem are selection of blockchain—based crypto—
currency network, selection of mining pool, switching
between mining pools, leaving a mining pool and
even leaving the cryptocurrency network. These deci-
sions are made based on criteria defined by potential
reward incentives in terms of mining reward and
cryptocurrency market value.

Most of the published work consider revenue maxi-
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Fig. 1 Bitcoin Pool distribution [7]

mization from the perspective of individual miner.

However, in this study, we consider revenue maxi-

mization from the perspective of a mining enterprise

that has a significant hash rate, using the prob-
abilistic approach. The contributions of this paper are
as follows:

*we consider a novel scenario in which a new
mining enterprise having a significant hash rate
wants to enter the blockchain mining economy for
a cryptocurrency e.g. bitcoin. The new mining
enterprise will join one of the existing mining pools
to maximize its profit.

* We determine the impact of the consolidation of
the new mining enterprise on consequential reward
anticipation of current mining pools in terms of
winning probability.

* Finally, based on the probabilistic and empirical
analysis, we selected one of the existing mining
pools for the mining enterprise to consolidate with.
The rest of the document is formulated as follows:

in section 2 we have investigated the recent research

work directed towards pool mining selection and
maximizing the reward earned. Section 3 gives the
system model. In section 4 we have formulated our
problem, section 5 gives simulation results, whereas

we have concluded our research work in section 6.

2. Recent Advances

With the rising difficulty of solo-mining, pool
mining has become popular. The joining policy,
mining rewards mechanism is divergent among
different mining pools. Thus, the fundamental ques-—
tion of which mining pool to choose is faced by the

miners within the mining ecosystem of a blockchain
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network. In this section, we concisely explored the
recent work conducted regarding mining pool selection.

Liu et al. in [8] studied the concerns related to the
selection of mining pool for an individual miner when
the computational power required to join a mining
pool is pre—fixed in the policy of mining pools. The
N miners in the network organize to join M mining
pools. The study used an evolutionary game for
payoff maximization and the final selection of the
optimum mining pool is made for each miner through
achieved Nash equilibrium. The propagation delay,
block size, and hash rate are key parameters affecting
the outcome of such mining pool selection.

Qin et al. in [9] investigated the challenges faced
by miners while choosing the mining pool. They
studied the pool selection based on the reward
mechanism of mining pools such as proportional
mechanism, pay—per—share and pay-per-last-N-shares
(PPLNS). They modeled the pool espousing problem
as a risk decision problem with maximum-likelihood
criterion for optimal mining pool selection and
explored associated risks with different reward
mechanisms. Finally, the results of computational
experiments endorsed that the proposed pool
selection strategies perform better than baseline
strategies. The results indicate that the value of N
for PPLNS has a significant impact on the mining
pool selection decision.

Liu et al. in [10] discussed the scenarios for miners
to join, switch or leave a mining pool. Authors
emphasized that the mining pool's rewards are
non-linear due to network delay in the blockchain
network, the miners in the pool are incentivized to
non-cooperation and may leave a mining pool and
join another one for a better payoff. The extensive-
form game can model the distribution of miners over

time among mining pools.

3. System Model

We ruminate a blockchain network that employs
Proof-of-work as its consensus algorithm. The miners
in the blockchain network associate themselves with
k mining pools such that the mining capacity profile
(hash rate) of mining pools is given by c¢= (¢;,¢,,.--¢,).

A new mining enterprise with hash rate = wants to

join the blockchain network. It is foreseen that the
mining enterprise alone cannot make enough profit.
So, the mining enterprise must select one of the
existing mining pools for consolidation. In section 4,
we will formulate a problem for the selection of one
of the existing mining pools based on the maximum

winning probability.

4. Problem Formulation

The probability for a mining pool to solve PoW
computational puzzle foremostly is called mining
probability. The mining probability is proportional to
the mining capacity of the mining pool and is given
by [11]

c

Piminc(c) — k’

’ (1)
246
j=1
Once the block is mined, it is broadcasted by the
pool manager to the entire blockchain network. The
block is then validated by other nodes in the block-

chain network. The transmission delay is defined as

5
t, (8;)=—, (2)
whereby s; is the block size as per policy of mining

pool i, n is the network-scale parameter and ¢ is
average effective channel capacity.

Once, the broadcasted block is received at relaying
nodes, the transactions in the block are validated and
the block is verified. The block size is linearly related
to the number of transactions within the block. The
block verification time for a block is directly pro-
portional to the block size and computed as

t,(s;)=ps;, (3)
Where p is parameter delineated by the verification
rate of relaying nodes, and network scale measured
in terms of hop counts within the blockchain network.

The propagation delay includes transmission delay
and block verification time. The propagation time for
a mined block of size s; over the blockchain network
is [8]

t(si) :tp(si)+ty(si) = Si +pus; :( 1A
nec nc

A mined block may not first be able to reach

+,u,)si. (4)

consensus in the blockchain network because of
propagation delay. Such a block is discarded and
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considered as an orphan. The probability of orpha-
ning [12] a valid contestant block on the grounds of

propagation delay has Poisson distribution with mean

1 . .
rate T and is devised as

1
w oS

P;”‘"p’””’(si)ZI*; T =1—¢

The probability of mining pool i to overarch the
mining contest with block size s, without subse-
quently orphaning the block is called winning

probability and given as [13]

Ezrin(c, Si) :P[_min?(c)(lif)’iurphan(si))7 (6)
[(%+u)s,]
. c N
P e, s,) = ——e o @)
Ecj
j=1

Since the block size has a direct effect on winning
probability. Each mining pool ¢ makes a policy that it
will mine blocks of size s; and all associated miners
comply with the policy. So, s; is also referred as the
mining strategy of pool i. From Eq. 7, only s; and ¢
are different for each mining pool, the rest of the
parameters are network defined parameters. So,
mining strategy has a significant role in the winning
probability of a mining pool.

When the new mining enterprise joins the block—
chain network, the nodes associated with the afresh
mining facility will not only mine new blocks but
also take part in the entire consensus process of the
blockchain network. By inducing the afresh mining
enterprise, the network-scale parameter 7, average
effective channel capacity E, the network scale and
average verification speed parameter pchanges to
(no,c;uo). Now, if the new mining enterprise with
hash rate z collaborate with the mining pool ¢, its

wining probability becomes

_| _mc
¢, +x [7

— ¢ . (8)
Ecj+x

j=1

Pu'in (07 Si):

q,post

For other mining pools z}, the winning probability is

[(éw)sj
c _|ne

plgle s)=———e T
Ec/ﬂ—w

j=1

8.

Let y, be the association variable such that

_ {1 ,ifz consolidate withmining pool g 10)
Yy 0, otherwise

Then,
Bl (e s) > PR (e 5,),VaE (e=g)sy, =1 (1D

This means that the new mining enterprise should
only associate it with mining pool ¢ if and only if the
probability of mining pool ¢ winning the competition
after the association is greater than the winning
probability of its opponents. This criterion is rational
since reward revenue is correlated with the number
of blocks won by a mining pool. Further, the number
of blocks won by a mining pool is directly propor—
tional to the winning probability of the mining pool.

5. Simulation Results

In this section, we did numerical calculation to find
the mining pool ¢ with which the new mining enter—
prise will consolidate. We consider 4 mining pools with
mining capacity profile (hash rate) of ¢=(10,20,15,20)
s = (60,120,140,100).

While, the hash rate of the new enterprise is x =5.

with mining strategy profile

#mu =0.09. The

We set (LA-FM):O.OS and (
77OCO

nc

block generation time is set as 7= 60.

We compare the propagation delay for the four
mining pools before and after the amalgamation of
the new mining enterprise. Fig. 2 and Eq. 4 show
that the propagation delay is directly correlated with
block size but independent of the hash rate of a

mining pool.

mmm before consolidation with new mining enterprise
mmm after consolidation with new mining enterprise

12
10 1

propagation delay (t)
o

pool 1 pool 2 pool 3 pool 4

Fig. 2 Propagation delay before and after consolidation

with new mining enterprise
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(a) before inducing new mining enterprise

(b) before inducing new mining enterprise

(c) after conselidation of new mining
enterprise with mining pool 1

0.30 0.25 A
0.25 1
2025 oy Z 0.20 1
= S 0.20 - a
© 0.20 - 3 3
3 S ! § 0151
& 0.15- € 15 a
o =] o Yy
& £ 0.10- £ 010
';_ 0.10 A g . E
0.05 - 2 0.05 1 S 0.05 1
0.00 - 0.00 - 0.00 -
pool1 pool2 pool3 pool4d pool1 pool2 pool3 pool4d pool1 pool2 pool3 pool4d
(d) after consolidation of new mining (e) after consolidation of new mining (f) after consolidation of new mining
enterprise with mining pool 2 enterprise with mining pool 3 enterprise with mining pool 4
0.30 A 0.25 A 0.30 4
2 0.25 1 2 0.20 - 2 0251
8 020 3 3
<Y1 0.20 A
S § 0.151 -g
& 0.15 A a & 0.15 |
£ £ 0101 £
g 0.10 E E 0.10 A
2 0.05 1 S 0.05 1 = 0.05 1
0.00 - 0.00 - 0.00 -

pool1 pool2 pool3 pool4

pooll pool2 pool3 pool4

pooll pool2 pool3 pool4

Fig. 3 (a) Mining probability before inducing new mining enterprise, (b) Winning probability before inducing new

mining enterprise, (c-f) Winning probability after consolidation of new mining enterprise with mining pools

1, 2, 3, 4 respectively

In Fig. 3(a) the mining probability of pool 2 and 4
are same because of equal mining capacity. However,
Fig. 3(b) shows that pool 4 has greater winning
probability than pool 2 despite the same mining capa-
city. This is because of different mining strategies
and consequently different propagation delay as
indicated in Fig. 2. Fig. 3(c) forbids to consolidate
with mining pool 1 as the constraint (11) is not
satisfied. Fig. 3(e)
mining pool 3 on behalf of constraint (11) again.
Both Fig. 3(d) and Fig. 3 (f) permit affiliation with
mining pool 2 and mining pool 4 respectively as

dismiss amalgamation with

L.H.S of constraint (11) is satisfied. However, the
comparison and empirical analysis of Fig. 3(d) and
Fig. 3(f) shows that the winning probability of pool 4
(after its consolidation with new mining enterprise)
is greater than the winning probability of pool 2
(after its consolidation with new mining enterprise).
Thus, according to the probabilistic approach, the
new mining enterprise should blend with pool 4 to

maximize its revenue.

6. Conclusion

Pool mining is the source of stable income for
participating miners. In this paper, we consider the
probabilistic approach towards the selection of a
mining pool for the new mining enterprise. We explored
the influence of mining strategy on propagation delay
and subsequently on winning probability of a mining
pool. The limitation of this paper is that it only
considers the winning probability for choosing the
pool to consolidate with. However, the revenue of
pools not only depends upon the number of blocks
mined but pools also collect revenue from transaction
fees which is directly correlated with block size (or
mining strategy). In our future work, we will propose
a more dynamic model for such a selection paradigm

accommodating these limitations.
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