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Abstract: Blockchain technology has recently obtained widespread attention. And
it is being regarded as potentially even more disruptive than the Internet, whose
usage includes large areas of applications ranging from crypto currency, financial
services, reputation system, Internet of Things, sharing economy to public and
social services. The existing works of blockchain primarily are focused on key
components and potential applications. However, in the existing blockchain sys-
tems, the waiting time of transactions is too long. Furthermore, it may produce
serious consequences because many important transactions are not handled
timely. To solve the problem, in the paper, the blockchain Queuing model with
non-preemptive limited-priority is established, which considers the different
transactions having different priority when being mined. There are two classes
of transactions in the model, one is high-priority transaction with pay or with prior
interest, the other is low-priority transaction without pay or without prior interest.
And high-priority transactions can be mined preferentially when mining process is
not occupied. If low-priority transaction is being mined, the arriving high-priority
transaction will wait for the mining accomplishment. Through the analysis of the
model, we compute average waiting time, average staying time and average length
of queue. From simulation of the model, we find that transactions with pay or with
prior interest and increase service rate of mining are effective for reducing waiting
time. Besides, the two factors mutually reinforce to shorten waiting time. Finally,
we conclude this paper and point out the direction of future research.
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1 Introduction

Blockchain is one of the hottest topics discussed extensively in recent years, which has already changed the
lifestyle of people in some real areas for its great influence on finance, business, industry, transportation,
healthcare and so forth. Nakamoto first introduced blockchain technology alongside with the crypto-
currency bitcoin. Another technology ethereum founded in 2013, brought new features to the blockchain
technology, including smart-contracts, which changed the whole game for this technology, allowing it to
integrate more services and have more value to many industries and academic fields [1]. Projects about
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blockchain spring up like mushrooms, such as EOS, Fabric, R3 Corda implement distributed ledger received
widespread attention [2].

The existing works of blockchain primarily are focused on key components and potential applications
[3]- So one solution for this problem is that different transactions are given different priority and the high-
priority transactions are mined preferentially whose waiting time can be shorter. But the existing
blockchain queuing model cannot consider that the different transactions have different priority when
being mined.

In this paper, the blockchain queuing model with non-preemptive limited-priority is established, which
considers the different transactions having different priority when being mined. The waiting time of
blockchain transaction is the problem that may confuse many people. Furthermore, it may produce serious
consequences because many important transactions are not handled timely. We analyze the problem through
queuing model. This is the achievement about blockchain queuing model which considers that transactions
waiting for being mined to build block have different priority because of transactions with pay, with prior
interest or not. Then, we simulate the model and find an interesting conclusion.

The remainder of this paper is organized as follows: In Section 2, we introduce the related work of this
work. In Section 3, we descript the blockchain queuing. In Section 4, we present queuing model with non-
preemptive limited-priority. In Section 5, we provide the simulation results. Finally, we give our concluding
remarks in Section 6.

2 Related Work

The development of information security technology gave birth to blockchain technology. Blockchain
combines information security technology, which has formed plenty of application cases. Blockchain
technology has recently obtained widespread attention from media, businesses, public sector agencies,
and various international organizations. It is being regarded as potentially even more disruptive than the
Internet, especially with the progress of security cloud service [4—6]. Blockchain technologies have
become widely adopted in many real applications, for example, business and information systems [7];
finance [8]; applications to companies [9]; Internet of Things and shared economy [10]; healthcare [11];
and the others.

So far there have been more papers belong to the literature of blockchain which describes key
components, discusses potential applications and establishes the mathematical models to analyze and
optimize blockchain systems [12]. Especially, Lin et al. [13] developed queuing theory of blockchain
systems and provided system performance evaluation, but they did not consider the different transactions
having different priority when being mined because of the transactions with pay, with prior interest or
not. In this paper, the blockchain queuing model with non-preemptive limited-priority is established,
which considers the different transactions having different priority when being mined.

Kasahara et al. [ 14] provided an early research (in fact, so far there have been only their two papers in the
literature) on applying queuing theory to deal with the transaction—confirmation time for bitcoin, and they
gave some interesting idea and useful numerical results to heuristically motivate future promising
research. Kawase et al. [15] assumed that the block-generation times follow a general continuous
probability distribution function, but this paper concerns mining process.

Queuing theory was first founded by the work of A.K. Erlang to study problems of congestion in
telephone service. Nowadays, queuing theory has been applied in a variety of fields, e.g., communication
networks [16], computer systems [17], machine plants, etc. And non-preemptive priority queuing model
has been used widely, such as communication [18] and medical treatment [19]. It is an innovation that we
use non-preemptive priority queuing model to analyze the blockchain transactions being mined.
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3 Description for Blockchain Queuing

In this section, based on the real scene of blockchain, an interesting blockchain queuing model with no
non-preemptive limited-priority is designed, where there are two classes of transactions waiting for
blockchain-building through mining process, one is high-priority transaction with pay or with prior
interest, the other is low-priority transaction without pay or without prior interest, shown as Fig. 1.
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Figure 1: Blockchain queuing system

The development of information security technology gave birth of blockchain technology. Blockchain
combines information security technology, which has formed plenty of application cases. Blockchain
technology has recently obtained widespread attention from media, businesses, public sector agencies,
and various international the model is decrypted as follows:

Arrival process: Transactions arrive at the blockchain system, which can be divided into 2 classes. The
high-priority transactions enter class 1 buffer according to poisson process with arrival rate waiting for
mining process, which have priority processing right when mining process is not occupied. If low-priority
transaction is being mined, the arriving high-priority transaction will wait for the mining accomplishment.
And the low-priority transactions enter class 2 buffer according to poisson process with arrival rate
waiting for mining process, which has not priority processing right. Note that the arrival process of
transactions is denoted in the left part of Fig. 1.

Mining process: Each arrival transaction in 2 classes’ buffers waits for being successfully mined as a
block; this is regarded as mining process. The miner can compute the transaction to find a hash output for the
data in its block that starts with a certain amount of zero’s. Then the block is generated after verification. Note
that the mining process of transactions is denoted in the middle part of Fig. 1.

Blocks entering blockchain: The transaction is mined into a block that is sent to the chain with the
service rate. Thus, the process from transaction to blockchain is finished. Note that the blocks entering
blockchain is denoted in the right part of Fig. 1.

4 Presentation for Blockchain Queuing Model
4.1 Hypothesis

Inspired by the work on the M/M/1 queuing system model, we propose an M/M/1 queuing system model
under non-preemptive limited-priority. To begin with, we give the following definition and hypotheses to
simplify our analysis:
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Hypothesis 1: The transactions are divided into two classes, with class 1 enjoying the highest priority
and class 2 enjoying the second priority.

Hypothesis 2: The transactions reach the system according to the poisson distribution of parameters for
that is the average arrival rate of transactions, i = 1, 2.

Hypothesis 3: The transaction service time of each level is subject to the negative exponential
distribution of the parameter, and the average service time is the average service rate for the transactions
of classi,1=1, 2.

Hypothesis 4: Integer o is a limited priority parameters, o and o, which means that when waiting for
service, transactions of class 2 will be inserted the queue to receive service if they have waited o
transactions. Therefore, when the transactions of class 1 and class 2 are queuing together in the system,
the class 2 transactions are spaced with o transactions of class 1 to receive the service is the service time
of class i transaction, i = 1, 2. S is serving time for the system.

_ N
Si:ES[:i,pi:—:/\[S[ i:1,2
The arrival of transactions of class 1 and class 2 is subject to independent poisson streams, so the

s . DY L -
probability of transaction belong to class i is Xl . The average service time of the system is S.

— 1
S =ES =p ES| +pES; =—
W

The volume of system business is p.

A+ XA
pP=p tp=—""
W

Hypothesis 5: For the total queuing system, no distinction between class 1 and class 2 customers, arrival
of transactions is according to the poisson distribution by parameter. The service time of transactions is
according to a negative exponential distribution, and the service rate is y, then the length of queuing is
the following.

A
Ly=— 1
s B— A (1)
The length of average waiting L, is the following.
)\2
L,=—" 2
BT

4.2 The Waiting Time of Transactions

When the transaction of class 1 arrives, if the mining process is free, the transaction is mined directly, if
the mining process is busy, the transaction cannot occupy the service and only wait in front of some
transactions of class 2 for the service. When the transaction of class 2 arrives, if the mining process is
free, it can be mined directly, if the mining process is busy, or the o transactions of class 1 have been
mined, it can wait for servicing after the previous completion, otherwise it can wait in class 2 buffer. The
average number of class 1 is Lg;, the average waiting time of class i is Wg;, i = 1, 2. Two scenarios are
discussed, one is that the transaction arriving belong to class 1 is A, the other is that the transaction
arriving belongs to class 2 is B.
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4.2.1 The First Scenario
The average waiting time of transaction A can be analyzed from 3 cases (Aj), the waiting number of
class 1 transactions is Ly, the average time is Wi, i = 1,27 =1, 2, 3.

(A1) The transaction of class 2 waiting for being mined interval o. The waiting time of transaction of
class 1 is Wy, including two parts:

The average waiting time of the front transactions being mined is Tj.
Tl =P, qual + (1 - pl)qual =P, qual

The average free time of mining is T,, the residual time of mining is S.. The mean value is S..

_ ES* 1

s—es, = _ 1L
2ES
V8

Woia =T + T2 = pyWyta1 +E

(A2) When transaction A is waiting for being mined, the transactions of class 2 are not more than a. The
average waiting time of transaction A is W42, including three parts:

The average time of transaction awaiting front transactions is Tj.

Ty = p, Waa
The average free time of mining is T».

-~ _ P

T, =pSe =—

v

The average delay time of transaction A is waiting for being inserted of class 2 transactions are T3. The
waiting time of transaction is W42, so the average number of class 2 transactions arrival are Wga2 A2, the
average time of mining Tj.

T3 = Wy ES: = pWaia
p
quaZ =P qua2 + E + P2 quaZ (4)

(A3) There are not enough transactions of class 2 to wait for being mined. The number of class 2
Wq1a3

transactions in front of transaction A is Al — Wpa3 A2 so the sum of delay time is Ts.

Waia3
T3 == fxa P — Wq2a3p2

Wias =T1 +Tr + T3

Wata
:pqu1a3 +&+ ala3

P1 — Wapasp2 )

4.2.2 The Second Scenario

The arrival transaction is class 2 B. The average waiting time of transaction B can be discussed in 3 cases
(Bj). The average waiting number of class 1is Lgi;, the average waiting time is Wi, 1=1,2,7=1,2, 3. (B1)
There are not enough transactions of class 2 to wait according to interval o, Wqp includes two parts:



1116 TASC, 2020, vol.26, no.5

First, the sum servicing time of class 2 transactions and class 1 transactions is T; . The waiting time of
class 2 transactions is p,Wgop1, the waiting time of class 2 transactions is ap,Wqpi. Generally, the
transactions of class A before B will not exactly time the number of the B, if the first transaction at that
time is not the transaction B. At this point, the number of class 1 transactions will be more than times the
number of class 2 transactions, which is between 0 and «. The average extra number of class 2

. S . b
transactions is b. The servicing time of b is —.

Ty = apyWaim + paWyin1 -I—E

There are 3 ways to compute b,
Method of mean value b

o
bh==
2

Method of poisson probability b
b=> " (i—1)p(i, )+ ap(i )

Method of system probability b
b= Zi:l (i—1).p] +a.p,

The 3 methods are used to compute b through python; simulation results show that the optimal method is
the system probability method.

Second, the average free time of waiting for mining is T,.

T, =pS. = P
L
b+
Wt = apyWaoapt + poWoap + Tp (6)

(B2) There are enough transactions of class 2 to queue at interval. When transactions B waiting for being
mined, after the arrival of class 1 transactions, there are enough class 2 transactions to queue at the interval.
The average waiting time of class 2 transactions includes 3 parts.

First, the average sum of waiting time of class 1 transactions and class 2 transactions is T;.
Ty = SiLgisa + SoLgows = p1Wainz + p2Woant

Second, the average free time of mining is T».

T =pSe =—
v

Third, the average delay time of transaction B waiting for being inserted of class 1 transaction is T3. At the
same time, the average number of class 1 transactions arrival is Wqp.> A1, the average time of mining is Ts.

T35 = WpaMES) = p, Woaw

Wq2a2 = P quaZ + [2) Wq2a2 + ﬁ + P Wq2a2 (7)
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(B3) There are enough transactions of class 2 to queue at interval. When transactions B waiting for being
mined, after the arrival of class 1 transactions, there are not enough class 2 transactions to queue at interval. The
average delay time of transaction B waiting for being inserted of class 1 transactions is T3. The transactions
includes 2 parts, one is that the number of the arrival of class 1 transactions before transactions B is
aWgps A2 — Wains Ar, the other is that the average extra number of class 2 transactions is b.

T3 = apy Wpops—p Waps + b

b+
Wopps =T1 + To + T3 = apy Wz + pa Woans -I-Tp )]
Wz = W ©
Waat = Wanas Warazs = Waan (10)
From Egs. (3)~(10), we can conclude:
( Y
Wpa = ———
e (1l —py)
P
Wiar = —F7———
7 (1l —p; —py) (11)
b+
Wres = p — p2(b+p) -
Rl —p——) w1l —=py—apy)(l—p; ——)
o (e
( b—|-p
W =
! r(l —py — apy)
PP P
Woa = + 12
22 )1 —pr—p) | (1~ py — po) (12)
b+p
Wiraz =
L (1 —py —apy)

The probability of various scenarios is calculated as follows. The number of waiting transactions of class
1is lg, i = 1, 2, including the transactions of being mined or waiting for being mined.

Pl = k) = pf(1 - p,)
The probability of case (bl) is py,,
Py = P(ls > alyp)

=Y Plla = adollp = k)Pl = k)
k=0

0 (13)

=(1=p)(1=p) > > ook

k=0 m>ak
1 —p,

1 — pP2pY
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The probability of case (al) is py; (I < alsp).

1 —p,

P, <al,)=1——7+—
a (I, < o) 1 — pypt

(14)

The probability of case (Al) is p,,. When transaction awaiting for being mined, the average number of
class 2 transactions arrival is

WoaaX2 = &quaZ
P1

The number of transactions is &lsl,
P1
o
Iy > a(lo+21y), Iy >—2 ],
P1 (Pl - 0‘92)

So, the probability of case (A2)

ap;
Py = P(lsl > 7&2)
(P — apy)

ZP o ) 32’132 — k) (ls2 - k)

k=0

o0

_a2
o0
=(1-p)=p)> > ok

k=0 ap,
m>

S app —ap,

. 1 —p,
- apg (15

—a
I—P?l Pzpz

The probability of case (A3) is p,3.

1 —p, 1 —p,
— 16
1 — pypt P (16)

—
1— pgpl p2)

Pa3:1_Pa1_Pa2:

P2

The probability of case (B2), when transaction B waiting for being mined, the average number of class 1
transactions is

Wpar = &LanZ
P1

The number of transactions is &lsz.
P1

L1 +&132 < algp,
P2

p
lsl < (a—— ls2
( Pz)
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Py =P(ly < (o — &)lsz)

P1
_ P2
= 1 — P(lsl Z (OL — —)152)
P1
o0 o0
=1-(1=p)(l=p)>_ > ppph
k=0 ap,
m>
(b, —ap,)
1 —p,
1 —p, plpz
The probability of case (B3) is pys.
1—p, 1 —p,
Ppy=1—Pyp — Py = — m (18)
a& 1 — pypi
1 —p, plpz
From Egs. (11)~(18), the waiting time of transactions
qu = quaIPal + quaZPaZ + quaSPaS (19)
Wq2 = WanIPal + WanZPaZ + Wq2a3Pa3
4.3 Extension of Computer Results
4.3.1 The Stay Time of Transactions
The stay time of transactions include the waiting time and mining time, which is marked as W, i =1, 2.
1
Wa =Wg +—
" (20)
Wo = WqZ +—
i

4.3.2 The Length of Different Class Queue
The length of the queue of class 1 and class 2 transactions waiting for being mined is shown as
follow:

Ly =MW,
a1 =MWy 1)
qu = )\quz

5 Simulation Results

To verify the theory of blockchain research, python was used to simulate the experiment. A\ =5.7, A\, =
0.3, a3, n takes different values. The result is shown as Tab. 1.

The figure of the relationship between the mining service rate . and waiting time of class 1 and class 2
transactions Wy, W is drew as follow Fig. 2.
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Table 1: \; =5.7, A, = 0.3, a3, p takes different values

Results Al a o Wy Wqo

Mean value method 57 03 3 5 0.1500 0.2382
Poisson probability method 57 03 3 5 0.1500 0.1989
System probability method 57 03 3 5 0.1500 0.1602
Simulation method 57 03 3 5 0.1489 0.1406
Mean value method 57 03 3 6 0.0833 0.1852
Poisson probability method 57 03 3 6 0.0833 0.1453
System probability method 57 03 3 6  0.0833 0.0940
Simulation method 57 03 3 6 0.0833 0.0947
Mean value method 57 03 3 7 0.0536  0.1507
Poisson probability method 57 03 3 7 0.0536 0.1169
System probability method 57 03 3 7 0.0536  0.0620
Simulation method 57 03 3 7 0.0536  0.0657
Mean value method 57 03 3 8 0.0400 0.1267
Poisson probability method 57 03 3 8 0.0400 0.0975
System probability method 57 03 3 8 0.0400 0.0438
Simulation method 57 03 3 8 0.0400 0.0441
Mean value method 5.7 03 3 20 0.0044 0.0426
Poisson probability method 57 03 3 20 0.0044 0.0314
System probability method 57 03 3 20 0.0044 0.0051
Simulation method 5.7 03 3 20 0.0044 0.0954
Mean value method 57 03 3 40 0.0010 0.0200
Poisson probability method 57 03 3 40 0.0010 0.0145
System probability method 57 03 3 40 0.0010 0.0115
System probability method 57 03 3 40 0.0010 0.0115

From Fig. 2, we can find the waiting time of transactions becomes shorter as the mining service rate v
increases. Further when the waiting time gets shorter, the service rate increase of class 1 transactions is more
significant than class 2 transactions. For the problem of transactions waiting too long time, we find that
transactions with pay or with prior interest and increase service rate of mining are effective for reducing
waiting time. Besides, the two factors mutually reinforce to shorten waiting time. Simulation results are
consistent with the results of theoretical analysis.
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Figure 2: A figure of the relationship between the mining service rate and waiting time of class 1 and class 2
transactions

6 Conclusion

In order to solute the problem of blockchain transactions waiting too long time for being mined, the
blockchain queuing model with non-preemptive limited-priority is established in this paper. From the
analysis of the model, we compute average waiting time, average staying time and average length of
queue. From simulation of the model, we find that transactions with pay or with prior interest and
increase service rate of mining are effective for reducing waiting time. Besides, the two factors mutually
reinforce to shorten waiting time.

But the work of this paper is preliminary, and the model which only considers the 2 class of transactions is
relatively simple that cannot capture many reality condition of the blockchain transactions. So, it is important
that we should found the model more consistent with the actual blockchain system. As future work, we will
focus on more general situation, making the model suitable for practical blockchain application.
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