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Abstract
An Ethereum blockchain based on proof of stake ( PoS) consensus mechanism is used to

achieve the data sharing within the civil aviation service platform for both airport group management
and passengers. Considering the Gas consumption of Ethereum, the dynamic batch-service capacity
constraint by the Block Gas Limit and the priority mechanism depending on the different Gas Price of
transactions, M / G / 1 queuing theory with batch-service is used to construct the service model of
transactions confirmation process in the proposed blockchain system, where the effects of transactions
arrival rate, block capacity, service rate and number of nodes on the average confirmation time of
transactions with different priority are analyzed, and eventually a performance analysis model of
blockchain for civil aviation business data is proposed. The simulation results prove the usability and
accuracy of the model, which can provide both theoretical basis for data sharing of civil aviation
using Ethereum blockchain and the further optimization of transactions confirmation time.

Key words: blockchain, Ethereum, proof of stake ( PoS) consensus mechanism, M / G / 1
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0　 Introduction
In recent years, with the expansion of the airport,

the number of passengers has been sharply increasing,
which set a higher request for the informatization ability
of civil aviation. Constructing airport groups has be-
come the key to promote the airport data sharing.

Blockchain technologies create a decentralized,
trustless, transparent and tamper-proof environment for
building applications in various areas, which meets the
demand of the data sharing within airport groups[1] . In
the weak-trust environment of blockchain system,
nodes are allowed to join and exit freely without central
authority, which establishes a trust mechanism to en-
sure the openness, transparence, traceability and un-
forgeability through the distributed storage, consensus
mechanism, point-to-point (P2P) communication, en-
cryption algorithm and other technologies.

Bitcoin, which is the first blockchain that gets at-
tention has solved the double spending of electronic
currency. Inspired by Bitcoin and Ethereum, a plat-

form with mature turing-complete programming lan-
guage proposed in 2013 allows users to write their own
smart contracts, which leads the progress from central-
ized control to decentralized control[2] .

Based on the technical feature of blockchain and
the urgent need of civil aviation data sharing, Society
International De Telecommunicatioan Aero-nautiques
(SITA) took the lead in proposing the concept of intel-
ligent access with blockchain technology in 2016, and
jointly launched a pilot project called Flight-Chain with
British Airways, London Heathrow Airport, Geneva
Airport and Miami Airport to realize data sharing. At
the same time, Dnata, an aviation and travel service
provider in the Middle East, cooperated with IBM and
other companies to carry out the blockchain technology
in air pilot projects. Air France explored the use of
blockchain to track aircraft maintenance workflow.
Russian S7 Airlines proposed to use blockchain tech-
nology to solve the ticket problem. Dubai Airport
planned to combine biometric verification with block-
chain to achieve passport-free service. In 2018, the
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world’s first aviation ecological blockchain application
project called Airline and Life Networking Token came
into being. International Air Transport Association
(IATA), Google and other partners jointly announced
the Known Passenger Digital Identity Concept based on
blockchain, and planned to launch a pilot project of
concept verification between Canada and the Nether-
lands. Brussels Airport launched an application based
on blockchain to track the movement of goods from the
process on the ground to freight agent. Singapore Air-
lines, together with KPMG and Microsoft, applied
blockchain to the digital wallet of its frequent passenger
program KrisFlyer[3] .

The airport group in China is under construction,
and solutions of data sharing within airlines and air-
ports have been proposed. However, most of the air-
port data is still stored independently, which leads to
the lack of information interaction within airports. To
the issues discussed above, the blockchain for civil
aviation business data based on Ethereum is proposed.
It uses smart contracts to develop a data sharing plat-
form for both airports and passengers, which provides a
variety of business applications, including self-service
check-in, flight query, luggage traceability and E-com-
merce. The authenticity and unforgeability are ensured
by packing the data to the blockchain.

Different from the fixed block size of blockchain
for Bitcoin, a dynamic adjustment mechanism called
Block Gas Limit is introduced by Ethereum, that is,
the Block Gas Limit can be adjusted according to the
transaction number to control the transaction through-
put. At present, as for the analysis of theoretical model
for blockchain, Refs[4-6] used M / G / 1 queuing theo-
ry to model the confirmation process of Bitcoin, and es-
tablished the joint distribution of transaction quantity
and service time in the queue, and discussed the influ-
ence of transactions arrival rate and block capacity on
transactions confirmation time. Ref. [7 ] proposed a
random batch-service process including block genera-
tion and blockchain construction which improved the
queueing model of Ref. [5]. By solving GI / M / 1 con-
tinuous Markov process, the number of transactions in
the queue, the number of transactions in blocks and
the average transactions confirmation time were ob-
tained[7-8] . Ref. [9] proposed a framework consisting of
machine learning and queuing theory to identify which
transaction will be confirmed in the block. Ref. [10]
simulated the mining process of Bitcoin system by using
queuing theory. Refs[11-12] established a game theo-
ry model for the transaction priority mechanism formed
by Bitcoin transaction fee, and analyzed the decision-
making of the specified transaction cost of users.

Ref. [13] proposed a mathematical model to analyze
the evolution of block arrival and mining difficulty with
time. The work above mainly focused on the Bitcoin
transactions confirmation process, while there were few
work about the performance analysis of Ethereum
blockchain based on proof of stake ( PoS) consensus
mechanism, especially the impact of dynamic adjust-
ment of Gas.

This paper takes Ethereum as the platform and
adopts PoS consensus mechanism to build a blockchain
for civil aviation business data to promote data sharing
between internal information of airport group and serv-
ice platform for users. Considering the constraint of
Block Gas Limit and Gas consumption of transactions,
the transactions confirmation process is modeled as a
batch-service M / G / 1 queueing system with a variable
threshold. The number of transactions in the transac-
tion pool at the moment before the current block has
been generated is analyzed as a discrete-time Markov
chain. Transactions are given different priority accord-
ing to their Gas Price, and the average confirmation
time of transactions with different priority is quantita-
tively described. Combined with the requirements of
the platform for airport groups, the comparison of aver-
age confirmation time of transactions with high and low
priority in blockchain is given by the simulation, which
confirms the availability of the theoretical model for ad-
justing the parameters of Ethereum blockchain to opti-
mize the transactions confirmation time.

1　 System model

1. 1　 Working principle of blockchain for civil avi-
ation business data

As shown in Fig. 1, the blockchain for civil avia-
tion business data takes each airport as a node to re-
cord the passengers’ behavior. Each passenger in the
airport groups can be regarded as a light node which
can record consumption, trips and inquire travel infor-
mation, such as flight and luggage.

As shown in Fig. 2, the civil aviation business da-
ta in blockchain mainly consists of the following two
parts. The first part is the information of civil aviation
airport groups, including flight, route, luggage, etc. ,
which is provided by the internal operation platform of
each airport group, and uploaded to the blockchain pe-
riodically. The second part is the information of pas-
sengers which records the process of passengers using
DAPP to initiate and inquire transactions. A distinct
transaction ID will be generated after a transaction has
been initiated. The date, location, longitude and lati-
tude coordinates of the transaction can be automatically
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uploaded to the corresponding airport node. Self-serv-
ice check-in, flight inquiry, baggage tracking and air
E-commerce are included in the main functions of
DAPP. On the one hand, the server of the blockchain
system provides an interface for data inquiry operation.
Passengers can obtain their own related information
from the blockchain through DAPP, including the flight
information and baggage transportation process. On the
other hand, passengers can buy or book the products
sold by each airport in the air E-commerce before
boarding.

Fig. 1　 System architecture of the blockchain for civil
aviation business data

Fig. 2　 System layers of the blockchain for civil aviation
business data

1. 2　 Queueing model of blockchain system
1. 2. 1 　 Analysis of transaction arriving and service

process
When an airport node n (miner node) receives the

latest transactions submitted by local or broadcasted by
other nodes, it will cache the transactions in its trans-
action pool, sort and verify the transactions according

to the priority mechanism. Once the key Nonce is pro-
vided (the difficulty of finding a Nonce is related to the
currency age of the node), the node obtains the right
to record the ledger of the current block, and then
takes B eligible transactions from its transaction pool
that have been sorted and verified according to the pri-
ority mechanism to form the current block and then
broadcast it in the blockchain system. After verifying
the block, each node will peg it to its local block-
chain. When other nodes find the Nonce before node
n, node n will no longer compete for finding the current
Nonce, but peg the block to its blockchain as the right
of keeping the ledger has been obtained by other
nodes, and then continue to compete for the right of
keeping the ledger of the next block.

Based on the analysis above, this paper supposes
that the process of transactions arriving at the transac-
tion pool of any node follows the Poisson distribution
with arrival rate λ. At time t, the number of transac-
tions arriving at the transaction pool is b with the proba-
bility as

Pb(b = x; t) = (λt) xe -λt

x! (1)

Based on the relationship between the right of re-
cording the ledger, the currency age accumulation and
clearing mechanism in PoS, it is assumed that the
Nonce computation time n of each node is an independ-
ent distributed random variable (In the practical appli-
cation of blockchain for civil aviation business data,
each airport node has different computing power), so
each node has Nonce calculation time of different ran-
dom distribution parameters. In order to emphasize the
impact of the number of nodes on the block generation
time, each node is simplified to follow the distribution
function FSn(x), then the average Nonce generation
time E[Sn] of each node can be denoted as

E[Sn] = ∫∞0 xdFSn(x) = 1
μn

(2)

Therefore, the process of each node dealing with
transactions in the blockchain can be regarded as a
batch-service M / G / 1 queuing system with threshold B.
During the time interval from a node packing transac-
tions into a block to the node obtaining the right of
keeping the ledger to confirm the block, the new trans-
actions arriving at the node will all remain in the trans-
action pool rather than enter the current block, even if
the number of transactions in the current block does not
exceed the block capacity, that is, the new transac-
tions can only be served within the next block genera-
tion time of the node, which can be described as
Fig. 3.

093 HIGH TECHNOLOGY LETTERS | Vol. 27 No. 4 | Dec. 2021　



Fig. 3　 A batch-service M / G / 1 queuing system
with threshold B

It is important to note that there is time delay in
the blockchain system, and the mining computing pow-
er and the ability of packing blocks of each node are
different, which will lead to the time difference of
transactions broadcasted to different nodes, and the
difference of the order of each node in the transaction
pool at the same time. Therefore, as for a specific
transaction T∗

r , it may be in the transaction pool of
node A, or has entered the block packed by node B at a
certain time. And at the next tick, node B may suc-
cessfully obtain the right of keeping the ledger, which
makes transaction T∗

r enter the blockchain and be
cleared by the transaction pool of node A, or node B
does not obtain the right to record the ledger so trans-
action T∗

r will still remain in the transaction pool of
each node. This paper will analyze the service process
of transactions in the whole blockchain system from the
perspective of random statistical analysis rather than
pay special attention to a specific process at a certain
node.

Therefore, the whole blockchain system can be re-
garded as a batch-service M / G / 1 queuing system with

threshold B. Since the block generation time Sn(n = 1,
2,3,…) of each node has been supposed as a inde-
pendent distributed random variable following the dis-
tribution function FSn(x), the distribution characteris-
tic FSn of the average block generation time Sn and the
average block confirmation time E[Sn] can be denoted as

FSn(x) = 1 - ∏N

n = 1
(1 - FSn(x))

E[Sn] = ∫∞0 xdFSn(x) = 1
μ (3)

where N is the number of nodes mining at the same time.
1. 2. 2　 Priority mechanism of transactions

In Ethereum, unlike the blockchain which pays
Bitcoin as transaction fee, Ethereum uses Gas as the
transaction fee to pay the computation and network re-
sources consumed by nodes in processing transactions.
Gas takes the Gas Limit as the maximum amount to be
paid, and the Gas Price is the unit price of Gas. From
the perspective of maximizing revenue, nodes will give
priority to packing transactions with higher Gas Price.
Therefore, nodes need to assign different priority to
transactions in the transaction pool according to their
Gas Price. This paper assumes that nodes divide the
priority of the transactions in the transaction pool into H
levels, where g→ = {g→1, g→2,…, g→h,…, g→H,
g→H+1}, and g→1 = ∞, g→H+1 = 0, ∞ ⩾ g→h > g→h+1

⩾0, h∈[0,H] . The priority of transactions with Gas
Price gf is h in the transaction pool only if g→1 > gf ⩾
g→h+1 . Transactions with priority h are non-preemptive
to those with priority e when e > h. Transactions whose
Gas Price has not been paid have the minimum priority
H. Transactions with the same priority follow the first-
come-first-served rule.
1. 2. 3　 Maximum block capacity

Ethereum adopts a dynamic adjustment mecha-
nism based on the Block Gas Limit, which is the maxi-
mum Gas sum of all transactions in a block. Therefore,
the throughput of Ethereum can be calculated as

R = B
Sn

(4)

where Sn is the block confirmation time, and a block
contains B transactions. B is a dynamic variable accord-
ing to the Block Gas Limit and Gas consumption of the
current transactions. To simplify the analysis, it is as-
sumed that B follows the distribution.

PB(B = i) = PB( i), i = 0,1,2,3…,N (5)

2　 Average transactions confirmation time

2. 1　 Queueing model of blockchain system
Let Lk denote the number of transactions in the

transaction pool before the kth block has been genera-
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ted. Let Rk denote the number of transactions remaining
in the transaction pool after the kth block with a group
of transactions has been pegged to the blockchain, Ak is
the number of new transactions arriving at the transac-
tion pool within the time interval between the genera-
tion of the kth block and the (k + 1)th block. The
service intensity of the queuing system can be caculat-

ed as ρ = λ
μ·γ. Since the block capacity is B, Rk can

be expressed as

Rk = Lk - B Lk ⩾ B
0 Lk < B{

= Lk - NB(Lk) (6)

and NB can be considered as NB(x) = B x ⩾ B
x x < B{ , so

the transactions number Lk+1 in the transaction pool be-
fore the generation of the (k + 1)th block is given by

Lk+1 = Lk - NB(Lk) + Ak (7)
Let {Ak} denote a series of independent and iden-

tically distributed (i. i. d) random variables which fol-
low the distribution as

　 PAk(n) = PAk(Ak = n) = ∫∞0 Pb(b = n; t)dFS( t)

= ∫∞0 e -λt (λt) x

x! dFS( t) (8)

{Lk: k = 1,2,…} and {Ak: k = 1,2,…} are
mutually independent, it can be seen from Eq. (8)
that {Lk: k = 1,2,…} is a discrete time Markov chain
with transition probability as

pij = Pr(Lk+1 = j | Lk = i)
= Pr(Lk+1 = Lk - NB(Lk) + Ak = j | Lk = i)

= ∑
N→∞

d = 0
PAk(Ak = j - i + NB( i))PB(B = d)

(9)
and pij can be caculated as
pij =
PAk(0)PB( i - j) + PAk(1)PB( i - j - 1) + … +

　 PAk( j - 1)PB( i - 1) + PAk( j)∑
∞

d = i
PB(d)( j ⩽ i)

PAk( i - j)PB(0) + PAk( i - j - 1)PB(1) + … +

　 PAk( j - 1)PB( i - 1) + PAk( j)∑
∞

d = i
PB(d)( j > i)

ì

î

í

ï
ï
ïï

ï
ï
ï

(10)
The Markov property of {Lk: k = 1,2,…} is de-

termined by the transition probability matrix {pij} . It is
easy to know that {Lk: k = 1,2,…} is a periodically
irreducible[11] . According to Markov process, when
{Lk: k = 1,2,…} is normal return, there exists a sta-
tionary distribution {pij} satisfying

∑∞

i = 0
πipij = πj( j = 0,1,2,…) (11)

Generating function is used to solve the Eq. (9).
Let π = (π0, π1, π2,…), Z = ( z0, z1, z2,…),
π( z) = ∑∞

i = 0
πizi, A( z) = ∑∞

i = 0
PAk( i) z

i, P( z) =

∑∞

i = 0
PB( i) zi . If both sides of Eq. (9) are multiplied

by ZT, then

π·P( z)·ZT =
π0

π1

︙
( )·

∑∞
d = 0

PB(d) 0 0 … … …

∑∞
d = 1

PB(d) 0 0 … … …

PB(N) PB(N - 1) … PB(0) 0 …
0 PB(d) PB(N - 1) … PB(0) …

( )
·

z0

z1

z2
︙

( )·A(z) = π( z) (12)

can simplified as [14]

　 π( z) =
A( z)∑N-1

i = 0∑
N-1

j = 0
PB( i + j)( zN - zN-j)πi

zN - P( z)·A( z)
(13)

When ρ < 1, the system reaches a steady state.
The average transaction number E[L] in the transac-
tion pool at that time can be expressed as
E[L] = γρ +
γ2 ρ2 - 2γ2 ρ + γρ + γ2 + σ2

B + λ2σ2
S - ∑N-1

i = 0∑
N-1

j = 0
PB( i + j) j2πi

2γ(1 - ρ)
(14)

According to Little Theorem, the average waiting
time E[W] of transactions in the transaction pool is

E[W] = E[L]
λ (15)

Let σ2
S denote the variance of service time, and σ2

B

denote the variance of service capacity. The average
transactions confirmation time can be expressed as

Eλ[T] = E[W] + E[Sn] = γ ρ
λ +

γ2 ρ2 - 2γ2 ρ + γρ + γ2 + σ2
B + λ2σ2

S - ∑N-1

i = 0∑
N-1

j = 0
pi+j j2πi

2γλ(1 - ρ) + 1
μ

(16)
The notations used in this section are listed in Ta-

ble 1.

2. 2　 Queueing model of blockchain system
According to the above-mentioned H transaction

priority level, let 1 < m < H, transactions with m level
priority are non-preemptive to those with m + Δ(Δ >
0) level priority. Let the arrival rate of transactions
with m level priority be λm, λm can be denoted
as[15-16]
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λm = ∑m

h = 1
λh (17)

Em
λm[T] can be denoted as the average confirma-

tion time of transactions with m level priority. When m
= 1, the average transactions confirmation time is the
same as those without considering priority, which can
be denoted as E1

λ1[T] = Eλ = λ1[T] . Any transactions
with (m + Δ) level priority can not affect their confir-
mation process, then E′λm[T] can be denoted as

E′λm[T] = ∑
m

h = 1

λh

λm

Eλh[T]

= ∑m-1

h = 1

λh

λm

Eλh[T] +
λm

λm

Eλm[T]

(18)
and the average confirmation time of transactions with
m level priority can be given by

Em
λm
[T] = 1

λm
(λmE′λm[T] - ∑m-1

h = 1
λhEλh[T])

m ≥2 　 (19)

Table 1　 Notations
Parameter Value

λ Arrival rate
B Maximum capacity of a block
μ Average service rate
N Number of nodes
Lk Number of transactions in pool before the kth block

Rk
Number of transactions in pool after the kth block
being pegged

Ak
Number of new transactions between the genera-
tion of block k and block k + 1

ρ Service intensity
{pij} Transition probability matrix
E[L] Average transaction number
E[W] Average waiting time
E[T] Average transactions confirmation time

3　 Simulation results and discussion

Under the environment of Python 3. 7, Monte-Carlo
method is used to simulate the average transactions
confirmation time. The effect of transactions arrival rate
λ, service rate μ, ratio η of high and low transactions
arrival rate and number of nodes N on the average
transactions confirmation time with different priority are
discussed in this section. To simplify the analysis,
PB(B = i) is approximated to Poisson distribution,
and λB ≫0. M is approximated to satisfy the distribu-
tion PB(B = M, M > λB) = 0. 01, and Gas Limit of
each transaction is approximated to a exponential distri-
bution variable with the average value GL(λB) -1 . The

service rate of each node is supposed to follow Gaussian
distribution with variance 0. 001. Considering the actu-
al demands of airport group passengers, it is obvious
that passengers have the most urgent need to inquire
the flight and luggage information related to themselves
in the blockchain through DAPP, so the priority of re-
lated transactions is higher; while the purchase fre-
quency in DAPP is not so high, so the priority of relat-
ed transactions is lower. Stated thus, the priority of
transactions can be divided into high and low levels
and given different Gas Price. The arrival rate of trans-
actions with high and low priority are λH and λL respec-

tively and η =
λH

λL
. It can be inferred that λH = ηλ

1 + η,

λL = λ
1 + η, where λ is total of the arrival rate of trans-

actions with both high and low priority. Set the total
simulation time to 1000 s. The simulation results are
compared with the theoretical analysis to verify the ac-
curacy of the proposed model.

The configuration of the experiment is Intel (R)
core (TM) i5-6200u CPU @ 2. 30 GHz (8 CPUs),
8 GB ram, Windows 10 professional 64 bit. In order to
ensure the stable operation of the simulation, ρ < 1 is
taken. The related parameters and values involved in
the experiment are shown in Table 2.

Table 2　 Setting of simulation parameter
Parameter name Value

λ 1. 0 - 7. 0
λB 100 - 300
μ 0. 01 - 0. 1
η 0. 1 - 0. 9
λH 1. 0 - 6. 0
λL 1. 0 - 6. 0
N 20 - 1000

Fig. 4 shows the average confirmation time of trans-
actions with high and low priority under different trans-
actions arrival rate λ(λB = 200, μS = 0. 00042, η =
0. 8,N = 150) . It is obvious that the difference be-
tween the simulation results and the theoretical analysis
is small, and the relationship between transactions arri-
val rate and average transactions confirmation time can
be linear. With the increase of the transactions arrival
rate, the difference of the average confirmation time
between transactions with high priority and low priority
increases gradually. The reason is that when the trans-
actions arrival rate is low, the number of transactions
remaining in the transaction pool and the times of the
block packing transactions are less, and transactions
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with high and low priority are more likely to be pro-
cessed in the same block. When the arrival rate increa-
ses to a certain extent, the number of transactions re-
maining in the transaction pool increases, subsequently
transactions with high priority will be earlier packed in-
to the current block and those with low priority may be
packed into the next block or later, which makes the
gap between the average confirmation time of transac-
tions with high and low priority more significant.

Fig. 4　 Impact of transaction arrival rate λ on average confirma-
tion time of transactions with different priority

Fig. 5 shows the theoretical analysis and simula-
tion results of the average confirmation time of transac-
tions with high and low priority under different average
block capacity λB(λ = 5. 0,μS = 0. 00042,η = 0. 8,
N = 150) . With the increase of block capacity, the
decline speed of average confirmation time of transac-
tions with high and low priority gradually slows down.
When the block capacity λB reaches about 200, the de-
cline speed obviously decreases, which means raising

Fig. 5　 Impact of average block size λB on average confirmation
time of transactions with different priority

the Block Gas Limit to expand the block capacity can-
not significantly improve the transactions confirmation
speed.

Fig. 6 shows the theoretical analysis and simula-
tion results of the average confirmation time of transac-
tions with high and low priority under different mean
value of Gaussian distribution of service rates μ(λB =
200,λ = 5. 0,η = 0. 8,N = 150) . With the increase
of μ, the average confirmation time of transactions with
high and low priority decreases at a slower pace, which
shows that transactions are no longer remaining in the
transaction pool because of the increasing speed of
packing transactions. Therefore the transactions confir-
mation rate cannot be improved if the service rate con-
tinues to increase.

Fig. 6　 Impact of service rate μ on average confirmation time of
transactions with different priority

Fig. 7 shows the average confirmation time of
transactions with high and low priority under different
arrival rate ratio η of high and low priority transactions

Fig. 7 　 Impact of ratio η of transactions with high priority to
those with low priority on average confirmation time of
transactions with different priority
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(λB = 200,λ = 5. 0, μS = 0. 00042,N = 150) . With
the increase of the ratio η, the number of transactions
with low priority decreases, so the average confirmation
time of transactions with low priority decreases obvious-
ly, while the confirmation time of transactions with
high priority increases slowly due to the increasing
number of transactions with high priority. It shows that
increasing η can significantly shorten the average con-
firmation time of transactions with low priority, and has
little impact on those with high priority.

Fig. 8 shows the average confirmation time of trans-
actions with high and low priority under different arrival
rate λH of transactions with high priority (λB = 200, λL

= 1. 0, μS = 0. 00042,N = 150) . Fig. 9 shows the
average confirmation time of transactions with high and
low priority under different arrival rate λL of transac-
tions with low priority (λB = 200,λH = 1. 0, μS =
0. 00042, N = 150) . When the arrival rate of transac-
tions with high and low priority increases, the average

Fig. 8　 Impact of arrival rate λH of transactions with high priori-
ty on average confirmation time of transactions with dif-
ferent priority

Fig. 9　 Impact of arrival rate λL of transactions with low priority
on average confirmation time of transactions with differ-
ent priority

confirmation time of transactions with low priority trans-
action increases gradually, and that of transactions with
high priority increases slowly. It shows that even if the
number of transactions queued in the transaction pool is
large, the confirmation time of transactions with high
priority will be slightly affected, while transactions with
low priority will be greatly prolonged.

Fig. 10 and Fig. 11 show the results of the average
confirmation time of transactions with high and low pri-
ority under different number of nodes N(λ = 5. 0,λB

= 200, μS = 0. 00042,η = 0. 8) . When N = 20, the
statistical characteristics are relatively unstable, and
the simulation performance is deviated from theoretical
analysis to a certain extent. When N = 150 and N =
20, the service rate of each node is close to the average
service rate, so the simulation results are similiar to the
theoretical value.

Fig. 10 　 Impact of transaction arrival rate λ and number of
nodes N on average confirmation time of transactions
with high priority

Fig. 11 　 Impact of transaction arrival rate λ and number of
nodes N on average confirmation time of transactions
with low priority
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4　 Conclusions

An Ethereum blockchain for civil aviation busi-
ness data is proposed to promote the data sharing within
civil aviation industry. A batch-service M / G / 1 queu-
ing model with variable service capacity is used to
model the transactions confirmation process in the
blockchain and calculate the average confirmation time
of transactions with high and low priority. The effects
of transactions arrival rate, average block capacity, av-
erage service rate, high-low priority ratio and number
of nodes on the confirmation time of transactions with
different priority are analyzed. The simulation results
show that the model is effective, which provides theo-
retical support for the combination of civil aviation air-
port group and Ethereum blockchain, giving the basis
for setting parameters such as transaction priority and
Block Gas Limit.
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