
Service Performance Analysis of Cloud
Computing Server by Queuing System

Ruijuan Wang1, Guangjun Zai1(B), Yan Liu2,3, and Haibo Pang1

1 School of Software, Zhengzhou University, Zhengzhou, China
zaiguangjun@zzu.edu.cn

2 School of Mathematics and Statistics, Zhengzhou University, Zhengzhou, China
3 Henan Key Laboratory of Financial Engineering, Zhengzhou, China

Abstract. Performance analysis of cloud computing server provides the basis for
ensuring Quality of Service (QoS), and the service strategy of server will directly
affect the analysis of performance indicators. The performance indicators of QoS
are usually defined in the form of Service Layer Agreement (SLA), such as the
average response time, the average queue length, immediate service probability
and so on. In this work, Service performance analysis models based on Geo/G/1
queuing system and queuing system with the vacation of the server are proposed.
In these models, we analyze the main performance indicators of cloud computing
server for the different parameters: the time between arrive of the task, the time
of service, and the time of the provision of vacation. Furthermore, we discuss the
optimizing concurrent number of the cloud computing.

Keywords: Geo/G/1 queuing system · Cloud computing · Performance
analysis · Response time

1 Introduction

Cloud computing is the further development of distributed computing, parallel pro-
cessing and grid computing, and quickly becomes a hot spot in industry and academic
research [1, 2]. QoS performance metrics typically includes response time, blocking
probability and probability of immediate service. If the cloud computing center is
assumed to be a random service system, each computing resource (e.g., network server,
database server) can be deemed as a service platform. To build a stochastic service sys-
tem, the QoS performance metrics can be discussed by the research method of queuing
theory.

The performance indicators of QoS are usually defined in the form of Service Layer
Agreement (SLA). SLA is a consultative agreement between customers and service
providers, including service availability, performance, and data protection and security
[3]. Accurate prediction of customer service needs can enable service providers to avoid
over provisioning resources in order to satisfy SLA. Customer request is a variable load.
It is difficult to satisfy SLA and achieve optimal utilization of resources by dynamically
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configuring computing resources [4]. However, we can analyze the service performance
by modeling the cloud computing center, and obtain the probability distribution of the
request response time and other performance indicators, and discuss the factors that
affect the performance of the cloud computing center.

At present, the use of queuing theory calculation service performance analysis and
modeling centers on the cloud technology research work is very little to this theory
research. In 2012, KHAZAEI H et al. [5] used the M/G/m queuing model to analyze the
relationship between the average response time, average queue length and the number
of service station. B. Yang et al. [6] in 2009 and H. W. He et al. [7] in 2014 proposed
the approximate analysis model of computing center of M/M/n/n+r queuing system
based on the cloud, which obtained the user request response distribution function of
time and other important performance metrics QoS through solving the model. K. Q.
Xiong provided aM/M/1 Queuing System, which was a response time model for servers
providing Web services. The probability distribution of the response time and its mean
value are given [8]. In 2013,H.Wang set up a set ofmapping rules thatmapped the various
“internal causes” and “external causes” affecting the performance of Web services to
G/G/1 FCFS, M/G/1 PS and M/G/ infinity queuing nodes. Further more, he gave a
group of Web services based on the queuing network and proposed the combination of
performance analysis index system and its calculation formula [9].

In a queuing system, service stations will adopt various strategies of customer recep-
tion in some time, and this service is temporarily interrupted time (usually is random
variable) is referred to the vacation. In 2015, we presented a queuing system part of the
service station based on asynchronous multiple vacation and the service process of cloud
computing center corresponding queuing system, by the analysis of the corresponding
queuing model, to investigate the performance index and optimize the allocation of
resources in cloud computing [10].

2 Cloud Computing Server Queuing System Model

The user sends task to the cloud computing center and a suitable computing node pro-
vides service. After service completes, the task leaves. Compute node contains differ-
ent computing resources, such as network server, database server. The assumption of
a computing node corresponds to queuing service of one system, the user sends the
corresponding queuing system task arrival process, user services complete the service
process corresponding to the queuing system, the process of resource allocation in cloud
computing server can correspond to a queue model.

So the process of resource allocation in cloud computing server may correspond to
a part of the queuing system Geo/G/1 [11, 12].

(i) The time between arrive of the task is time series {τk , k = 1, 2, · · ·}, and τk is inde-
pendent and identical distribution (i.i.d.). The distribution of τk is the Geometric
Distribution with the parameter p,

P{τ = j} = p(1 − p)j−1, j = 1, 2, · · · , 0 < p < 1
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(ii) In the system there is one server, and the time of service is variable χ . The
distribution of χ is a Discrete Distributions

P{χ = j} = gj, j = 1, 2, · · ·
Cumulative distribution function of service time is G(j), and the Probability
generating function is.

G∗(z) =
∞∑

j=1

gjz
j, |z| < 1

And the average service time per request is μ(1 ≤ μ < ∞). Customer service
according to FCFS service rules.

(iii) The arrival time and the service time are independent.
The variable N (n) is the number of customer in the service system, that is, queue
length of the queuing system. Supposing ρ = pμ is the traffic intensity of the
service system, and p = 1− p. We can analyze the quality of service by a discrete
time Geo/G/1 Queuing service system.

3 Model Analysis and Service Performance Metrics by Geo/G/1

The N (n) represents the task numbers in the cloud computing system at the time of n,
and distribution of steady queue length

pj = lim
n→∞P{N (n) = j}, j = 0, 1, 2, · · ·

(i) when ρ ≥ 1, pj = 0, j = 0, 1, 2, · · · .
(ii) when ρ < 1, the recursion expressions of

{
pj, j = 0, 1, 2, · · ·} for the transient

queue length distribution is [12]

p0 = 1 − ρ,

p1 = (1 − ρ)(1 − G∗(p))
G∗(p)

,

pj = 1

G∗(p)

⎧
⎨

⎩p(1 − ρ)

∞∑

n=j−1

∞∑

k=n+1

gk

(
n

j − 1

)
pj−1pn−j+1

+
j−1∑

i=1

pj−i

(
1 − G∗(p) −

i∑

m=1

∞∑

k=m

gk

(
k
m

)
pmpk−m

)⎫
⎬

⎭, j = 2, 3, · · ·

where j ≤ 0,
j∑

i=1
= 0.

This is related to service performance index of cloud computing center.
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(1) The probability of immediate service
If a customer arrives and the existence of station service is free, customer service
can be accepted immediately without waiting. The probability of this happening
calls immediate service probability. By the teady queue length distribution, it is
immediate service probability that can be got:

p0 = 1 − ρ.

(2) The time of the server idle
The server idle is the time when the system has just turned empty until the time
when a customer arrives. Supposing the variable τ̂ is the server idle, we can get that
the τ̂ is the Geometric distribution

P
{
τ̂ = j

} = p(1 − p)j−1, j = 1, 2, · · · , 0 < p < 1

And the server busy period is the time when the system has a customer arrives
until the time when the last customer leaves, expressed by variable b.Average time
of continuous work of cloud computing server is the expectation of b, and its value
is

E[b] =
{

ρ
p(1−ρ)

, ρ < 1,

∞, ρ ≥ 1.

(3) Average number of clients waiting for service on the server (total system
request)
According to the definition of the expectations, average number of clients waiting
for service on the server is the average queue length E[N ] of the queuing system
(the number of requests for queuing):

E[N ] = ρ + p2

2(1 − ρ)
E
[
χ2 − χ

]
,

where E
[
χ2

] =
∞∑
j=1

j2gj.

(4) The distribution of response time
The sum of queue waiting time and accepting the service time is called the request
response time. They are mutually independent. In the queuing model, the waiting
time can be calculated by the following ways.

When ρ < 1, the waiting time W (t) can be decomposed into the sum of all
service time of requests for queuing in Geo/G/1 queuing system. The distribution
of W (t) is

HW (t) =
∞∑

j=0

pj × G(j+1)(t),

where G(j)(t) is the j-Fold Convolution of G(t).
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(5) The average response time
The average response time of requests is the sum of the average waiting time of
customers and the average business hours of customers in queuing system, so the
average response time T = E[W ], That is,

T =E[W ] = E[N ] × E[χ ]

= μ

(
ρ + p2

2(1 − ρ)
E
[
χ2 − χ

])
.

4 Service Performance Metrics by Geo/G/1 with the Vacation

In practical application, a service cloud computing server may interrupt occurs. On the
other hand, in order to optimize the service system and improve the system of economic
benefit, the relative leisure time server is to engage in other work. The vacation policy
can provide great flexibility for the design and optimization of process control system.
So when the cloud computing center operates computing resources in the dynamic
configuration, the vacation of the server is needed to be considered to achieve the optimal
allocation of resources utilization. Because the queue system with a variety of vacation
policy is complex, the study and calculation of indicators is difficult. So the research on
QoS performance of current did not consider the vacation of service station.

In a queuing system, service stations will adopt various strategies of customer recep-
tion in some time, this service is temporarily interrupted time (usually is randomvariable)
is referred to the vacation. This paper presents a queuing system, in which part of the ser-
vice station is based on asynchronous multiple vacation, and the service process of cloud
computing center corresponds to queuing system, and by the analysis of the correspond-
ing queuing model, investigates the performance index and optimizes the allocation of
resources in cloud computing.

The user sends the cloud computing task for service in a suitable computing node.
After service is completed, the task leaves. Computing node contains different computing
resources, such as network server, database server. The assumption of a computing node
corresponds to queuing service of one system, the corresponding queuing system task
arrival processwhich the user sends and the service process corresponding to the queuing
system which user services complete, can be the process of resource allocation in Cloud
Computing corresponds to a queuemodel. The real cloud computing services is generally
part of server vacation leave, leave for asynchronous start, and in the absence of the user
can be repeatedly leave. So the process of resource allocation in cloud computing center
may correspond to a part of the service station asynchronous multiple vacation queuing
system Geo/G/1 [13, 14].

The system model discussed in this paper, the following specific vacation policy:

(1) The time of task arrival interval is time series {τk , k = 1, 2, · · ·}, and τk is i.i.d. The
distribution of τk is the Geometric Distribution with the parameter p,

P{τ = j} = p(1 − p)j−1, j = 1, 2, · · · , 0 < p < 1;
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(2) In the system there is one service station, and the time of service is variable χ . The
distribution of χ is a Discrete Distributions

P{χ = j} = gj, j = 1, 2, · · ·
Customer service according to FCFS service rules;

(3) A service platform not only can complete a customer service system and meet in
the customer waiting, but also can continue for the next customer service.

(4) When there is no customers waiting for service in the system, the service stationwill
be in the provision of vacation. If the customers arrive in the time of the provision
of vacation, the service station must begin to service. If there are not customers in
the time of the provision of vacation, the service station starts the vacation.
The time of the provision of vacation is random variable Y with the Discrete
Distributions

P{Y = j} = yj, j = 0, 1, 2, · · ·
Cumulative distribution function of provision time is Y (j), and the Probability

generating function is Y ∗(z) =
∞∑
j=1

yjzj, |z| < 1, and the average provision time is

E(Y ).
(5) A service station vacation is continue, if the system is still no customers waiting

for service, or the number of customer is less than N0.
(6) If the number of the customer in the system is more than N0, then the service

station vacation is end. In particular, when the first customer of the system arrives,
the service station starts the service immediately.

(7) The arrival time, the service time and the provision time are independent.
So we can analyze the quality of service by a discrete time Geo/G/1 Queuing
service system with vacation.

The steady distribution of the task number in the cloud computing system
is pj = lim

n→∞P{N (n) = j}, j = 0, 1, 2, · · · ,

(i) when ρ ≥ 1, pj = 0, j = 0, 1, 2, · · · ;
(ii) when ρ < 1, the recursion expressions of

{
pj, j = 0, 1, 2, · · ·} for the transient

queue length distribution is [14, 15]

p0 = 1 − ρ

1 + (N0 − 1)Y (p)
,

pj = p0

⎧
⎨

⎩pθj + Y (p) + pY (p)
j−1∑

k=1

θk

⎫
⎬

⎭, j = 1, 2, · · · ,N0 − 1,

pj = pp0

{
θj + Y (p)

N−1∑

k=1

θj−N+k

}
, j = N0,N0 + 1, · · ·
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where j ≤ 0,
j∑

i=1
= 0,

θ1 = 1 − G∗(p)
pG∗(p)

,

θj = 1

G∗(p)

⎧
⎨

⎩

∞∑

n=j−1

∞∑

k=n+1

gk

(
n

j − 1

)
pj−1pn−j+1

+
j−1∑

i=1

θj−i

[
1 − G∗(p) −

i∑

m=1

∞∑

k=m

(
k
m

)
gkp

mpk−m

]⎫
⎬

⎭ j = 2, 3, · · ·

So this can be related to service performance index of cloud computing.

(1) The time of the service busy
The variable b is the server busy period, and the Probability generating func-

tion of the variable b is B∗(z) =
∞∑
j=1

P{b = j}zj, |z| < 1 and B∗(z) = G∗((p +
pB∗(z))z).The expectation of b is

E[b] =
{

ρ
p(1−ρ)

, ρ < 1,

∞, ρ ≥ 1.

(2) Average number of clients waiting for service on the server
According to the definition of the expectations, Average time of continuous work
of cloud computing server is the average queue length E[N ] of the queuing system
(the number of requests for queuing):

E[N ] = ρ + p2

2(1 − ρ)
E
[
χ2 − χ

]
+ Y (p)

1 + (N0 − 1)Y (p)
× N0(N0 − 1)

2
,

where E
[
χ2

] =
∞∑
j=1

j2gj.

(3) The distribution of requests for queuing number
The Probability generating function of the number of the queuing task variable N

in the cloud computing system is π(z) =
∞∑
j=0

pjzj, |z| < 1.

When ρ < 1, we have

π(z) = (1 − ρ)(1 − z)G∗(p + pz)

G∗(p + pz) − z
× 1 − z + Y (p)(z − zN )

(1 − z)
[
1 + (N0 − 1)Y (p)

] .
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(4) The average response time
The average response time of requests is the sum of the average waiting time and
average business hours in queuing system for customers. So the average response
time T = E[W ], That is,

T =E[W ] ≥ E[N ] × E[χ ]

= μ

(
ρ + p2

2(1 − ρ)
E
[
χ2 − χ

]
+ Y (p̄)

1 + (N0 − 1)Y (p̄)
× N0(N0 − 1)

2

)
.

5 Model Analysis and Service Performance Index

Assuming that the system simulation time inminutes, the arrival interval of task obeys the
Geometric Distribution with p = 0.2, the service completion time obeys the Discrete
Distributions with μ = 2. We can analyze service performance index of the cloud
computing system.

5.1 Service Performance Index with no Vacation

(1) The immediate service probability is

p0 = 1 − ρ = 1 − pμ = 0.6.

(2) The expectation of the server busy period is

E[b] = ρ

p(1 − ρ)
= 0.3333.

(3) The steady distribution of the queuing task pj is in the Table 1:

Table 1. The stead distribution of the queuing task

p0 p1 p2 p3 p4 p4

Probability 0.8523 0.1094 0.0268 0.0083 0.0015 0.0006

(4) Average number of clients waiting for service on the server

E[N ] = 0.1971

(5) The average response time is

T = E[W ] = E[N ] × E[χ ] = 0.3942.

5.2 Service Performance Index with Vacation

The time of the provision of vacation is variable Y that is the Geometric Distribution
with parameter q. The number of the customer in the system is more than N0, then the
service station vacation is end.

(1) When p = 0.2, μ = 2,N0 = 5, we discuss the stead distribution of the queuing
task at q = 0.01, or q = 0.1, or q = 0.3, such as Fig. 1.
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Fig. 1. The stead distribution of the queuing task at q = 0.01, or q = 0.1, or q = 0.3.

By the stead distribution, we can calculate the average number of queuing task
in the Table 2.

Table 2. The average number of clients waiting for service on the server by q.

q = 0.01 q = 0.1 q = 0.3

The average number of clients waiting for service on the server 0.89 1.92 2.14

(2) When p = 0.2, μ = 2, q = 0.05, we discuss the stead distribution of the queuing
task at N0 = 1, or N0 = 3, or N0 = 5, such as Fig. 2.

Fig. 2. The stead distribution of the queuing task at N0 = 1, or N0 = 3, or N0 = 5.
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By the stead distribution, we can calculate the average number of clients waiting
for service on the server in the Table 3.

Table 3. The average number of clients waiting for service on the server by N0.

N0 = 1 N0 = 3 N0 = 5

Average number of clients waiting for service on the server 0.23 0.84 1.67

(3) When N0 = 5, μ = 2, q = 0.05, we discuss the stead distribution of the queuing
task at p = 0.01, or p = 0.05, or p = 0.2, or p = 0.4, such as Fig. 3.

Fig. 3. The stead distribution of the queuing task at p = 0.01, or p = 0.05, or p = 0.2,or p =
0.4.

By the stead distribution, we can calculate Average number of clients waiting for
service on the server in the Table 4.

Table 4. The average number of clients waiting for service on the server by p.

p = 0.01 p = 0.05 p = 0.2 p = 0.4

The average number of clients waiting for service
on the server

1.95 1.78 1.67 3.2



52 R. Wang et al.

5.3 Optimizing Concurrent Number of the Cloud Computing

The concurrent number of the cloud computing is not enough to be more than the mean.
For example, when p = 0.2, μ = 2,N0 = 5, q = 0.05, the stead distribution of the
queuing task is in the Table 5.

Table 5. The stead distribution of the queuing task

p0 p1 p2 p3 p4 p5 p6 p7

Probability 0.3362 0.1907 0.1500 0.1455 0.1450 0.0290 0.0032 0.0004

In this system, the average number of queuing task is 1.67. So

P{N > E(N )} = P{N > 1.67} ≈ 0.373.

That is, the Probability of the concurrent number is not enough which is 37.3% if
the concurrent number is the mean of queuing task. For the Probability of the concurrent
is enough which will be greater than 99%, we must get the concurrent number which is
more than 6 (p0 + p1 + p2 + · · · + p6 > 99%).
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