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Abstract
This paper discusses the performance curves analysis based on stochastic network
calculus under the diversified requirements from different applications in network. Such
requirements need different quality of service (QoS), one of which is performance curve
analysis. This paper proposes a theory model to investigate the performance curves in SNC.
This model integrates the probability calculation into performance analysis model so as to
present and analyze the statistical reuse characteristic of data stream over the Internet. The
QoS model combines the above two analysis curves without using the min-plus algebra in
order to avoid the noncooperation caused by Prb-MinPlus. Several innovations are included
in this model. Firstly, the arrival curve indicates the stochastic data steam in the network by
integrating the probability functions. Thus, the data stream is able to reflect the current
situation in a network. Secondly, the model proposed in this paper integrates arrival curve
and service curve to build up the model. As a result, the performance analysis could be
carried out more precise. Thirdly, the proposed model has been compared with Jiang-SNC in
terms of probability upper boundary and overall performance. It is observed that, the
proposed model outperforms Jiang-SNC in QoS and can avoid the problem of Prb-MinPlus.
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1. Introduction
With the fast development of network technologies, the connection modes into the Internet
become more and more diversified such as heterogeneous methods, ubiquitous mechanism,
and complex models [1-2]. Thus, the data stream over the Internet is changing from binary
data into various complex steams mixed with texts, video, image, and voice [3]. The
variousity of data needs different quality of service (QoS) for different applications [4-6]. It is
necessary to control the network based on different QoS requirement. However, it is a
challengeable task for working out the QoS since the complexity over Internet.
A major problem in network QoS is how to achieve the QoS mechanism designed to meet
various QoS Control requirements while maximizing the utilization of network resources.
This requires a full understanding of each data stream flow characteristics under the network
in order to master a variety of network resources to provide data transmission services. It
features an integrated optimization overall network performance. Previously, queuing theory
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was considered to be a comprehensive analysis of network performance. Queuing theory
models and service models have been used for describing the data flow in the network [7].
And the network node provides data transmission services. Based on the effective
performance analysis of queuing theory, it promoted the network from circuit-switched to
packet switching pattern. However, by the 1990s, with the wide application of computer
networks, the network data flow was presented by more characteristics [8]. Self-similar flow
and mass systems commonly used in queuing theory are essentially different from the Poisson
stream, which has shaken the queuing theory points in a computer network performance
analysis as a basis for theoretical position.
In order to fulfill the blank of analysis theory of network performance, network calculus
has been proposed [9]. Network Calculus was firstly introduced by Cruz. Two dimensions
were then divided. One is deterministic network calculus (DNC) and the other is stochastic
network calculus (SNC). Currently, both approaches are widely used in analyzing the QoS
over the Internet through providing access control and resources management analysis in
theory aspects [10-11]. However, research on SNC is relatively limited since it is much more
complex due to the stochastic extension of DNC.
This paper proposes a theory model to investigate the performance curves in SNC. This
model integrates the probability calculation into performance analysis model so as to present
and analyze the statistical reuse characteristic of data stream over the Internet. This model
will work out a group of curves to analyze the performance, providing QoS guarantee that
improves the utilization of network resources.
The rest of this paper is organized as follows. In Section 2, the performance analysis model
in SNC is presented. Section 3 illustrates the QoS performance analysis model. Section 4
discusses the experiments and data analysis. Section 5 concludes this paper by giving our
findings and future work.

2. Performance Analysis Model in SNC
The performance analysis model adds probability calculation in the n etwork. This
model is based on the theorem with upper boundary probability. This model balances
the noncooperation between rain-plus algebra and probability operations. Thus, two
major curves are used for evaluating the QoS in SNC.
2.1. Arrival curve and service curve.
Arrival curve and service curve are based on min-plus convolution. They are
extended from the DNC through stochastic extension by integrating the probability
theory [12].
The arrival curve is defined as: Let A(t ) denotes a data stream, if there are two functions

 (t )  0 (non-decreasing) and f ( x)  0 (non-increasing)
s , 0  s  t , x  0
P{A(s, t )   (t  s)  x}  f ( x)
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Then, the curve is termed as stochastic arrival curve which is traffic-amount-centric. It
could be expressed as A(t ) ~ta  f ,   . where f ( x) is the probability upper boundary
function of arrival curve,  (t ) is the arrival curve’s upper boundary function of data stream.
The service curve is defined as: a data stream A(t ) pass a system for specific service,
its output is D(t ) , if  (t )  0 (non-decreasing) and g ( x)  0 (non-increasing),

t  0, x  0 , s.t.
P{A   (t )  D(t 0  x}  g ( x)
It implies that this system provides weak stochastic service curve. It could be
expressed as S (t ) ~ ws  g ,   , where g ( x) and  (t ) represent the upper boundary and
low boundary function of the service curve respectively.
2.2. Performance analysis using curves.
The performance in SNC is described by the randomly selected samples [13]. Thus,
arrival and service curves play significant roles in indicating the performance of SNC.
In order to evaluate the performance by the above curves, an equal definition is worked
out for expressing the arrival curve, which is based on min-plus convolution.
Since the probability upper function f ( x) of arrival curve  f ,   is a noncreasing and not less than 0. When x   , the probability of A(s, t )   (t  s)  x is
0. Thus, f ( x) could associate with a truncated distribution of X , P{ X  x}  f ( x) .
Therefore, the arrival curve is equal as:

P{A(s, t )   (t  s)}  P{X  x}
When two random variables X 1 and X 2 have the sequence  st , X1 st X 2 could be
defined when P{X1  x}  {X 2  x} . Thus, the stochastic arrival curve could be equally
defined as:

A(s, t )   (t  s) st X
Since  (t  s) is a real-valued function, A(s, t ) st  (t  s)  X is established. Let
random process  '(t )   (t )  X denotes as a stochastic arrival curve, which could be
expressed as:

A(s, t ) st  '(t  s)
Then for the service curve, the probability upper function is g ( x) , which associates
with a truncated distribution of random variable Y . Thus, g ( x)  P{Y  x} could be
obtained. The definition of service curve could be expressed as equal as:

Copyright ⓒ 2014 SERSC

419

International Journal of Control and Automation
Vol.7, No.2 (2014)

A   (t )  D(t ) st Y
2.3 QoS analysis
The QoS model combines the above two analysis curves without using the min-plus
algebra in order to avoid the noncooperation caused by Prb-MinPlus. X , Y are two
stochastic variables which are not less than 0. Their truncated distribution are

FX' ( x)  P{ X  x} and FY' ( x)  P{Y  x} , if x  0 , then
P{X  Y  x}  ( FX'  FY' )( x)
Where



is

the

operation

of

min-plus

convolution.

If

non-increasing

functions f ( x)  0 and g ( x)  0 exist, they may meet F ( x)  f ( x) and FY' ( x)  g ( x) .
'
X

Then, P{X  Y  x}  ( f  g )( x) is established. If X and Y are independent, we can
get P{X  Y  x}  1  ( FX  FY )( x) , where FX ( x)  P{ X  x} , FY ( x)  P{Y  x}. Let

f '( x)  1  max[1, f ( x)] and g '( x)  1  max[1, g ( x)] , then the following equation
could be obtained:

P{X  Y  x}  1  ( FX  FY )( x)  1  ( f ' g ')
Where f1  f 2 ( x) indicates the Stieltjes convolution:


f1  f 2 ( x) 



f1 ( x  y )df 2 ( y) .



If the stochastic sequence has the characteristics of algebraic calculation,
D(t ) st A   (t )  Y could be got. Y is independent with t , we can get:

A   (t )  Y  inf0st {A(t )   (t  s)}  Y  inf 0st {A(t )   (t  s)  Y }  [ A  (   Y )](t )
Let service curve is  '(t )   (t )  Y , the performance of service curve could be
expressed as:

D(t ) st A   '(t )
Assume that, in a system, a data stream A(t ) in the stochastic network may
undertake the service process S (t ) . If A(t ) has the arrival curve  f ,   , S (t ) has
the service curve  g ,   , the backlog of the data stream in the system could be:

P{Back log(t )  x}  f  g ( x   (0))
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Proof.
As the definition of backlog, we can get

D(t )  S (t )  S (t0 )  A(t0 )

,

where

t0

Back log(t )  A(t )  D(t ) . As

is

the

value

of

minimal

inf [ A( s)  S ( s, t )] ( min( inf [ A( s)  S ( s, t )])  s ). Thus,

0  s t

0  s t

Back log(t )  A(t )  [S (t )  S (t0 )  A(t0 )]  A(t0 , t )  S (t0 , t )

 [ A(t0 , t )   (t  t0 )]  [ (t  t0 )  S (t0 , t )]  [ (t  t0 )   (t  t0 )]
 [ A(t0 , t )   (t  t0 )]  [  (t  t0 )  S (t0 , t )]  sup[ ( s)   ( s)]
s 0

 [ A(t0 , t )   (t  t0 )]  [  (t  t0 )  S (t0 , t )]   (0)
If Back log(t )  x, then [ A(t0 , t )   (t  t0 )]  [  (t  t0 )  S (t0 , t )]  x   (0) .
Based on the probability relationship, we can get the following result:

P{Back log(t )  x}  P{[ A(t0 , t )   (t  t0 )]  [  (t  t0 )  S (t0 , t )]  x   (0)}
According to the definition of arrival curve and service curve, we can get:

P{[ A(t0 , t )   (t  t0 )]  x   (0)}  f ( x   (0))
P{[ (t  t0 )  S (t0 , t )]  x   (0)}  g ( x   (0))
Thus,

P{Back log(t )  x}  f  g ( x   (0))
End.

3. Experiments and Discussions
In this section, a specific network example is used for demonstrating the analysis
model proposed in this paper, comparing the results from the method of Jiang-SNC [12].
The major difference of the proposed model is using the min-plus algebra in order to
avoid the noncooperation caused by Prb-MinPlus.
Firstly, the theoretical analysis is carried out for discussing t he performance results.
If the stochastic network is able to provide strict service curve  g ,   , the
performance analysis results from Jiang-SNC is:

P{Back log(t )  x}  f   g ( x   (0))
Where, f  ( x)  f ( x) 

1





x

f ( y)dy ,   0 and  meets the condition that the mean

speed of  (t )   t is less than  (t ) . Since f  ( x)  f ( x) , then the results from the
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proposed model outperforms the approach of Jiang-SNC. The main reason is that JiangSNC uses the increasing item of upper probability boundary f  ( x) . Therefore, it
causes the noncooperation of Prb-MinPlus. While, in this paper’s model,
D(t )  inf [ A( s)  S ( s, t )] has been replaced by D(t )  S (t )  S (t0 )  A(t0 ) , avoiding
0  s t

the noncooperation problem.
Secondly, we take the Markov stochastic network for example to carry out the
experiments to compare both methods. Specifically, markov modulated on -off process
is used with transfer probability  on->off,  off->on.   0.25(ms 1 ) ,

  0.02(ms 1 ), P  1.0(Mbps)

Probability Upper Boundary

*: Results from Jiang-SNC
O: Results from proposed model

Difference: 30Kb

Buffer

Figure 1. Comparison of two approaches
From the Figure 1, it could be observed that, the model proposed in this paper outperforms
Jiang-SNC approach. From the comparison, the probability upper boundary has the similar
parts which is decreasing function of main element aebx . The improved part is (1 

1
)
b

which is used in Jiang-SNC model for addressing the Prb-MinPlus problem [14-15]. While, it
is not included in our model, that avoid the extra boosts of the probability upper boundary. In
our model,  (t )   (b)t , f ( x)  ebx , where, b  0 is a free parameter, and  (b) meets:

1
( Pb      ( Pb     )2  4 ) . That means the stochastic arrival curve
2b
is presented in the data stream in the network system. The service speed is C  1.0(Mbps) as

 (b) 

a static service network system.
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Jiang-SNC

Proposed
Model

Figure 2: Performance Analysis
Thirdly, the QoS performance analysis is compared between the two approaches. It can be
seen from Figure 2, the outperformance could be obtained from several dimensions. In the
first place, the input and output relation is insistent. As D(t )  A(t ) , the output stream D(t )
is not bigger than the input A(t ) at the time t . That is significant for control the data stream
in stochastic network since the accumulated data may cause data traffic problem within the
limited bandwidth. Moreover, the backlog relationship with the input/output is optimized. As
Back log(t )  A(t )  D(t ) , for time t , the backlog could be calculated by the difference of
A(t ) and D(t ) . That is the vertical distance in Figure 2, which could be marked as
 ( A(t ), D(t )) . Therefore, it could be visualized that the backlog of stochastic network could
be calculated easily. Finally, the delay of transfer associates with input/output. Their
relationship could be expressed as Delay(t )  inf { : A(t )  D(t   )} . That means, at time
0 s t

t , the tasks arrive at the system have to wait for the service. The delay time is Delay(t ) ,
which could be got from the horizontal distance between A(t ) and D(t ) . The delay time is
marked as h( A(t ), D(t )) . For the tasks arrive at time t , they will be output at the time
t  Delay(t ) .

4. Conclusion
This paper proposes a model to carry out the performance analysis in stochastic network by
integrating arrival curve and service curve. It uses the probability calculation in presenting the
stochastic arrival and service within a network system. The definitions of arrival curve and
service curve are different from the traditional method so as to avoid the problem of PrbMinPlus.
Several research findings are significant. Firstly, the arrival curve indicates the stochastic
data steam in the network by integrating the probability functions. Thus, the data stream is
able to reflect the current situation in a network. Secondly, the model proposed in this paper
integrates arrival curve and service curve to build up the model. As a result, the performance
analysis could be carried out more precise. Thirdly, the proposed model has been compared
with Jiang-SNC in terms of probability upper boundary and overall performance. It is
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observed that, the proposed model outperforms Jiang-SNC in QoS and can avoid the problem
of Prb-MinPlus.
Future research directions could be carried out from several aspects. First is the extension
of both arrival curve and service curve which may consider more impact factors within a
network such as routines, disturbances, etc. Second is the compatibility, independability, and
solidarity of this model with other performance dimensions like data accuracy, data privacy
and so on could be further investigated.
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