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Abstract

To effectively utilize network resources while still providing satisfactory Quality of Service (QoS) to all network users, prioritizing the user’s traffic according to their service requirements becomes necessary in high speed networks. In this paper, partial buffer sharing (PBS) scheme controls two types of service classes: real-time and non-real-time in the queue. The performance analysis of networks carrying variable bit rate traffic mainly depends on the consecutive packet loss. We propose a recursive algorithm to calculate loss probabilities for block of consecutive non-real-time packets. Further the effect of different threshold values on packet loss probabilities is examined.
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1. Introduction

Broadband networks carry multiple services, e.g., voice, low-and-high speed data, image, and video. As these services exhibit different characteristics and nature, the traffic control mechanism is required to be intelligent enough to maintain the QoS requirements of each type of traffic. The network oriented QoS of a traffic type includes packet delay and loss. Buffer management is a fundamental technology to provide QoS control mechanisms, which controls the assignment of buffer resources among different flows or flow aggregations according to certain policies. 

According to the degree of sensitivity to the transmission delay and other factors, the traffic that a broadband network supports can be divided into two classes: real-time and non-real-time. Real-time traffic has a very strict delay constraint and it may tolerate very less occasional cell losses while non-real-time traffic can be required to reach the destination correctly with some loss-oriented priority policy. As such, the two classes of traffic have different service requirements which are in a trade-off. Real-time traffic is given high priority as compared to non-real-time traffic.
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Figure 1: Traffic Model of PBS Mechanism

The costs involved in the implementation of network are strongly affected if the packets from all services are handled in the same manner as the design and dimensioning of network would be carried out according to QoS requirement of most demanding services. In order to control the cost, priority classes of different services have been introduced using space priority mechanisms. Kroner [1] and Lin [2] proposed a priority control method called as Partial Buffer Sharing (PBS) for mixed traffic consisting of real-time and non-real-time packets. When the buffer level is low, PBS accepts both real-time and non-real-time packets and when the buffer level is over a predetermined threshold; non-real-time packets cannot access the buffer and are discarded. In other words, real-time packets continue to access the buffer unless it is full. Figure 1 illustrates the two operation modes of PBS mechanism. In most of existing partial buffer sharing schemes, the threshold is considered to be constant, which is referred to as Static Partial Buffer Sharing (SPBS) schemes [3]. The challenge in designing a SPBS scheme is to select optimal threshold values to obtain desired relative packet loss ratio among the two classes of traffic.

In a high speed network, the two major performance measures are the end-to-end transfer delay and end-to-end packet loss probability. A properly implemented PBS can guarantee the worst transfer delay; we in the present study have considered Packet Loss Probability as the performance measure of real-time and non-real-time traffics. The quality of traffic including video, voice and other data signals is sensitive to consecutive packet losses rather than single packet loss. Therefore, the proper performance measure for traffic is consecutive packet loss probabilities. With partial buffer sharing scheme, threshold can be dynamically adjusted in run-time based on packet loss behavior [4], [5]. 

This paper deals with the analysis of probability distribution of the number of lost packets within a fixed size block under the PBS priority mechanism for two different types of traffic with Poisson arrival process. The PBS priority mechanism has been implemented using a fixed size buffer being serviced by a single server. For analysis, non-real-time traffic is focused as it cannot share the buffer space beyond threshold value. The results of the analysis confirm that independent assumption may lead to erroneous conclusion and varying threshold of PBS provides flexibility and improves performance.

This paper is organized as follows: review of previous work for space priority mechanisms and packet loss processes is covered in Section 2. In Section 3, we describe modeling and analysis of the PBS mechanism in detail and then explain a recursive algorithm used in analysis. In Section 4, we provide performance comparison and numerical results; Section 5 concludes the paper.

2. Review of Space Priority Mechanisms

Priority mechanisms are used to optimize the network utilization, while meeting the requirements of each type of traffic. The user may generate different priority traffic flows by using the loss priority bit capability and when buffer overflow occurs, packets from the low priority flow can be selectively discarded by network elements. Priority mechanisms can be classified into two categories: time priority and space priority. Time priority mechanisms control the transmission sequences of buffered packets while space priority mechanisms control the access to buffer. Chipalkatti et al. [6] studied the performance of time priority mechanisms including Minimum Laxity Threshold (MLT) and Queue Length Threshold (QLT) under mixed traffic of real-time and non-real-time packets. Their results show that the First In First Out (no special priority) policy causes relatively high losses for real-time traffic while providing low delays for non-real-time traffic. The converse holds true when priority is given to real-time traffic unconditionally. Space (or loss) priorities propose to provide several grades of services through the selectively discarding low priority packets. This type of priority mechanisms exploit the fact that low priority packets may be discarded in case of congestion, without significantly compromising the source’s QoS requirements. 

Space priority mechanisms that have been investigated are primarily the Pushout mechanisms and  Partial Buffer Sharing (PBS) [7]. In both the mechanisms, each source marks every packet with a priority level, indicating high priority and low priority packet. A description of several space priority mechanisms is given in [1]. In the Pushout mechanism, high priority packet may enter the queue even when it is full, by replacing a low priority packet already in queue. If a low priority packet arrives at the queue when it is full, then it will be discarded. With this mechanism, vital packets will only be lost when the queue is full and there are no ordinary packets waiting for service in the queue. Multi-queue based Push-out policy can achieve highest buffer sharing as well as service differentiation and fairness assurance. A Proportional Loss Rate (PLR) dropper to support proportional differentiated services is presented in [8]. With the PBS mechanism, both high priority packets and low priority packets are accepted by the queue until it reaches a threshold level. When this threshold has been filled only high priority packets will be accepted, provided that queue is not full. The threshold in all the existing PBS schemes are constants and do not change during operation. [9] The analysis of PBS mechanism has been carried out by several authors. They have proposed algorithms to determine packet loss rates considering Markov Modulated Bernoulli Process as the input sources. Consecutive packet loss processes are explored in [10]. In contrast to other works that computed packet loss probabilities based on independent assumptions, they developed an efficient model for the computation of the distribution of the number of lost packets within block of fixed or variable size. Their results show that the independent assumption underestimates the consecutive packet loss probabilities. They also conclude that high correlation between consecutive packet losses may restrict the efficiency of forward error correction.

3.    Modeling and Analysis of PBS
This section illustrates recursive analysis of traffic model and the algorithm for this model.

3.1 Recursive Analysis of Traffic Model

The traffic model has two input streams for different types of traffic: real-time and non-real-time traffic.

[image: image2.emf]
Figure 2: State Transition Diagram

The packets arrive at system according to Poisson process with arrival rates λr and λn for real-time and non-real-time respectively. Both types of packets ar stored at a common buffer which has its service time exponentially distributed with parameter μ for both traffics. The capacity of buffer is M2 and threshold level is M1. According to PBS mechanism, non-real-time packets are admitted to buffer only when buffer occupancy is less than M1 (<M2) while the buffer access of real-time traffic is limited by its full capacity. Figure 2 shows the state transition diagram of buffer under the PBS mechanism.

3.1.1 Notations

We used several notations in the calculations and those have been defined as follows:

· П(i), i = 0,1,….M2 : The probabilities of having i packets in the system when a packet arrives

· Qi(k), i = 0,1,… M2, 0 ≤ k≤ i : The probabilities that k packets out of i packets in the system leave the system during an inter-arrival period.

· Pn(j,s), s ≥ 1, 0 ≤ j ≤s : The probabilities of j losses in a block of s non-real-time packets  
· Pr(j,s), s ≥ 1, 0 ≤ j ≤s : The probabilities of j losses in a block of s real-time packets  
· Pin(j,s), i = 0,1,…,M2, s ≥ 1, 0 ≤ j ≤ s : The probabilities of j losses in a block of s non-real-time packets given that there are i packets in the system just before the arrival of the first packet of the block.

· Piň(j,s), i = 0,1,…,M2, s ≥ 1, 0 ≤ j ≤ s : The probabilities of j losses in a block of s non-real-time packets given that there are i packets in the system just before the arrival of the a real-time packet.

· Pir(j,s), i = 0,1,…,M2, s ≥ 1, 0 ≤ j ≤ s : The probabilities of j losses in a block of s real-time packets given that there are i packets in the system just before the arrival of the first packet of the block.

· Piř(j,s), i = 0,1,…,M2, s ≥ 1, 0 ≤ j ≤ s : The probabilities of j losses in a block of s real-time packets given that there are i packets in the system just before the arrival of the a non-real-time packet.

· 
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, s ≥ 1, 0 ≤ j ≤ s: The probabilities of j losses in a block of s non-real-time packets under the independence assumption.
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, s ≥ 1, 0 ≤ j ≤ s: The probabilities of j losses in a block of s real-time packets under the independence assumption.

3.1.2 Equations

From the state transition diagram, as shown in Figure 2, we can derive a balance equation as follows:
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where
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The solution of balance equation (1) gives the probabilities
[image: image18.wmf](

)

i

P

, i = 0, 1, 2,.., M2 as given below:

[image: image19.wmf](

)

i

P

=
[image: image20.wmf]ï

î

ï

í

ì

-

)

0

(

)

(

)

0

(

1

1

M

i

n

M

i

P

r

r

P

r

   
[image: image21.wmf]2

1

1

M

i

M

M

i

0

<

£

<

£

    …(2)

and
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The main purpose is to calculate the probabilities, 
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 of j losses in s packet block from each traffic. By conditioning on the number of packets seen in the system by the first packet in the block when it arrives, following equations can be framed:
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The matrix 
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can be introduced to solve the above equations recursively as follows:
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The initial values of 
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For s
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) packets are transmitted during the inter-arrival time between the first and second packets, the second packet sees i+1-k packets in the system at its arrival. Hence, as first packet is not lost, j packets must be lost out of s-1 packets. The probability that a packet selected arbitrarily is a non-real-time is given as p(n) =
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If there are more than M1-1 packets in the system, the first non-real-time packet will be lost and because of this j-1 packets must be lost out of s-1 packets. The second packet sees i-k packets in the system, if k (0
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) packets are being served during inter-arrival time of first and second packet.
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On the similar pattern, 
[image: image55.wmf](

)

s

,

j

n

i

R

is obtained.


[image: image56.wmf](

)

=

s

,

j

n

i

R



EMBED Equation.3[image: image57.wmf][

å

+

=

-

+

+

´

1

i

0

k

n

k

1

i

1

i

)

s

,

j

(

)

n

(

p

)

k

(

Q

R



[image: image58.wmf]ú

û

ù

+

-

+

)

s

,

j

(

)

n

(

p

n

k

1

i

R

,  
[image: image59.wmf]2

M

i

0

<

£

        …(11)


[image: image60.wmf](

)

=

s

,

j

n

M

2

R



EMBED Equation.3[image: image61.wmf](

)

s

,

j

n

1

M

2

-

R




       …(12)

To solve the equation (4) first the probabilities 
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 using (9) and (10) are calculated recursively. 

For comparison of the results with those obtained from independent assumptions, we compute 
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. The blocking probabilities for real-time and non-real-time packets are 
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3.2 Algorithm

To compare loss probability for recursive and independent assumption the following algorithm is proposed. Relative parameters used in algorithm are listed below:

	Symbol
	Definition

	M1
	Threshold value

	M2
	Queue Size

	i
	Number of packets in system

	serv_rate
	Service Rate

	arr_rate_n & arr_rate_r
	Arrival Rate of non-real-time and 
real-time packets

	Q(i)(k)
	Probability of k packets out of i packets leave the system during an interarrival

	pn
	Probability for non-real-time packets  before first packet arrival

	pnbar
	Probability for non-real-time packets  before real-time packet arrival

	preal & pnreal
	Probability of a packet being real-time 
and non-real-time respectively

	pie(i)
	probability of having i packets in the system when a packet arrives

	sblock
	Block of s packets
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4. Numerical Results

Using above set of equations, distribution of lost packets in a fixed size block is calculated based on the following assumptions: buffer size (M2) =30, threshold (M1) = 24 and block size = 10.  The distribution of consecutive packet loss probability by recursive method is compared that with independent assumption.

Figure 3 shows that with recursive equations the loss probability for non-real-time packets increases as compared to that with independent assumption. The independent assumption lacks in correlation between adjacent packet losses and may lead to incorrect consecutive packet loss probability.

The threshold value in PBS can be changed to control buffer space allocated to different traffic sources. Figure 4 depicts the effect of varying thresholds on loss probability of non-real-time traffic. 
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Figure 3: Packet loss probability for non-real-time packets
 vs. independent assumption
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Figure 4: Block packet loss probability for non-real-time traffic as a function of PBS threshold parameter
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The block loss probabilities for non-real-time traffic have been plotted as a function of the PBS threshold parameter. An increase in the threshold parameter results in significant improvement of service quality for non-real-time traffic. Similar pattern was observed for different values of buffer size. At a threshold level equal to half of buffer size, the loss probability decreased by 67.75% and 96.60% for buffer size M2=30 and 50 respectively with reference to the M2=20. Hence a suitable value of PBS threshold chosen in accordance with traffic mix and service requirement helps to increase buffer space utilization and give high degree of flexibility.

5.  Conclusion

In this paper an algorithm has been implemented to calculate packet loss probabilities using a fixed size block under PBS mechanism using recursive equations. The analysis has been done considering traffic streams of real-time and non-real-time packets. When compared with independent probability distribution, it was observed that consecutive packet loss of non-real-time is significantly different. There is trade-off between the packet loss probability of real-time and non-real-time traffic due to PBS. Hence, the packet loss probabilities for non-real-time traffic are decreased by increasing threshold value. Our further research will focus on the optimal value of threshold with adaptive adjustments to improve buffer utilization more effectively.
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% Calculation of recursive equations


% deal with calculation of Q matrix


for k = 0 to i


      if k = = i			


Q(i)(k) = (serv_rate / serv_rate + arr_rate_n + arr_rate_r) ^ i 


       else


Q(i)(k) = ((serv_rate / serv_rate + arr_rate_n + arr_rate_r) ^ k) * (arr_rate_r+ arr_rate_n / serv_rate +  arr_rate_n + arr_rate_r))


      endif


endfor


% deal with initial conditions for pn  matrix with s=1


for every arrival packet do


	if i < threshold


		pn(0) = 1


		pn(1) = 0


	else


		pn(0) = 0


		pn(1) = 1


	endif


endfor








% deal with calculation for pnbar matrix with s=1


for n = 1 to 1


    for j = 0 to n


         for i = M2 to 0


	calculate pnbar(i) for j losses out of 1 packet using initial conditions


         endfor


     endfor


endfor





% deal with calculation for pn and pnbar matrix with s≥2


for n = 2 to sblock


   for j = 1 to n


      for i = 0 to M1-1


         calculate pn(i) for 0 to (M1-1)


       endfor


          for i = M1 to M2


              calculate pn(i) for M1 to M2


          endfor


          for i = M2 to 0


             calculate pnbar(i) to be used in next iteration


          endfor


    endfor


endfor





 calculate piezero and pie(i) values


% deal with calculation final probability values


for i = 0 to M2


finalpn = finalpn+ pie(i) * pn(i)


endfor





% Calculation for independent assumption





for i = M1 to M2


temp_pn = temp_pn + pie(i)


endfor


calculate independent loss probability for j losses out of s packets corresponding to finalpn


pn_ind =(fact(s)/fact(j)*fact(s-j)) * (temp_pn ^ j) * (1-temp_pn) ^ (s-j)


endfor
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