Performance Modeling of Statistical Multiplexer with Composite Traffic Input by CIPP/M/1 Queue

R.Manivasakan, U.B.Desai and Abhay Karandikar

Department of Electrical Engineering, Indian Institute of Technology, Bombay-400 076. INDIA.

e-mail: fmani,ubdesai,karandig@ee.iitb.ernet.in

Abstract

Correlated Interarrival time Process (CIPP) has been proposed in [1, 2], for modeling both the composite arrival process of packets in broadband networks and the individual source modeling. The CIPP - a generalization of the Poisson process - is a stationary counting process and is parameterized by a correlation parameter ‘ρ’ which represents the degree of correlation in adjacent interarrivals in addition to ‘λ’ the intensity of the process. In this paper, we undertake the performance modeling of a statistical multiplexer with composite Ethernet traffic input using the CIPP/M/1 queue. The queueing performance measures considered are mean delay, mean number of packets, packet delay variation and overflow probability for a given threshold. Our experimental results show that the CIPP/M/1 queue models well the queueing situation as encountered by the the Ethernet traffic in a statistical multiplexer with respect to the above queueing performance measures. Keywords CIPP, interarrivals, CIPP/M/1 queue, selfsimilarity.

1 Introduction

The discovery of long range dependence (LRD) in Ethernet LAN traffic in Bellcore [3], metropolitan area network (MAN) traffic [4], wide area network (WAN) traffic, and variable bit rate (VBR) video traffic [5, 6], led researchers to discard the conventional short range dependent (SRD) models [5] and look for self-similar models. One way of obtaining pseudo self-similarity was to introduce correlation. This could be achieved in a number of ways, for example, considering correlations in the count sequence by say a discrete autoregressive (DAR(1)) model, or by considering correlations in the rate process by an autoregressive (AR) model or by introducing correlations by modulating Markov chain or finally by considering correlations in the interarrival sequence itself. In literature, researchers have considered models which capture correlation in the counts sequence given as packets (or cells) per unit time (as in DAR(1) model [7]), or in the (traffic) rate process (as in AR model [8] or self-similar models [3]) or the correlation introduced by the modulating Markov chain as in Markov modulated models [5].

We know that correlations in interarrivals necessarily imply correlations in the number of counts; however converse of this statement is not necessarily true. A good example would be the renewal process. Hence, we contend that, a model capable of capturing the correlation in the interarrival sequence is a more appropriate candidate in the context of modeling teletraffic data. In light of the above, in [2], we proposed a new traffic model (with correlations in interarrivals) for both composite arrival process of (fixed size) packets in broadband networks and individual source modeling. The traffic model involves a generalization of Poisson process which is referred to as Correlated Interarrival time Poisson Process (CIPP). The CIPP, a stationary counting process, is parameterized by a correlation parameter ‘ρ’ which represents the degree of correlation in adjacent interarrivals in addition to ‘λ’ the intensity of the process. In [9], the corresponding queueing theory for CIPP/M/1 queue is developed. In this paper, we use the queueing theory developed for CIPP/M/1 queue for the performance modeling of statistical multiplexer with composite broadband traffic input.

In section 2, we give the stationary distributions in a CIPP/M/1 queue and the expression for the corresponding queueing performance measures. Section 3 gives the experimental results for performance modeling of statistical multiplexer with composite traffic input using the CIPP/M/1 queue. Section 4 concludes the paper.

2 The Queueing Performance Measures in a CIPP/M/1 Queue

Refer to [2] for details about the definition, distribution and properties of CIPP. In this section, we consider a single server FCFS queue with CIPP arrivals (with parameter λ and ρ) and exponential service times with parameter μ. We obtain analytical expressions for the waiting time distribution and buffer occupancy distribution. Due to space constraints, we will give here only the result. For details the reader is referred to [10].

2.1 The CIPP/M/1 Queue

Stationary queue length: We denote the stationary probability of j number of customers in the queue by P_j . Then,

P_j = 1 −^{T M(a,1)} M(0,1) (_λ λ+a ) j = 0 (1−T )T^j M(a,1) M(0,1) (_λ λ+a ) j > 0 (1)

where T =^{1−ρ+ρ( μλ )}μ_λ , a =^{μρ}_{1−ρ} . M(a, 1) and M(0, 1) are given by,

M(0, 1) = {_{(ρ+ λμ (1−ρ))(1−ρ+ρ λμ )} (1−ρ)(ρ+^λ_μ )+ρ2^λ_μ

(lim_{n→∞} P_1(n, λ, μ)) M(a, 1) = {_{((1−ρ) λμ +ρ)(1−ρ(1−ρ)(1− λμ ))} [(1−ρ)^{2 λ}_μ +ρ(1−ρ(1−ρ)(1−^λ_μ ))] (lim_{n→∞} P_2(n, λ, μ))

where, P_1(n, λ, μ) = ∏_{n−1} i=1 (ρ+(1−ρ)^λ_μ ) C(i)

(1−ρ)^λ_μ +ρC(i) and

P_2(n, λ, μ) = n−1∏ i=1 λT μ [ (1 − ρ)C(i) + ρ^{i+1} ] (1 − ρ)^{2 λ}_μ + ρ [(1 − ρ)C(i) + ρ^{i+1}]

and C(i) = (1 − (1 −^λ_μ )ρ^{i+1}) Waiting time distribution: Let P r{W ≤ x} be the stationary waiting time distribution. Then, P r{W ≤ x} = 1 − T M(a, 1) M(0, 1) ( λe^{−μx(1−T )} λ + a ) (2) with a, M(., .) having the same meaning as above.

2.2 Queueing Performance Measures

Mean Waiting Time: From the stationary distribution for waiting time (W ) (2), we have, E{W } = T M(a, 1) μ(1 − T )M(0, 1) ( λ λ + a ) (3) Mean Number of Packets in the Buffer: From the stationary buffer occupancy distribution (the distribution of the random variable of number of customers (Q)) in a CIPP/M/1 queue (1), we have E{Q} = T M(a, 1) (1 − T )M(0, 1) ( λ λ + a ) (4) Packet Delay Variation: We use the term packet delay variation (pdv) (denoted by τ) to denote the variance of the packet transfer delay (Y ). Note that Y^Δ= W + S where, W is the stationary waiting time and S is the stationary service time. It can be shown that the pdv has the following expression [11], τ = 2 μ^2 [ 1 − β + β (1 − T )^2 ] − [ 1 μ ( 1 + βT (1 − T ) )]_2

(5) where β^Δ=^{M(a,1)}_{M(0,1)}^λ_{λ+a} where again, M(0, 1), M(a, 1) and a are as given above.

Overflow Probability: Overflow probability is the probability that the number of packets in the buffer exceeds a threshold in an infinite buffer queue. For CIPP/M/1 case, it is straight forward to show from (1) that the overflow probability for the threshold of K packets^1 for K > 0, is given by, P r{Q ≥ K + 1} = M(a, 1) M(0, 1) ( λ λ + a ) T^{K+1} (6)

where Q denotes the number of packets in the system (queue and server).

3 Performance Modeling of Statistical Multiplexer with Composite Traffic input

For our experiments, we consider Bellcore traces namely, pAug.TL and pOct.TL. We consider only the arrival instants of packets (the first column of the Ethernet Bellcore dataset [12]) and generate exponentially distributed packet lengths (to get exponential services) in order to use the CIPP/M/1 queueing theory results. This packet stream is then fed into an infinite buffer single server FCFS queue with exponential service. Then, the queueing measures mentioned above are estimated to get the experimental results corresponding to data. To get the theoretical performance results, we fit the CIPP to composite traffic trace data by autocorrelation matching [2] and compute the queueing performance measures by using the expressions given above, corresponding to this “best” fit CIPP.

Mean Waiting Time: Figure 1 shows the mean waiting time performance for pAug.TL and pOct.TL and their corresponding approximating CIPP/M/1. One can see from the figure that CIPP/M/1 queue models well both the queueing situation as encountered by the Ethernet traffic in a statistical multiplexer, with respect to the mean waiting time measure.

Mean Number of Packets in the Buffer: Here, we consider the mean number of packets as a performance measure. Our results are shown in Figure 2. It can be seen from the figure that the CIPP/M/1 queue models well the performance of statistical multiplexer with composite traffic input with respect to the measure of mean number of packets.

Packet Delay Variation (pdv) We repeat the above

1The unit \packet" refers to the mean packet length (in bits).

Figure 1: Mean waiting time of packets in a queue driven by Bellcore dataset and the approximating CIPP/M/1 and M/M/1 queues (a)pAug.TL (b)pOct.TL

experiment for the packet delay variation for the Bellcore dataset. Figure 3 shows the variance of pdv for pAug.TL and pOct.TL and their approximating CIPPs. It is seen from the figure that CIPP approximates well the queueing situation as encountered by the Ethernet traffic in a statistical multiplexer, with respect to the queueing performance measure of pdv.

Overflow Probability Here, we concentrate on the queueing performance measure of overflow probability for our performance modeling study. We consider a threshold of 32 packets. Figure 4 shows the overflow probability for pAug.TL and pOct.TL. From the figure, note that the CIPP again approximates well the data. Also in all the above figures, the respective performance measure for the ‘best fit’ M/M/1 queue is shown. Not that the results corresponding to M/M/1 queue seriously underestimates the performance measures.

Figure 2: Mean number of packets in a queue driven by Bellcore Ethernet traffic and the approximating CIPP/M/1 queue (a)pAug.TL (b)pOct.TL

4 Conclusions

In this paper performance modeling of statistical multiplexer with Ethernet traffic using CIPP/M/1 queue has been undertaken. The experimental results show that the CIPP/M/1 approximates the queueing situation very well. Being studied the performance modeling, next immediate study would be the call admission control under CIPP traffic.

References

[1] R. Manivasakan, U. B. Desai and A. Karandikar, “Correlated Interarrival time Poisson Process (CIPP) for modeling broadband teletraffic”, Proceedings of the Fifth Biennial Conference on Signal Processing and Communications (SPCOM’99), IISc, Bangalore, pp. 43–50, July 1999.

[2] R. Manivasakan, U. B. Desai and A. Karandikar, “Broadband Teletraffic Characterization using Correlated Interarrival time Poisson Process (CIPP)”, J. Indian Inst. Sci.,, to appear 1999.

Figure 3: Variance of pdv in a queue driven by Bellcore and that of the approximating CIPP/M/1 queue (a)pAug.TL (b)pOct.TL

[3] W. E. Leland, M. S. Taqque, W. Willinger and D.V. Wilson, “On the self-similar nature of ethernet traffic (extended version)”, IEEE/ACM Trans. Networking, vol. 2, pp. 1–15, Feb. 1994.

[4] R. G. Addie, M. Zukerman and T. Neame, “Fractal traffic: Measurements, modeling and performance evaluation”, Proc. IEEE INFOCOM’95., Apr. 1995.

[5] J. Roberts, U. Mocci and J. Virtamo, “Broadband Network Teletraffic: Performance Evaluation and Design of Broadband Multiservice Networks”, Springer-Verlag, 1996.

[6] J. Beran, R. Sherman, M. S. Taqqu and W. Willinger, “Variable bit rate video traffic and long range dependence”, IEEE Trans. Commun., 1993.

[7] D. P. Heyman, A. Tabatabai and T.V. Lakshman, “Statistical analysis and simulation study of video teleconference traffic in ATM networks”, IEEE Trans. Circuits. Sys. Video Tech., vol. 2, no. 1, pp. 49–59, Mar. 1992.

Figure 4: Overflow probability in a queue driven by Bellcore dataset and the corresponding quantity in the approximating CIPP/M/1 and M/M/1 queues (a) pAug.TL (b) pOct.TL. Here, the threshold buffer size is K = 32 packets

[8] B. Maglaris, B. Anastassiou, P. Sen, G. Karlsson and J. D. Robbins, “Performance models for statistical switching in packet video communications”, IEEE Trans. commun., vol. 16, pp. 834–843, July 1988.

[9] R. Manivasakan, U. B. Desai and A. Karandikar, “CIPP/M/1 queue”, Proceedings of the 5th National Conference on Communications (NCC’99), pp. 458–461, January, 29-31, IIT, Kharagpur, India 1999.

[10] R. Manivasakan, U. B. Desai and A. Karandikar, “CIPP/M/1 queue”, Tech. Rep., SPANN lab., IIT, Bombay, May. 1998, Technical Report no: spann.mani.1998.2.

[11] R. Manivasakan, “The Correlated Interarrival time Poisson Process (CIPP) for modeling broadband teletraffic”, PhD thesis, Indian Institute of Technology, Mumbai, 1999, Thesis under preparation.

[12] “http://bellcore.com”, 1992.