
ITe 12 Torino, June 1988 

Traffic Design for an Asynchronous Transfer Mode 
Switching Network 

Shunji ABE, Kazuo HAJIKANO, and Koso MURAKAMI 

Integrated Communication Division 
FUnTSU LABORATORIES LTD. 

Asynchronous transfer mode (A TM) swi tching systems are expected to be 
able to satisfy the requirements of broad-band ISDN. This paper describes a 
traffic design method for ATM switching systems and proposes a traffic 
analysis model for ATM switching systems. We also used the model to 
design an ATM switching system (MSSR) which we are developing, and 
give design and performance results here. The MSSR can carry a load 90% 
with an end-to-end delay through 10 nodes of a about 10ms and an end-to-
end loss rate 10-9. Even if the unbalanced load is 1.5 times the b a 1 an c e d 
load, about 90% load can be carried in an increase 1.3-1.4 times the number 
of internal links. 

1. INTRODUCTION 

In a broad-band ISDN, various types of information, such as data, voice, and full 
motion video, with bit rates ranging from a few kbits/s to over one hundred Mbits/s 
must be handled by flexible and efficient switching systems. Switching systems based 
on the asynchronous transfer mode (ATM) are expected to be able to provide a base 
for broad-band ISDN, and have been studied at some research institutions(1),(2). 

ATM has the bandwidth flexibility of X.25-like packet swit.ching and the time 
transparency of synchronous time-division circuit switching. In ATM, information is 
carried by a fixed length cell which is identified by an associated label instead of a 
clock. We are now developing an ATM switching system named the multi-stage self
routing system (MSSR). This switching system is based on a self routing switching 
principle and is constructed by connecting self-routing switch modules (SRMs) in a 
three stage configuration. To design this switching system, it is important that the 
requirements for the system and the traffic characteristics are known. 

This paper describes the traffic design for the ATM switching system. First, the 
traffic requirements for this switching system are described. Next, to demonstrate the 
traffic characteristics of the system, the traffic model and its analysis method are 
presented. The model is approximated with the three-stage serial-queueing network 
model of M/D/l (m) considering the cell arrival process as the superposition of 
renewal processes. The validity of the approximated model is proven by the 
simulation experiments. Traffic characteristics, including overall delay and loss rate 
are shown by using the standarad results for the M/DIl (m) model. Finally, the 
queueing buffer length and the number of the internal stage SRMs to satisfy traffic 
and performance requirements such as ' end-to-end delay, loss rate and the load are 
determined from the traffic characteristics. 
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2. TRAFFIC REQUIREMENTS FOR ATM SWITCHING SYSTEMS 

In ATM switching systems for broad-band ISDN, it is necessary to switch many types 
of traffic flexibly and efficiently. For example, non-bursty traffic such as voice and 
full motion video require real-time communication, bursty traffic such as 
compressed image and HiFi stereo required real-time communication and low error 
rates, and traffic such as data require only low error rates. 

The end-to-end delay severely affects the grade of service for traffic requiring 
real-time communication. Therefore, the end-to-end delay for this case must be 
limited to a ' small value. For "traffic requiring low error rates, the traffic loss rate 
must be limited, rather than the delay. 

Thus, we adopted the following: . . 
i) for real-time traffic, the end-to-end delay must be. ht.luted to less than a set value 
of several tens of milliseconds, or the delay per SWItChIng node must be less than a 
set value of a few milliseconds. This value is close to the delay of the p re s en t 
circuit-swi tched systems; and 
ii) for low-error-rate traffic, the end-to-end loss rate of traffic must be less than a 

set yalue from 10-7 to 10- 10 considering the transmission error rate of the optical 
fiber. 

3. MSSR SYSTEM 

3.1 MSSR system confj2uratiQn 

The ATM network constructed using the MSSR system is shown in Figure 1. Central 
offices (COs) are constructed using the MSSR, which is composed of connected self
routing switch modules (SRMs) in a three stage configuration as shown in Figure 2. 
Each SRM has a buffer at each outlet. 

The switching principle is as follows. Cells are identified by the virtual channel 
number (VCN) and a tag (TAG) is assigned by the VCN converter (VCC). The tag 
indicates the routing path to switch a cell from an input highway to an output 
highway in the MS RN. The VCC transmits the tag to the SRM and then the SRM 
switches the cell to the outlet determined by the tag. The VCN and the tag is 
determined at call setup. 

3.2 Traffic analysjs model 

The traffic model of the MSSR network is shown in Figure 3. In this section, it is 
shown that the traffic analysis model can be approximated as three-stage M/D/I (m) 
network queues in series. As the switching unit for the MSSR is a fixed length cell, 
the service time for the queue has a deterministic distribution. In order to prove the 
validity of this approximation from the system dsign point of view, it is verified that 
the arrival process for each queue can be approximated as Markovian. Especially, for 
the system design, the analysis model in which cell loss rate is limited to very small is 
important. As the limited model can be regarded as a queue with infinite waiting 
space, the validity is proven for the queueing network model of MIDII. 
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Figure 1 ATM network constructed using MSSR 
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The arrival process to an individual queue is the superposition of processes split from 
the departure processes of previous queues as shown in Figure 3. The range of system 
parameters that still allow us to approximate the superposition process as Markovian 
was verified by simulation using the GPSS software simulator. The approximation was 
evaluated using the SCV, [squared coefficient of variation(c 2)]. For the Markov 
process, the SCV is one. 

The arrival process for handling data from a subscriber to the first stage queue in the 
MSSR is the superposition of processes split from departure processes from queues in 
multiplexers. The arrival process to each multiplexer's queue is the superposition of 
each . cell process generated by subscribers. 

In the simulation experiment, each cell generating process was approximated by a 
renewal process. For non-burst traffic, the cells were generated with constant 
intervals. For burst traffic, assuming a burst interval to be a negative-exponential 
distribution, the cell was generated with the following distribution function(3). 
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Figure 2 Multi-Stage Self-Routirig Switch (MSSR) 
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Figure 3 Traffic model of the MSSR 
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F(t)=[( 1 -q)+q{l _e-a(t-T)j JU(t-T) 
E(X)=q/a + T 

c2= (l_p2)/[Ta + (l_p)j2 ,p=l-q 

(1) 

The simulation was performed with a cell length of 64 bytes and highway rate of 768 
kbits/s. The interval between non-burst traffic cells was set to 8ms (suitable for the 
voice). For burst traffic, q=I/22, T=16ms and l/a=650ms, and the cells were generated 
according to equation (1). 

Figure 4 shows how the SCVs are calculated for the arrival and the departure 
processes for the multiplexer's queue. The arrival process is the superposition 
process of cell processes generated by non-burst and burst traffic. It is assumed that 
non-burst traffic load is set to 0.083 erl of one voice -source in order to know the 
influence on the increase of burst-traffic load. The SCV of the arrival process 
decreases to one if the burst-traffic load increases. However, in the range of higher 
loads, the SCV tends to increase. This is considered as the effect of the long-term 
covariances among interarrival time(3). The SCV of the departure process decreases to 
zero if the burst-traffic load increases. In higher loads, however, the SCV increases 
and is much less than one even if the load is about 0.9 erl. 

Figure 5 shows the SCV of the arrival process of the first stage queue in the MSSR, i.e. 
the superposition of processes split from departure processes from the multiplexer's 
queue for a high load. It is assumed that the number of splitted processes is equal to 
the number of superposed processes at the first stage queue. The SCV of the arrival 
process increases in the range less than one if the number of splitted processes 
increases in the range from 8 to 32. If the arrival process is approximated as 
Markovian, design parameters are given as a little overestimate. Thus, it is possible to 
approximate the first stage . queue with MID/I from the system design point of view. 

We verified by experiment that because the first stage queue in the MSSR can be 
regarded as M/D/l and the SCV of its departure process is less than one, the second 
and the third queues can be also approximated with M/Oil. Thus, except for 
multiplexers, it is also possible to approximate the multi-stage MSSR series network 
using the queueing network model of M/D/I. 
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4. TRAFFIC CHARACTERISTICS OF MSSR 

In this chapter, formulas for evaluating the cell loss rate and the end-to-end delay 
are derived by applying the established results of M/D/l (m). Their traffic 
characteristics are then shown. 

4.1 Cell loss characteristics 

The cell loss rate is obtained as the overflow probability of an output queue 
(M I D I 1 (m)) in the SRM. The overflow probability B is given by the following 
equations(4) . 

B=l-1/(p+l1 0) j (2) 

ITj+l ={ IIj - K j l1o- I Kj-1+1 l1j } 1Ko 
1=1 

IS = p j e "1'/j! (j=o, ... , m-l) 

P is the traffic offered to the queue, ITj is the distribution of the number of cells left 
behind by a departure form the queue, K j is the distribution of the number of cells 
that arrived at the queue during the service time, and m is the queue length with in a 
cell unit. 

The characteristics of the cell loss for one output queue are shown in figure 6. For 
sufficiently small in loss rates, the required number of cells linearly increases with 
to a decrease in loss rate. 

4.2 End-tQ-End deJay characteristics 

The grade of services of the real-time traffic is severely affected by the end-to-end 
delay. It is especially important that the end-to-end delay characteristics of traffic 
such as voice are known. 

The elements of the end-to-end delay are the cell-assembly time, the queueing delay 
from end-to-end in the network and the time to smooth the queueing delay jitter. The 
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queueing delay is composed of the delay relayed n-stages of MSSR switching nodes 
and the queueing delay in the MUXIDMUX. The delay in the MUXIDMUX, however, is 
negligible in comparison with the delay of n-stages of MSSR. Thus, for the queueing 
delay, we considered only the delay for n-stages of MSSR. 

If the cell loss rate of each queue is small enough, the distribution of the delay for an 
n-stage MSSR can be obtained by the 3n-stage serial queueing network model of 
M1D11. Assuming that the random variable of delay for each MIDI 1 is independent 
and has an identical distribution, the distribution of the 3n-stage delay is obtained as 
the sum of 3n random variables. For large enough n, the distribution will be close to 

Gaussian (from the central limit theorem(5). Thus, the 3n-stage delay distribution is 
approximated as Gaussian. 

Let the random variable of delay of each MID/l be Xi (i=1 , ... ,3n), then the random 

variable for 3n-stage delay becomes T3n= Xl + .... +X3n. The mean and the variance of 

the random variable T 3 n are given by following equations. 

E ('1'3n) = 3n Jl 
Var('1'3n) = 3n (52 

Jl = E(Xi) = (2-P )h/{2(1- P)} 

(52 = Var(Xi) = P(4-P)Jl
2
/3(2-P)2 

Jl is the mean and (52 is the variance of the delay of M/D/l. Applying the central limit 
theorem to random variable T 3 n, the · following Gaussian distribution is obtained. 

1. 1. x 2 

P[('1'3n - 3n Jl )/(3n) 2 (5 ~ x) ~ N(O,l) = (1/2n)2 f_ooe-Y /2 dy (3) 

1 

Setting t 5: 3n Jl + (3n) '2 (5 x ,the 3n-stage delay distribution is given as follows . 

.1. 
P [ ('1' 3n - 3n J.l ) / (3n) 2 (5 ~ x) = P ['1'3n ~ t} 

=l-P ['1' 3n > t} (4) 

Figure 7 shows the end-to-end delay for voice. In this figure, the number of relaying 
MSSR nodes n = 10; the transmission rate is 150 Mbits/s; and the cell length is 64 bytes 

including a header length of 4bytes. With an end-to-end loss rate of 10- 9 , the 
queueing delay in the network and the smoothing time for the delay jitter are 

obtained as t of the (l-10-9)-quantile of T3n distribution, that is, P[T3n>t] = 10-9. The 

queueing delay and the smoothing time of the jitter is very small in comparison with 
the cell-assembly time for high-speed transmission rates. Thus, a short cell is 
preferable for decreasing the end-to-end delay. 

5. PERFORMANCE AND DESIGN RESJJLTS 
This chapter discusses the buffer capacity req:uired and the throughput of the MSSR 
to satisfy the requirements. Furthermore, considering the congestion due to the 
inbalance of internal-link load in the MSSR, the throughput characteristics are 
given when the number of middle:stage SRMs are increased. 

5.1 Throu2hput and buffer capacity 

The throughput is obtained considering the end-to-end delay for present circuit 
switching systems. As the node delay of the present circuit switch is about 1 ms, the 
delay for 10 nodes is about 10 ms. From Figure 7, the highway load satisfying the end
to-end delay of about 10ms is about 90%. Since the header occupies 4 bytes of the 64 
byte cell, the user information occupies about 85% (effective utilization efficiency). 
This implies that the MSSR can carry a larger load than existing circuit switching 
systems with an average loading of 70-80%. 
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The required buffer capacity per outlet queue in the SRM is determined considering 

end-to-end loss rate . If we choose 10-9 , about 1 0- 11 is required for the loss rate of an 
outlet queue in the SRM. From Figure 6, the required queue length is about 110 cells 
for a highway load of 90%. Thus, the required buffer capacity is about 7k bytes when 
the cell length is 64 bytes. 

5.2 Throuehput charcterjstics with more mjddJe-staee SRM's 

To find the throughput characteristics due to an increase in the number of middle
stage SRMs, we consider the model with 110 cells in each outlet queue. I h e 
unbalanced load of 1.5 times the balanced load is loaded to a specific middle-stage 
SRM. For this model, Figure 8 shows the carried traffic when the number . of the 
middle-stage SRMs increases. The parameter k is the ratio of the increase of the 
number of middle-stage SRMs normalized by the number of the first stage SRMs w hen 
the number of the first stage SRMs is equal to the number of the third-stage SRMs. 
The reason why the carried traffic is nearly level for higher offered traffic is that 
the loss rate increases quickly. We can get about 90% load carried by increasing 1.3-
1.4 times number of middle-stage SRMs even if a load 1.5 times the balanced load is 
concentrated on one middle-stage SRM. 

6. CONCLUSION 

From the simulation experiment, it was 
shown that the AIM switching system can 
be approximately modeled by the series 
network of the M/D/1 (m) model. the 
traffic characteristics of the MSSR were 
demonstrated by applying the model and 
the following results were obtained: (1) 
the MSSR can carry a larger load than 
existing circuit switched systems with an 
average loading of 70-80%, and has end
to-end delay through 10 nodes of a about 
10ms. (2) the required buffer capacity is 
about 7k bytes in each outlet queue with 
an end-to-end loss rate of 10-9 and a the 
cell length of 64 bytes. (3) the MSSR can 
carry a load 90% in an increase 1.3-1.4 
times number of midle-stage SRMs even if 
the unbalanced load is 1.5 times the 
balanced load. 
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