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Digital Cross-Connect System (DCS), used for distributing and crossconnecting the 
synchronous optical and asynchronous electrical signals, plays very important role as 
transmission equipment in the transport networks, is The performance evaluation of 
the switch matrix of the DCS by simulation methods will require a realistic traffic 
model generating practical connection and disconnection demands. In this paper, a 
realistic and reliable model for SDH traffic for wideband DCS will be proposed. This 
traffic model generates traffic such as STM-1 (Synchronous Transport Module level-1) 
synchronous signal and DS-3, DS-1E, DS-1 asynchronous signals. In addition to the 
signal generations, three different connection types (unidirectional unicast, 
bidirectional unicast, and multicast) can be generated by the model. The goal of the 
traffic model is to generate connection and disconnection demands satisfying given 
traffic loads. 

 

 

 

1. Introduction 

  Crossbar and three-stage type network are widely 

used for the switch matrix architectures of Digital 

Cross-Connect Systems (DCSs)[1]. For large scale 

DCSs, three-stage type is superior to crossbar type 

in terms of the hardware complexity of the switch 

matrix. A switching system for SDH may be 

represented as a system with n Synchronous 

Transport Module-level 1 (STM-1) input ports, and 

n STM-1 output ports[2]. The purpose of the traffic 

model is to generate feasible connection 

requirement for the switch, i.e., input-output pairs 

that must be connected at a given time and 

disconnected at some later time. The internal 

architecture of the switch matrix is irrelevant for the 

purposes of the traffic generation process[3, 4]. 

With this approach, it is possible to evaluate the 

probability of blocking for a switching system[4-9]. 

Instead, the switch may be considered as a black 

box, where only the number of inputs and outputs is 

relevant. The traffic model presented in this paper 

generates input to output connection and 

disconnection demands which are stored in a log 

file. This file of connection and disconnection 

demands may then be used as requirements to a 

switching system. It is then possible to see if the 

switching system can honor every one of the 

connections. Furthermore, since the file shows the 

history of connection and disconnection orders 



sending to the switch matrix, the performance of the 

switch matrix algorithm under a certain traffic 

environment may then be investigated more 

precisely.  In section II, some related works about 

the traffic models for DCS and a new traffic model 

based on the pool method will be discussed. The 

simulation results of the model and conclusions will 

be followed in Section III and IV, respectively.  

 

In the previous work evaluating hierarchical path 

hunt algorithms[4] in a Synchronous Optical 

NETwork (SONET) switch, a very simple traffic 

model is used. In this simple model, the SONET 

switch is initially loaded with traffic. Once this is 

done, pairs of connection of the same type are 

swapped. For example, connection from input A to 

output B and input C to output D might be swapped, 

and replaced with A-C and B-D. This allows the 

number of connections of a given type in the switch 

to remain unchanged. Blocking probabilities are 

calculated as the fraction of times that such 

swappings are failed. The pool-based traffic 

model[3] used more complex approach in an 

attempt to more accurately model the SONET/SDH 

traffic environment. However this traffic model did 

not consider the configuration of the transport 

interface in DCS and worked only when the 

transport interface was fully equipped. It is not a 

usual case in the real world. The traffic model 

presented in this paper can remove the problem. 

 

Fig. 1 shows the relationship between the 

transport interface and the switch matrix in a DCS. 

The transport interface is divided into Synchronous 

Rack (SR) and Asynchronous Rack (ASR)[9]. SR 

accepts synchronous digital signals such as STM-

1[1]. ASR accepts asynchronous signals such as 

Digital Signal level-3 (DS3), DS1E, and DS1. The 

dotted lines in the matrix represent reserved but 

unequipped ports and the solid lines represent 

practically equipped ports. Equipped port is the port 

actually connected to a customer facility outside. 

The rack configuration is irrelevant to the traffic 

model. In other words, the traffic model should be 

able to generate connection and disconnection 

orders satisfying the fractions given regardless of 

the transport interface configuration.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Transport Interface and Switch Matrix  

in DCS 

 

The signals sent to the switch matrix for 

switching process are converted to corresponding 

switched frame formats. Asynchronous signals DS-

3, DS-1E (E1) and DS-1(T1) are converted to 

Virtual Container 3 (VC-3), VC-12, and VC-11 

synchronous signal formats, respectively. One VC-4 

can occupy the whole STM-1 payload. An STM-1 

payload can be constructed with 1VC-4, 3 VC-3s, 

63 VC-12s, 84 VC-11s, or any legal combinations 

of those VCs. Virtual Container (VC) consists of the 

payload of the signal and Path Overhead (POH)[2]. 

VC terms will be used for the traffic types from 

now on since all signals sent to the switch matrix 

are the synchronous signal types. 

STM-

1 
SR 

DS3 

DS-1E 

DS-1 

ASR 

Switch

Matrix 



2. Traffic Model 

The traffic in this model is classified into two 

categories. One is class type, and the other is 

connection type. In this paper, VC-4, VC-3, VC-12, 

and VC-11 are of the interesting class types. 

Unidirectional unicast, bidirectional unicast, and 

multicast[10] are of the connection types. Since 

each class type has three different connection types, 

12 different traffic types are existed. The goal of the 

traffic model is to generate realistic traffic 

satisfying the predetermined fractions of the traffic. 

The fractions for the mathematical representation of 

transport interface are defined as follows: 

 

Fp(i) :  Fraction of the number of STM-1 level 

ports for class type i where i = 1, 2, 3, and 4 

representing VC-4(STM-1), VC-3(DS-3), 

VC-12(DS-1E), and VC-11(DS-1), 

respectively . 

Fwp(i):  Fraction of the number of equipped STM-1 

level ports among the ports assigned to 

class type i by Fp(i). 

 

1 VC-4, 3 VC-3, 63 VC-12 or 84 VC-11 ports can 

construct an STM-1 level port. By Fp(i) and Fwp(i), 

the number of ports assigned in the I/O interface to 

class type i can be calculated as follows: 

 

)()()( iWiFniP ??? ,           (1) 

)()()( iWiFniP ww ??? ,         (2) 

P(i) and Pw(i) are the numbers of the ports and the 

equipped ports assigned to class type i, respectively. 

W(i) is the weight of a class type where 1, 3, 63, 

and 84 are for VC-4, VC-3, VC-12, and VC-11, 

respectively. For example, Pw(2) = 0.5 means that 

the number of VC-3 ports is 0.5 x n ports in STM-1 

level, but it is needed to be multiplied by 3 for the 

number of VC-3 ports. With these definitions and 

Eq. (1) and (2), the I/O interface shown in Fig. 1 

can be easily configured. 

 

The fractions of the traffic types for the 

generation control are needed define next. The 

necessary definitions are shown as follows: 

 

F(i) :  Fraction of class type i where i = 1, 2, 3, 

and 4 representing VC-4, VC-3, VC-12, 

and VC-11, respectively.  

 

F(i, j) : Fraction of class type i and connection type 

j  where i = 1, 2, 3, and 4 representing VC-

4, VC-3, VC-12, and VC-11, respectively 

and  

 j = 1, 2, and 3 representing unidirectional 

unicast, bidirectional unicast, and multicast, 

respectively.  

 

The fraction is in terms of the bandwidth. For 

example, 50% VC-3 means that 50% of the output 

bandwidth is of this type of traffic, not that 50% of 

the connections are of this type. The goal of the 

traffic model is to generate connection and 

disconnection orders satisfying F(i) and F(i, j) 

defined above regardless of the values of  Fp(i) 

and Fwp(i). The number of ports pooled for each 

traffic type satisfying the fractions F(i) and F(i, j) 

are shown in Eq. (3) and Eq. (4). 

 

? ? )()()( iWiFniN ???  for class type i,      (3) 

 

? ?),()(),( jiFiNjiN ??  for class type i and  

connection type j,   (4) 

 

From Eq. (3), N(i) ports for class type i are pooled 

first in the n STM-1 port switch. After that, N(i,j) 

ports for each connection type j from Eq.(4) are 



pooled again in the ports pooled for class type i. 

Therefore, each ports are assigned to a specific 

class type and connection type. 

 

The remaining parameter needed to control the 

traffic is the target output load ( ? ). This total 

traffic load controlled with average active time and 

idle time is defined as follows: 

 

?/1 : target average active time for the class types, 

VC-4, VC-3 , VC-12, and VC-11. 

?/1 : target average idle time for the class types, 

VC-4, VC-3 , VC-12, and VC-11. 
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? ,              (5) 

 

If ? ( ? )is chosen arbitrarily, ? ( ? ) can be 

evaluated for the given target output load easily 

from Eq. (5). It is shown in Eq. (6). 

 

)1/( ???? ??? ,              (6) 

 

However, the achievable fractions, which are called 

as offered fractions, is quite restricted because the 

number of the equipped ports for a traffic and 

connection type is limited by the fraction Fp(i) and 

Fpw(i). For example, if both Fp(1) and Fwp(1) are 0.5, 

then the maximum target fraction of VC-4, F(1), is 

0.25. One way to overcome this problem is to 

assign different active time or idle time to the 

twelve different traffic types. The interim processes 

to evaluate the new idle time for each traffic type is 

discussed.  
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Eq. (7) is the effective offered fraction for F(i,j) 

when a same active and idle time to the traffic types 

are applied. M is the number of ports involved in 

connection type k . A unicast connection requires 

two ports. One for an input and the other is for an 

output. Multicast connection requires fanout plus 

one ports because of the same reason. Therefore, M 

for connection type 1 and 2 is 2 and M for 

connection type 3 is average fanout plus 1. In order 

to make the target fraction that exceeds the 

limitation achievable, different average idle time for 

each traffic type has to be achieved. For the new 

average idle time for a traffic type, the new load of 

the traffic type is evaluated by using Eq. (5) and Eq. 

(7). It is shown in Eq. (8): 
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Then, the new idle time for each traffic type can be 

evaluated by using Eq. (6) and (8) easily. It is 

shown in Eq. (9). is the average idle time for class 

type i and connection type j.  
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3. Simulation Results 

For the simulation purpose, three different 

traffic mixtures are chosen. The mixtures are shown 

in Table 1. In Traffic Mix 1, the higher order signals 

such as VC-4 and VC-3 dominate the traffic 

mixture and the unicast connections occupy about 

70% of the all connection orders. On the contrary, 

the multicast connection orders dominate the 

connection types in Traffic Mix 2. Traffic Mix 3 is 



dominated by the lower order signals such as VC-

12 and VC-11. Since VC-4 requires higher 

bandwidth than the other traffic types, the number 

of ports pooled for VC-4 is respectively smaller 

than the other traffic types if a same target fraction 

is assigned to the traffic types. This is because of 

W(i) in Eq. (3) and (4). Therefore, the offered 

fractions of the higher order signals usually less 

accurate than those of the lower order signals 

relatively.  

 
Table 1. Traffic Mixtures Simulated 

 
 Mix 1 Mix 2 Mix 3 

Fp(1) 0.5 0.5 0.25 
Fp(2) 0.25 0.25 0.25 
Fp(3) 0.125 0.125 0.25 
Fp(4) 0.125 0.125 0.25 
Fwp(1) 0.5 0.5 1.0 
Fwp(2) 0.5 0.5 1.0 
Fwp(3) 0.5 0.5 1.0 
Fwp(4) 0.5 0.5 1.0 
F(1) 0.5 0.5 0.1 
F(2) 0.2 0.2 0.3 
F(3) 0.15 0.15 0.3 
F(4) 0.15 0.15 0.3 

F(1,1) 0.2 0.1 0.1 
F(1,2) 0.5 0.3 0.6 
F(1,3) 0.3 0.6 0.3 
F(2,1) 0.1 0.1 0.1 
F(2,2) 0.6 0.3 0.6 
F(2,3) 0.3 0.6 0.3 
F(3,1) 0.1 0.1 0.1 
F(3,2) 0.6 0.3 0.6 
F(3,3) 0.3 0.6 0.3 
F(4,1) 0.1 0.1 0.1 
F(4,2) 0.6 0.3 0.6 
F(4,3) 0.3 0.6 0.3 

 

 

Fig. 2 shows the results from Traffic  Mix. 1. 

Fig. 2a plots the results from the offered fraction of 

each traffic type(VC-4/3/12/11) as the total load is 

increased from 10% to 100%. The results from the 

traffic model match within acceptable tolerances the 

requested traffic mixture. Fig. 2b, 2c, 2d, and 2e 

show the results from the offered fractions of the 

connection types of each class type, VC-4, VC-3, 

VC-12 and VC-11, respectively.   
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Figure 2 The Simulation Results of Traffic Mix. 1 

 

Fig. 3 shows the results from Traffic Mix 2. In 

this traffic mixture case, multicast connections 

dominate the connection orders. The ta rget load is 

also increased from 10% to 100%. The offered 

fractions of the traffic and connection types match 

the target fractions within acceptable tolerances. Fig. 

3a, 3b, 3c, 3d, and 3e show the resulting from the 

fractions of the traffic types, and fractions of the 

connection types of each traffic type, VC-4, VC-3, 

VC-12 and VC-11, respectively.  
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Figure 3 The Simulation Results of Traffic Mix. 2 

 

In Fig. 4, higher fractions to the lower order 

signals such as VC-12/11 are assigned. 60% for 

VC-12/11 and 40% for VC-4/3 are assigned. Fig. 4a, 

4b, 4c, 4d, and 4e show the results from the 

fractions of the traffic types, fractions of the 

connection types of each class type, VC-4, VC-3, 

VC-12 and VC-11, respectively. These simulations 

show the traffic model gives quite accurate results 

of the fractions given.  
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Figure 4 The Simulation Results of Traffic Mix. 3 

4. Conclusions 

In evaluating SONET/SDH switch it is 

necessary to generate realistic connection and 

disconnection orders meeting target traffic load 

values and traffic mixtures. This paper has 

presented a method for accomplishing this goal 

using a traffic model based upon the pool-based 

model[3]. The traffic model allows the complex 

hierarchy of SONET/SDH traffic types to be fully 

represented by assigning traffic generation pools. 

The total bandwidth of the matrix is assigned to 

these pools based upon the desired traffic 

percentages. The requested total traffic load then 

determines how active each of the sources are in the 

traffic generation pools. This model is more general 

than the approach presented in [4] where only pairs 

of swappings can occur and more realistic than the 

model presented in [3]. 

 

The results from the traffic model show that the 

model performs well in controlling the various class 

types and the various connection types. The output 

file from the traffic generator may be used as a list 

of actions required by a SONET/SDH switch, 

allowing characterization of switching architectures. 

Additionally, switching algorithms which control 

the usage of the switching architecture may be fully 

evaluated using this approach. The traffic model is 

limited by the fixed assignment of connection types 

to pools. However within a pool it is possible to tear 

down old connections and offer new connections. 

Thus, a dynamic set of connection can be supported 

within one generation process. It is not necessary to 

generate from scratch several times to get a variety 

of connection requests.  
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(d) 

(c) 
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