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Abstract. The principles of the simulation of industrial Ethernet switch with the support of the 

quality of service hierarchical colored time Petri nets by means of a CPN Tools package are stated. 

The research example by means of the offered model of a diverse traffic jitter for servicing of which 

a combination of algorithms of strict and Round Robin prioritization was applied in the switch is 

given. 

Introduction 

In modern telecommunications infrastructure Automated process control systems technology is 

widely used dial-Ethernet [1, 2], which is facilitated by its qualities, such as: 

  high-speed of transmission, that provides compliance with hard real-time; 

 easy integration with Internet / Intranet, including application layer protocol; 

  the possibility for  organization of a variety of networking topologies; 

 The emergence of low-cost switches, decided to issue a non-deterministic Ethernet. 

The main requirement for equipment of Industrial Ethernet is the support of the quality of service 

(QoS), that is capable of supporting the requirements of the delay and its variation (jitter) while 

transmitting real-time traffic. Mechanisms QoS (marking and traffic classification, queuing, 

congestion control, bandwidth management) provide guaranteed bandwidth allocation and 

prioritization of separate application traffic [3]. 

Selection of optimal settings of switches QoS is a complex task that can be projected network 

simulation modeling, for which the authors are encouraged to use the device of color, hierarchical, 

temporal Petri nets that is implemented in the package CPN Tools [4]. 

Discussed Problems 

In developing of the switch model the top-down design methodology was used. Model quad-switch 

on the top level of the hierarchy includes (Fig. 1): 

 subnet «InPort» and «OutPort», which simulate the switch ports that provide access to 

communication lines in full duplex mode; 

 subnet «Switch», modeling promotion frame from the input port to a specific output port in 

accordance with the switching table (supports both static and dynamic modes of reference tables); 

 subnet «Buf» which simulate frame buffer directed to the appropriate output port. 

For modeling of interaction protocol of network devices is very important to use the color 

marker device effectively.  

Network traffic is modeled by a sequence of tokens received at the input ports and outputed from 

the output ports, colors of which form a tuple frm fields corresponding to the frame format Ethernet 

802.1 q/ p [6]: source and destination addresses, the field tag with information about belonging to a 

specific priority level, a field indicating the length of the payload of the frame, as well as service 

time field the parish and the outcome of the frame (used to collect statistics). The variety of colors 

frame is also used, it is the bearer, which may be either busy sending a frame frm, or free avail, that 

allows to detect and handle events related to the presence or absence of the frame.  Additionally, the 

tokens are introduced, they reflect the color characteristics of the utility model (queue size, amount 

of data transferred, the queue attribute cleaning et al.). To describe the colors, functions and 

variables language CPN ML is used [4]. 
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Realization  of subnets «InPort», «OutPort» and «Switch» is given in [5] Therefore, the authors 

focused on the modeling of mechanisms QoS, which are implemented in the subnet «Buf», 

specially of  the introduction of classes of service for different types of traffic, congestion control 

support of different algorithms of queue management. 
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Fig. 1. General model the four-port quad-switch. 

 

In Ethernet switches L2 applied strictly priority (SP) queuing algorithm, in which the queues are 

serviced in accordance with strictly defined priority and Round Robin (RR) algorithms that 

maintain consistent service queues, ensuring access to each output port. Usually RR algorithm is 

implemented in versions allowing to regulate the bandwidth or each channel: 

 Weighted Round Robin (WRR) - specifies the weight of the number of frames sent from the 

queue in a single session service, but allocated bandwidth depends on the length of the transmitted 

packets; 

 Deficit Round Robin (DRR) - allows you to accurately allocate the band that is regardless of 

the length of the transmitted packets. 

Frequently combined options of queuing SP + WRR or SP + DRR, are used, they allow to ensure 

critical traffic minimum delay [7]. 

Network «Buf», which implements SP + WRR, is shown in Fig. 2 and includes the following 

components: 

1. «Buffer in» and «Buffer out» - input and output ports of the buffer output port. 

2.  «Classifier» - incoming traffic classifier that works in terms of priority field token color frm 

the next frame. and sending it to one of four queues for processing. 

3.  «Queue» - queue of a given size FIFO, containing tokens frames awaiting processing. In 

subnet, the count of the current queue size, displayed in the token position Size Queue, is 

also made, and reset of the tokens of overflow queue is carried out, as well. Reading from the 

queue is allowed in the position token Start selection. Implementation of Queue is discussed 

in details in [8]. 

4.  «Scan» - subnet, which implements queuing SP + WRR. Strict priority queuing algorithm 

SP 1 is implemented by predicate formation tokens in positions Start selection1 subnet 

Scan (Fig. 3), cyclic 2-4 queuing algorithm is given by transition Scan, which is triggered 

every time a frame queues have tokens (token color positions Size Queue 1 is the color token 

at one of the remaining positions Size Queue nonzero) and the output port of the switch is 

free (in the position of the token has Outport free). When triggered, the transition to a 
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position Start selection2 - Start selection4, to be determined as appropriate predicates that 

take into account the color of the token in position N, which points to the next "candidate" 

for maintenance and modified by passing through the frame tokens subnet “Band” at the 

output port. 

5.  «Bend» subnet realizing account of balance to set bandwidth of each queue. WRR algorithm 

for position Max Size Queue contains a token whose color sets the weighting factor - the 

maximum number of shots that can be taken to the appropriate queue in a single session 

service. Position K contains a token, the color of which is used to control the amount 

transferred per session of service tokens of frames. When transferring the last of the possible 

frames in the session triggering transition Band modifies the color of token in position N, 

translating a pointer to the next queue (Fig. 4). 

6. Network «Port»,to say briefly, is not a part of the «Buf» and is given to illustrate the 

formation of serialization delay in the transmission of frames of the queue, the duration of 

which depends on the size with the preamble and frame interval. 
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Fig. 2. Subnet of the Buffer of Output Port.  
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Fig. 3. Subnet of service (scanning) of queues. 
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Fig. 4. A subnet of regulation of a strip for algorithm of WRR. 

 

As an example of the proposed model, below the evaluation results of the distribution function of 

jitter frames with different classes of QoS are shown (Fig. 5).  

Model time is expressed in clock intervals, which are equal to 100 ns, 10 ns, or Ethernet for Fast 

Ethernet). The input traffic is modeled by using a special Petri nets [9]. It  is a stream of frames 

belonging equally to 4 QoS classes, and going through the following time intervals exponentially 

distributed with a average value of the delivery period 12000. Random length of a frame has the 

following distribution: 25% of all the frames are the minimum and maximum length (512 and 

12176, respectively), the remaining length is evenly distributed in the remaining range. The load 

factor of the channel is 0.798. An algorithm for servicing the traffic class is set 1 SP,for  classes 

2,3,4 WRR,with  a division  of bandwidth as 4: 4: 2. 
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Fig. 5. Integrated function of distribution jitter frames with different QoS classes. 

 

The average and maximum jitter of different classes of traffic are listed in Table 1 below, from 

that it can be seen that the average jitter value in the high-priority traffic is 2.5-3 times, and the 

maximum value in the 5-7 times lower than that of traffic served by a cyclic priority.  

 
Table 1. Average and Maximum Jitter 

Class of traffic Average jitter Maximum jitter 

1 3917  20578 

2 10121  102323 

3 9518  97676 

4 11372 143193 

 

Long "tail" of the distribution of traffic jitter 4, says that the band set to it does not match its real 

share in the general flow of frames. 

Conclusions 

The proposed model allows to investigate the probabilistic and temporal characteristics (average 

delay, jitter, packet loss share) of heterogeneous traffic, dial-in Industrial Ethernet networks with 

support for QoS.  
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