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Abstract 

High performance real-time applications have become and will continue to be an 
integral part of today’s world. With this comes the requirement to provide reliable 
communication networks for these applications requiring real-time guarantees. 
Depending on the specific application the requirements vary and adapting to all 
these requirements is important. 

Ethernet is a commonly used communication medium in these real-time application 
networks because of the advantages it provides with its simplicity, which comes 
along with lower cost and higher bit rates. However since Ethernet was not 
specifically designed for real-time applications, it has been under constant study in 
order provide the required QoS (Quality of Service) requirements for the 
application. 

In this thesis our aim is to provide a less pessimistic approach to the real-time 
analysis of packet switched networks by the use of knowledge about the offset 
introduced to the packets travelling in the network. Therefore we have taken a 
specific application with high real-time requirements, namely a radar application. 
We are using the available data to simulate and analyze the network’s performance 
under the use of offsets. The analysis is done by calculating some of the commonly 
used QoS requirements such as end to end delay, deadline miss ratio and link 
utilization. 
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1 Introduction 

Ethernet is by far the most commonly used communication medium used in today’s 
networks. This, we believe, is because of its simplicity and low cost. Also there are a 
lot of Quality of Service (QoS) mechanisms in Ethernet technology which can 
provide specified services to packets.  

Similarly switched Ethernet networks are also a commonly used technology for 
packet transmission. This again is because of the simplicity of switches and its speed 
in transmitting packets. Switches also have QoS mechanisms to improve their 
servicing of packets, some of which we will explain later in this chapter.  

In a sense the final expected output from any real-time system that is built is the 
services it can provide to the user within a specified time limit. There are variations 
in how these services are provided and also the methods used to implement these 
services in the system. In the continuation of this chapter we will give a brief 
introduction to the different requirements of a real-time system and how they are 
being implemented and also the QoS requirements in relation with packet switching 
networks. In this thesis we have analyzed the system behavior by including a 
parameter called “offsets”. 

Offset introduced into a system, changes the time when any particular process takes 
place or rather is initiated within the system. The term “change” here does not 
denote its literal meaning, rather by change we here mean including data into the 
system which depicts the actual process of the system and in this case it is the offset. 
For example let us consider a computer application that sends messages to another 
user and these messages are outputs from a process within that application. In most 
cases all the message outputs are not generated at the same time, there is a gap 
between the outputs generated. It is this gap that we are trying to introduce into the 
systems by the means of offsets. 

1.1 Thesis Motivation 

In most analyses, researchers consider the worst case condition o f a network, where 
in a packet switched network all packet transmissions have a release time at the 
very beginning of the considered time interval, i.e., at time 0. It is under this 
condition that the various simulation analyses are done and results produced. But in 
many cases this pessimistic view is not what occurs in the actual network, as not all 
packets are required to be transmitted over the network at the same time. In many 
cases certain functions of the system are serial in nature and hence the packet 
transmission of each of these applications in the system do es not occur at the same 
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time, but during different time intervals, even though they might have the same 
interarrival time. To be more precise we are going to analyze how this kind of offset 
can vary the system performance. This we believe is a more realistic approach and 
relates to the system we intend to describe more properly in the next chapter.  

Introducing offset into a traffic model changes the release time of the packets. This 
means that the packets interarrival time, i.e., period, remains the same but the 
release time varies according to the offset value. Offsets provide a more realistic 
view to system performance. This offset value does not have to be constant for a 
particular packet during all its instances but instead it can vary depending on 
precedence constraints and other system parameters. Offsets can improve system 
performance in various ways, such as reducing jitter and preventing shared 
resources from being accessed at the same time [8]. 

1.2 Problem Approach and Expected results 

In order to demonstrate the effect of introducing offsets into the system we have 
used a radar signal processing application traffic and a random traffic. The radar 
signal processing application has well-defined traffic characteristics and so in order 
to see the variation in the results we include traffic with random parameters. A 
detailed explanation of each of these traffic types will be seen in the later chapters. 

We have considered a simple multihop network where applications in the source 
node require sending data over the communication link to a destination via an 
intermediate switch. Scheduling constraints are present in the source node and the 
intermediate switch. These constraints include which scheduling method is being 
used, how packets are sent to the queue and also what decisions are taken when the 
network reaches saturation level.  

We investigate the difference in performance measures such as average message 
delay and deadline miss ratio that will be obtained when using offsets for packets 
compared to when not using any offsets. Our goal is not only to view the system 
more realistically, but also to show that offsets improve the system performance to a 
considerable extent when they are well within the packets interarrival time, which 
is a reasonable assumption. This in turn can help system designers to view the 
system differently compared to a situation where no offsets are used. By including 
traffic with random parameters, we intend to show how the result obtained due to 
the inclusion of offsets can vary for nonrandom and random types of traffic. 

In case of the nonrandom task set, which represents the radar signal application 
data, the message size (number of packets) and the period are the same for all 
requested data flows, whereas in the random task set the message size and the 
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period are randomized between different data flows. The range of the 
randomizations is mentioned in chapter 4. 

In the next few chapters we will give a detailed explanation of things that are 
important and related to this thesis. In chapter 2 we give a detailed explanation of 
the background work in relation to this thesis and also some related work which  
help in the understanding of certain methods and the implementation of the overall 
idea. Chapter 3 presents the network model used in the simulation along with traffic 
characteristics used and the performance measures studied in this thesis. Finally, in 
chapter 4 we present the results obtained from the simulations and our conclusion. 
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2 Background and Related Work 

2.1 Background 

2.1.1 Real-Time Systems 

In general a real-time system is one which changes continuously with respect to 
time depending on its specific use. All systems from mobile phones to notebook 
computers and automobiles can be classified as real-time systems with specific 
functions or rather with multiple functions that are required to function properly 
not only in terms of correctness of the output but also the amount of time in which 
the output is produced.  

In this thesis we will deal with the latter, i.e., the point in time when this output is 
produced. These real-time systems in this sense can be broadly classified into two 
types [10], 

 
i. Soft real-time systems 

ii. Hard real-time systems 

Soft real-time systems are those in which missing the deadline for a task does not 
affect the system to an extent such that it creates a disaster but decreases the overall 
performance of the system in the long run. This however depends on the particular 
application of the system and hence can vary accordingly. The main point is that in 
soft real-time systems not meeting certain deadlines will only degrade the system 
performance and not affect the users to a great extent. 

Hard real-time systems on the other hand are time-critical systems and not 
providing the required output within the specified deadline can cause severe harm 
to the user, system, or the environment depending on the application it is being used 
for. These systems in most cases serve highly valuable applications and are hence 
required to perform as specified by the application. 

As mentioned earlier in this thesis we are not focusing on the correctness of the 
result but rather the timeliness and it could also be said that this timeliness in many 
situations could represent the correctness of the result. For example while we 
synchronize a device to the radio atomic clock there will definitely exist some 
amount of delay in the micro- or nanosecond range, but this delay is known and 
within a certain limit which does not affect the synchronizing device. But if there 
was a considerable amount of delay in sending the data from the radio atomic clock 
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to this device, it could result in erroneous readings. Even though the time received 
from the clock was correct, due to the delay exceeding a certain value, the final 
result is wrong. This example shows that timeliness is as important as the correct 
output. 

2.1.2 Multihop packet switching networks 

Packet switching networks, as the name suggests, are made up by network devices 
that switch data between each other in the form of packets. These packets have a 
fixed maximum length depending on the type of network being used and hence  data 
sent from a particular source, depending on its size, can be a single packet or several 
packets.  

In terms of routing terminology hops is the number links between intermediate 
devices a packet has to cross in order to reach its destination, similarly a multihop 
packet switched network is one in which the end users are not connected directly to 
each other but there are intermediate nodes between them facilitating this 
connection. In this case the intermediate node is a switch. 

In our thesis we have used the store and forward switching mechanism where 
whole packets are first stored in the switch, then the switch processes the packet 
and decides when and how the packet should be forwarded. The decision as to when 
to forward the packet of course depends generally on the scheduling algorithm 
being used in the switch. The route over which the packet should be forwarded is 
then decided by the forwarding table in the switch. In some cases the packets have 
to be buffered in order to prevent contention of resources, and in these cases when 
the buffer gets full, packets are started to be dropped. A detailed explanation of this 
can be found in [1] [16]. 

2.1.3 Real-time Scheduling 

Scheduling in general is the process of specifying how tasks are handled in a system 
with respect to time and by extension real-time scheduling is specifying the time 
interval at which a particular task, having arrived in the system, is ready to be 
provided resources in order to complete its execution. This scheduling decision can 
be considered in terms of priorities assigned to the task, where a task with higher 
priority is given preference when it comes in contention with other tasks with lower 
priority. Resources can be assigned in the processor for execution of the task or the 
task can be sent higher up in the queue.  

Scheduling algorithms are either static or dynamic algorithms. Static algorithms are 
scheduled offline, and decisions are made before the system starts running and 
receives tasks, and prior knowledge of the task characteristics is necessary. These 
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algorithms assign static priorities to the tasks. The other type is dynamic algorithms 
which are scheduled online, and decisions are made when certain events occur in 
the system [14]. These algorithms assign either static or dynamic priorities. Task 
characteristics are specified as follows, 

 

 C ‒ The worst case execution time of a task is the amount of time required by 
a task to complete its execution in the system and provide the desired result.  

 T ‒ The period of a task is the time interval between every new arrival of a 
task. Tasks can be either periodic or aperiodic, where in the former tasks 
have equal interarrival time intervals and the latter does not have equal 
arrival time intervals between every new instance of a task. Another type 
known as sporadic tasks are tasks which are not periodic but have bounds 

between which the next instance will take place. 

 D  ‒ The relative deadline of a task is the interval of time within which a task 
is expected to complete its execution in the system after it has arrived. 

 R  ‒ The release time of a task is the time interval decided by the scheduler at 

which a task can be executed in the system.  

Other task characteristics include absolute deadline, delay bound, jitter bound and 
weight. A detailed explanation of these can be found in [10]. The worst case 
execution time, period and relative deadline are static parameters, whereas absolute 
deadline and release time are dynamic parameters [11 - 13]. 

The two most basic real-time scheduling algorithms are Rate Monotonic scheduling 
[9] and Earliest Deadline First scheduling [9]. 

 

 Rate Monotonic (RM) scheduling algorithm assigns static priorities to tasks 
based on their periods; the shorter the task period the higher the priority.  

 

 Earliest Deadline First (EDF) scheduling algorithm assigns priorities to 
tasks based on their absolute deadlines. The absolute deadline is the sum of 
the arrival time of a task instance and its relative deadline. The task priorities 
are dynamic and change according to the absolute deadline of the task at the 

particular point in time. 
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In terms of a communication link concept, a task as mentioned above can be 
considered as a traffic flow accepted to be transmitted on the communication link. 
In this case every traffic flow consists of a message to be transmitted and this 
message is divided into packets when being sent over the communication link. The 
packets, when they are stored in an intermediate switch, are sorted depending on 
the type of scheduling algorithm in use. This sorting is done every time the link is 
free and a packet is available to be sent over it. So in case of EDF the packets will be 
sorted in the queue depending on their absolute deadline at that time instant. 

Let us see the schedule of an example message set using the above two algorithms. 
The message set consists of 3 messages whose parameters are represented as τi = 
(Ci, Ti, Di), and have the following values, τ1 = (1,4,4), τ2 = (2,6,6) and τ3 = (3,8,8). All 
message parameters are in the unit of seconds. Here Ci also denotes the number of 
packets required to transmit the whole message. 

 

Figure 2.1 Example task set schedule using RM 

Figure 1.1 shows the message set schedule when using RM. Here we can see that τ3 
misses its deadline of 8 for its first instance. In this scheduling the priority order is 
falling from τ1 with highest priority to τ3 with the lowest priority.  
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When the same message set is scheduled using EDF, we can see from figure 1.2  
there are no deadline misses and all messages and their packets are executed within 
their deadlines. 

 

Figure 2.2 Example schedule of task set using EDF 

In EDF, as the absolute deadline of a message decides its priority, at time unit 4 even 
though message 1 arrives it is not executed since its absolute deadline is 8 which is 
not shorter than message 3’s absolute deadline.  

2.1.4 Quality of Service (QoS) 

In terms of real time applications, predictability and dependability of the system are 
important factors in understanding the behaviour of the system. This we feel results 
in the QoS that the application expects from the network. This QoS can vary 
depending on the application and the user requirements. In our thesis we consider a 
packet switched network and the most common parameters describing QoS in a 
packet switched network are [1] [17], 

Delay in general is the amount of time it takes for a packet to reach its destination 
once it has been placed in the network for transmission. We call this end to end 
delay because it can include many devices in between and a number of hops for the 
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packet to reach its destination. So it is obvious that this delay does not depend on a 
single factor but is the combination of many other delays in the overall system. This 
includes the packet processing delay, which is the time taken by a network device 
such as a switch to process the incoming packet and make it available for 
transmission over the communication link. The switching process includes, first 
decapsulating the packet, looking into its header depending on whether it is layer 2 
or layer 3 switch, then encapsulating the packet with the required headers, putting 
them in the output port queue it is to be sent on. Another delay component is the 
transmission delay. Each communication link has its own speed at which it can send 
a packet and also a maximum packet size that it can transmit at a time. For example 
let us consider the IEEE 802.3 switched Ethernet standard. It has a data rate of 
100Mbits/s with the maximum data size being 1518 bytes (excluding any 
encryption mechanism used). Hence for this network the transmission delay would 
be [15], 

              

           
        

Finally the delay also includes a propagation delay. This again depends on the 
communication link being used and also the distance between the nodes. Taking the 
same example of a switched Ethernet network, the propagation speed for a twisted 
pair cable is 177,000 km/s. Assuming the distance between the nodes to be 100 m, 
the propagation delay will be, 

     

           
            

Packet loss is the ratio of packets sent by the source that do not reach their 
destination. This packet loss can be due to factors such as network congestion 
where the number of packets that can be stored in the particular transmit buffer in 
an intermediate switch exceeds its limit and packets are starting to be dropped. 
Further the destination might be unreachable from the source due to network 
impairments, such as the link or route on which the packet is being sent fails or goes 
down.  This again will result in packets being lost. 

Throughput in the network is the average number of packets that are sent 
successfully to the destination.  In most cases this throughput is denoted as the link 
utilization, where the maximum utilization is 100%. The maximum link utilization 
varies depending on the type of communication link being used. The link utilization 
of each packet is the ratio between the packet capacity (worst case execution time) 
and the minimum interarrival time (period) for each packet. 
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Jitter in a packet switched network is the variation in the end to end delay of 
packets belonging to the same traffic flow. To elaborate, every packet has an average 
delay associated with it over a long time. This delay as mentioned earlier takes into 
account many factors associated with the network and the packet being transmitted. 
When this factor keeps varying at an unpredictable manner, then it becomes difficult 
to handle the network efficiently. An example of this variation is the packet queuing 
delay. Depending on the networks present condition, the time a packet is queued at 
a particular node keeps varying. Depending on the scheduling algorithm, this varies 
the time instant at which the packet is put on the link for transmission. Since the 
transmission delay is constant, the variation that occurs due to the packet queuing 
delay propagates through the network, resulting in jitter. 

Hence a good QoS solution has to understand the different traffic classes that are 
present in the network, differentiate them and realize trade-offs between the 
different QoS concerns in order to provide services to the end user. In order to 
provide a good QoS to users there are various methods being implemented, some of 
which we shall see in brief [1].  

Traffic Shaping is a method in which the rate of the packets sent into the network is 
controlled. This is done in order to prevent bursts of packets into  the network which 
can result in congestion, instead keeping a constant period between every packet 
being sent. Some commonly used methods are the token bucket algorithm and leaky 
bucket algorithm. 

Admission Control in simple terms is deciding whether to accept or reject a certain 
traffic flow requested by the user. This result by the admission control varies 
depending on the network capacity, the number flows accepted by the node 
previously etc. 

Resource Reservation is a method by which resources at every intermediate hop 
are reserved by the user or the service provider in order to serve the user ’s specific 
traffic. Hence by saving buffer space or any other required resource at intermediate 
nodes we can guarantee service for that particular traffic. However one 
disadvantage is that this reserved resource gets wasted when that traffic is not using 
the resource due to long interarrival times. 

It depends on the application requirements and traffic character istics which 
particular parameters or methods should be used in order to provide the necessary 
QoS guarantees to the application. 

Finally in order to provide the required QoS in a network we must understand and 
model the network, simulate different network conditions, use the different QoS 
improvement mechanisms available, analyse the results, and finally come to a 
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solution with trade-offs as to what might be the best solution and service that the 
network can provide to its users. The reason that we have provided such an 
extensive explanation about QoS is that it is important to understand the need for 
conducting an analysis and comparing the results, and the performance measures 
which we have mentioned in the next few chapters. This explanation hopes to 
provide a base to the reader as to what we aim to obtain from this analysis in a 
wider picture. 

2.2 Related Work 

Packet switched networks have been studied for quite a long time and in the present 
generation most packet switched networks of concern are those with multiple hops. 
With the increase in number of hops, following the packets’ flow through the 
network becomes more difficult, hence it is necessary to analyse and provide results 
as to the guarantees that can be provided in such a network. 

There are many different methods in providing QoS guarantees in packet switched 
networks, such as traffic shaping, admission control, and packet scheduling. The QoS 
guarantees provided by these methods can be analysed using stochastic models, to 
show an average analysis of the system’s real-time performance as shown in [3-5]. 
But a disadvantage of this method is that it does not depict the systems 
characteristic exactly, since for example most systems are periodic in nature.  

There are many industrial methods to provide real-time services in Ethernet such as 
PROFINET-IRT, EtherCAT and Ethernet/IP. But all of these methods are a 
modification to the existing Ethernet technology which in most cases is not 
preferred and hence not suitable to all applications.  

One of the main drawbacks of all these methods is that they see the system in a very 
pessimistic manner taking into account the worst case conditions of the system. In 
[6] the authors have considered a more realistic approach similar to us by using the 
knowledge of offsets, but the difference in our work is that we measure the 
performance of the system with regard to the improvement in deadline miss ratio of 
the packets and also the network model and the application are different.  

The communication link used throughout our thesis is a 100Mbit/s Ethernet link. 
Ethernet within itself has a back-off algorithm which prevents the collision of 
packets from different senders [1]. It is important to point out that the offsets in this 
thesis are not the same thing as an Ethernet back-off. The offsets are introduced into 
the network so that they can in a better way represent the actual working of the 
system and also help improving how the system is understood in terms of its 
performance. Ethernet back-off is introduced to avoid packet collisions in the 
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communication, whereas offsets are introduced so that tasks are not made to wait in 
the queue unnecessarily and suffer excess delay. 

In this thesis we have taken as an example a radar signal processing application and 
are using data which represent the actual usage of the system. Hence we believe 
using a less pessimistic approach with less stochastic data will provide better results 
in order to guarantee system performance for this particular application.  
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3 Simulation Environment 

3.1 Network Model 

The network used in this thesis is a simple multihop switched network consisting of 
three nodes, i.e., a source and destination node connected with each other through a 
switch.  

 

 

Figure 3.1 Network model 

 

The following assumptions are made: 

 

 An Ethernet link is used as the communication medium between the devices. 
 In figure 3.1, node A and the switch use the same scheduling method, i.e., 

Earliest Deadline First.  

 Node A generates the packets required to reach node B. The packets 
generated by node A have characteristics that are identical to that of the 
radar application data in [2]. The traffic characteristics will be explained 
further in 3.2. 

In the assumed network all nodes are output buffered where the packet is sent on to 
the transmission link only when the link is free [16]. Up to that point the packets are 
stored in the queue. All packets are generated only from one end of the network, i.e., 
by node A. The source node and the intermediate switch do not use any 



The Influence of Offset on Real-time performance in Switched 
Multihop Networks 

 

14 

 

classification mechanism, by which we mean that no packets are treated differently 
other than according to the rules specified by the scheduling algorithm.  

 

As mentioned the scheduling mechanism used at each node is EDF, which as we 
know from chapter 1.3 sorts packets based on their absolute deadlines. This means 
that packets which have the shortest time left before they should be sent are stored 
first in the queue. Hence, the shorter the deadline of the packet, the higher is its 
position in the queue. 

3.2 Traffic Model 

As mentioned earlier the traffic in this simulation will follow the characteristics of 
radar signal processing applications in [2]. In our evaluation we consider traffic with 
soft real-time requirements and no hard guarantees. The reason for us to select soft 
real time traffic is because for this particular application the data traffic has soft real 
time requirements and it is a matter of choice as to which type of traffic we would 
like to analyse.  

 

 A whole data cube is taken as a single traffic flow and it is the requirements 
of this traffic as shown in table 3.1 that are analysed. 

 We have taken the SPMD (same program multiple data) model as the data 
traffic example. In this type of communication pattern, there are several 
nodes which take part in the same processing step at a time. Each node in 
this model works on a specific part of the data traffic.  

 All timing parameters in this simulation are in the order of milliseconds (ms) 
and in some cases converted to microseconds (µs) for convenience. 

 For our simulation we will assume that each flow as mentioned earlier is a 
different application in the source node. Each of these applications process a 
part of the incoming data cube.  

 All data cubes are periodic with a period of 16ms and total capacity of 
96Mbit. Hence each application will need to transmit data at 16ms time 
intervals. 

 It takes 4ms to transmit the data from each application over the link. 

 The 4ms transmission time is divided into 32 packets and each packet has a 
transmission time of 125µs over the Ethernet link. 

 Every packet in the data to be transmitted has a soft deadline of 1ms. 

 The total deadline for this communication pattern is 16ms. 

 To summarize the whole traffic set up, each application generates data 
requiring 4ms transmission time over the link, every 16ms. Over the 
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Ethernet link we require 125µs to transmit a fixed size packet; hence we will 
require 32 packets to transmit the data. The total deadline for the data from 

each application is 16ms and each packet in this has a soft deadline of 1ms. 

 

Homogenous task 
set simulation 

 

Relative deadline 

 

Transmission time 
(each application) 

 

Period 

 

Data Traffic 

 

1 ms for each 
packet in the data 

cube 

 

125µs . 32 = 4ms 

 

16ms 

Table 3.1 Traffic Characteristics of the Radar application (homogeneous task set) 

3.3 Assumptions 

Each packet in the network has the following parameters associated with it and 
these values remain constant for all packets in the network, 

 

 Ti - period of packet i 

 Ci - amount of time it would take for packet i to be transmitted over the link 

 Di - relative deadline of packet i 

Another parameter which will be of main concern is the offset Oi associated with 
each packet. The offset for the packets is changed during the course of the 
evaluation and is kept within a particular interval. Details will be mentioned in the 
next chapter. 

Concerning the network we make the following assumptions that are of importance. 

 
 The queue length at each node is assumed to be infinite.  
 We consider only the transmission delay and the queuing delay in the 

network. Other delays such as propagation delay or packet processing delay 
are ignored assuming their values would not affect the actual results of the 
simulation to a considerable extent. It is also possible to include these delays 
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if required. This would not be difficult since these delays would be assumed 
at their worst case conditions, resulting in a constant value. 

 The data traffic does not share any common resources except for the 
common communication link they use, which means they are independent of 
each other. 

 Once the link utilization reaches its maximum value, new data traffic is 
rejected by the admission control. 

 There is no traffic shaping included in the traffic and packets are sent as soon 
as possible over the link, but taking into consideration a frame gap of 12 
bytes. 

 The overhead due to the packet header is assumed to be included in the total 
payload of the packet. 

 For the first experiment where we consider the radar application data, each 
flow in the simulation is produced by a different application in the source 
node, but with the same traffic characteristics. For example one application 
deals with reducing the interference effects in the data obtained, another 
could be dealing with measuring the speed in which the signal was returned. 

It is not necessary to know the exact functioning of the application. 

 

3.4 Performance Measures 

As mentioned in chapter 1.4 there are some common parameters describing the QoS 
of a packet switched network, and we have considered three of these which are 
specified more clearly for evaluation purposes. We will explain these parameters 
more clearly and the reasons we have considered these in particular. 

3.4.1 Average Message Delay  

The average delay of data traffic requested is measured from the f irst packet 
released for every accepted traffic flow that is stored in the queue until the last 
packet from that traffic flow is received at the destination. The average delay is an 
important performance measure since it gives an idea about the latency suf fered by 
packets in the network. This end to end delay also provides information on how 
much traffic can be permitted into the network for the packets to suffer an 
“acceptable” delay and hence helps in regulating the traffic and preventing 
unnecessary wastage of resources due to packet loss.  
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3.4.2 Deadline Miss Ratio 

The deadline miss ratio is an important performance measure in case of soft real-
time systems. In these systems it is not required to guarantee that the packets will 
meet their deadline, but with an increase in the number of packets missing their 
deadline, the system performance can degrade. The deadline miss ratio is calculated 
at the packet level (as the ratio of packets that missed their deadline and all sent 
packets) instead of assuming the whole message as one, since for this particular 
traffic every part of the data is important. The deadline miss ratio is in many ways 
related to the average delay of the packets. In both these cases it is the queuing of 
the packets that contributes mainly to the results. The deadline miss ratio is 
considered as an important factor in our analysis because, e.g., many applications 
require different data sources in order provide the final result. If a packet from one 
of these sources misses the deadline, the result derived from only the remaining 
data sources might not be correct. 

3.4.3 Link Utilization 

The final performance measure we will investigate is the link utilization. Link 
utilization might not provide any information to improve the system performance 
but gives an idea as to the amount of traffic flows the system can handle and when 
the system will reach its saturation point. The link utilization is calculated from the 
capacity that the traffic flow requires in the link and the frequency of the traffic flow 
arrival. From our definition of the traffic flow characteristics in chapter 3.3 we can 
calculate it as, 

                  ∑    ⁄

 

   

     

Here i denotes the number of traffic flows already accepted and n is the maximum 
number of traffic flows seeking to be allocated bandwidth over the link. 

In all the simulations we will compare the systems performance when using offsets 
and when not using them. The offset values are varied in a uniform distribution 
within a predefined range unless otherwise mentioned.  
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4 Simulation Results 

All simulations were carried out in Matlab, where every point in the simulation plots 
is averaged over several runs of the same simulation. These are done in order to 
reduce the effect randomization can have on the results and also to get smoother 
curves. 

Each application in the source node is required to send data every 16ms. The EDF 
scheduler in connection with admission control at the source node and the switch 
check if it is feasible to send these data over the network. The feasibility condition is 
the one mentioned in 3.4.3. In the simulation each application is added one by one 
and if accepted then the performance measures, i.e., average message delay and 
deadline miss ratio are plotted. 

The simulation is run for a source node having 10 applications requiring to send 
data over the network. The number of applications chosen here is based on the fact 
that, knowing the traffic characteristics, it is possible to theoretically calculate how 
many applications would be accepted by the network. The simulation is run for 
500ms and is plotted over 50 runs to get a better average result. 

4.1 Radar signal application results (Homogenous task set) 

The simulations are carried out with the following offset values for the case where 
the radar application data is being used, 

 
 No offset, which means all data traffic request the link resource at the very 

beginning of the system time, i.e., at time instant 0. 
 Offset < 4000µs, in this case the offset value is varied from 0 to 4000µs, 

which means the release time of the data traffic packets are varied randomly 

within this range. 

The offset value range is incremented by 4000µs for the next simulations until it 
reaches the deadline of the data traffic, in this case being 16000µs. 

4.1.1 Average Message Delay 

The first performance measure we are going to see is the average delay of data 
traffic in the network. This is the end to end delay that the data traffic in the 
network will experience. In this simulation, as mentioned above, the offsets are 
varied and the delay is compared between them. The average message delay only 
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includes the transmission delay and the queuing delay experienced by the data 
traffic. 

Let us assume that DE2E denotes the end to end delay of the network and D E2E, OFFSET 
is the range of the offset value used in figure 4.1. In figure 4.1 we can see clearly that 
traffic without offsets has suffered an average delay higher than that of traffic with 
offsets. The performance improvement of the network as a whole for this data traffic 
in case of offset varied within the range of 16000µs compared to that of traffic 
without offsets is, 

DE2E = 
      

      
    = 

   

   
 = 1.5 

In the above formula DE2E,4 corresponds to the offset range of 4000µs. This delay 
value is reached when the average delay reaches saturation point and in this case 
the traffic with offset performs 1.5 times better than that of traffic without offsets. 
We can also clearly see that there is a constant improvement in the delay value 
when the offset range is increased.  
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Figure 4.1 Average message delay comparisons in the network with and without 
offsets. 

From the above results it is clear that when offsets are introduced in the packet 
characteristics, the average message delay tends to decrease considerably. The 
reason for this decrease in average message delay is that, packets sent over the link 
are not kept waiting in the queues of their respective nodes for a long time, since the 
gap between each packet with offset is more when compared to that of packets 
without offset. Also when the offset was set a value equal to its period then it 
resulted in the average message delay increasing slightly over its previous offset 
value of 12ms. Hence if we were able to find an offset range where the average 
message delay was at a minimum, it would improve the delay bound. 
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4.1.2 Deadline Miss Ratio 

In systems which have soft real-time requirements, the deadline miss ratio is 
important and helps in realizing the amount of efficiency that is possible for the data 
traffic that is transmitted in the network. Here the term efficiency denotes the 
number of packets that reaches the destination within its specified deadline. 

 

 

Figure 4.2 Deadline miss ratio comparison of the data traffic with and without     
offsets 

In figure 4.2 we can clearly see the deadline miss ratio for packets with offset in the 
network is much lower than that for packets without offset. The number of packets 
required to be transmitted in the network by a single application are high and hence 
there is a deadline miss even when only a single application is sending data. Since 
these data have a soft real time requirement it will have a direct impact on these 
applications immediately but improving the deadline miss ratio will prevent the 
performance of the system from degrading to a considerable extent.  

An interesting point on the curves is the deadline miss ratio at the saturation point, 
i.e., when the number of data flows reaches 4. For packets without offsets the 
deadline miss ratio is clearly high with a value of 0.94, whereas the deadline miss 
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ratio of data traffic with offset is in the range of 0.78 to 0.82. So with this offset range 
we have improved the performance of the applications in terms of deadline miss 
ratio by 1.2 times (0.94/0.78). The deadline miss ratio with offsets has an almost 
linear improvement pattern except in the case when the value of the offset range 
was equal to the message period. This resulted in the deadline miss ratio of packets 
increasing slightly above the case where offsets were in the range 12ms. 

For both the average message delay and deadline miss ratio the offsets lead to the 
number of packets stored in the queue at any given instant to be fewer than for the 
case in which no offsets are used. Hence this contributes to the decrease in delay of 
the data traffic and also the deadline miss ratio of packets considerably. It is worth 
to point out that the offsets do not have to be used to only improve the system 
performance. In terms of simulation parameters the inclusion of offsets results in a 
simulated version closer to the original system and hence will give better 
understanding of the system performance. 

4.1.3 Utilization of the link 

The final performance measure of the network is more related to the radar 
application being used. For the selected class of traffic it would be useful to see 
when the link reaches its saturation point, so that the number of data traffic flows 
accepted can be controlled. 

In simple terms the utilization of the link is the amount of time the allocated link is 
busy for the number of accepted data flows. 
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Figure 4.3 Link Utilization 

In case of a 100Mbit/s Ethernet link the maximum frame size is 1526 bytes with an 
interframe gap of 12 bytes, hence the maximum achievable utilization is [7], 

          

(       )      
             

This gives us a maximum link utilization of 99.2 Mbits/s. 

When we consider our network, the transmission link reaches its saturation point 
when the number of requested data flows reaches 4. Hence the network can accept 
data traffic from 4 applications in the source node and no more beyond that. 
Therefore, depending on the load we are willing to put on the communication link 
we can accept data flows until the link reaches its saturation point or else co nsider a 
trade-off in the number of data flows accepted, so that we do not put an excessive 
load on the system but at the same time use the link efficiently. 
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4.2 Random task set simulation results 

The second part of  the simulation uses randomly generated traffic. In this traffic the 
messages have a random message size with 1-10 packets per message and a period 
which is equal to the deadline and varied within the range of 1,000µs to 10,000µs. 
We use even in this case periodic traffic. Offset values are varied from no offset up to 
having a maximum offset value of 8,000µs. There is a 2,000µs increment between 
each simulation for the offset range specified. Hence here similar to the radar 
application data, there will be a simulation in which all packets have the same offset 
value of 0ms, then for the next simulation they will have an random offset range of 
0-2,000µs and so on, up to 8,000µs. The reason to conduct this simulation is to see 
the effect of including offsets in a random task set and compare it to the 
performance of a homogenous task set like the one used from the radar signal 
processing application. 

Similar to the previous simulations we have plotted results for the average message 
delay and deadline miss ratio. We have not plotted the link utilization since it is not 
of concern for us in this case. The below is traffic table for the random task set 
simulation, 

 

Random task set 
simulation 

Relative Deadline Message size in 
(no. of packets) 

Period (in µs) 

Data traffic 

 

1000µs – 10000µs 1-10 1000µs – 10000µs 

Table 4.1 Traffic characteristics for random task set 

In figure 4.4 and 4.5 we can see the effect of offset on the random task set 
performance. In figure 4.5 the deadline miss ratio shows the number of packets 
which miss their deadline. The average delay and deadline miss ratio have a random 
performance change for different offset values. This is because it is hard to find a 
good offset value for the random message without having a feedback in the 
simulation about the size and period of the task in concern. Offset values when 
varied within a range of the maximum message deadline can assign values greater 
than the actual deadline of the random message generated at that instant. In a 
homogenous message set the offset values are easier to select since all messages 
have the same deadline. Although the average delay of the messages with offset end 
up slightly below than that of messages without offset, there are points where these 
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lines have crossed each other. Similarly the deadline miss ratio for messages 
without offset has ended up below than that of messages with offset.  

 

Figure 4.4 Average message delay comparison for a random task set with and 
without offsets 

 



The Influence of Offset on Real-time performance in Switched 
Multihop Networks 

 

26 

 

 

Figure 4.5 Deadline miss ratio comparison for a random task set with and without 
offsets 

In the above simulation both the period and message size were varied. Below we 
have done a comparison of having any one of the parameters, i.e., either period or 
message size constant and randomizing the other parameter. This was done to get a 
better understanding of how offsets influence the system in different conditions. We 
have compared this only regarding the average message delay since it was not 
possible to compare the deadline miss ratio in a suitable manner. In this comparison 
we have used a message size of 1-10 packets and an equal period and deadline value 
of 1-10ms. When keeping the parameters constant its value is 10 packets and 10ms, 
for the message size and period respectively. 
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Figure 4.6 Average message delay comparison with random message size and 
constant period 

 

Figure 4.7 Average message delay with random period and constant message size  
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From the above figures 4.6 and 4.7 it is clear that offsets are shown to produce 
consistent improvements for the case when the period of the message is maintained 
constant, whereas when we have constant message size and a varying period, 
including offsets becomes trickier to handle without having feedback of the message 
period value.  
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5 Conclusion 

In this thesis the main idea was to show the effects of offset on the real-time system 
performance. By using a more focused application benchmark such as the radar 
signal processing application we tested the effect of introducing offsets in traffic 
flows in a multihop packet switched network with 3 nodes. From the obtained 
results it is clear that the offsets provide a tighter bound on the end to end delay for 
the traffic flows and decrease the deadline miss ratio of the packets. The offsets if 
used more precisely can make it possible to design a network with much fewer 
packets missing their deadlines and also facing lower delay. For example if we have 
actual information about the offset values of the packets in a system instead of using 
a uniform distribution in generating them, we will not only have a more exact view 
of the system performance but also understand how to vary this offset value in 
order to improve the performance. The main outcome of this thesis is the 
knowledge that by using offsets, the delay bound and the deadline miss ratio 
expected in the network are represented in a way closer to a normal system usage. 
This less pessimistic approach, as compared to the usual worst case assumptions , 
not only changes how the system is being viewed by the designers but also improves 
the performance of the system if used properly. Instead of using random data in 
analysing the network performance, if offsets are used with sufficient knowledge of 
how the actual system performs, the guarantees provided by the service provider 
can improve. We believe that applications that use the radar data traffic with soft 
real-time requirements will have, if not a better, then a more precise understanding 
of its expected performance from these results. Finally with regards to the usage of 
offset values in improving system performance and decreasing the performance 
bounds it can be seen that using random offset values for homogenous messages is 
feasible and can provide good results. However, using random offset values for a 
random message stream does not have to produce good results and hence it is 
required to have a real time feedback mechanism, where message parameters are 
updated so a suitable offset value can be assigned.  
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