
 
 

 

  

Abstract— Nowadays, most of the computerized network 
applications are depending on the ability of the servicing packet 
switching network to integrate different types of traffic from 
two main categories, real-time and best-effort classes, and 
provide different QoS guarantees based on the traffic type. 
Different methods were applied to provide such guarantees, one 
of the most efficient method used in packet switching networks 
is the use of the proper scheduling algorithms.  In this paper we 
have studied two main schedulers, The First-Come-First-
Served (FCFS) scheduler which is commonly used in best-effort 
networks where no QoS guarantees are required, and the 
Earliest Deadline First (EDF) scheduler which is mostly used to 
provide different QoS requirements for real-time traffic while 
continuing to provide a service for best effort data traffic. 
Three main QoS guarantees had been studied (miss ratio, 
delay, and average size of the buffer) by using these two 
scheduler on a set of data packets from two main categories 
(real-time and best-effort). The study shows the efficiency of 
using the EDF scheduler in a hybrid network to provide such 
QoS guarantees among the FCFS scheduler which is more 
efficient for serving best-effort data traffic.    

I. INTRODUCTION 
HE  early computerized network applications were not 
concerned or sensitive to any of the QoS guarantees 

such as the traffic delays or the data losses, so the first wide 
world network (internet) which had been created in the 
beginning of 1970s was mainly created to provide services 
for those types of data traffic, such services are called best-
effort services. 

Nowadays the internet provides different types of 
guarantees to the different classes of applications using the 
it, these guarantees are called the quality of service 
guarantees (QoS) [1]. 

The quality of service guarantees can be in different 
forms, such as bandwidth, miss ratio in terms of packet loss, 
total packet delays and buffer size; it also could be in a form 
of any combination of the previous metrics [2]. The 
applications using this type of network, which provides QoS 
guarantees on the data traffic are different in there types, 
some of them are real-time applications in which a stringent 
QoS guarantees are required from the network, while other 
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applications need no guarantees (best-effort traffic), then the 
network must be capable of providing such guarantees to the 
different classes of traffic using this network. 

 Different methods were applied by packet switching 
networks to provide the proper QoS guarantees to the traffic 
uses it, one of the most efficient methods is by using one of 
the suitable network packet schedulers, where the main 
functionality is to select a packet from a multiple of received 
packets to be sent through the network, so the scheduler 
answers the question: whose turn is now?. 

Two main schedulers were studied in this paper, one of 
them is the First-Come-First-Served (FCFS) scheduler 
which is commonly used in best-effort networks where no 
QoS guarantees are required, and the other one is from the 
priority scheduler category called the Earliest Deadline First 
(EDF) scheduler which is mostly used to provide different 
QoS requirements for real-time traffic while continuing to 
provide a service for best effort data traffic. 

II. Network Scheduling 

A. FCFS scheduling algorithm 
The First-Come-First-Served (FCFS) scheduler is one of 

the most common schedulers designed for best-effort 
networks where no QoS guarantees are required. The design 
and implementation of this scheduling algorithm is very 
simple without any complications, since the only data 
required by scheduler to make a scheduling decision is the 
arrival-time of the packet to the scheduler, then the 
algorithm take place by serving the packet arrived first 
without looking to the type of the packet, the packets are 
considered as equally-likely (same treatment). 

The standard FCFS scheduler has no complications in it’s 
design, and it will work efficiently in a best-effort 
environment, but when we apply it to real-time systems 
where the time constraints are important and must be 
guaranteed, the scheduler may suffer of high miss ratio for 
real-time traffic, since the real-time traffic will be treated in 
the same manner to the best-effort traffic, so new versions of  
FCFS scheduler had been created to make it more efficient 
in real-time systems, one of them depends on changing the 
location of the new arrived packet to the scheduler. In this 
algorithm the scheduler has a limited buffer size in which 
successful scheduled packets will be queued in, once a new 
packet arrives the scheduler it will be resides in the tail of 
the buffer (queue) if it’s time constraints can be achieved, if 
we were dealing with the standard FCFS scheduler, then the 
scheduler will drop the packet if its time-constraints are not 
met, but using this new version of FCFS there will be 
another chance to accept the packet by replacing it with the 
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last packet being in the scheduler before the new packet 
arrive, if this replacement process didn’t conflict any timing 
constraints for both packets, then the replacement process 
take place, otherwise the new packet will be dropped [3]. 

The FCFS scheduler will be inefficient when we are 
dealing with dynamic real-time systems especially when we 
are talking about the hard real-time systems, it could be used 
with real-time systems where there is flexibility in the 
timing-constraints for the real-time jobs, and it will be more 
efficient when dealing with best-effort traffic. As we said 
before the new requirement of the packet switching network 
is to provide QoS guarantees for the real-time traffic while 
continuing to serve best-effort traffic, so new scheduling 
algorithms were built based on this requirement by 
combining more than one algorithm together in a new 
algorithm, for example the FCFS had been used in real-time 
system to serve the best-effort traffic, while another 
scheduling algorithm more efficient for scheduling the real-
time traffic such as Earliest Deadline First (EDF) scheduler 
had been used to take care of real-time traffic, this 
implementation needs from the network the ability to 
distinguish between the different types of traffic, and 
separate them in different queues then apply the appropriate 
scheduling algorithm for each type of traffic, by this way the 
FCFS usage will be more efficient instead of using it alone 
to deal with both types of traffic [4]. FCFS can be used in 
real-time systems where the number of real-time tasks are 
small (non heavy traffic), in this way the advantage of using 
a simple algorithm will help in decreasing the overhead time 
due to the scheduler processing and so more efficiency.  

B. Earliest Deadline First (EDF) scheduling algorithm 
This algorithm is one of the priority based scheduling 

algorithms, which is more efficient in serving real-time 
traffic. In this priority based algorithm, each real-time traffic 
will be given a specific priority based on the remaining time 
for the packet to expire, that is the packet with its deadline is 
closer to expire will be given a higher priority, so it will be 
served first, this algorithm is suitable when dealing with 
real-time systems with packets have different deadlines [5]. 
As we can see from its functionality, the EDF is very 
efficient in guaranteeing the QoS requirements for real-time 
traffic, but studies and researches discovers different 
disadvantages of the EDF scheduler, the effect of traffic 
overloading in dynamic environment will make the EDF 
scheduler inefficient in serving the real-time data packets, 
and a high miss ratio will be achieved, to solve the problem 
caused by overloading, a new and modified EDF scheduler 
was created called the Adaptive Earliest Deadline (AED) 
scheduler, this scheduler have a monitoring policy over the 
entire real-time system , this system will observe any 
overloading happens in the system periodically and send a 
feedback signal to the scheduler to make a reaction, that is in 
the case of overloading the scheduler will run a new priority 
assignment algorithm that guarantees the QoS requirements 
for the different flows, and then the miss ratio will not be 
increased, it will stay in its limits [6]. Another disadvantage 
is the starvation problem, where the best-effort traffic will 
not be served if there is any real-time traffic, this problem 

can be solved easily by integrated a different scheduling 
algorithm for serving the non real-time traffic based on some 
conditions in the system such as if we use a point of 
switching from serving real-time to non real-time traffic, this 
point mainly depends o the number of non real-time traffic 
arrived to the system and have not been served, a threshold 
function could be used here as a switching point, so by that 
we will guarantee the QoS requirements of real-time 
systems, and still provide services for best-effort traffic. 
Another disadvantage of using such scheduler is that when 
we have different flows and each one of these flows has a 
different miss ratio requirement, the EDF give a fixed miss 
ratio for all data flows without looking to the specifications 
to the real-time packets, so the QoS guarantees will not be 
met for some real-time flows [7]. 

Hierarchical systems have been studied in mono-processor 
applications for real-time systems. one of the hierarchal 
schedulers implemented is a scheduler that consist of two 
main levels, external (global), and internal (local) levels, the 
external scheduler uses fixed priority algorithm for its real-
time tasks, and the internal one is a priority scheduler also, 
but it was EDF scheduler. Another implemented scheduler 
also has two levels, but without using the fixed priority one, 
in both levels the scheduling algorithm used is the EDF. By 
applying these two schedulers to a mono-processor and 
according to the obtained results, the second implementation 
of the scheduler was better than the first one that used the 
fixed priority schemes, the results showed that the response 
time for the processor in the second case is less than it in the 
first implementation and thus higher utilizations to the 
mono-processor [8]. 

III. SYSTEM DESIGN 

A. FCFS design process 
The system consists of four main components, Data 

Packets Generator, Arrival-Time generator, Control-Unit, 
and QoS Measurements Component.  In order to measure 
the QoS requirements of the system, we have chosen a 
specific traffic sequence of RT and NRT packets with a total 
of 50 packets, and we fixed the deadline for real-time data 
packets so that the comparison process will be meaningful.  

The system begins by asking the user to insert specific 
values for the processing time of the scheduler, RT packets 
deadline, and the period between data packets (uniform 
distribution), these inserted data will be passed to the data 
packet generator component and to the arrival-time 
component, then the data packet generator will generate the 
sequence of the RT and the NRT packets with the associated 
deadline for the RT traffic, while the arrival-time component 
will assign an arrival-time for each data-packet in a uniform 
distribution. 

The packets are then sent to the control-unit based on their 
arrival-time, the scheduler will be in a waiting state until the 
packets arrived, when it receives a packet it begins its 
functionality of scheduling by checking its type (RT or NRT 
packet), if it was a NRT packet, it just serve it without any 
conditions, while if it was a RT packet then it checks the 
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time that the packet waits in the scheduler before being in 
the head of the scheduler queue ready for serving or 
dropping, if the packet waited for a time that is less than its 
deadline then it will be served, otherwise it will be dropped. 
The scheduler continues this process taking into 
consideration the FCFS property. The QoS measurements 
component will be working side-by-side with the scheduler, 
calculating all the QoS metrics and display them. 

B. EDF design process 
The system in its construction is similar to the FCFS 

scheduler, but the scheduling algorithm performed by the 
control-unit (scheduler) will be different.  

the scheduler will be in a waiting state until the packets 
arrived, when it receives a packet it begins its functionality 
of scheduling by checking its type (RT or NRT packet), if it 
was a NRT packet, it just serve it without any conditions, 
while if it was a RT packet then it checks the time that the 
packet waits in the scheduler before being in the head of the 
scheduler queue ready for serving or dropping, if the packet 
waited for a time that is less than its deadline then it will be 
served, otherwise it will be dropped. 

After serving the first arrived packet, it returns back to the 
initial state but here it may find more than one packet 
received., in this case it checks the type of the packets, if all 
of them were non real-time packets, then it will serve the 
first arrived packet among them (FCFS scheduling), but if 
there were real-time and non real-time packets then it deals 
with the real-time packets only, it will check among these 
RT packets which of them is closer to be expire, this will be 
done by performing the following equations:  

Q = C – A 
Q: Queuing Time, C: Current-Time A: Arrival-Time, then  
                                          R= Q - D 
R: Remaining Time, D: Deadline 

Then the scheduler will check the packet with the smallest 
positive remaining time to serve. QoS measurements 
component will be working side-by-side with the scheduler, 
calculating all the QoS metrics and display them. 

. 

IV. SIMULATION RESULTS 

A. FCFS scheduling algorithm 
There are many factors affect the QoS requirements of 

this system, the first factor that affects the QoS requirements 
is the processing time of the scheduler, so by fixing the RT 
deadline and the time intervals between the data packets, the 
system was executed for different values of the processing 
time, in this scenario we have fixed the RT deadline to be15 
ms, and the time periods to be 10 ms. 

The first data to be analyzed is the effect of the processing 
time on miss ratio, as shown from Fig.1, the miss ratio will 
remain very small (almost zero) for values of processing 
time below arrival time. 

 

 
Fig.1. The effect of processing-time on miss ratio 

 
A high transition (down to up) will occur (near 100%) at 

the period where both processing time and arrival-time are 
equal, then the changes will be small until it reaches 100% 
miss ratio. 

The second data to be analyzed is the effect of the 
processing time on total packets delays, as shown from fig.2 
the changes of the total delay remain relatively very small 
for values of processing time below arrival Time, an 
approximate linear relationship with a large positive slope is 
then appears after that value of the processing-time (equal to 
arrival-time). 

 

 
Fig.2. The effect of processing-time on total-delay 

 
The third data to be analyzed is the effect of the 

processing time on RT packets delay, as shown from fig.3, 
the changes of the RT delay remain very small (almost zero) 
for values of Processing time below Arrival Time. And the 
values are relatively small (since all packets are served), a 
high transition (down to up) will occur, at the period where 
both processing time and arrival-time are equal, then the 
changes will be small until it reaches steady state maximum 
value, where all of the packets had been delayed the 
maximum delay. 

 

 
Fig.3. The effect of processing-time on RT delay 

 
Another factor that affects the scheduling process is the 

arrival-time of the packets themselves, by fixing the RT 
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deadline and the processing Time of the data packets, the 
system was executed for different values of the Time periods 
between packets, in this scenario we fixed the processing-
time to be 10 ms, and the RT deadline to be 15 ms. 

The first data to be analyzed is the effect of the Arrival-
Time on Miss Ratio, as shown from Fig.4, the miss ratio will 
remain very high (almost 100%) for values of time-periods 
below the processing time, a high transition (up to down) 
will occur (near 0%) at the period where both processing 
time and time-period are equal, then the changes will be very 
small until it reaches 0% miss ratio. 

 

 
Fig.4. The effect of time-intervals on miss-ratio 

 
The second data to be analyzed is the effect of the arrival 

time on total packets delays, as shown from Fig.5, an 
approximate linear relationship with a negative slope is 
appeared for values of time-periods below processing time, 
then the changes will be very small (almost zero) after that 
value of the processing-time (equal to time-interval). 

 

 
Fig.5. The effect of time-intervals on total-delays 

 
The third data to be analyzed is the effect of the Arrival-

Time on RT packets delays, as shown from Fig.6, the 
changes of the RT delay remain very high (maximum) for 
values of time-periods below Processing Time, and the 
values are relatively high (since most packets are dropped), a 
high transition (up to down) will occur, at the period where 
both processing time and time-periods are equal, then the 
changes will be small (almost zero). 

 

 
Fig.6. The effect of time-intervals on RT Delays 

B. EDF scheduling algorithm 
In the simulation process of this scheduler we put the EDF 

scheduler in the same conditions of the FCFS scheduler, so 
the first factor that affects the QoS requirements is the 
processing time of the scheduler, so by fixing the RT 
deadline and the time intervals between the data packets, the 
system was executed for different values of the processing 
time, in this scenario we have fixed the RT deadline to be15 
ms, and the time periods to be 10 ms. 

As shown from Fig.7, the miss ratio will remain very 
small (almost zero) for values of processing time below 
time-period, then an approximate linear relationship with a 
positive slope is appeared for values of processing-time 
above the time-period, then the changes will be very small 
until it reach 100% miss ratio. 

 

 
Fig.7. The effect of processing-time on miss ratio 

 
The second data to be analyzed is the effect of the 

processing time on total packets delays, as shown from fig.8 
the changes of the total delay remain relatively very small 
for values of processing time below  arrival Time, an 
approximate linear relationship with a large positive slope is 
then appears after that value of the processing-time (equal to 
arrival-time). 

 

 
Fig.8. The effect of processing-time on total-delays 

 

701



 
 

 

The third data to be analyzed is the effect of the 
processing time on RT packets delay, as shown from fig.9, 
the changes of the RT delay remain very small (almost zero) 
for values of Processing time below Arrival Time. And the 
values are relatively small (since all packets are served),  an 
approximate linear relationship with a positive slope is then 
appears after that value of the processing-time, then the 
changes will be small until it reaches steady state maximum 
value, where all of the packets had been delayed the 
maximum delay. 

 

 
Fig.9. The effect of processing-time on RT delays 

  
Another factor that affects the scheduling process is the 

arrival-time of the packets themselves, by fixing the RT 
deadline and the processing Time of the data packets, the 
system was executed for different values of the Time periods 
between packets, in this scenario we fixed the processing-
time to be 10 ms, and the RT deadline to be 15 ms. 

The first data to be analyzed is the effect of the Arrival-
Time on Miss Ratio, as shown from Fig.10, the miss ratio 
will remain very high (almost 100%) for values of time-
periods below the processing time, an approximate linear 
relationship with a negative slope is appeared while we still 
below it, then the changes will be very small until it reaches 
0% miss ratio. 

 

 
Fig.10. The effect of time-intervals on miss-ratio 

 
The second data to be analyzed is the effect of the arrival 

time on total packets delays, as shown from Fig.11, an 
approximate linear relationship with a negative slope is 
appeared for values of time-periods below processing time, 
then the changes will be very small (almost zero) after that 
value of the processing-time (equal to time-interval). 

The third data to be analyzed is the effect of the Arrival-
Time on RT packets delays, as shown from Fig.12, the 
changes of the RT delay remain very high (maximum) for 
values of time-periods below Processing Time, and the 
values are relatively high (since most packets are dropped), 

an approximate linear relationship with a negative slope is 
appeared while we still below that point, then the changes 
will be small (almost zero). 

 

 
Fig.11. The effect of time-intervals on total delays 

 

 
Fig.12. The effect of time-intervals on RT delay 

C. Comparison study 
By comparing the effect of the processing time on the 

miss ratio in both FCFS and EDF schedulers for the same 
conditions of time intervals and deadline, we can see from 
fig.1 the high transition (down to up) that occur (near 100%) 
at the period where both processing time and arrival-time are 
equal in the FCFS scheduler, but if we compare it to fig.7 we 
can see an approximate linear relationship with a positive 
slope is appeared for values of processing-time above the 
time-period in EDF scheduler. In this case if we take the 
critical point where both processing time and time intervals 
are equal to 10 ms, the FCFS scheduler will give us a miss 
ratio equal to 88% while EDF scheduler result is 17.6%, so 
the EDF performance will be: 

                 Performance   =    88% / 17.6% = 5  
This means that the EDF is better than the FCFS by a 

factor of 5 (5 times better). 
The second QoS requirement is the real-time delay, by 

comparing the effect of the processing time on the real-time 
delay in both FCFS and EDF schedulers for the same 
conditions of time intervals and deadline, we can see from 
fig.3 the high transition (down to up) that occur, at the 
period where both processing time and arrival-time are equal 
in the FCFS scheduler,  but if we compare it to fig.9 we can 
see an approximate linear relationship with a positive slope 
is appeared for values of processing-time above the time-
period in EDF scheduler. In this case if we take the critical 
point where both processing time and time intervals are 
equal to 10 ms, the FCFS scheduler will give us a real-time 
delay equal to 485 ms while EDF scheduler result is 315 ms, 
so the EDF performance will: 

Performance= 485 / 315 = 1.54 
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This means that the EDF is better than FCFS by a factor 
of 1.54 (1.54 times better). 

If we look again to the second factor that affects the QoS 
requirements of the system which is the time-periods, and if 
we compare the effect of the time intervals on the miss ratio 
in both FCFS and EDF schedulers for the same conditions of 
processing time and deadline, we can see from fig.4 that the 
miss ratio will remain very high (almost 100%) for values of 
time-periods below the processing time, and the  high 
transition (up to down) will occur only (near 0%) at the 
period where both processing time and time-period are equal 
in FCFS scheduler, but if we compare it to fig.10 in EDF we 
will see that the miss ratio will remain very high (almost 
100%) for values of time-periods below the processing time, 
and an approximate linear relationship with a negative slope 
is appeared while we still below it, then the changes will be 
very small until it reaches 0% miss ratio. In this case if we 
take the critical point where both processing time and time 
intervals are equal to 10 ms, the FCFS scheduler will give us 
a miss ratio equal to 79% while EDF scheduler result is 
20%, so the EDF performance will be: 

                 Performance   =    79% / 20% = 3.95  
This means that the EDF is better than the FCFS by a 

factor of 3.95 (3.95 times better). 
The second QoS requirement is the real-time delay, by 

comparing the effect of the time-intervals on the real-time 
delay in both FCFS and EDF schedulers for the same 
conditions of processing time and deadline, we can see from 
fig.6 that the changes of the RT delay remain very high 
(maximum) for values of time-periods below Processing 
Time, and the values are relatively high (since most packets 
are dropped), and  high transition (up to down) will occur, at 
the period where both processing time and time-periods are 
equal, then the changes will be small (almost zero) in FCFS, 
but if we compare that with fig.12 in EDF  we can see that 
the RT delay remain very high (maximum) for values of 
time-periods below Processing Time, and the values are 
relatively high (since most packets are dropped), an 
approximate linear relationship with a negative slope is 
appeared while we still below that point, then the changes 
will be small (almost zero). In this case if we take the critical 
point where both processing time and time intervals are 
equal to 10 ms, the FCFS scheduler will give us a real-time 
delay equal to 479 ms while EDF scheduler result is 312 ms, 
so the EDF performance will: 

Performance= 479 / 312 = 1.54 
This means that the EDF is better than FCFS by a factor 

of 1.54 (1.54 times better). 
One of the advantages of the FCFS scheduler over the 

EDF scheduler is that it’s better to serve the best-effort 
traffic, as we can see from fig. 2 in the FCFS scheduler that 
the effect of the processing time on total packets delays is 
less than it in EDF scheduler where the effect is shown in 
fig.8, it’s obvious that the positive slope of the linear 
approximation appears after the value where processing-time 
equal to arrival-time in FCFS scheduler is smaller than it in 

EDF scheduler. In this case if we take the critical point 
where both processing time and time intervals are equal to 
10 ms, the FCFS scheduler will give us a total delay equal to 
980 ms while EDF scheduler result is 1724 ms, so the FCFS 
performance will: 

Performance= 1724 / 980 = 1.76 
This means that the FCFS is better than EDF by a factor 

of 1.76 (1.76 times better). This result is expected since the 
total delay is a summation of both RT delay and NRT delay, 
and because the EDF scheduler will postpone the serving 
process of the NRT packets in the case of RT packet 
existence, then the NRT delay will be higher than it in 
FCFS, the small RT delay provided by EDF will not balance 
the problem since RT packets will not wait more than its 
deadline rather than the NRT packets which can wait for 
unlimited time.  
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