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Abstract: Real-time traffic or flows also called as inelastic traffic 
is that which enforces timely delivery of flows within a specified 
period of time. There are several applications which generate 
these flows like multimedia, audio-video conferencing, webinar, 
Interactive gaming, webcam, Internet TV etc.  An interactive 
application demands a speedy delivery of flows. Flows reaching 
the destination after this deadline are considered useless. Real-
time traffic imposes rigid demands for the delivery.  All the real-
time flows should be timely delivered and accumulated at the 
destination.  The proposed Dynamic Scheduler relies on Dynamic 
Packet Scheduling ratio which is dynamic in nature and the ratio 
changes dynamically with respect to the flows accumulated in 
both the queues.  Flows are scheduled based on the maximum 
flows allowed on the path that is calculated by TP max. Packet 
scheduling is based on the available throughput of the network. 
This dynamic scheduling results in guaranteed fair treatment of 
both real-time traffic and non-real time traffic. In the this paper 
we propose a Dynamic Scheduler, [DPS] which dynamically 
works according to the available number of flows  in both real-
time and non-real-time queues.   
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I. INTRODUCTION 

User satisfaction is a key factor for calculating the efficiency 
of a network.  Usually efficiency is calculated using 
bandwidth, packet loss, and jitters and delays [5].    The 
functions of a real time application is significantly affected 
by the delay in the delivery of real time traffic flows [5].  
Source node generates real-time flows (synchronous traffic) 
continuously to the destinations.  Such flows consist of 
periodic and intermittent messages that are characterized by 
rigorous timing constraints.  Periodic flows are generated at 
regular time intervals whereas intermittent flows are 
generated at irregular intervals[6].  
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Real time traffic needs instant delivery of flows and it 
cannot tolerate delays in transmission over the network.  In 
this current Internet era ISP’s give high priority to real time 

traffic over non–real-time traffic flows. Applications that 
generate Non-real-time traffic can adapt to delays in the 
network [5].  

There are   number of scheduling mechanisms such as 
FIFO, Simple Priority queuing, generalize processor 
sharing, Weighted Round Robin, Deficit Round Robin, 
Weighted fair queuing, Least attained Service etc[3].  These 
algorithms do not fairly and dynamically schedule the 
Internet traffic (both real time and non real time flows)[8].  
The prediction of dynamic network conditions is not 
available in the above said scheduling disciplines.  The 
proposed method schedules the real time traffic flow as 
swift as possible and also fairly treats the packets seated in 
the non real time traffic queues. 
    A scheduler should satisfy the demands of current internet 
applications including SMTP, HTTPS, FTP, Telnet, and 
(P2P) [2]. Scheduler must offer guaranteed service than the 
best effort service which that exist on today’s internet. The 
motivation of the suggested Dynamic Scheduler is therefore 
to discover an alternative scheduling system to fulfill the 
demands of internet communication today[7]. 

II. RELATED WORK 

    Existing algorithms including Deficit Round Robin 
(DRR), Weighted Fair Queuing (WFQ), Least Attained 
Service (LAS), and Deficit Round Robin-Short Flow First 
(DRR-SFF) performs per-flow scheduling [4]. In the per-
flow scheduling approach, the scheduler should maintain its 
flow's state [3]. Also, a complex mechanism is required for 
flow identification. With the tremendous growth in internet 
communication, it is impractical to maintain the state of all 
flows in routers. The benefit of the suggested system is that 
it does not require flow identification and does not require 
routers to maintain the flow state.  The scheduler must be 
extremely scalable in the Internet because of its volume.  
Due to the huge amount of flows in the Internet, the flow 
control system faces a scalability problem. This problem can 
be overcome by an aggregated flow scheduler i.e., Dynamic 
Scheduler. 
  The existing scheduling algorithm, DRR-SFF, uses the 
Two Queue (TQ) approach with a constant packet 
scheduling ratio. DRR-SFF schedules both short and long 
flows with equal priority. Hence, this approach does not 
satisfy the needs of current internet characteristics [5].  
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The proposed DS also uses the TQ approach, but with the 
Dynamic Packet Scheduling Ratio, DPS(i), which adapts to 
the nature of the flows in the two queues to satisfy the needs 
of current internet communication. 

III. PROPOSED DYNAMIC SCHEDULING 
ALGORITHM 

Although there are numerous scheduling techniques such as 
FIFO and WFQ, these techniques do not handle packets 
based on the network climate. Dynamic Packet Scheduling 
ratio is calculated by considering the flow count residing at 
both the queues. Moreover, flows are scheduled based on 
the maximum flows allowed on the path that is calculated 
through TPmax. TPmax calculates the Dynamic Packet 
Scheduling Ratio DPS(i) for each iteration using the 
available network bandwidth and also schedules the number 
of flows waiting in the queue. Using the estimated value of 
available bandwidth, the scheduler calculates the maximum 
number of packets available on the network path TPmax. 
Fmax is related to DPS(i). With the total number of flows in 
RTQ and NRTQ, a variable  Dov (i) is initialized. The value 
DPS(i) decreases Dov(i) whenever the Dynamic Scheduler 
schedules flows from the queue.  
   The Dynamic Scheduler schedules real-time traffic flow as 
quickly as possible and the packets seated in the non real-
time traffic queues fairly. A scheduler requires simple 
operations to schedule selection of the next packet or service 
[25]. The proposed algorithm uses Dynamic Packet 
Scheduling Ratio DPS(i) to process flows, which can be 
calculated easily by observing the number of flows in both 
the queues. This removes complexity from the deployment 
of the algorithm in all routers.  

Dynamic Scheduler prevents bandwidth hogging issue in 
heterogeneous networks. It also avoids the starvation 
problem that is seen in LAS [24]. The Dynamic Scheduler 
completely eliminates the flow loss for non-real-time flows. 
The packet loss minimization achieves less re-transmission 
of TCP that leads to lower the mean transmission of all the 
flows in Dynamic Scheduler. 

Algorithm for Dynamic Scheduler 

Output: Packets Scheduled based on DPS 
Input: Number of packets  
 

1. Begin 
2. Initially determine the total number of flows in both 

queues RTQ and NRTQ. 

3. Calculate the number of packets in RTQ= 

n

i 1
B

   RTQ 

(i) and number of packets in NRTQ=

n

i 1
B


NRTQ (i) 

4. Initialize the Dynamic Offset variable  

Dov(i) =

n

i 1
B


RTQ (i) 

5. The next step is to calculate the Dynamic Packet 
Scheduling ratio DPS(i) for the iteration r. 

 DPS(i) =

n n

i 1 i 1
n

i 1

BRTQ(i) BNRTQ(i)

BNRTQ(i)
 



 

  
 
6. Estimate the available throughput of the link using 

the formula TPmax=Recv buffer size/RTT 
7. If TPmax> DPS(i)  

a. If true then RTQ=DPS (i) and NRTQ = 1. 

b. If 

n

i 1
B


RTQ (i) ==0, then total flows to be 

scheduled in the queue is RTQ = DPS(i). 
c. Dov(i)=Dov(i)-DPS(i). 
d. If Dov(i)>DPS(i), then goto step 4 or else 
return to step 1 for the purpose of dynamic 
calculation of DPS(i) and to find the RTQ for the 
next round of scheduling. 

8. If TPmax<DPS(i) 
a. RTQ=TPmax and NRTQ = 0 (number of flows 

to be scheduled) 
b. Dov(i)=Dov(i)-DPS(i) 
c. If Dov(i)>DPS(i), then goto step 4 or else 

return to step 1 for the purpose of dynamic 
calculation of DPS(i) and to find the RTQ for the 
next round of scheduling. 

The number of packets in RTQ is assigned to DOV. The 
scheduler calculates DPS(i) by monitoring RTQ and NRTQ. 
Maximum number of flows is calculated by DOV with the 
help of TPmax.  

If TPmax>DPS(i), then DPS(i) = RTQ and NRTQ=1. 
This condition is checked or iterated until RTQ =0, if 
RTQ=0 then there is no flow in NRTQ.  The scheduler 
checks the condition Dov(i)<DPS(i) as the packets are 
scheduled in RTQ. If the scheduler does not detect this 
condition, then it calculates a new value of DPS(i) and 
TPmax for the next iteration.  

If TPmax<DPS(i), then the number of flows to be  in  
RTQ=TPmax and NRTQ = 0. This dynamic scheduling 
results in guaranteed fair treatment of both flows. If the 
scheduler gives importance to only RTQ[30], then there will 
be starvation in NRTQ and packets will get dropped. 
Scheduler treats NRTQ fairly. Dynamic Scheduler 
dynamically changes according to the available number of 
both real-time and non-real-time traffic flows.  Also, the 
scheduling is based on the available throughput in the 
network. 

IV. EXPERIMENTAL SETUP 

  The performance of the proposed Dynamic scheduling 
algorithm in a heterogeneous network is tested by 
connecting to a single congested router. To analyze the 
bandwidth hogging problem, the performance of the 
heterogeneous network is evaluated by varying RTT. 
Dynamic Scheduler performance is compared to other 
protocols like FIFO, LAS, and RuN2C in a heterogeneous 
network. Dynamic scheduler is evaluated based on certain 
parameters.  These parameters include throughput, flow loss 
and mean transmission time.  

A. Heterogeneous Network With Single Congested 
Router 

Bandwidth hogging is an important parameter to analyze in 
varying propagation delay heterogeneous network.  Internet 
has different link capacities with different propagation 
delays.   
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Internet traffic flows through different paths.  Throughput 
utilization for competing flows is reduced due to TCP’s 

calculation of available throughput.  TCP’s available 

throughput is inversely proportional to RTT of the 
established connections.  TCP allocates higher amount of 
throughput to connections with lower RTT and lesser 
amount of throughput to higher RTT.  

 
 
 
 
 
 
 
 
 
 

Fig. 1. Heterogeneous Network with Single Congested 
Router for Varying Propagation Delays 

   
The heterogeneous network shown in Figure 1 is used to 

evaluate the working of Dynamic Scheduler. Real-time 
flows are non bursty and constant in nature where as non-
real-time flows are flooded into the network. S1 and S2 are 
the two nodes which generates flows to the receiver C1.  
The flows propagate through a link with bottleneck (R1-C1). 
The propagation delay or RTT value of each link is varied. 
The access link between S1-R0 is set to 5 Mbps with a 
propagation delay of 100ms and the link between S2 –R0 is 
set to 10Mbps with a propagation delay of 10ms. 
The bandwidths of the access links are lower in S1 in which 
the arriving real time flows data rate is less bursty whereas 
in S2 the arriving non real time data rates are bursty. This 
connection completely utilizes the bottleneck capacity of the 
link.     

B. Throughput Analysis of FIFO with Different RTT 

In a heterogeneous network, the FIFO scheduler is chosen 
by varying RTT for evaluation. The reason for choosing 
FIFO is that, according to their arrivals, it adopts the service. 
FIFO ignores flow control for all the services.  At time 0, s2 
starts and at time 10 s1 starts. Simulation results of FIFO with 
drop tail mechanism are shown in Figure 2. These data 
indicate that the burst y packets from S2 receive more 
service than S1. 

 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 2. Normalized Throughput versus Simulation Time 
of FIFO Scheduler by Varying RTT in Heterogeneous 

Networks 

 
Hence, S2 utilizes most of the bottleneck bandwidth (i.e., 
bandwidth hogging). FIFO provides more bandwidth for the 
source s2 which is transmitting over low RTT.  Whereas 
bandwidth of  RTT S1 is lower.  FIFO does not make any 
distinction between packets, regardless of whether coming 
from source S1 or S2. All packets are serviced, based on 
arrival time. 

C. Throughput Analysis of LAS with different RTT  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Normalized Throughput versus Simulation Time 
of LAS scheduler by varying RTT in Heterogeneous 

Networks. 
As shown in figure 2, S1 consumes 30% of the bandwidth 
while S2 utilizes 70% of the bandwidth.  
When queue is full then a packet is dropped from the tail 
and the arrived packet is inserted in to the relative position 
in LAS algorithm.  Due to this problem the flows from a 
source is denied a service until the other sources have been 
serviced. LAS use this principle to avoid the bandwidth 
hogging problem. figure 3 shows that source S2 utilizes an 
average bandwidth of 56% while the S1 average is 44% 
which means S2 utilizes bandwidth more than S1.One 
limitation of LAS is that it either drops or buffers those 
packets that received the most service; in doing so, LAS 
reduces throughput. 

D. Throughput Analysis of RuN2C with different RTT  

The simulation results of RuN2C in a heterogeneous 
network are presented in Figure 4. RuN2C follows the TQ 
approach in that packets from both S1 and S2, which are 
based on the output of Hybrid Classifier, are inserted in the 
appropriate queues. The packets from the real-time queue 
are completely scheduled in FIFO and then packet in the 
non-real-time queue gets scheduled. S1 and S2 get service in 
the first queue that avoids the bandwidth hogging problem, 
but only for real-time flows. From the simulation results, for 
non-real-time flows, S2 utilized nearly 60% of the 
bandwidth and S1 utilized 
40%. 
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       Fig. 4. Normalized Throughput versus Simulation 

Time of RuN2C Scheduler by Varying RTT in 
Heterogeneous Networks. 

E. Throughput Analysis of Dynamic Scheduler with 
different RTT  

 
Fig. 5. Normalized Throughput versus    

Simulation Time of Dynamic Scheduler by Varying 
RTT in Heterogeneous Networks. 

Figure 5 shows the Dynamic Scheduler simulation results in 
which RTT was varied. Simulation environments are 
assumed to be the same as in FIFO. The results show the 
benefits of Dynamic Scheduler over FIFO and other 
algorithms. S2 sends the packets to the router in a bursty 
manner than source S1. S1constantly delivers packets to the 
router. The Hybrid Classifier differentiates the flows into 

real-time and non-real-time flows and inserts S1and S2 
packets into the appropriate queues. With DPS(i) and 
TPmax, the packets in both SFQ and LFQ are scheduled. 
Hence, packets from S1 and S2 receive service. S2 receives 
an equal share of throughput as source S1 that avoids the 
bandwidth hogging problem. 

V. CONCLUSION 

The normalized throughput of FIFO, LAS, RuN2C, and 
Dynamic Scheduler was analyzed by varying RTT. The 
proposed Dynamic Scheduler avoids the problem of 
throughput hogging which is bursty in nature  and shares an 
equal amount of throughput irrespective of RTT. Varying 
propagation delay heterogeneous network suffers with a 
problem called bandwidth hogging.  From the analysis it is 
clear that in heterogeneous network the algorithm FIFO 
allocates unequal bandwidth among several connections. 
But the Dynamic Scheduler avoids bandwidth hogging in 
heterogeneous networks regardless of RTT. Other protocols 
like LAS and RuN2C avoid the bandwidth hogging problem 
but the throughput decreases in LAS.  The closed loop 
feedback mechanism increases the transfer time when there 
is a packet loss in TCP.  Dynamic Scheduler decreases 
retransmissions of TCP flows which results in reduced 
packet loss and mean transmission time.  The throughput is 
also almost constant than other scheduling algorithms. 
Dynamic scheduling is the needed solution for queuing real 
time and non real time flows.  Using FIFO degrades the 
performance of network with respect to packet loss rate and 
delay.  Real time flows are given more priority when LAS is 
used.  This leads to starvation in non-real time flows. 
RuN2C starves non-real times flows and considered only 
when real time flows are completely scheduled.  Hence, 
RuN2C does not provide fairness. The proposed Dynamic 
Scheduler schedules both real time and non real time flows 
by the Dynamic Packet Scheduling Ratio DPS(i). This 
approach provides fairness and guaranteed service. 
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