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Abstract- Differentiated Services architecture offers services at different levels. Packets are classified and treated differently, as defined in 
the Service Level Agreement (SLA). A traffic policy is created which defines the shaping, dropping and marking of packets. For Congestion 
Control in Differentiated services networks different variants of Random Early Detection (RED) Scheme are used. RED Scheme is an Active 
Queue Management Scheme, which can sense congestion before its occurrence and can take appropriate preventive action. In this paper 
the performance of three variants of RED scheme RED with In/Out with Coupled Queues (RIO-C), RED with In/Out with Decoupled Queues 

(RIO-D) and Weighted RED (WRED) are compared in terms of drop of packets. 
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Introduction 

Congestion is caused by shortage of network resources. If the 
source transmits at rate higher than the service rate of the queue, 
the queue size will grow and due to this, incoming packets will face 
delays and thus congestion will be caused. Congestion Control is 
the mechanism, which allocates the resources of the network such 
that the performance is acceptable, when network is operating near 
capacity. Without the proper control mechanism the throughput will 

be less under heavy load conditions [1,2]. 

In past few years, the internet has grown at an exponential rate, 
however most of the traffic has been “Best-Effort” type. In Best-
Effort type traffic data packets have no preference or guarantee for 
reliability and timeliness of the delivery [3]. With the development of 
internet applications such as voice and video conferencing over 
internet, the need for Quality of Service (QoS) has increased [4]. 
There are two architecture types that are used to implement Quali-

ty of Service (QoS): 

 Integrated Services Architecture (Inter-Serv). 

 Differentiated Services Architecture (Diff-Serv). 

Inter-Serv require per flow traffic handling at every hop along an 
application’s end-to-end path and RSVP signaling Protocol. RSVP 
signaling protocol is used for each flows explicit signaling. Inter-

Serv Architecture suffers from scalability problems [5]. To avoid 
scalability problems the Diff-Serv Architecture was proposed. In Diff
-Serv networks, complex decision making is done at network edge 
routers. The edge router marks the packets with different code 
points according to service level agreement and core routers imple-
ment the dropping decision [5,6]. The outline of this paper is as 
follows, Section 2 illustrates the Architectural concepts of Diff-Serv 
Networks with three precedence levels, Section 3 states the RED 
and its variants, Section 4 explains the Simulation topology used in 
the study, results and observations are given in Section 5 and Sec-

tion 6, concludes this paper. 

Architecture for differentiated services networks with three prece-

dence levels. 

The Diff-Serv architecture achieves scalability by maintaining class 
state information based on aggregates of traffic flows. Packets are 
classified and marked at the boundary of the network by imple-
menting classification, marking, policing and shaping. The marking 
of packets decides the particular forwarding behavior at nodes 
along the path. Network resources are assigned to the traffic 
streams according to service provisioning policies that decide how 
traffic would be marked and to be conditioned upon entering the 
DS network. The service determines the set of characteristics of 
packet transmission across a set of one path or more paths within 

the network [7,8]. 
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Fig. 1- Two Diff-Serv Domains [8]. 

Differentiated Services Domain 

In [Fig-1], two different Diff-Serv domains are shown. Packets enter 
the DS domain 1 at the boundary ingrass node, where packets are 
classified, conditioned and assigned to Behavioral Aggregates 
(BA). All the packets that belong to a particular BA are marked with 
same value in the DS field in IP header. This DS field is also called 
Differentiated Services Code Point (DSCP). A BA is treated in a 
special manner in a domain. Diff-Serv domain is a set of DS nodes 
with service provisioning policy and set of Per-Hop behaviors 
(PHBs). Traffic rules are applied on the entering packets by ingrass 
nodes. The nodes through which traffic leaves a domain are called 
egrass nodes. The boundary nodes connect two different DS do-
mains, whereas the internal nodes connect to either other interior 
nodes or ingrass/egrass boundary nodes. Boundary nodes enforce 

the policy on the traffic entering the domain by conditioning [7,8]. 

Differentiated Services with Three Precedence Levels 

Differentiated Services with three precedence levels is an exten-
sion to two-drop precedence. The edge devices monitor and mark 
packets of aggregated flows into one of green, yellow or red de-
pending on the reservation rate and temporal sending rate of each 
color. Usually the reservation rate of yellow is set greater than the 
reservation rate for green. If the rate is greater than reservation 
rate for green but, less than reservation rate for yellow, the packet 
is marked as yellow. Otherwise, the packet is marked as red. The 
differentiation is provided by dropping first red packets, the yellows 
second and then green packets [6]. In this paper, we have imple-
mented Time Sliding Window Three Color Marker (TSW3CM). It is 
implemented in edge ingrass/egrass routers for policing the traffic 
entering and leaving a particular domain. TSW3CM edge router 
takes two parameters Committed Information rate (CIR) and Peak 
Information rate (PIR) [6,11].The Random Early Detection (RED) 
queue which is associated with DS maintains 3 Virtual queues, 
each for Class A, B & C traffic in every physical queue. The work in 
this paper is focused on comparison between different variants of 

Multi RED (MRED) queues. 

Random Early Detection and its Variants in Differentiated Ser-
vices Networks 

As proposed by Floyd et al. [12] Random Early Detection (RED) is 
an Active Queue Management (AQM) Scheme. RED employs intel-
ligent admission decision for every packet based on local algo-

rithm. The RED gateways detect congestion by computing the 
average queue size and taking dropping/marking decisions based 
on this average queue size. The gateways upon sensing the con-
gestion either drops packets or mark the packets by setting a bit in 
IP header. This dropping/marking decision is taken by RED gate-
way by comparing calculated average queue size against the mini-
mum (MinTh) and maximum (MaxTh) thresholds according the 

following criteria [6,8,12]: 

 When avg < MinTh, The Packet is Dropped. 

 When Minth < avg < MaxTh, The packet is Dropped with Prob-

ability P(a) 

 When MaxTh < avg, Packet is Dropped with Probability 1 

Where avg = q * measured queue length + (1-q) * avg 

p(b) = MaxP * ( avg-MinTh ) / ( MaxTh-MinTh), 

p(b) = p(b) * ( packetsize / MaximumPacketSize ), and 

p(a) = p(b) / ( 1- count * p(b)). 

An estimation of the average queue size is computed for every 

incoming packet and updated at every packet arrival [12]. 

Fig. 2- RED Algorithm [8]. 

[Fig-2] shows the graphical representation of the RED scheme. The 
RED can be extended to Multi-Level RED (MRED) algorithm that 

can be used in differentiated services networks. 

Multi-Level Red (MRED) 

MRED is an extension of RED for differentiated services networks. 
In MRED, for different drop precedence’s, the drop probability for 
packets is calculated independently. Multiple set of RED parame-
ters are maintained for multiple drop precedence. The average 
queue used for making decision can also be calculated using differ-
ent methods [13]. These different methods of calculating average 

queue yield following variants of MRED: 

RIO-C (RED With In/Out with Coupled Virtual Queues) 

RIO-C is configured with three sets of parameters for the all three 
drop precedence, one set for each precedence. The average 
queue for packets with different colors is calculated separately, 
such that average queue length of a particular color is calculated 
by adding its average queue to the average queue of the lower 
drop precedence i.e. for yellow packets, average queue size is 
computed using green and yellow packets. But, for green packets, 

the queue is calculated using only green color packets [14]. 
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RIO-D (RED With In/Out with Decoupled Virtual Queues) 

RIO-D is similar to RIO-C, the only difference is that in RIO-D, av-
erage queue for each color is calculated independently. The aver-
age queue length is calculated using number of packets of that 
particular queue. i.e. The average queue length for green, yellow & 
red packets is calculated using number of green, yellow and red 

packets in that respective queue [8,14]. 

WRED (Weighted RED) 

In WRED only a single average queue is maintained for all arriving 
packets of all colors. For the arrival of green, red or yellow packet 
only a single average queue based on total number of packets of 
all precedence (red, yellow and green). However, multiple RED 

parameters are maintained for each color.  

The RED parameters which were implemented for all RED variants 
during the whole simulation process in all scenarios are given as 

under in Table 1: 

Table 1- MRED Parameters used in all simulation scenarios 

Simulation Setup 

In this section the simulation setup used during this study is ex-
plained. The simulations were carried out over widely used simula-
tor for network related simulation, network simulator 2 (Version 
2.34) on Ubuntu 11.10 machine. The experimental setup used is 

shown in [Fig-3]: 

Fig. 3- Simulation Setup 

In the experimental setup, there were N number of source nodes 
and destinations nodes. Each source node was connected to edge 
router 1(E1), whereas the destination nodes were connected to 
edge router 2 (E2). The link between edge router 1(E1) and core 
router (C) was considered as bottleneck link, which had capacity 
4.5 Mbps and latency 5 ms. All links had physical buffer which can 
hold 50 packets. All the source nodes were configured to generate 
a number of TCP or UDP based flows depending on type of sce-
nario being considered. Each flow was configured to send packets 
having packet size of 512 bytes. In this study, two types of scenari-
os were considered. In first type of scenario, number of nodes was 
increased and number of flows per source was kept constant and 
number of packets dropped was tabulated, whereas in the second 

type of scenario the setup has only single source node and desti-
nation node and number of flows was varied and number of pack-
ets dropped was tabulated. The % of packets dropped were calcu-

lated as per following formula [15]: 

 

 (1) 

The % of packets dropped indicate the relative performance of 

RED variants in various scenarios. 

Results and Discussions 

Several simulation scenarios were considered to find appropriate 
results. Firstly only FTP running over TCP flows were considered in 
both cases i.e. by increasing number of nodes and by number of 
increasing number of flows for a single source and destination 
network. After this, Constant Bit Rate (CBR) traffic was used to 
conduct simulations. Dropped packets at bottleneck link were tabu-
lated and % of packets dropped or % Packet Loss was calculated 
for all precedence traffic. % Packet loss data was plotted in graph-
ical form. An example of Simulation results generated in tabular 

form is shown below in [Table-2]: 

Table 2- Example of simulation results generated in tabular form 

As shown in [Table-2], the results were generated in the tabular 
form. Packet drops for each class traffic was presented. Here 
ldrops (link drops) meant the dropping due to physical queue 
length exceeding the physical buffer. The edrops (early drops) 
were droppings due to RED mechanism. The statistics in All Class 
were combined statistics of all Traffic Classes (A, B and C). Total 
drops were sum of ldrops and edrops [16]. % of Packets Dropped 
for All Traffic Classes were calculated and used as metric in this 
work. Here node means both source and destination nodes. The 

results obtained during the study are given as under: 

FTP/TCP Traffic 

In this case the simulation was carried out by nodes running FTP 

applications over TCP flows: 

Increasing Number of Source Nodes 

Fig. 4- % of Packets Drop Vs. No. of Nodes for FTP/TCP Traffic. 
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Class MinTh MaxTh MaxP 

A (Green) 25 45 0.01 

B (Yellow) 10 25 0.2 

C (Red) 3 5 0.7 

Class 
Total Packets 

sent 
Transmitted 

Packets 
ldrops edrops 

Total 
drops 

%age of pack-
ets Dropped 

A (Green) 122 120 2 0 2 1.64 

B (Yellow) 833 796 32 5 37 4.44 

C (Red) 4117 2709 357 1051 1408 34.19 

All 5072 3625 391 1056 1447 28.53 
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Number of flows per node was kept constant at 80. The number of 
nodes was increased from 1 to 20. % of Packets dropped for All 
class traffic was noted. The simulation time was 5 seconds. Simu-
lation results obtained during this scenario have been presented 

here in graphical form in [Fig-4]. 

In [Fig-4], when number of nodes was less RIO-D outperforms both 
RIO-C and WRED, as it dropped less number of packets. There 
were some fluctuations observed at higher number of nodes due to 
variable nature of TCP. It was observed from this scenario that RIO

-D performs better as compared to WRED and RIO-C.  

Increasing Number of Flows 

For a single source and destination network the number of FTP/
TCP flows was increased from 1 to 80. The simulation time was 50 
seconds. Simulation results obtained during this scenario have 

been presented here in graphical form in [Fig-5]: 

Fig. 5- % of Packets Dropped Vs. Number of Flows for FTP/TCP 

Traffic 

As shown in [Fig-5], as the number of FTP/TCP flows were in-
creased RIO-D dropped less packets as compared to RIO-C and 
WRED. This behavior was mainly due to increase of Class C pack-
ets in All class traffic at large number of flows. For 80 number of 
flows, the RIO-D dropped 1.21% less packets as compared to 

WRED and RIO-C. 

CBR/UDP Traffic 

In this case sources were configured to run CBR/UDP flows. The 
CBR traffic sends data at a constant rate without any interruption in 

between [16]. The results obtained were as under: 

Increasing Number of Sources 

Fig. 6- % of Packets Dropped Vs. Number of Nodes for CBR/UDP 

Traffic. 

In this scenario, number of nodes was increased from 0 to 20 and 
number of flows was kept constant at 20 per node. Simulation was 
conducted for 5 seconds. Each CBR/UDP flow sends data at rate 
12.207 Kbps. Simulation results obtained during this scenario have 

been presented here in graphical form in [Fig-6]: 

In [Fig-6], as the number of nodes were increased RIO-D started 
performing better as compared to other two variants. When Num-
ber of nodes were increased beyond 10 nodes ldrops started in-
creasing and thus after this there was very less difference in perfor-

mance. 

Increasing Number of Flows 

Number of CBR/UDP flows was increased from 1 to 20 for a single 
source and destination network in this scenario. Each flow send 
date at rate 12.207 Kbps. Simulation was carried out for 50 se-
conds. Simulation results obtained during this scenario have been 

presented here in graphical form in [Fig-7]: 

Fig. 7- % of Packets Dropped Vs. Number of Flows for CBR/UDP 

Traffic. 

As shown in [Fig-7], when there was less number of flows no con-
gestion occurred and thus, no packets were dropped. When num-
ber of flows was increased beyond 25 RIO-D scheme had lesser %
age of Packets Dropped as compared to other two schemes. Thus, 
RIO-D performs better as compared to other two variants. It was 
observed from the study that the RED with In/Out with decoupled 
queues (RIO-D) performed better as compared to two other modes 
for all the simulation scenarios conducted for FTP/TCP and CBR/

UDP traffics, as it dropped less number of packets. 

Conclusion 

In this paper the performance of different variants of Random Early 
Detection (RED) such as RIO-C, RIO-D and WRED was compared 
on the basis of packet droppings. The RED parameters for all three 
variants were kept same and various simulation scenarios were 
created using a variety of traffic including FTP/TCP and CBR/UDP 
at different transmission rates. It was observed from the study that 
RIO-D drops less number of packets as compared to other two 
variants RIO-C and WRED in most of the cases. It can be conclud-
ed from the study that RIO-D performs better as compared to other 
two variants in terms of percentage of packets dropped. There is 
always a trade-off between packet loss and latency. In This work 
only packet loss was considered, the latency was not analyzed. 

Work based on latency is under process. 
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