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Abstract 
 

Conservative nature of Vegas creates less opportunity to get fair share of bandwidth then Reno in wired network. On the other hand, 

aggressive nature of Reno helps to achieve more share of bandwidth. Both Reno and Vegas assumes that congestion occurs in the forward 

rather than in reverse path. In asymmetric network the path characteristics of forward and backward is different.  

In this work, we propose a network model and analyzed the Inter-protocol fairness between TCP Reno and TCP Vegas with some queue 

management techniques such as Droptail and random early detection (RED) in asymmetric network where the forward and backward path 

has different characteristics. The simulation experiment results using NS2 indicates that use of RED can achieve better fairness than Drop-

tail in asymmetric network. 
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1. Introduction 

Congestion occurs in a network due to higher demand of Internet 

resources such as bandwidth than the capacity. To control conges-

tion in the network, TCP adopts the network condition dynamically 

so as to adjust its window size. Several research works have done 

on TCP and its variants [1] [2]. Each TCP protocol Tahoe, Reno, 

Newreno and Vegas adopt different mechanism for controlling the 

congestion. Reno adopts additive increase and multiplicative de-

creases (AIMD) [3] to update their window size. With minor mod-

ification in sender side of Reno, the protocol Newrenohas beende-

veloped [4]. The fast recovery algorithm is improved and incorpo-

rated in Newreno. Through its new algorithm, it could detect mul-

tiple packet loss in a single window and able to reduce transmission 

timeout events [5] which helps to work better in wireless envi-

ronement where huge packet loss occurs. Protocol Vegas is differ-

ent from Reno in measuring the congestion. It relies on delayby 

measuring the RTT of each packet sent rather than packet loss. Con-

gestion brings long delays in delivering the data packets due to 

dropped packet [7]. Each router has some queue management tech-

nique to manage the packet passing through them. Traditional know 

technique Droptail was used in router to discards the incoming 

packets when the queue is full. However it creates global synchro-

nization problem under heavy load condition[8] due to its passive 

nature.Hence active participation of router is required to actively 

manage the resources so that the congestion could be avoided. This 

is possible through the active queue management (AQM) [9] tech-

niques which can intelligently drop the data packets before the 

queue going to be overflow. Random early detection (RED) [10] is 

the widely used AQM techniques recommended by Internet Engi-

neering Task Force (IETF). Transmission control protocol (TCP) 

has been used as protocol for congestion control through window 

based mechanism.  

The rest of the paper is organized as follows. Section 2 presents 

related work and section 3 explain the active queue management 

techniques and section 4 presents the simulation setup and section 

5 will present result and analysis. At last, the conclusion of the work 

is provided in section 6. 

2. Related work 

The author [11] developed an enhanced congestion control mecha-

nism for TCP Vegas able to correctly remove the undesired impact 

of reverse traffic on bandwidth sharing. Author in [12] analyzed the 

performance (throughput and fairness) of a network shared by Reno 

and Vegas in static multi-hop wireless ad hoc network. Impact of 

different queue management techniques such as random exponen-

tial marking (REM), adaptive virtual queue (AVQ) along with 

Droptail is analyzed with TCP variant in wired-cum-wireless net-

works[13] and then analyzed using delayed acknowledgement (De-

lACK) technique. In [14] the author analyzed the Inter-protocol 

fairness between Reno and Vegas in wired network focusing on 

many issues. For analysis Droptail and random early detection 

(RED) techniques are used as queue management techniques. 

3. Active queue management(AQM) 

AQM techniques avoid congestion by sending incipient congestion 

notification to the source before the congestion occurs. It aims to 

notify source about the congestionbefore the buffer gets filled. On 

the other way the receiver provides feedback to the source to inti-

mate about level of the congestion. The feedback can be provided 

either by dropping the packets passing through itor marking the in-

coming packets selected by AQM router through ECN bit[15,16] in 

the IP header. Author in [17] developed a mechanism named fast 

congestion notification(FCN) to manage the buffer space of router 

efficiently and send feedback signal faster. One of the most popular 

widely used AQM techniques is random early detection (RED) and 

recommended by IETF [15]. It is widely used with TCPprotocol.  
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4. Simulation setup 

In this section, we analyzed the fairness between Reno and Vegas 

in proposed asymmetric network using NS2 network simulator 

[18]. The proposed asymmetric network model isshown in Fig. 1 

having two sources (S1 and S2) and two destinations (D1 and D2) 

connected through common asymmetric link. The source S1 is as-

sociated with Reno and S2 is associated with S2. In this, fairness 

between Reno and Vegas protocol is analyzed by varying common 

link (R1-R2) delay (d). Moreover, we used Droptail and RED as 

queue management techniques at router R1. We have considered 

bandwidth asymmetry to analyze the performance of Reno and Ve-

gas together in same link by varying the parameter µr (Reverse link 

capacity). By using the ratio of µf(Forward link capacity) and µr, 

we found out the value of k =
µf

µr⁄ . The reverse link capacity is 

set to different values: 2 Mbps (symmetric), 8, 16, 40, 80, 160 Kbps 

(asymmetric). Considering forward and reverse link bandwidth, we 

get the value of k to 0.5, 1, 2, 5, and 10. The buffer size is set to 50 

packets. The data packet generated by the sender is 1000 bytes long 

and simulation time is 100 sec. 

 
 Source Sink
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Forward path(μf)

Reverse path(μr)
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Fig. 1: Proposed Asymmetric Network Model. 

5. Result and analysis 

In this section, the simulation experiment results are presented us-

ing above proposed asymmetric network model shown in Fig.1. The 

fairness between Reno and Vegas are analyzed by finding through-

put ratio between Reno and Vegas. To achieve the better fairness 

the through ratio is desired to be one.  

In the first part, we analyzed the fairness (throughput ratio) between 

Reno and Vegas and the result is shown in Table 1. As depicted in 

Table 1,use of RED technique maintains better fairness between 

Reno and Vegas than Droptailtechnique for all k values. However, 

the better fairness can be achieved at k=1. In the second part the 

performance isanalyzed creating three different scenarios by meas-

uring the total number of packet received. In the first scenario, both 

source S1 and S2 is associated with Reno and in the second scenario 

the S1 is associated with Reno and S2 is associated with Vegas. In 

the third scenario, both S1 and S2 are associated with Vegas. The 

result using for each scenariousing Doptailis shown in Fig.2 and 

using RED is shown in Fig.3. It is observed that when k=0.5 or 1.0 

(non-asymmetric) the performance of Vegas is better than Reno. 

For asymmetric network (k more than 1) Reno performs better than 

Vegas. Moreover, use of RED technique enhances the performance 

in non-asymmetric network. However, performance of Vegas re-

mains same for RED and Droptail. 

 

 

 

 

 

 

 

 

 

 

 
Table 1: Throughput Ratio Reno(R)/ Vegas (V) 

 Reno(R)/Vegas(V) 

k=10 (µr=8Kbps) d=1ms d=12ms d=16ms d=32ms d=64ms d=128ms 

Droptail 9.570881 9.570881 9.501992 6.409704 4.889888 3.962376 
RED 9.543933 9.543933 9.543933 9.448133 4.917647 3.962376 

k=5(µr=16Kbps)  

Droptail 7.329412  6.8754 6.510029 4.93076 3.9801 3.976 

RED 9.726496 9.726496 9.722222 4.934911 3.9801 3.976 

k=2(µ𝐫=40Kbps)  

Droptail 4.936481 4.950547 4.9785 3.988423 3.992786 1.008444 
RED 4.982322 4.981844 4.977544 3.988423 3.992786 1.008444 

k=0.5(µ𝐫=160Kbps)  

Droptail 3.455675 3.566098 3.994021 3.996281 1.00411 1.007048 

RED 1.308542 1.286492 1.103083 1.240038 1.265518 1.030227 

k=1(µ𝐫=80Kbps)  

Droptail 3.45531 4.852067 3.994638 3.995868 1.003782 1.006281 
RED 1.211017 1.327984 1.164478 1.219801 1.192909 1.029617 

 

 
Fig. 2: Performance of TCP Variants Using Droptail. 
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Fig. 3: Performance of TCP Variants Using RED. 

 

6. Conclusions 

In this paper, the fairness analysis of TCP variant protocols such as 

Reno and Vegas is analyzed in asymmetric network where forward 

and backward path have different characteristics. For analysis, we 

have considered Droptail and RED as queue management tech-

niques. NS2 network simulator is used to analyze the performance 

of these protocols.  

The results using NS2 network simulator shows that use of RED 

technique improves the fairness between Reno and Vegas in asym-

metric network 
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