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Abstract. The social media video apps such as TikTok require a smooth
data transmission. Such type of applications are time sensitive and could
not tolerate much delay in transmission caused by the algorithms of the
protocol. For example, algorithms for congestion control and reliability
check. TCP and UDP protocols are used on todays Internet. TCP is
a reliable transport layer protocol with congestion control mechanism,
which deliver the data in ordered manner and retransmit the data in case
of error. Therefore, TCP needs improvement to be used for such type
of applications where reliability could be compromised for high perfor-
mance. UDP is suitable for time sensitive apps but it has no mechanism
to smooth the transmission in case of congestion. so we need a protocol
that delivers the data traffic on time and also have congestion control
mechanism. Therefore Datagram congestion control mechanism (DCCP)
protocol has been developed to overcome the weaknesses with more con-
trol on the congestion and the timely delivery of data. This paper pro-
vides the details of advanced congestion control techniques of DCCP such
as CCID 2 and CCID 3 over different networks through simulations. The
proposed simulation networks are configured with highspeed bandwidth
and random link failures. The results shows that CCID 3 (TFRC) is bet-
ter in dealing network congestion in 5 node scenario with and without
link failure than CCID 2 and TCP. Whereas on 20 node scenario CCID
2 outperforms the other two.
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1 Introduction

The research on various real time applications on the Internet, for example,
Internet telephony, streaming media, and web based games has put a question
on the existing protocols such as TCP. Generally Internet utilize TCP and UDP
for sending data for these applications. TCP guarantees ordered data delivery
and reliability. It means when a data unit is lost, TCP retransmits it and it has
an effect on the processing of new data in queue, data that is already in receiver
buffer, which leads to the possibility of the network congestion.
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Normally At that point TCP sender decreases its sending rate and unlikely
the data rate may not meet the necessities of streaming media or application.
Thus TCP needs improvements for streaming media application. Alternatively,
if UDP is deployed for those applications, at that point it is challenging to recu-
perate from congested network because the protocol has no congestion control
mechanism.

Therefore IETF has introduced a new Transport layers protocol called DCCP,
which provide reliable connection and new congestion control mechanisms. It is
suitable for time critical and real time applications. DCCP provides the options
of multiple congestion control algorithms, which are differentiated by Congestion
control Ids (CCIDs). At the present time, two CCIDs are operational with DCCP.
First is CCID 2 (TCP-like Congestion Control) and second is CCID 3 TFRC
(TCP-friendly Rate Control). CCID 2 is based on the window stream control
and is reasonable for bursty constant applications which essentially need to move
a large information in a short period, it is conceivable such as online games and
packed encoded recordings. CCID 3 is suitable for real-time application where
smooth changes in sending rate are expected, such as web based communication.

The experimental work [1] on the behavior of TCP and DCCP shows that
CCID 3 is suitable for those application that need smooth rate. Another ex-
perimentation [2] on MPEG4 video over a congested network by using TCP,
UDP, CCID2 and CCID3 shows the varients of DCCP gives better throughput,
reduced packet loss as compared to UDP but the the delay and jitter of UDP is
lesser than DCCP.

Authors in [3] presented the performance of DCCP CCID2 relative to the
congestion varients of TCP, that are NewReno, BIC and CUBIC. CCID2 shows
good fairness with NewReno under the test conditions, while BIC and CUBIC
show unfairness above round-trip times of 25ms.

The work on Mobile adhoc networks [4] for the implementation of DCCP
shows that end-to-end delay of TFRC is less than that of UDP and TCP. The
end-to-end delay of UDP increases with the increase in the number of nodes.
The monitoring of jitter value in the given scenario also recommend TFRC for
the mobile adhoc networks.

The researchers in [5] evaluated the congetion control techniques of DCCP
in terms of power usage. The study conclude that the DCCP is suitable for
multimedia applications.

2 Overview

21 TCP

TCP enables two systems to set up a connection and begin correspondence
through streams of information. TCP consists of a set of IP headers and port
number that identifies the TCP communication.

Using TCP Congestion occurs because of the transmission of large amount of
data. During congestion large amount of data are at high risk of to be lost. The
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delay in data transmission and the overflow are also common consequences of
congestion. To overcome from the network congestion four algorithms are used
by TCP that includes, fast retransmit, slow start, fast recovery and congestion
avoidance.

Fast Recovery: Fast Recovery algorithm has been used widely over the
Internet. After the initial congestion is detected the client retransmits few of the
packets in order to reduce the congestion. In this algorithm the retransmit delay
is not calculated and is based upon the ratio of total number of packets that are
lost to total number of packets that are transmitted in an interval of time.

Slow start: TCP slow start is an algorithm which balances the speed of
a network connection. Slow start gradually increases the amount of data to be
transmitted until it finds the networks maximum carrying capacity. Slow start
occurs automatically every time a packet arrives. This means a TCP connection
is automatically slow starting, unless the user changes the TCP packet header
with this option.

Fast retransmission: Quick retransmit is an upgrade to TCP that decreases
the time a sender holds up before retransmitting a lost section. A TCP sender
normally utilizes a straightforward clock to perceive the lost fragments.

2.2 DCCP

The Datagram Congestion Control Protocol (DCCP) is a Transport Layer pro-
tocol based on UDP additionally it is capable to provide reliable connection and
congestion control mechanism and feature negotiation. It overcomes the selec-
tive functionality problem in TCP and UDP protocols. The main motive is to
design this protocol is to support timeliness in data transmission and provide
unreliable data transfer with congestion control. The core features of DCCP are
the following:

— It provides unreliable flow of datagram

Reliable handshakes for connection setup and teardown

Feature negotiation.

DCCP offers ECN-aware

Congestion control mechanisms and use additional information

DCCP provides Path Maximum Transmission Unit (PMTU) discovery.

DCCP is equipped with options to transmit data like TCP congestion mech-
anism as well as some advanced congestion control techniques. congestion con-
trol is mechanism for choosing between several congestion control algorithm in
DCCP. It can mainly use two algorithms, that are CCID 2 and CCID 3.

2.3 CCID 2

CCID 2 is a TCP-Like congestion control mechanism which is based on AIMD
strategy. CCID 2 take the benefit of available bandwidth which can adopt to the
changes of congestion window like TCP. CCID 2 has the following features:
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1. Sender maintains a congestion window and send packets until that window
is full.

One ACK per two packets is used by default.

ACK declares exactly which packet are successfully received.

Drop packets and ECN are used to predict the congestion.

Response to congestion is to half the congestion window (AIMD).
Acknowledgments in CCID 2 contain the sequence numbers of all received
packets within some window related to a selective acknowledgement [6].

SRS

2.4 CCID 3

DCCP can be configured to CCID 3 mechanism, it uses TFRC in order to reduce
the network congestion. The sender maintains the sending rate by observing the
lost event send by the receiver and goes through a constant sending rate for
a duration. one feature of CCID 3 is the use of ECN (explicit congestion no-
tification) which helps in providing end-to-end congestion notification through
adjusting ECN in the IP header. TFRC is a receiver based congestion control
mechanism that uses throughput equation to estimate the allowable congestion
rate and provides a smoother sending rate than TCP. Generally, TFRCs con-
gestion control mechanism works as follows:

1. The receiver measures the loss event rate and notify this information back
to the sender.

2. The sender also uses these feedback messages to measure the round-trip time
(RTT).

3. The loss event rate and RTT are then used into TFRCs throughput equation,
giving the acceptable transmit rate.

4. The sender then adjusts its transmit rate to match the calculated rate [8].

3 Simulation Environment

The tool NS-2.35 is used to configure and simulate the proposed scenarios. Two
scenarios are proposed as shown in Fig 1 and Fig 2, to evaluate the performance
of TCP and DCCP variants (CCID 2, CCID 3). To analyze the performance
throughput is used and it is calculated in Mbps. Throughput is defined as the
total number of successfully received packets at the receiver in one second. In
the proposed scenarios the simulation parameter Queue type is Droptail, queue
size is 20 packets. The overall simulation run time 100 seconds. Three different
scenarios are proposed to evaluate the congestion control techniques, TCP, CCID
2 (TCP-Like) and CCID 3 (TFRC).

In Scenario—1 there are 20 nodes in the topology which consist of three senders
(S1, S2 and S3) and three receivers (R1, R2 and R3). Scenario—2 consist of five
nodes in the proposed topology: two senders (S1 and S2) and one receiver (R1)
as shown Fig 2a. In the same 5 nodes topology, link failure is added as shown in
Fig 2b.

67



Analysis of congestion control techniques for time critical applications

by

-‘_‘_\_‘_‘-‘_‘_‘—-—._
FCAO :

ol
ﬁ\
pein
R2

Aouter

FCa

Fig. 1: Scenario 1: 20 node topology

e !-
4 3]

(a) 5 nodes

(b) 5 nodes with link failure

Fig.2: Scenario 2: 5 nodes
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Fig. 3: Throughput (EXPERIMENT 1)

4 Simulation Results

In this section, we will analyze the outcomes achieved from our simulations in dif-
ferent scenarios. We compared TCP with CCID2 (TCPLike) and CCID3(TFRC)
in terms of throughput. We increased delay from 10ms to 500ms for all scenarios
and retained bandwidth of 10Mbps to 100Mbps. Then in the next simulation we
Kept delay of 10ms, 30ms, 90ms and raised bandwidth from 10Mbps to 100Mbps.

4.1 Experiment 1: 20 Nodes Scenario

The experimental graphs of 20 node scenario are shown in Fig 3 x-axis shows
delay or bandwidth y-axis represents throughput in kbps.

In Fig 3 our graph shows that at low delay throughput of CCID 2(TCP-like)
is greater than CCID 2 (TFRC) but as delay increases TFRC’s throughput is
higher than TCP-like and TCP. Similarly in graphs as seen in Fig 3¢ bandwidth
increases from 10Mbps to 100Mbps at 10ms delay, it is noticed that at 50Mbps
and 80Mbps bandwidth, TFRC’s throughput decrease abruptly. The overall it
is analyzed that throughput of TCP-like and TCP is less than TFRC as shown
in Fig 3.
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Our results shows that in this scenario TFRC’s performance is better than
TCP-like and TCP.

4.2 Experiment 2: 5 Nodes Scenario

The experimental results in terms of throughput of DCCP variants(CCID2
and CCID3) and TCP are shown in Fig 4. The throughput of DCCP varients
is greater. Because TCP retransmits the loss packet and reduces the conges-
tion window to one-half of current value after occurrence of packet loss. On
the other hand less number of lost packets are not retransmitted by CCID2
and CCID3 congestion control mechanisms. Hence CCID2 and CCID3 achieved
greater throughput than TCP.

It is also noticed that the performance of CCID 3is better than CCID 2. Be-
cause the congestion control mechanisms acts differently in congestion scenario.
CCID 3 uses TFRC mechanism in which sender maintain its sending rate by in-
formation that is advertised by the receiver. CCID 3 uses TCP based congestion
mechanism in which it simply reduces the congestion window.
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4.3 Experiment 3: 5 Nodes with Added Link Failure

In this experiment the link failure is added in terms of packet loss in scenario of
5 nodes. The packet loss is randomly assigned to two links. The packet loss is
random, for example in case of 10% packet loss the simulator randomly discards
10% of the data on the given link by assuming that the link is in failure state.
In the topology the link failure is applied on two links. One on between R1 and
S2 and second on between R1 and PC2. The evaluation results of link failure
scenario while changing bandwidth and delay are presented in Fig 5.

In link failure situation it is investigated that, TFRCs performance is better
than TCP-Like and TCP because in TFRC mechanism as packets are dropped
sender regulate their transmission rate according to its receiver rate.

5 Conclusion

DCCP is a new protocol and is still in the research phase due to its high-
speed data transfer, efficient congestion control and bandwidth usage. Due to
the DCCP functionality, it is very appropriate for applications such as online
games, video streaming, uploading large amounts of data and selecting the best
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links from multiple links. A number of scenarios are developed in this project
to configure DCCP and TCP. Most of the developed scenarios are multipath
scenarios. DCCP produces higher performance than TCP in the specified sce-
narios. We evaluated the performance of transport layer protocols: TCP, CCID2
(TCP-like) and CCID3 (TFRC) in different scenarios. We conclude that TFRCs
performance is better than TCP and TCP-like in link failure. From our exper-
iments we also analyze higher performance of TCP-Like congestion mechanism
in terms of throughput as compared with TCP and TFRC in 20 node scenario.
Because of reliable and retransmission of loss packets TCP is not suited for to-
days real-time applications. Therefore, it is concluded that the performance of
DCCP (CCID2 and CCID3) is much better than TCP in all scenarios.

References

1. Chowdhury, Iffat Sharmin, Jutheka Lahiry, and Syed Faisal Hasan. ” Performance
analysis of datagram congestion control protocol (DCCP).” 2009 12th International
Conference on Computers and Information Technology. IEEE.

2. Azad, Muhammad Ajmal, Rashid Mahmood, and Tahir Mehmood. ” A comparative
analysis of DCCP variants (CCID2, CCID3), TCP and UDP for MPEG4 video
applications.” 2009 International Conference on Information and Communication
Technologies. IEEE, 2009.

3. Bhatti, Saleem, Martin Bateman, and Dimitris Miras. ” A comparative performance
evaluation of DCCP.” 2008 International Symposium on Performance Evaluation of
Computer and Telecommunication Systems. IEEE, 2008.

4. Ali H. Wheeb, Ameer H. Morad and Maad Issa AL Tameemi Al-Khwarizmi College
of Engineering, University of Baghdad, Baghdad Iraq.” Performance Evaluation of
Transport Protocols for Mobile Ad Hoc Networks”, 2018.

5. S. A. S. A. K. Adnan Khan, Alaa Almagrabi. ”performance evaluation of tcp and
dccp protocols in mobile ad-hoc networks (manets)”. Faculty of Computing and
Information Technology at Rabigh (FCITR), King Abdulaziz University Jeddah,
KSA,2016.

6. Nor, Shahrudin Awang, Suhaidi Hassan, and Osman Ghazali. ”Friendliness of DCCP
towards TCP over large delay link networks.” 2010 2nd International Conference
on Education Technology and Computer. Vol. 5. IEEE, 2010.

7. Nor, Shahrudin Awang, et al. ”Enhancing DCCP congestion control mechanism for
long delay link.” 2012 International Symposium on Telecommunication Technolo-
gies. IEEE, 2012.

8. Li, Qi, and Di Chen. ” Analysis and improvement of TF'RC congestion control mech-
anism.” Proceedings. 2005 International Conference on Wireless Communications,
Networking and Mobile Computing, 2005. Vol. 2. IEEE, 2005.

9. Wheeb, Ali Hussein. ”Performance evaluation of UDP, DCCP, SCTP and TFRC
for different traffic flow in wired networks.” International Journal of Electrical and
Computer Engineering 2017.

10. Linck, Sbastien, et al. ”Video quality estimation of DCCP streaming over wireless
networks.” 14th Euromicro International Conference on Parallel, Distributed, and
Network-Based Processing (PDP’06). IEEE, 2006.

11. Tong, Quoc Truong, et al. ” Tcp fairness improvement of dccp flow control for bursty
real-time applications.” 2006 First International Conference on Communications
and Electronics. IEEE, 2006

72



10 Afeefa et al.

12. Froldi, Carlos A., et al. ” Performance evaluation of the dccp protocol in high-speed
networks.” 2010 15th IEEE International Workshop on Computer Aided Modeling,
Analysis and Design of Communication Links and Networks (CAMAD). IEEE, 2010.

13. Chellaprabha, B., S. Chenthurpandian, and C. Vivekanandan. ”Enhanced conges-
tion control in DCCP TCP like.” 2012 Third International Conference on Comput-
ing, Communication and Networking Technologies (ICCCNT’12). IEEE, 2012.

14. Kohler, Eddie, Mark Handley, and Sally Floyd. ”Designing DCCP: Congestion
control without reliability.” ACM SIGCOMM Computer Communication Review.
Vol. 36. No. 4. ACM, 2006.

15. Chellaprabha, B., Dr S. ChenthurPandian, and Dr C. Vivekanandan. ” Performance
of Datagram Congestion Control Protocol DCCP-TCPLike And DCCP-TFRC on
Sensor Network.” IRACSTInternational Journal of Computer Networks and Wire-
less Communications (IJCNWC), ISSN (2012)

16. Rahman, Joy, Sajeeb Saha, and Syed Faisal Hasan. ” A new congestion control
algorithm for datagram congestion control protocol (DCCP) based real-time multi-
media applications.” 2012 Tth International Conference on Electrical and Computer
Engineering. IEEE, 2012.

73



