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Abstract

Congestion control plays an important role in network resource management in very large networks with heavy traffic. Active Queue
Management (AQM) algorithms are one of the approaches to resolve the congestion problems. Majority of AQM algorithms mainly
focus on single queued links. The input queued switches are limited in throughput and output queued switches require a large speedup
factor so our attention is directed towards Combined Input and Output Queued (CIOQ) switches. A simple modification to the RED
AQM algorithm is proposed in this paper in order to account for the presence of both input and output queues in the switch. The
weighted sum of input and output queue lengths are specifically used as the congestion measure instead of just the output queue
length. The average backlog in the switch is significantly reduced in the low speedup region by using our modified algorithm as
compared to RED without this modification. Smulations show that the loss rate in the modified RED slightly larger than that in
traditional RED but the output queue length in modified RED is tremendously reduced. The congestion measure which is computed
using weighting factor results in reduction of the average backlog. Using our modified algorithm simulations indicate improvement in
the queue length and switch utilization.

Keywords: Combined Input and Output Queued (CIOQ), Active Queue Management (AQM), Random Early Detection
(RED), congestion, congestion control
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1. INTRODUCTION

Consider a network where sources compete for battdvaind
buffer space while being unaware of current statesources
and unaware of each other. In this setting, coimestrises
when the demand for bandwidth exceeds the availktie
capacity. This leads to performance degradatichemetwork
as packet losses increase and link utilization edesas. To
avoid these problems, some kind of organizationcamdrol of
traffic is needed. One way to perform congestiontrb is to
use Active Queue Management (AQM) in the routerise T
basic idea behind an AQM algorithm is to sensectirgestion
level within the network and inform the packet sms about
this so that they reduce their sending rate. MangMA

algorithms have been proposed so far, such as RED [

GREEN [5], REM [1] and BLUE [6]. In particular, treehave
been several modifications to RED. Some refereficebis

area include Dynamic RED (DRED) [9], Adaptive RES],[
Stabilized RED (SRED) [11], Jacobson et al. [10§l anany
others. However, these approaches mainly focus wpub
gueued switches. Most practical routers have igpetes also,
as this would help reduce the required speedupérstvitch.

The implementation of flow-based AQM algorithms on

combined input output queued (CIOQ) switches hasnbe

studied in [4] through simulations. The paper ubesGREEN
algorithm; the rates used as input to the algorithcorporate,
in addition to the output queue arrival rates, thies of the
input side VOQs. This idea is important since iNCEDQ
switch, congestion affects input queues as welloatput
qgueues. In this paper, we look at the impact ofifrqueues on
the design of queue-based AQM algorithms. Spedificave
propose a modification of the Random Early DetecfiRED)
algorithm to account for the presence of the ingueue.
Instead of using the output queue length as a ctioge
measure, we use a weighted sum of the input arplibgtieue
occupancies. The key advantage of this is that RiED
(output) queue need not get filled up as much asriginal
RED to start reacting to congestion. To study tiece of this
change, simulations were performed in network sataul(ns)
fora 4 x 4 and a 16 x 16 CIOQ switch with virtualtput
queues (VOQs).
modification of the RED algorithm significantly neces the
backlog hence reducing the packet queuing delagulgtions
prove that the utilization remains unaffected asgared to the
original RED. The weighting factor given to the ingueue
length in the congestion measure is a critical ppatar. We
can use it to strike a balance between reducingatiezage
backlog and preventing the loss rate from becontdoghigh.
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The remaining part of this paper is organized dtowis.
Sections 2 and 3 give a brief review on AQM andtahing.
Section 4 discusses the effect of input queues QW Alesign,
and describes our proposed modification to RED.ugition
settings and results are presented in Section &, fiaally,
Section 6 gives directions for future work.

2. AQM BACKGROUND

This section describes the various types of corgesontrol
mechanisms usually employed in the Internet witlpleasis on
AQM.

A. Congestion Control

The objective of congestion control is to achiefficiency i.e.
maximum utilization, minimum queue size and minimum
packet drops while giving fair access to all tharses. There
are mainly two approaches to congestion contraid-system
congestion control and network-centric congestiontrol. In
end system congestion control, senders detectdhgestion
and react to it accordingly. TCP is an importararegle of this
approach. When a packet is dropped, the sendemassthat
congestion has occurred and reduces the sendimgWéiten a
packet is successfully transmitted, senders ineréaair rate.
The other approach is network-centric congestiartrob The
idea behind this is that since routers have moferrimation
about the state of the network, they can be usefdktecting
congestion and should take part in the decisionoofyestion
control. Routers actually measure the congestiorel ldy
comparing input traffic to capacity and by lookiatgthe queue
size; thus, they can send feedback as soon amtitee that
the queue length is growing. Therefore, the averqgeue
length doesn't have to be as large as in the puevigproach.
Routers could also be used to give priorities toessources as
compared to others. An important example of netwaanhtric
congestion control is Active Queue Management

B. Active Queue M anagement

AQM refers to a class of algorithms designed tovigt®
improved queuing mechanisms for routers. Thesensebeare
called active because they dynamically signal cstige to
sources even before the queue overflows; eithdliogkp by

marking packets (e.g. Explicit Congestion Notifica) or

implicitly, by dropping packets. There are two desi
considerations in any AQM - first, how the congastin the
network is measured and next how this measure éd ts
compute the probability of dropping packets [1].eQe based
AQMs couple congestion notification rate to queire.sThe
AQMs currently employed on the Internet, such aspail

and RED belong to this category. Another exampla gfieue
based AQM is BLUE [6]. The drawback of this is that
backlog of packets is inherently necessitated k& dbntrol
mechanism, as congestion is observed only whemtieeie
length is positive. This creates unnecessary detay jitter.

Flow based AQMs, on the other hand, determine ciitge

and take action based on the packet arrival ratemeS

examples are REM [1] and GREEN [5]. For such sclsetie

target utilization can be achieved irrespectivebatklog. In
this project, we focus on queue based AQMs, Drbatiadl

RED, which will be explained in more detail below.

1. Droptail: Droptail is the simplest AQM algorithm, and is
most widely used in the Internet. Under Droptaihen
queue overflow occurs, arriving packets are dropped
Although it is simple to implement, and has beestetd
and used for many years, it was shown to interadiyb
with TCP’s congestion control mechanisms and td tea
poor performance. Congested links have high queage s
and high loss rate.

2. Random Early Detection - RED: RED [7] has the
potential to overcome some of the problems disaaéan
Drop-Tail such as synchronization of TCP flows and
correlation of the drop events (multiple packetsnipe
dropped in sequence) within a TCP flow. Packets are
randomly dropped before the buffer is full, and thep
probability increases with the average queue SED is
also a queue based AQM mechanism. RED gateways
require the user to specify five parameters: theimam
buffer size or queue limit (QL), the minimum (m)nand
maximum (may) thresholds of the “RED region”, the
maximum dropping probability (mgkx and the weight
factor (w) used to calculate the average queue size. It uses
early packet dropping in an attempt to control the
congestion level, limit queuing delays, and avoidfdr
overflows. Fig. 1 shows the dropping probability RED
AQM as a function of the average queue length.yEarl
packet dropping starts when the average queue size
exceeds minth, shown in the figure. The averagaigue
size (Qu is calculated as an exponentially weighted
moving average using the following formula:

Qaug@ = (1 - u’q) X Qaug(i - 1) T Wy X Ginst 1)

Where qinst is the instantaneous queue size Thighteel
moving average captures the notion of long-lived
congestion better than the instantaneous queue sask
the instantaneous queue size been used as thestionge
metric, short-lived traffic spikes would lead talggacket
drops. So a rather under-utilized router that rexeia
burst of packets can be deemed congested if orsetlise
instantaneous queue size. The average queue mizbeo
other hand, acts as a low pass filter that allquilses to go
through the router without forcing any packet drops
(unless, of course, the burst is larger than theuguimit).
The user can configure wq and minth so that a Rizer
does not allow short-lived congestion to continue
uninterrupted for more than a predetermined amadint
time. This functionality allows RED to maintain hig
throughput and keep per-packet delays low. Nextywile
give a brief introduction about switching in roweto
show the motivation behind CIOQ switches.
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Fig. 1. Dropping Probability of RED AQM

3. SWITCHING SURVEY
The surveys on switching mechanisms are as follows.

A. Output-Queued Switches

An output-queued (OQ) switch is one in which oniytput
links have buffers. Whenever a packet arrives gtigout, it is
immediately routed to the destination of the pacKéius, no
packet has to wait on the input side. For this dwib work,
the switching fabric must have a speedup of nntinaber of
inputs (or outputs) of the switch. Speedup is #iative speed
of the switching fabric compared to the speed efitiput or
output links. This strategy is known to maximizee th
throughput of the switch, as long as no input dpotis over-
subscribed. However, the main drawback is that siich
architecture is not scalable.

B. Input-Queued Switches

An input-queued (IQ) switch is one which has buffenly on
the input side. The input buffers can hold the pé&skvhich
couldn't be processed due to contention. Consetylent
speedup required in the switch fabric is low ane $witch
architecture is scalable and can work for the g rate case
also. However, the main drawback with the 1Q svekhs
head-of-line blocking. It limits the maximum thrdumut of the
switch to 58.6 % [2]. Virtual Output Queues: Thelgem of
HOL blocking can be circumvented by the concepvidiial
output queues (VOQs). Here, each input maintaiseparate
input queue for each output. The only problem iat tthe
number of queues on the input side will scale it square
of the number of inputs or outputs. This is theg@mpaid for the
enhancement in throughput.

C. Combined I nput Output Queued Switches

This is the most general type of switch. As the eauggests,
there are buffers both on the input side and ousfig. The
speedup of the switch can be anything between Inaitchas
been shown that a CIOQ switch with a speedup ofa2 c
emulate an outputqueued switch, and thereforegaeHiO0 %
throughput. [3] To avoid the problem of HOL blocfinit is
possible to have a CIOQ switch with virtual outpguieues on
the input side. Thus, a CIOQ switch helps to combihe
advantages of IQ and OQ switches.

4. IMPACT OF INPUT QUEUE LENGTH ON RED

Traditionally, AQM algorithms assume that routees/é only
output queues. However, as explained in the easketion,
practical switches have input queues as well, deioto lower
the required speedup. This paper aims to investigdty and
how an AQM algorithm will be affected by the preserof
input queues in routers in addition to output gseuEhe
question is how AQMs need to be modified to incoape the
fact that switches have both input and output bsffe

A. Effect on Congestion M easure

As mentioned before, one of the important constdma in

any AQM is how exactly the level of congestion isasured at
a particular router. In queue-based AQMs, the guength is
used as a measure. Consider a CIOQ switch in aestet)
network. The output queue will start filling as tbengestion
builds up. The point to note is that the effectofigestion will

be felt on the input side also causing the inptitosi to fill up.

In other words, the effect of congestion is disttédal between
the input and output queues. Therefore, a reliaidasure of
congestion should incorporate both the queue lengthis is
particularly true when the speedup is low (arourid5). If the

speedup is high, then the switch will behave like catput

queued switch and the input queue occupancy wilkrell.

Thus we focus on the low speedup region.

B. Modification Proposed

The modification we proposed is to use the summpbit and
output lengths as the congestion measure. To be spacific,
consider the RED AQM formula for the average bagldiven
in (1). The instantaneous queue length in this @damis
replaced by the weighted sum of qoutput and girvlere
goutput is the length of the output queue and dirgpthe sum
of lengths of all VOQs corresponding to that outdut this
way, the input queue length also contributes topitudability
of dropping packets. The dropping itself is doné/drom the
output queue, as the AQM is applied only to thepougueue.
Thus, we get:

Qm'g(i) =1 _U'q> A Qm'g(i ~1) T Wy X (Vq-input +<]outpm) (2)

Where v is the weighting factor for the input quéeregth This
parameter is important because it provides a meahalance
the reduction in the average backlog on the onel,hamd the
increase in the loss rate on the other hand. Thea#leantage
of this is that the RED (output) queue need noffijet! up as
much as in original RED to start reacting to cotiges An
important point to note is that, only if VOQs aised, it is easy
to take into account the input queue length meant &
particular output. If instead, normal input queaes used, then
it is difficult to find out how much of the inputugue length is
due to packets meant for a particular output. Tthis,strategy
is best implemented only in VOQ based switches. AQa/
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block at each output needs to know the sum of Ve&qyths When the speedup is about 2 or higher, the avéenggh
corresponding to that output, besides the outpetiguength of the input queue is very low, which implies ttithe
itself. Obtaining the sum of lengths is possiblalhthe queues switch is fast enough to handle all the input p&cke
are within the same switch. instantaneously, and the packets only queue aputput
side. On the output side, as expected, the Dropj@iue
5. SIMULATION SETTINGSAND RESULTS has the longest average output queue length, gircay
. . starts dropping when the buffer overflows, wherB&D
A. Simulation Models starts dropping packets before that. Also, when the

To evaluate the performance of our suggested chenB&ED speedup is low, the output queue length for madiif&ED
algorithm for CIOQ switches, we performed simulatian ns is S|gn|f|c§1ntly lower than that for or|g|nall REDhis is
and compared the modified RED with the original RED because in the low speedup range, the input quawes
algorithm as well as Droptail. We performed simiolas in a 4 long, as shown in Fig. 2.

x 4 and a 16 x 16 CIOQ switch. In order to simukaten x n
switch with speedup s, we set the capacities ofitkernal
links of the switch equal to s/n times the capaoityhe input
link (set to 1 Mbps) since there are n interngtdimoming out
of each input. We approximate a round-robin schiedul

algorithm by allowing all the n2 internal links ¢arry packets
simultaneously but at a lower rate. The main diffee from a
real switch is that packets are sent one by oma &o input in B W v

a real switch, whereas in this simulation, they @en sent
together. Consequently, at an output, packets fdifferent
inputs may arrive together. The effect is that dlput sees
slightly more bursty traffic than in a real switdfowever, this
is a minor effect and can be neglected. Each souoce is .
capable of hosting a random number of TCP sessknsa
duration of 100 seconds, each TCP session origirfaten a
random source and terminates at a random sink.duiregion
of each TCP session is randomly selected betwesgc8nds
and 13 seconds for the 4x4 case and between 3dseaad 53
seconds for the 16 x 16. The input and output bulifees are
both 20. Droptail is used for all the queues onitipat side.
The choice of v is crucial, and it involves a traffidetween
backlog reduction and a rise in loss rate. If itds low, the
effect of input queues will not be felt in the cesgon
measure. If it is too high, this would lead to toany packets
getting dropped thereby reducing the utilizatiod &rcreasing
the loss rate. The parameter v is set at 0.5 oAtk 4 case and
0.125 for the 16x16 case. For the simulation, tivehges were
chosen by trial and error. Future work could ineladrigorous
analysis for the optimal value of v. For the RED MQwe set
the minth to 5 and the maxth to 15. The weight gveét to
0.004 and maxp is 0.1.

Utlization

Fig. 2. Average Input and Output Queue Lengths vs
Speedup for 4 x 4 switch (Load 800 TCP sessions)

And when this is included in the congestion meadare
the modified RED, the dropping probability is much
higher than that for the original RED. However, whbe
speedup is high and the input queue length appesach
zero, there is essentially no difference betweerotiginal
RED and the modified RED, and their two output queu
length curves approach each other when speeduf®.s
Fig. 2 has demonstrated that our modification ® RED
algorithm does help in reducing the average quengtt
for CIOQ switch, and this in turn implies that taeerage
delay for each packet traversing through this swit

: - reduced.

B. Simulation Results 2. Utilization and Loss Rate: We also measured the

1. Input and Output Queue Lengths: Fig. 2 displays the utilization and loss rate of the 4 x 4 switch. Spgeis
average input and output queue lengths when théfietd fixed at 1.1 and the load is varied from 80 to 800P
RED algorithm is used in the AQM unit for the outpu sessions. We chose the speedup to be 1.1, bedzaise t
buffer, for the 4 x 4 switch. The correspondingsiations effect of the input queue is felt only for low sdep (1 to
were performed for original RED and Droptail, ar t 1.5). Utilization is the ratio of the average numbebits
results are shown for comparison. For this simoitatB00 received per second and the link capacity. Lossisathe
TCP sessions are started at random times. Speeadup i ratio of the number of packets dropped and the eurab
varied from 1.1 to 2.5. As can be seen, the inugue packets sent.

lengths for the three algorithms are roughly thmesaand
they decrease when the speedup of the switchesaser
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Fig.3. Loss Rate and Utilization of the 4 x 4 switchaedup
s=1.1.

From Fig. 3, we observe that the performance afimai RED
and modified RED are almost the same in terms ibfation
and loss rate. This means that the gain obtainggrins of
backlog in the modified RED algorithm does not eaus
degradation in utilization and loss rate.

We show in figures 4 and 5 the same set of redaitghe

16x16 switch. In this case, for the queue lengthuitions,

6400 TCP sessions are started at random timesd@peds

varied from 1.1 to 2.7. For the loss rate anda#tlon, speedup
is fixed at 1.4 and the load is varied from 6406490 TCP
sessions. We observe again that our modified REDrig#hm

significantly reduces the average output queue tihength

marginal impact on the utilization and the losg rat

Ruaiaga Input CQueue Langih

& hom 4 ® oW &

Fig4. Average Input and Output Queue Lengths vs Speftup
16 x 16 switch (Load 6400 TCP sessions)
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Fig5. Loss Rate and Utilization of the 16x16 switchpedup
s=1.4.

CONCLUSIONS

ClOQ switches are an important class of switches tdutheir
good throughput and the low speedup required. isghper,
we studied the effect of input queues on the REDMA@/e
have proposed the inclusion of the input queuetteatso in
the congestion measure and have shown through ationg
that this modification reduces the average backidge switch
significantly when speedup is low. At the same tiitehas
been shown that the modified RED has almost theesam
utilization and loss rate as the original RED aildpon.
Moreover, the modification that we have suggesteddry
simple, and it is easy to implement in practice sdae
extension of this work includes analysis of thefgranance of
the modified algorithm and assessment of its stabit would
also be useful to study analytically how the weigdtgiven to
the input and output queue lengths while computihg
congestion measure affects the tradeoff betweeppirg too
many packets on one extreme and not including tipeiti
queue’s effects at all on the other extreme.

REFERENCES

[1] S. Athuraliya, V. H. Li, S. H. Low, and Q. Yin, “RE
Active Queue Management,” IEEE Network, vol. 15, no
3, pp 48-53, May 2001.

[2] M. Karol, M. Hluchyj and S. Morgan, “Input versus
Output Queuing an a Space Division Switch,” IEEBNE.
Communications, Vol. 35, pp. 1347-1356, 1987.

[3] B. Prabhakar and N. McKeown, “On the Speedup
Required for Combined Input and Output Queued
Switching,” Automatica, Vol. 35, pp. 1909-1920,
December 1999.

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org 552




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

[4] M. Karol, M. Hluchyj and S. Morgan, “Input versus
Output Queuing an a Space Division Switch,” IEERNE.
Communications, Vol. 35, pp. 1347-1356, 1987.

[5] Sally Floyd, Ramakrishna Gummadi, and Scott Shenker
“Adaptive RED: An Algorithm for Increasing the
Robustness of RED’s Active Queue
Management,”Technical report, ICSI, August 1, 2001

[6] J. Aweya, M. Ouellette, D. Y. Montuno and A. Cha--
pman, “An Optimization-oriented View of Random Barl
Detection,” Computer Communications, 2001

[7] V. Jacobson, K. Nichols, and K. Poduri, “RED in a
Different Light,” Technical Report, September 1999

[8] T. oOtt, T. Lakshman, L. Wong. “SRED: Stabilized
RED,”"Infocom,1999

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org

553



