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ABSTRACT

The Random Early Detection (RED) algorithm [8] is
becoming a de-facto standard for congestion avoidance
in the Internet and other packet switched networks.
Recently several research and working groups have been
discussing parameter settings of RED. Although there
were some recommendations dealing with the adequate
settings of RED parameters, and some router vendors
suggest some default values, the research community is
still debating and still lacking the exact engineering rules
network operators are looking for [13]. With the recent
increasing interest in Differentiated Services, where
packets with different priorities can share the same queue
and where an enhanced variant of RED, i.e. weighted
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i.e. than RED, active queue management may be used if
there are strong arguments behind its deployment.

RED aims at monitoring the queue occupancy and
increasing the overal throughput while allowing transient
bursts of data packets by relying on the average queue
occupancy, instead of the actual queue occupancy, to drop
packets probabilistically in a congestion avoidance phase
and deterministically when the congestion is imminent.
The basic design principle is that since reactive sources
reduce their sending rate after packet losses, dropping
probabilistically packets should avoid the oscillating
behavior, and therefore performance degradation, by
avoiding global synchronization of the sources. Without
loss of generality, RED needs to be configured with four
parameters. a minimum and a maximum threshold
limiting the region in which packets are dropped

RED or n-RED, handling different priorities is used, the robabilistically, a maximum drop  probability
parameter settings’ complexity increases accordingly. Wp&etermi ning an upper bound on the drop probability in the
propose Rate Based n-RED (RB n-RED): a new aCti‘ﬁ’robabilistic dropping region and a weight used for
gueue management algorithm that preserves the deSigﬁimating the average queue size.

principles of RED and results in the same behavior as g the specific case of the DiffServ model where the
RED while reducing the number of parameters to onlyrype of Service (ToS) field of the IP header [15] is used
one. The basic idea is that the rate at which packets akg ingicate the QoS requirements as well as a drop priority
dropped is a function of the long-term average arrivalys the packet, extensions [5] to the RED agorithm have
rate in addition to the average queue size used for RERga proposed to provide different forwarding treatments
Our simulation results show that in all the cases RB Ngaged on the drop priority. The incoming data traffic, in
REQ gives the same performance results as a “Welbarticular the one using the Assured Forwarding Per Hop
configured” n-RED. Behavior (AF PHB), is subject to marking aiming at
assigning a low drop probability to the traffic that fits
within the subscribed profile and a higher drop probability
to the excess traffic. In case of congestion, packets
marked with higher drop probability are preferentialy
dropped in order to make buffer space for packets marked
with the lowest drop probability which may be dropped
only in case of extreme congestion. While the AF PHB
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I I ntroduction

It is becoming increasingly evident that active queue
management schemes based on the Random Early
Detection (RED) agorithm will be used in the next
generation |IP networks. For both Best-Effort, as well as

IntServ and DiffServ based services, the Internet
Engineering Task Force (IETF) is strongly
recommending, if not sating it as a mandatory

requirement, the use of an active queue management
based on the RED algorithm [2,10]. Alternatively another,

specifies three levels of drop precedence, severd
proposals [3,16] suggest the use of more than three drop
precedences. For these schemes, a variant of RED
handling different drop precedences can be used to
achieve fair bandwidth allocation among competing flows
and protection against unresponsive flows. While these
are desired properties, there is a negative side effect
resulting from using different colors consisting in



increasing considerably the number of parameters and
therefore the configuration complexity.

In [6,13], the authors have shown the impact of the
parameter settings of the RED algorithm. Although in
[6,7], setting guidelines are proposed, the engineering of
RED is still an open area for research and testing, mainly
because an optima configuration is largely correlated
with the number of flows, the round trip time, the buffer
space, etc. Several proposals including [6] suggest the use
of dynamic parameters, which are adjusted based on
traffic patterns and the queue occupancy behavior.
Although the effectiveness of these dynamic variants of
RED has been demonstrated by means of simulations,
their stability for very dynamic load conditions is till to
be demonstrated. In this paper we propose a variant of
RED, namely the Rate-Based n-RED (RB n-RED), that
exhibits the same properties as RED with one or more
colors. The strong advantage of RB n-RED is to reduce
considerably the parameter setting complexity making it
ideal for use for several load conditions and
configurations.

This paper is organized as follows: Section |1 proposes
an overview of RED based active queue management
algorithms and describes RB n-RED. Section Il explains
how the estimation of the average arrival rate is made. In
section 1V we describe how to enhance RB n-RED to
provide a uniform packet drop distribution. In Section V
we give an overview of substantial benefits of deploying
RB n-RED before showing some simulation results in
Section VI. Finally we give some conclusions in Section
VII.

[ Rate Based n-RED

In this section we briefly discuss n-RED and define
our new buffer acceptance algorithm, i.e. Rate Based n-
RED.

A n-RED

The n-RED mechanism consists of n separate RED
mechanisms, i.e. one for each color, making use of the
same queue but using different thresholds and estimates
for dropping an arriving packet. Routers using RED are
able to keep the overall throughput high while
maintaining a small average queue length, and tolerate
transient congestion without resulting in global
synchronization of TCP connections. Since n-RED is
defined as an extension to RED it dtill retains these
attractive features in addition to the ability to discriminate
some packets with respect to others on the basis of a
mark, i.e. drop-precedence or color, in times of

congestion. When two drop-precedences' are used, n-
RED isalso known asRIO [5].

For every drop precedence, four parameters need to be
configured: a weight Wgpprec (Can be the same for all
drop-precedences), a minimum threshold Mingepprec, @
maximum threshold maXgepprec @A @ maximum drop
probability maxXpgrop-prec. The operation of a single RED,
with respect to the last three parameters, can be
represented as shown in Figure 1. Figure 2 shows n-RED
for two drop precedences: in and out, where we see that
the number of parameters is doubled compared to Figure
1. When the average queue occupancy is below the
minimum threshold, no packets are dropped. When the
average queue size exceeds the minimum threshold,
packets are dropped with an increasing probability up to
MaXParop-prec: When the average queue size exceeds the
maximum threshold all arriving packets are dropped. In
[9] an improvement is discussed: a further linear
continuation from maXpPgropprec UP t0 1 Of probabilistic
dropping, until the average queue occupancy reaches 2 x
maXi.
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Figure 1. drop probability in function of the average
gueue length in RED
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Figure 2: n-RED for two drop precedences, in and out

! Starti ng from this point we will use drop precedence and color
interchangeably.



B Rate Based n-RED

With Rate Based n-RED, as with n-RED we assume
that all packets are colored. The key idea behind RB n-
RED isthat the long term average arrival rate is estimated
for each color. Thetotal average arrival rate should never
be larger than the rate R at which the queue is served. If
the total average arrival rate is smaller, then all packets
are accepted. When it is larger, packets have to be
dropped such that the total arrival rate of the accepted
packetsis equal to the servicerate R.

Let us assume that we have three colors: green, yellow
and red. We denote the estimated arrival rate in bits per
second of color c at time t by EAR(c,t). For example
EAR(green,t) is the estimated arrival rate in bits of green
packets at timet. Let TEAR(t) be the total arrival rate of
all packets, i.e.

TEAR (t) = EAR(green.t) + EAR(yellow 1)+ EAR(red.1)  Eq. 1

then no packets should be dropped when TEAR(t) is
smaller than the service rate R; when TEAR(t) is larger
than R, packets should be dropped such that the total
arrival rate of accepted packetsis equal to the service rate
R. This means that the drop probability should be equal
to (see Figure 3):

Py = max E? TEAR E Eqg. 2
P TEARIzj '
Using this, we are sure that the accepted arrival rateis
never higher than the service rate R. It is preferable that
packets should be dropped less aggressively when the
buffer occupancy is low and that packets should be
dropped somewhat more aggressively when the buffer
occupancy is high to be sure that the queue remains
stable. For this purpose we multiply the drop probability
Parop With a correction factor, CF. CF is calculated based
on the average buffer occupancy in the same way asit is
calculated with RED. If the average buffer occupancy is
low, CF should be smaler than 1. However when the
average buffer occupancy is high, then CF should be
larger than 1. Let QS be the queue size and avgQ the
average queue occupancy, then CF is calculated in the
following way (Figure 4):
_avg0
CF = 05 upP Eq. 3
where AP is the aggressiveness parameter. A typica
value for AP is 2. This parameter determines how
aggressive the drop mechanism will be. A small value
means that it is not aggressive and allows large queue
occupancies and, therefore, large delays. A large value
for AP makes the drop mechanism more aggressive
resulting in smaller queue occupancies and smaller

delays. Using the correction factor, the corrected drop
probability, CPgp, becomes

CP, drop = P drop [CF Eq 4

This means that the drop rate at time t, i.e. the amount
of bits discarded per second at timet, is equal to:
drop rate(t) =CPyop ETEAR(t) Eq. 5

The total drop probability must be Pygp, OF CPyrgp
(when the correction factor is used).

total
arrival rate

TEAR(t) Service Rate

EAR(yellow,t)

EAR(green,t)
Y

Amount of arriving traffic = TEAR(t)
Amount of arriving traffic above service rate = TEAR(t)-R
TEAR(t)-R

O drop probability should be
TEAR(t)

Figure 3: Basic idea behind Rate Based n-RED

Correction factor
AP
CF
avgQ Qs Average
queue
AP = aggressiveness parameter occupancy

CF = correction factor
QS=queuesize

Figure 4: Calculation of the correction factor
C Configuration

The parameters, which need to be configured by the
network operator, are:
v theservicerate, R,
v' thequeuesize, QS, and
v’ the aggressiveness parameter, AP.
The latter parameter, AP, only has to be configured
when the correction factor is used. The service rate, R,
and the queue size, QS, are typical parameters of a queue.

The distribution of the individual drop probabilities
among the different colors can be chosen in different
ways. In the following three subsections, we explain how
RB n-RED can provide loss differentiation and a
minimum guaranteed rate service.



11 Estimation of the Arrival Rates

In order to calculate the drop probability we have to
estimate the arrival rate of each color, i.e. EAR(green,t),
EAR(yellow,t), and EAR(red,t). This can be done using
the formula in [17] where the estimated arrival rate is
updated at every packet arrival asfollows:

Eq. 6

EARY (c.0)= (1 —e-T/K)a;fw'T/K [EAR (c.t)
cisthe color, K a constant (typical valuesare 0.1, 0.5 or 1
second), L the packet size, and T the time between the
current time and the last update of EAR™(c,t). Taking K
small means that the estimated average arriva rate will
follow the instantaneous arrival rate closely. On the other
hand a large K means that EAR(t) varies more smoothly
intime. This means also that it reacts slow with respect
to bursts. EAR™(ct) is updated each time a packet of
color c arrives.

The problen why we cannot use EAR'(ct) as
EAR(ct) is because EAR(c,t) is updated only on packet
arrival. When there are no packet arrivals for that color,
the estimate remains constant. In order to solve this, we
calculate an upper bound, EAR"™(ct), of the mean
arrival rate, which is updated on every packet arrival,
irrespective of the color of that arriving packet, in the
following way:

EAR™ (c,1)=(1-¢77%) s ke N AR (c)  EQ.T
where T is again the time between the current time and
the previous update of EAR?'(c,t) (and not the previous
update of EAR™™(ct)!). Each time EAR¥(ct) is
updated, EAR"™™(ct) is set equa to EAR¥(cpt).
EAR™(c,t) is an upper bound on the estimated arrival
rate, which decreases when no packets of that color
arrive.  The fina estimated arrival rate, EAR(c,t), is
updated on every packet arrival (irrespective of the color)
according to the following formula:

EAR(c.1)= mm(EAR“” (c.1), EAR™P*" (c, t)) Eq. 8

The algorithm is summarized in Figure 5.

When a packet of color ¢ arrives:

1. Calculate EAR''(c,t) according to
formula (Eq. 6)

2. Set EAR™(c,t) equal to EAR'(c,t)

3. For each color cc different fromec,
cal cul ate EAR™(cc,t) according to
formula (Eq. 7)

4. For each color cc, calculate EAR(cc,
t), according to formula (Eq. 8)

Figure 5: Estimating the averages
v Variable Service Rate

In the previous sections, it was always assumed that
the servicerate, R, of the queueisfixed. In practice, there
are aso other QoS queues, such as a queue for the
expedited forwarding (EF) PHB [12] and a queue for best
effort traffic. This means that the service rate, R, istime-
dependent and in order to calculate a drop probability at
timet, the service time at timet, R(t), has to be calculated.
R(t) can be estimated in the same way as the arrival rates
are estimated: .

R(t)= (1 _e_T/K)D;* +e " [R(¢  previous) Eq.9

wheret isthe last service time of a packet and t_previous,
the previous service time. T is the difference between t
and t_previous. In this case, the calculation of the drop
probability, for example in Eq. 2, is based on R(t) rather
than on R.

Vv Supporting Different Services

Rate-Based n-RED can be used to support different
services. This section explains how it can be used for two
specific services: minimum rate guarantees and loss
differentiation.

A Minimum Rate Guarantees

For minimum rate guarantees, red packets are
discarded first. If this is not sufficient we also start to
discard yellow packets, and if there is still congestion all
red and yellow packets are dropped. Finally, green
packets are dropped only in case of extreme congestion.
CPqrop is computed as described in section 2 and this value
is used to caculate the acceptance rate. The average
queue occupancy is thus taken into account when
calculating the (transformed) acceptance rate. The drop
rate, as defined in section 2, is:



drop rate(t) =CP grop ﬂFEAR(t) Eqg. 10
This means that the amount of accepted traffic, AT(t), is
equal to:

AT(¢) = {1 = CPyyp JTEAR(r) Eq. 11

All traffic above AT(t) has to be discarded. Four
different scenarios can be identified. The first scenario is
where the total arrival rate TEAR(t) is smaler than or
equal to AT(t). Inthis case, no packets are dropped. The
second scenario is where EAR(green,t) + EAR(yellow,t)
is below AT(t), but TEAR(t) is above AT(t), then all
green and yellow packets are accepted, but the red packets
are probabilistically dropped (Figure 6):

_ TEAR()- AT(z)

red = AR(red, £ Eq. 12

The third scenario is similar: EAR(green,t) is below
AT(t), but EAR(green,t) + EAR(yellow,t) is above AT(t).
In this case we accept all green packets, discard all red
packets, and discard yellow packets with probability
(Figure 7):

p _ EAR(green, t) + EAR(yellow, t) - AT(t)
yellow EAR( yellow,t)

Eqg. 13

In the fourth scenario EAR(green,t) is above AT(t). This
means that al yellow and red packets must be dropped
and that the green packets are dropped with probability
(Figure 8):

p _ EAR(green, t)—AT(t)
green EAR(green, t)

Eq. 14

The four scenarios are summarized in Figure 9.

TEAR()
AT()

EAR(yellow,t)

Accept all green and yellow packets
Discard red packets with probability: Excessred / EAR(red,t)

Figure 6: Discard red packets probabilistically

I Excess yellow

TEAR()

EAR(yellow,t)

Accept all green packets
Discard all red packets
Discard yellow packets with probability: Excess yellow / EAR(yellow,t)

Figure 7: Discard yellow packets probabilistically

EAR(yellow,t)

TEAR()

v

Discard green packets with probability: Excess green/ EAR(green,t)
Discard all yellow and red packets

Figure 8: Discard green packets probabilistically
B L oss Differentiation

For loss differentiation the loss probability for the red
packets should be g, times the loss probability of the
green packets and the loss probability of the yellow
packets should be 00w times the loss probability of the
green packets. The drop rate (t), i.e. the amount of bits
discarded per second at timet, is:

drop rate(t) = Pgreen D‘jAR(green,t) + Pyellow DEAR(yel[uw,t) + Pred D:‘AR(red,t)
= Pgreen D’:‘AR(green,t) *q yellow D)green EEAR(y elluw,t)+ 9red D]green D5‘41((""“"1)
= Pg,ggn '@EAR(A’"“"J) + qu’llow [EAR (yel[uw,t) *dg [(EAR (red,t)@

Eqg. 15

Because drop rate(t) = CP 4, TEAR(r) (assume we use
the corrected drop probability), we have the following:

P,.. Eﬁl:AR(green,l) +q D:AR(ye/low,l) +q., I]:'AR(red,I)) =CP,,, D'EAR(I)
CP,, TTEAR()

gre.= ’

= " FAR(green,t)+q ., CAR(yellow,t) + g, TLAR(red t)

aaaaa

Eqg. 16



Using this formulafor calculating the drop probability
of the green packets, we can derive the drop probability
for the yellow and red packets:

P low — 49 vell [P, ,Cll’ld
yellow yellow ! green Eq. 17

Prea = qred IJ)green'

These formulas are sufficient to compute the different
drop probabilitiesin order to support loss differentiation.

if
I(EAR(green,t)+EAR(yeI | ow, t)+EAR(red, t))
< AT(t))

then accept all packets;

el se
if ((EAR(green,t)+EAR(yellow,t) < AT(t))

then accept all green packets;
accept yel | ow packets;
di scard red packets with probability

_ TEAR(t)- AT(¢)
d = EAR(red.t)

el se
if (EAR(green,t) < AT(t))

then accept all green packets;
di scard all red packets;
di scard red packets with probability

_ EAR(green, t) + EAR(yellow, t) - AT(t) )

P ;
yellow EAR( yellow,t)

el se discard all yellow packets;
di scard all red packets;
di scard green packets
probabilistically;

p _ EAR(green,t) - AT(t) )
green EAR( green, t)

Figure 9: algorithm for bandwidth differentiation

VI A Uniform Drop Probability

Unpublished simulation results performed by Sally
Floyd show that light-tailed drop distributions give better
performance than heavy-tailed ones (see the note in
http://www.aciri.org/floyd/REDdistributions.txt for more
details). In particular a uniform drop distribution is a
desired property of RED. In this section we explain how

RB n-RED can be modified to provide a uniform drop
distribution.

Let N, be the number of packets of color c after a
dropped packet of the same color, i.e. the number of
accepted packets of color c after a dropped packet of color
¢ plus 1 (the dropped packet at the end). Then with the
dropping method of the previous subsections, N, has a
geometric distribution. This is because every packet has
the same drop probability independent of any previous
drops:

PN, =n]=(1=p. )" Tp. . n21 Eq. 18
where p. is the drop probability of color c. The mean
of N, E(N,), isin this case equal to:

Eqg. 19

If we want to drop a packet according to a uniform
distribution asin [8], then we have to change p. such that
the mean remains the same, i.e. such that we are still
dropping at the same rate. Assume that P, is this
transformed uniform drop distribution and that the final
drop probability, Py, is calculated as follows:

P

Pa = ¢
I=count, [P,

Eq. 20

where count is incremented with 1 if the packet was not
dropped and set to O if it was dropped. In this case N,
will have a uniform distribution:

_ _ Ph n-2 Ph
P[Nc_n]_]—(n—I)EP,, 1o,
_ P, n=2 1 (i +1)CP, Eq. 21
1-(-np, L) 1=,
:Pb

when n is smaller or equal to /P, (assume for simplicity
that 1/P, is an integer). Otherwise the probability is zero.
This means that the mean of N, E(N), is equa to:

)_J/P,,+1_1+P,, _ T

E(N, = =
2 2P, 2[P, 2

Eq. 22

In order to have the same drop probability for the
uniform case as with the geometric case, we should
choose P, such that the two meansin Eq. 19 and in Eq. 22
are equa to each other. This means that we have to
calculate P, asfollows:

Eq. 23



In order to obtain a uniform drop probability, the
algorithm depicted in Figure 10 should be executed.
Notice that each color hasits own count-variable.

When a packet of color ¢ arrives:

1. Calculate p, using one of the methods
described in the previous subsections
2. Calculate P

Pc
Pb =<
2=pe
3. Calculate p, = P
1 —=count.py,

4. Drop packet with probability P. If

packet is not dropped then increnment
count_ with 1, otherw se reset count,
to zero.

Figure 10: A uniform drop probability

VIl Simulation Model and Results

In order to show that RB n-RED gives a similar
behavior as an optima configured n-RED, some
simulations with bursty TCP sources are performed. The
intention of these simulations is not to show that RB n-
RED outperforms n-RED. We will consider a scenario,
called the generic fairness configuration (GFC), which is
arather complex scenario and it is depicted in Figure 11.
We have 10 users connected to an ISP, called A-short, A-
long, B-short, B-long, C-short, C-long, X-short, X-long,
Y-short, and Y-long. Users A-long, B-long, C-long, X-
long, and Y-long have a larger RTT than the other users
connected to the same bottleneck router. The shaded
region in Figure 11 represents the ISP to which all users
are connected. All access links, i.e. the links from the
routers of the users towards the ISP, are 45 Mbps with a
fixed propagation delay of 2.5 ms. The bandwidths in the
ISP backbone are shown in Figure 11 in Mbps and the
links have afixed propagation delay of 10 ms. The arrows
in the figure represents the direction in which the data
packets flow, the acknowledgements flow in the opposite
direction. Each user has 20 TCP connections attached to
the routers via a link of 10 Mbps and a fixed delay of 1
ms, but these individual TCP connections are not shown
in the figure.

The aggregated flow is colored according to atwo rate
three color marker (tr-TCM) [11]. These have a CIR of 6
Mbps, a PIR of 12 Mbps, a CBS of 10 Kbytes and a PBS
of 20 Kbytes. We take the link rates such that green
packets can consume at most 50% of the second link of
the ISP. Because traffic from users A-short, A-long, B-

short, B-long, C-short, and C-long go through this link,
the maximum green packets rate is at most 36 Mbps (6
times 6 Mbps). If we want that the green packets to
consume at most 50% of this link, we have to set the link
rate equal to 72 Mbps. Users B-short and B-long use link
1 and 2 and they should have their bottleneck at the first
router of the ISP such that they can consume 10% of the
excess bandwidth of link 2, i.e. 3.6 Mbps. This means
that the users B-short and B-long send their traffic at an
average rate of 7.8 Mbps, each (6 Mbps CIR and 1.8
Mbps excess). By setting the link rate of the first link
equal to 31.2 Mbps, users X-short, X-long, B-short and B-
long should have an equal amount bandwidth. We make
a similar reasoning for users A-short and A-long: they
have their bottleneck at the third router and we want that
they consume 30% of the excess bandwidth of link 2.
This leads us to a bandwidth of 45.6 Mbps for the third
link. Users C-short and C-long have their bottleneck at the
second router.

B-shot Blong  C-short C-long

s Mbps /

X-short X-long: ! _/

[

/
[
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\ 45 Mbps / i
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Ashort A-long C-short  C-long [J n-RED/RB n-RED

Figure 11: Simulation model - GFC scenario

We perform simulations where all routers implement
n-RED, RB n-RED and 2 mixes. Mix 1 where router 1
and router 3 implement n-RED and where router 2
implements RB n-RED. A second mix (Mix 2) consists of
aRB n-RED implementation in router 1 and router 3, and
an n-RED implementation in router 2.

Figure 12 shows the simulation results for bandwidth
differentiation. We see that our RB n-RED mechanism
achieves the same results as an optimal configured n-RED
mechanism. All users get their CIR in all cases, therefore
achieving the minimum rate guarantee promised by the
mechanisms.  Issues related to bandwidth guarantees
using this method can be found in [14]. From the
simulation results of the two mixes we can notice that RB
n-RED performs well in a heterogeneous network where
different RED mechanisms are deployed. The mechanism

doesn’t degrade the performance of a well-configured n-
RED. We remind the reader that correctly configuring n-

Y-short

A-short



RED isn’t obvious, while with RB n-RED this problem iscolor is the most complex task from an implementation
resolved. point of view. However, in addition to substantial

In a second simulation scenario, the RB n-REMDenefits in terms of configuration, there are other positive
mechanism was set such that it provides losside effects that compensate for this additional
differentiation between green and yellow packets (no rembmplexity: the different rates can also be used for other
packets here to keep the simulation scenario relativghyurposes such as traffic engineering, measurement based
simple). The chosen loss ratio between green and yelldlow admission control, feedback mechanisms, rate
was set to 2. For loss differentiation no tr-TCMs are useddaptive shapers and performance monitoring. How the
the marking is done at the hosts. Each user has 40 T@i#e estimates can be used for these purposes is briefly
connections where 20 connections tag their packets discussed in the following subsections but a specification
green whereas the others tag their packets as yellasi.such a mechanism is outside the scope of this paper.
Figure 13 shows the packet loss ratio in each queue ang\it
is clear that the targeted loss ratio between green and
yellow are met.

Traffic Engineering

The purpose of traffic engineering is to reroute a part
of the traffic when some links along the current path

[BR8nRED B RED BMix1 DMix2 become congested. A problem that traffic engineering
231 AL faces is how to determine which links are congested and
214 which links are not. One method is to estimate the packet
20 p
1B loss ratio. Alternatively, this can also be done using the
y 9
2 ié rate estimates of the RB n-RED. With these rate
s 14 estimates it is easy to determine which links are congested
2 13 and the available bandwidth on each link.
g ”g’i Henceforth by using the rate estimated by RB n-RED,
£ 7] a powerful traffic engineering mechanism can be
6
3 designed without introducing too much complexity in the
%: routers because the rate estimates are already made by the
Gl buffer acceptance algorithm.
Ba Bb Xa Xb Aa Ab Ca Cb Ya Yb
B M easurement Based Flow Admission Control

Figure 12: simulation results for bandwidth o
differentiation For measurement based flow admission control, the

available bandwidth has to be estimated in order to accept
a new flow or to reject it. An example is the “simple
marking” scheme proposed in [18]. It is obvious that the
rate estimates provided by the RB n-RED can also be
used for measurement based flow admission control.

C Feedback Mechanisms and Rate Adaptive
Shapers

003

Egreen
Oyellow

Core routers can give feedback to the edge routers
about the level of congestion they experience. When a
core router detects a congestion some proposals suggest to
introduce a feedback mechanism where a message is sent

quevel queue2 queues back to the edge routers in order to reduce their sending

rate [4]. With the rate estimates provided by the RB n-
Figure 13: Simulation results for loss differentiation RED mechanism, the edge routers can see how the level
of congestion in the network increases and decreases in

Packet Loss Ratio

VIl Relationship with Other Network time. Based on the increase or decrease of the level of
M echanisms congestion, the edge routers can adapt their sending rate
appropriately.

The Rate Based n-RED mechanism proposed in this The same can be done for rate adaptive shapers such
document, is somewhat more complex to impleme/®s the one proposed in [1]. The rate estimates provided

compared to n-RED. The estimation of the rates for eaf)f Rate Based n-RED in the core routers can also be used
to determine a more appropriate shaping rate.



IX Conclusions

In this paper we proposed a buffer acceptance
agorithm that exhibits the same characteristics as RED
while avoiding the parameter setting complexity. The
mechanism adapts itself to the changing traffic patterns
but without changing parameter values, and drops the
correct amount of packets. It is based on rate estimates,
which can be re-used by various other QoS-related
mechanisms.
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