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A NEW ALGORITHM TO ACHIEVE BANDWIDTH 
FAIRNESS: POWER-RED
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ABSTRACT
It’s becoming one of the major research issues that how to handle data congestion and avoidance of 

that on the network in an efficient way has become a crucial issue because of bursting data traffic. There 
are a variety of congestion control strategies have been proposed to avoid congestion at the bottleneck 
nodes. Among which, random-early-detection (RED) is widely applied in IP network nowadays. It 
provides high bandwidth (BW) utilisation by dropping packets randomly selected from the queue. These 
dropped packets will then serve as signals that notify their transmission ends to decrease the sending rate, 
preventing congestion from happening. Unfortunately, RED algorithm provides little protection against 
aggressive flows, such as flows with large packets, or congestion insensitive flows. As a result, it is easy 
for these flows to consume most of the bandwidth, causing unfair bandwidth sharing. In this paper, we 
propose a new algorithm, named as Power-RED, which aims to achieve BW fairness. Power-RED keeps a 
throughput statistics, and adjusts packet drop probabilities according to power law when a network tends to 
become congested. Its goal is to maintain a fair bandwidth share among all incoming connections. Power-
RED monitors throughput of active flows, and adjusts drop probabilities individually according to their 
throughputs for the purpose of BW fairness. The extensive real-world experiments in a PC networks shows 
that Power-RED can effectively guarantee fairness not only in packet numbers but also in their sizes.
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1. INTRODUCTION

As data traffic was progressively bursting on the 
Internet, congestion controls and avoidance has become 
a crucial issue. Several congestion control algorithms 
have been proposed to avoid congestion at bottleneck 
nodes. Random-Early-Detection (RED) [1] is one of 
the most well-known ones. It continuously monitors the 
average queue size, and then drops packets randomly 
before the queue reaches its maximum size. These 
dropped packets then become signals of congestion that 

notify their transmission ends to slow down sending 
rates, preventing congestion from happening. Several 
RED’s variants have been proposed for special concern 
after RED was announced [2-10]. Some of them tried 
to deal with fairness issues, for RED can only provide 
little protection against aggressive flows from consuming 
most of the bandwidth. These aggressive flows include: 
TCP flows with short round trip time (RTT), TCP flows 
with large packet size, and congestion insensitive flows 
such as UDP flows.

Byun et al. [2] proposed a modified the window 
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control algorithm that guarantees TCP fairness by 
collecting network information with the aid of successive 
explicit congestion notifications. However, it is only 
applicable in congestion sensitive scenarios. EF-RED [3] 
modifies the formula of drop probability calculation by 
taking packet size into consideration. Drop probability 
of each incoming flow is individually computed, whose 
value is equal to the square of the ratio of the arriving 
packet size to the largest packet size among the flows. 
However, its formula is derived from a steady-state 
formula in [11], but its calculation is based on real-
time statistics, which might have dramatic changes in 
dynamic networks. CHOKe [4] is a variation of RED 
aim to deal with congestion insensitive flows. When a 
new packet arrives, it randomly chooses a packet within 
the buffer and makes a comparison between their source 
addresses. If they are the same, both packets are dropped 
immediately. Otherwise, the chosen packet is left 
untouched and the incoming packet is processed through 
the original RED algorithm. If a flow consumes more 
bandwidth, its packets are more easily to be chosen and 
then discarded. WARD [5], which is an improved version 
of CHOKe, not only can it protect TCP flows from UDP 
flows, but it also can resolve the unfairness problem 
caused by different TCP versions. StoRED [6] classifies 
incoming packets into several groups by using a time-
varying hash function. It then modifies drop probabilities 
of each group according to its load. However, this 
may cause some normal flows to be mispunished due 
to sharing bandwidth with the aggressive flows. BF-
RED [7] activates its control mechanism only when 
the router is congested, that is, its average queue size is 
greater than 0.5 (maxth + minth) , where maxth and minth 
are, respectively, the upper and lower decision bounds 
to help determine the mode of drops: no drops, random 
drops, and forced drops. This threshold, suggested by 
Zieger et al. in [12] and [13], is a stability criterion of 
the RED algorithm. BF-RED calculates drop weight of 
incoming flows based on packet drop history, and uses 
this as a parameter to adjust the packet drop probabilities. 
Computer simulations show that BF-RED can minimizes 
the impact caused by flows with small RTT, and also 
can alleviates the unfairness resulting from congestion 
insensitive UDP flows. But packet drop history cannot 
accurately reflect actual bandwidth shares when drop 
probabilities are large, and the size of packet is not 
always a constant in general. Although packet size is 
limit by maximum transmission unit (MTU), whose 

value is suggested by IPv4 [14] to be set to 576 bytes, it 
can still be set to other values. For example, the MTU of 
Ethernet [15] is set to 1,492 bytes, which means packets 
from an Ethernet may be twice larger than packets from 
an IP network when both are interconnected. Hence, to 
achieve ultimate bandwidth fairness, it is necessary to 
collect the information of packet size.

Motivated by that RED and CHOKe are not capable 
of protecting bandwidth fairness, we propose a new 
algorithm named Power-RED which can achieve fairness 
in a great extent by monitoring packet transmission 
history and adjusting packet drop probabilities according 
to a power law. Therefore, even if TCP version differs 
among incoming flows, Power-RED can still avoid 
unfairness, since it simply modifies drop probability 
according to the throughput. With Power-RED, the 
unequal share in a complex network can be significantly 
alleviated. Instead, service providers can maintain fair 
and reasonable benefit-cost-ratio among their clients. 
Our approach has been successfully verified in a real-
world experimental platform which consists of five 
personal computers with different operational systems 
under the topology in Figure 1. The labels on the lines 
between nodes represent the packet size of the flows. The 
data sending begins randomly between 0 and 1 second, 
and the experiment lasts for 1,500 seconds. Considered 
algorithms are applied only at routers R1 and R2, and 
Drop-Tail, the rest. Flow i is denoted as the connection 
between node Si and Di, via the congested routers R1 
and R2. We set packet size of flow 1 as 1,496 bytes, 
which is almost three times larger than the rest of the 
flows. Furthermore, extensive experiments show that the 
Power-RED can guarantee fairness not only in packet 
numbers but also in their sizes, yielding improved data 
transmission performance.

Figure 1. The network configuration under consideration.
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2. Power-RED Algorithm

The core idea of Power-RED is to adjust the drop 
probability of each active incoming flow according to its 
throughput in a congested router. Assume that there is a 
congested router, when a new packet arrives, Power-RED 
checks if it belongs to any known active flows. If so, it 
then updates the number of active flows. Power-RED 
continuously monitors, keeps throughput statistics for 
each active flow, and adopts the information to compute 
average throughput arithmetically. The drop probability 
of each active flow is adjusted as follows.

First, the intermediate drop probability is calculated 
by

Pb = min (maxp (qavg - minth )/(maxth - minth ),1) (1)

where maxp represents the maximum drop probabilities, 
avg q represents the average queue size, which is 
regularly updated, maxth and minth are the upper and 
lower decision bounds to help determine the mode of 
drops: no drops, random drops, and forced drops, as 
illustrated in Figure 2.
Pa another intermediate probability according to

 Pa = 
Pb

1 - cPb

 (2)

where c is a count variable defined in RED. The ultimate 
drop probability for each active flow is derived by passing 
Pa to a power equation.

 Pi' = Pa (
xi
µx

) r (3)

where xi is the throughput of the i-th flow in a time 
interval, μx is the average throughput in the same time 

interval, and γ is the power factor, which is an integer and 
is self-adjusted as follows.

The power factor α is initially set to its lower 
bound, e.g., 0, which means the drop probabilities are 
left untouched. If the following inequality holds

max
i

{xi} > αμ x

where the factor α reflects the extension of control, and 
γ is smaller than it upper bound, then the value of γ is 
increased by a step. Thus, if α is set to be 1, the controller 
will become rather sensitive. Otherwise, γ is decreased 
by the same step until reaching its lower bound. This 
makes the flow with the largest throughput suffer more 
packet drops as time goes by, forcing it to reduce its 
sending rate if it is congestion sensitive. However, when 
the protocol of the flow is congestion insensitive, Power-
RED will continuously increase its drop probability, 
until its throughput is reduced to a value no larger than 
the product of α and μx. In this case, Power-RED relies 
only on raising drop probabilities to maintain bandwidth 
fairness. The algorithm can be realized in pseudo codes 
as elucidated below.

Initialization:
t ← 0, qavg ← 0, c ← -1, xi ← 0, µx ← 0, γ ← 0, and  
γmax ← 100
for each packet arrival
　calculate new average queue size qavg

　　if queue is nonempty, update qavg by using weight  
　　average with weight factor wq and queue size q
　　　qavg ← (1 - wq) qavg + wqq
　　else
　　　m ← f(t - tq)
　　　qavg ← (1 - wq)

m qavg

if minth < qavg < maxth

　c ← c + 1
　calculate probability Pb, Pa, and Pi
　　Pb = maxp(qavg - minth) / (maxth - minth)
　　Pa = Pb / (1 - c•Pb)
　　Pi = Pa(xi / µx)

γ

with probability Pi,
　　mark or drop the arriving packet of flow i
　　c ← 0
else c ← -1
if the queue becomes empty
　　tq ← t
for each packet departure

maxthminth

qavg

maxp

Pb

1

Figure 2. Relation between the average queue size  
and drop probability Pb is then used to calculate.
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　calculate per flow throughput statistics  
　calculate average throughput among the flows

　　 µx ←           xi

　if max{xi} > α•µx and γ < γmax

　　γ ← γ + 1
　else if γ > 0
　　γ ← γ - 1
Saved Variables:
　qavg: average queue size
　c: number of packets since last mark or drop
　tq: the start of queue idle time
　xi: throughput of flow  
　µx: throughput among the active flows
　γ: the power factor
　γmax: the upper bound of  

3. Real-World Implementation

We have realized Power-RED as a Linux kernel 
module and investigated its performance against CHOKe 
and conventional RED, which are also two build-in 
modules. Due to the complexity of the algorithm and the 
limitations of Linux kernel, BF-RED is presented.

3.1 Experimental Platform and Setup
We conducted a practical implementation by setting 

up a network topology which contains a cluster of clients 

1
n Σ

i = 1

n

irunning popular operating systems such as Microsoft® 
Windows XP, and a gateway server running Linux 3.2.8 
[16] as the subject system. Figure 3(a) and 3(b) show 
photos of the experimental system with the configuration 
of each computer listed in Table 1.

There are some limitations in programing Linux 
kernel modules. For example, floating point calculation 
is not allowed in kernel, hence programmers can either 
handle the status of registers one their own, or map 
their calculation to integer domain. The later solution is 
thus suggested. Since the proposed algorithm requires 
fast power calculation, realizing such calculation by 
loop sequence will not only consume large resource 
but also be impractical. We, instead, transform power 
calculation into simple arithmetic operations with the 
aid of logarithm, reducing complex computation into 
simple operations that save much memory consumption. 
Furthermore, bandwidth is limited by using traffic control 
utility-tc [17] -- To form the transmission capacity in 
Figure 1.

Congestion control algorithms are deployed at 
gateway server R1, and the network topology mimics the 
configuration illustrated in Figure 1. Once the platform 
was established, we generate data traffic by using 
iperf [18], a remote-controllable cross-platform traffic 
generator written in C. It has been customized to generate 
TCP or UDP traffics with specified packet sizes and start 
sending packets at the specified time to the specified 
destinations.

(a) (b)(a) (b)

Figure 3. (a) A PC as the platform on which our proposed algorithm is realized;  
(b) Five clients that generate data traffics.
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On our simulation platform, we choose R2 also 
serves as our destination ends, D1 to D5, for the 
following reasons. First, in a dumbbell-like configuration 
as that proposed in Figure 1, the traffic congestion always 
occurs before traffic reached the bottleneck, which was 
the link between R1 and R2, and packets suffered no 
congestion after leaving R2. Second, since packets 
generated by traffic generator contained only zero 
paddings instead of information, the destination needed 
only to check sequence numbers as well as checksums 
of these incoming packets. Therefore, R2 can serve as a 
common sink to all incoming packets. Moreover, it was 

much easier for us to monitor the status and collect data 
from a single machine.

3.2 Network Contains Only Congestion 
Sensitive Flows

To test the performance of Power-RED algorithm in 
real networks, we initiate a series of evaluations. Similar 
to that stated in Section 3.1, the first scenario is a network 
contains only congestion sensitive flows. Packet size of 
these traffics are set to different values to test if Power-
RED possesses better performance on compensating the 
unfairness caused by different packet sizes than other 
algorithms. The result is shown in Figure 4.

Table 1.　Individual configurations of computers participated in experiment
Computer No. CPU RAM Size Network Interface OS

R1 Intel® Pentium® 4
3.00 GHz

DDR 1024 MB Intel®

82562EZ
10/100
Ethernet, Intel® 
82559
Ethernet Pro
100

Linux 
3.2.8

R2 Intel® Pentium® 4
3.00 GHz

DDR 1024 MB Intel®

82562EZ
10/100
Ethernet, Intel® 
82559
Ethernet Pro
100

Linux
3.8.0-35

S1 AMD Athlon™ 64
3500+

DDR2 1024
MB

NVIDIA®

nForce
10/100/1000
Mbps
Ethernet

Microsoft® 
Windows XP

S2 AMD Athlon™ 64 3000+ DDR 512 MB SiS 190
100/10 Ethernet

Microsoft® 
Windows XP

S3 Intel Core 2
Duo E8400

DDR2 2048
MB

Realtek PCIe Gigabit 
Ethernet

Microsoft® 
Windows XP

S4 Intel Core Duo
T2500

DDR2 1024
MB

Realtek PCIe Gigabit 
Ethernet

Microsoft® 
Windows XP

S5 AMD Athlon™ 64
X2 5000+

DDR2 1024
MB

Marvell
Yukon
88E8056
PCI-E Gigabit
Ethernet

Microsoft® 
Windows XP
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Figure 4. Throughput of TCP f lows of different 

algorithms.

3.3 Network Contains Only Congestion 
Insensitive Flows

In addition to TCP flows, we proceed to evaluate the 

performance of Power-RED on UDP flows. The network 

topology remains the same as that in TCP scenario. The 

throughput comparison is shown in Figure 5. Practical 

performance evaluation shows that conventional RED 

and CHOKe lack the ability to ease unfairness caused 

by packet size differences whereas fairness can be well 

maintained by Power-RED.

Figure 5. Throughput of UDP f lows of different 

algorithms.

3.4 Network Contains both Congestion 
Sensitive and Insensitive Flows

To evaluate the proposed algorithm in a more 
common scenario, we also set up a topology that contains 
2 UDP flows and 3 TCP flows and test throughput of 
different algorithms. The result for throughput measure 
of such a complex scenario is illustrated in Figure 6. It 
shows that even though all algorithms fail to reach ideal 
fairness, the proposed Power-RED still performs better 
than the other two algorithms.

Figure 6. Throughput of UDP and TCP f lows of 
different algorithms.

4. CONCLUSIONS

We have proposed a novel network congestion 
control algorithm named Power-RED. It is capable 
of resolving bandwidth fairness issues that has not yet 
been completely overcome by other algorithms, but 
also a TCP-friendly router based mechanism. The goal 
of Power-RED is to maintain a fair bandwidth share 
among all incoming connections. Power-RED monitors 
throughput of active flows, and adjusts drop probabilities 
individually according to their throughputs. Real-world 
experiments demonstrate that even if flow packet sizes 
are different, Power-RED with simpler control strategies 
can guarantee bandwidth fairness than those networked 
environments governed by RED, CHOKe, or BF-RED 
algorithm.

Further works involve studying the performance 
and characteristics of this algorithm under a wide range 
of packet size differences, network topologies, and real 
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traffics, providing us deep insight and information for 
hardware implementations. Besides, the performance 
analysis of Power-RED with short-lived traffics and 
dynamic links is currently under investigation.
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