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Abstract. Network virtualisation has been recently presented as a mean to
overcome the saturation of the current Internet by sharing the same infrastruc-
ture by different network operators. This work considers virtualisation of the
wireless medium, a way to share common network physical resources by differ-
ent Virtual Operators based on a Time Division Multiple Access technique. We
propose an Adaptive Weighted Round Robin scheduler as a means to optimize
the assignment of time slots to each virtual operator and improve the perform-
ance of the system. End-to-end delay and packet loss are the metrics used in this
paper to show the potential and limitations of wireless virtualisation as a way to
increase the network usage. This research is presented as a simulation-based
study developed over the widely used NS2 network simulator. Different scenar-
ios and network topologies are considered in order to assess the benefits of us-
ing the proposed scheduler.

Keywords: Virtualisation, Adaptive TDMA Scheduler, Optimization,
Weighted Round Robin.

1 Introduction

Many new necessities and requirements have been requested by the final users during
the last years, some of them with conflicting goals and policies, making the current
Internet network paradigm almost impossible to achieve. Therefore, network virtualisa-
tion has been recently presented as a key concept for the construction of the Future
Internet because of its potential to allow multiple network architectures coexist [1][2].
Virtualisation is based on sharing a common physical substrate by several providers
running their own services in a fully isolated and protected way. Many different re-
search lines are boosted nowadays regarding network virtualisation: innovative network
architectures [3], efficient embedding algorithms for the creation of virtual networks
[4][5], techniques for the virtualisation of the physical resources [6][7], among others.
The wireless medium is a common physical resource that does not purely belong to
a specific node but the whole network itself. In general, virtualisation techniques for
the wireless medium look for the shared use of a wireless transmission medium in a
coordinated way [8], i.e. each virtual operator (VO) has at its disposal the wireless
medium during specific times (Time Division Multiple Access (TDMA)), frequencies
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(Frequency Division Multiple Access (FDMA)), codes (Code Division Multiple Ac-
cess (CDMA)) and so on.

Our research focuses on the TDMA virtualisation of the wireless medium, based
on a Round Robin (RR) scheduling algorithm [9]. In this approach, the scheduler
divides the usage of the common resource into equal time slots (TS), each one as-
signed to a particular VO. The transmission frame is formed by all the individual
pieces, and it is conformed by the repeated sequence of consecutive TSs, such that the
time to finish a complete round (called ‘quantum’ in the following) will be the sum-
mation of the individual TSs. Weighted RR (WRR) is a special case of RR scheduling
where the VOs are characterized by their weights, W(VO;). The W(VO;) value defines
the percentage of quantum that VO; will get. So the TS assigned to each VO is ob-
tained as the product of the quantum by its W(VO;). Some particular situations could
provoke undesired effects (non optimal performance) in this kind of systems. For
instance, VO, stops sending data after a long-lived transmission. Even if VO, is not
using its TS, this cannot be used by any other VO in place, although a certain VOg
could be suffering from congestion problems or so. Thereby, classical RR and WRR
techniques are not covering an optimal sharing among VOs, since the duration of the
TSs is somehow fixed and cannot be adapted to the network dynamics that might
occur.

In this work an Adaptive WRR (AWRR) scheduler is presented. Our efforts aim at
optimizing the use of the quantum time, improving the performance of the shared
medium. While certain VOs are whether not transmitting or sending traffic at low
speed (they do not exhaust their own TS), the AWRR algorithm readjusts the weights
and tries to give some extra time (which is made free by the VO who does not con-
sume its whole assignment) to other VOs. Thus, the objective of our work is to give
some favour in terms of Quality of Service (QoS) to the VOs with higher transmission
constraints (peaks of traffic, demanding applications, ...), but without penalizing the
others.

This paper is organized as follows: the outline of the TDMA scheduler used as ba-
sis is presented in Section 2, whereas Section 3 is focused on the analysis of the pro-
posed adaptive WRR algorithm. Section 4 discusses the scenarios followed by the
main simulation results and, finally, concluding remarks are drawn in Section 5.

2 TDMA Scheduler Description

A TDMA scheduler scheme similar to the one we propose here was previously vali-
dated and evaluated as the running process for a single wireless node in Matlab [10].
The objective of this mathematical implementation was to validate the WRR model as
compared to the M/M/S/K systems. In this paper we assess the benefits of an AWRR
scheduler in the interconnection of several nodes in different network topologies.
When the sharing is planned in a time slotted way, the situation that we are inter-
ested in corresponds to a generic node receiving traffic coming from different VOs.
The traffic management inside each node consists in storing the arriving traffic
packets in specific VO queues until the TDMA scheduler sends them to the wireless
interface to be transmitted. The selection of these packets is done depending on the
scheduling technique and the policies applied to the different types of traffic.
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The basis of the scheduling algorithm proposed is depicted in Fig 1. From left to

right, the whole system starts running when the arrival of traffic packets at the VO
queues is produced. The system consists of the following main modules:

Traffic Generator (TG): it creates the network traffic based on models [11][12]
that generate arrival instants and duration intervals for all the packets of each
type such as: VoIP, IPTV, HTTP, FTP, etc. The starting time of every traffic as-
sociated to a particular VO is random inside the quantum time.

TRAFFIC VO-QUEUES TDMA Schedule_r
GENERATOR (dynamically adjustable
— Adaptive)

K size

K size I

Scheduler
RR basis

-1l
|
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Ksize ADAPTIVE SCHEDULER
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services (VolP, Web, FTP) one traffic process re-adjust weights depending on
* Patterns according to * Queues are modeled as finite
X measures about network usage (or
network (WiFi, UMTS...)  (packet loss can occur) ge {

queue sizes) by VOs

Fig. 1. AWRR scheduler scheme

VO Queues: each node consists of a number of queues equal to the number of
VOs running on it and one additional queue dedicated to network management
issues, i.e. ARP, Routing, etc. The key concept here is the univocal correspon-
dence between queues and VOs. All these VO queues receive the incoming pack-
ets generated by the TG and store them until they are requested by the TDMA
Scheduler. The VO queues considered are finite First Input First Output (FIFO)
arrays. The limitation in the size is important because it makes packet losses pos-
sible and realistic.

The sending of management packets is prioritized over data packets, so
whenever there is a packet in this queue it will be sent as soon as possible with
pre-emptive priority. Thus, the management queue does not need an own time
slot and it is not considered within the AWRR algorithm.

TDMA Scheduler: all the VO queues are managed by the TDMA scheduler that is
in charge of allowing a specific VO queue to serve the packets to be transmitted.
The TDMA Scheduler follows an AWRR discipline, i.e., it initially assigns a
W(VO;) per VO, being these values equal (RR) or different (WRR). The number
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of served packets depends on their size and the TS duration. In order to optimize
the end-to-end delay and reduce the ratio of lost packets because of queue over-
flows, the scheduler readapts the weights depending on the queue occupation of
each VO. Specific features of the AWRR algorithm will be explained in section 3.

3 The Adaptive Weighted Round Robin Algorithm

Trying to optimize the response of the TDMA scheduler, the proposed AWRR algo-
rithm recalculates the weights assigned to each VO depending on the average number
of packets enqueued during a certain time interval. If a certain VO stores in its queue
a large number of packets during the time of analysis it will be granted with a larger
W(VO;), so that the average end-to-end delay of this traffic can be reduced, improving
the performance of the network. It must be noticed that this extra W(VO;) is obtained
from idle intervals of other VOs, so the quantum time remains unchanged. That way,
if a VO does not transmit anything for a long time, its W(VO;) would be decreased to
0 milliseconds. However, there is a restriction that the reduction of a W(VO;) can only
be performed if this new value is greater than (at least equal to) the minimum weight,
MW(VO;), arranged by contract. This policy tries to reflect that a certain VO may
have a certain minimum QoS pre-arranged (minimum guaranteed TS) in the contract
specification for its operation of the virtualised resource.

The adaption process can be triggered periodically every time-window interval, i.e.
every 5 completed quantum times, or due to a certain amount of packets served, i.e.
every 250 packets transmitted. The implications of choosing one method or the other
will be assessed in the results section. Since the adaption process implies a certain
processing delay in each node, it is very important to reach a balance between the
number of (periodical) adaptations and the processing time involved.

Each queue associated to a particular VO is characterized by its size, QS(VOy),,
which represents the number of packets stored in memory at a certain instant T,,. This
size remains unchanged until a new event (arrival or departure of a packet) happens in
T, The average queue occupation of this particular queue, QO(VO;), is calculated
by the expression:

S 0500, (T, - T,)
00(VO,) ==

T

n+k

It might seem desirable that the AWRR algorithm readapts weights as quickly as
possible to peak rate variations of the traffic generation. Nevertheless, we cannot
completely obviate historical patterns because otherwise those VOs that stop sending
data for a short time would be instantly penalized. In order to allow the TDMA
scheduler to tune the AWRR algorithm depending on the network requirements, two
parameters o and f are defined, where a is associated to short-lived variations and f is
associated to long-lived variations. We define the LastMean, LM(VO;), as the
QO(VO;) obtained during the last time-window calculation and the HistoricalMean,
HM(VO)), as the QO(VO;) averaged from the beginning. The TotalMean TM(VO) is
calculated by:
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TM(VO,) = a-LM(VO;) + - HM(VO;); {oa+p=1)}

The TM(VO;) is used by the AWRR algorithm to optimize the response of the
TDMA scheduler. The mean TM, TM, is calculated as:

N
D TM(VO)
T™ ==

The adjustment of new W(VQO;) is proportional to the difference between each
TM(VO,) and the TM. That is, for those VOs with TM(VO;) > TM their weight will
be increased and viceversa for the opposite case. See lines 1 to 10 of algorithm 1. As
we explained, the new W(VQO;) of all VOs must always be maintained above (at least
equal to) their predefined MW(VO;). If the AWRR needs to take away more units
than permitted from VO, (it has already reached its minimum weight), the algorithm
will get the proportional amount of units from the rest of VOs. See lines 13 to 25 of
algorithm 1.

In this algorithm 1 we summarize all the details involved in the AWRR Scheduler.
It covers one of the iterations to readapt VO weights.

Algorithm 1. AWRR Scheduler
1: for all VO, do
2: /¥ Calculate the delta value to sum/rest to each W(VO;) */

3: Delta = ((TM(VO)) - TM) / QS(VO)) ) - W(VO,)
4: if W(VO,) + Delta >= MW(VO;) then

5: W(VO)) = W(VO;)) + Delta

6: else

7 Rest = Rest + ( Delta — (W(VO,;) - MW(VO)))
8: WO, = MW(VO;)

9: end if

10: end for

11: if Rest = 0 then

12: finish

13: else

14: while Rest > 0 do

15: /* Calculate the delta value to be subtracted from each W(VO;) */
16: Delta = Rest / NumVO (Not Minimum weight)

17: if W(VO,) — Delta >= MW (VO;) then

18: W(VO;) = W(VO;) — Delta

19: Rest = Rest — Delta

20: else

21: WO, = MW(VO,))

22: Rest = Rest — (W(VO;) - MW(VO,))
23: end if

24: end while

25: end if

26: finish
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4 Scenarios and Simulation Results

In order to quantify the aforementioned aspects we have particularized the wireless
medium virtualisation problem for several scenarios.

The evaluation of the proposed scheduler has been developed within the NS2 envi-
ronment [13], a C++ and TCL based discrete event simulator widely used in academic
research. An implemented version is available at [14]. NS2 implements full protocol
stacks and is able to simulate wired and wireless topologies using different transmis-
sion technologies. Typically, transport layer protocols, routing protocols, interface
queues, and also link layer mechanisms can be configured. Moreover, propagation
times between nodes are considered by the simulator. In NS2 network physical activi-
ties are translated to events that are enqueued and processed in the order of their
scheduled occurrences.

4.1 Ad-Hoc Network Topology

The first scenario proposed to assess the benefits of the AWRR Scheduler is an
Ad-Hoc network where a set of 4 nodes are located in a straight line topology (bus),
so that transmissions consist of several hops among edges. The wireless technology
used in this scenario is the standard 802.11. We consider that VOs can only send
traffic during their TS, but can receive packets any time during the quantum.

Traffic generation is characterized by the inter-arrival time, A, defined as a constant
bit rate. That way, the analysis of the queue evolution is done just by the adaption of
the weights by the AWRR scheduler and independently of the variations on the inter-
arrival time by processes such as Poisson. All the packets transmitted have a constant
size of 100 bytes.

Table 1 and 2 show the set of transmissions defined in the simulation and the evolu-
tion of the VOs in the communication network. We assume that the TSs and the active
operators are perfectly synchronized in all nodes at the beginning of the simulation.

Table 1. Set of transmission flows

VO | Src Node | DstNode | Starttime | Finish Time A (ms)
1 0 3 20 1000 50
1 3 0 100 600 100
2 2 0 200 400 25
2 2 0 600 800 20
3 3 2 100 400 80
4 1 3 400 800 60
5 3 0 610 900 40
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Table 2. Virtual Operator scheduled events

VO Action Time
3 Disappear 450
5 Appear 600

First, the benefits of the proposed tuning parameters to smooth the effects of the
appearance of new flows and VOs are assessed. We evaluate the first flow of VO,
(i.e. 3 hops) because it is the longest connection and the scheduled events of flows
and VOs occur inside its duration time. Figure depicts the calculated average delay
time (normalized per time unit) in several possible combinations: only the HM(VOy)
is considered (a = 0, B = 1); only the LM(VO)) is considered (a = 1, B = 0); and the
intermediate case (a = 0.5, B = 0.5). The AWRR algorithm has been executed every
10 quantums, i.e. every 4 seconds.

; ey m,.g,,.,,s..'

a 100 200 300 400 SO0
Time (s}

Fig. 2. End to end average delay for the comparison of the tuning parameters

As we can observe, the intermediate case (marked in the graph with *) is the one
showing best performance, since extreme cases (marked in the graph with X and | )
present more difficulties to adapt to changes and lead to congestion situations. If we
only consider the LM(VO;) when a new flow belonging to a new transmitting VO
appears (its W(VO;) was at MW(VO;)), the queue utilization value will be suddenly
very high and it will be granted by the adaption algorithm with a very large W(VO;),
provoking congestion to the other VOs in the following re-adaptations. On the con-
trary, if we only consider the HM(VO;), the system will spend a lot of time to provide
a large W(VO)) to new flows causing congestion and many packets losses.

Once the benefits of the tuning parameters have been exposed, the performance
improvement for the intermediate case (a0 = 0.5, B = 0.5) will be assessed. We can
clearly see two different situations in the graph depicted in figure 3. Until second 600
the depicted flow is the one with the bigger bit rate so the AWRR scheduler reduces
the delay compared to the classical RR case (marked in the graph with *). With the
appearance of the flows associated to VO, and VO,, which are characterized by a
lower inter-arrival time, we can observe how the delay of VO, increases because the
AWRR scheduler reduces W(VO;) and increases W(VO,) and W(VO,).
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Focusing now on the adaption methods (i.e. packets sent and quantum rounds), af-
ter analyzing a set of simulations with different values for each one, the best results
are displayed in figure 3. We can conclude that the one triggered by the quantum
rounds (marked in the graph with |) behaves much better. At the beginning of the
simulation only VO, is sending data, so the packet triggered method (marked in the
graph with X) needs a long time to send the number of packets established as the
threshold, and the adaption is performed very slowly, becoming inefficient. More-
over, in the second half of the simulation when a lot of packets are being sent, the
adaption is performed too fast, which makes the process a bit unstable. We can ob-
serve in the graph two peaks for the adaption case triggered by the quantum rounds:
they are caused by the congestion derived by variations in the transmission flows and
the fixed time interval between adaptions.
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Fig. 3. End to end average delay for the comparison of the adaption methods
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Fig. 4. End to end average delay for the synchronized and non-synchronized cases

Up to now we have assumed synchronization among all nodes. However, some-
times this situation can not be assumed. In figure 4 we show the average delay calcu-
lated for the same topology previously analyzed, but comparing the synchronized and
non-synchronized transmission. As we could expect, the synchronized case behaves
much better since packets can be forwarded directly from the source to the destination
in the same time slot without intermediate stops. We can also observe that the AWRR
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scheduler (marked in the graph with *) has a better response compared to the classical
RR scheduler (marked in the graph with ).

4.2 Infrastructure Network Topology

The second scenario we have assessed consists in sending several video streams, each
one belonging to a particular VO in an infrastructure based topology. The wireless
technology chosen for sending the video frames has been the mobile extension of the
IEEE 802.16 standard (802.16e, Mobile WiMAX). This technology provides a better
solution in terms of bandwidth and coverage area than other wireless schemes such as
802.11. Since 802.16¢ is not implemented in the official NS2 release, the widely used
NIST provided simulation patch [15] has been used.

Several video transmissions have been carried out by using the Evalvid tool [16] as
TG, integrated within the NS2 network simulator. Evalvid generates the input source
file from the information of video frames to be sent in our scenario in NS2, and also
provides the tools to assess the quality of the video streams at the reception node.

The proposed network architecture is depicted in figure 5. We can observe the ex-
istence of a central video server in the picture, which sends and routes the video
frames to the base stations. Since the requirements of each base station could be dif-
ferent depending on how many VOs are sending video streams at a time, the AWRR
scheduler is applied individually in each base station.

Our research has been focused on the transmission of streaming video or Video on
Demand (VoD). In order to reduce the jitter experimented by video frames [17], this
type of video transmission assumes the existence of a buffer of some seconds at

% : lohile Uzer Terminal
7 ¢ Command Center Frortend (CCF
Q}E@_ﬂl (CCF)

S i

IEEE &02_16e
Base Station LEHEE E:Z.I Ge
__/ ill I\ — 5@ Station
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e L ow T

Fig. 5. Network scheme for video transmission
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the reception node. In this case the main constraint to overcome is to maintain data
losses below the 5 percent recommended for such applications [17].

Four video samples in raw yuv format with a duration longer than three minutes
and CIF resolution (352x288 pixels) are considered in our analysis. All the video files
where compressed using the H.264/AVC [18] video codec for the transmission. The
selection of the video samples is done by covering different levels of dynamism
within the frames as we can observe in table 3. When we send a video with higher
grade of movement and we do not want to lose quality, we need to increase the num-
ber of frames per second or reduce the Group of Pictures (GoP) so that the distance
between two intra-frames (I frames) is shorter (increase the percentage of I frames in
the coded video file). This fact implies the need of a higher bandwidth, and thus,
much more packets to be sent.

Table 3. Transmitted video files

Video File Level of Dynamism | Bit Rate
SecurityCameral.yuv Low 400 kbps
SecurityCamera2.yuv Low 400 kbps

City.yuv Medium 800 kbps
Ski.yuv High 1200 kbps

The first case of analysis consist in the transmission of the four video files, each
one belonging to a particular VO, with a 400 milliseconds quantum time and a queue
size of 50 packets. These resources are enough for the transmission of videos with
low grade of dynamism, but not for those with a higher level, what causes a queue
overflow and some frame losses. The adaption is performed every 4 seconds.

Figure 6 — left shows the overall percentage of lost frames per video file depending
on the TDMA scheduler used in one base station. As we can observe, the percentage
of losses for the AWRR scheduler is much lower and therefore the quality of the vid-
eos will be better preserved. In this case the videos with greater grade of dynamism
are granted with a larger weight, reducing the amount of lost packets without penaliz-
ing the rest of transmissions. Of course, if we would send three or less videos instead
of four without reducing the number of VOs in the system, the percentage of losses
for the AWRR Scheduler would be even lower.

Usually the scheduler will have to deal with dynamic scenarios where users move
towards the radio coverage of another base station while they are receiving the video
stream (handover). A user is able to request a new video or stop the one he is watch-
ing whenever he wants, so the video transmissions start and stop unexpectedly. Since
we cannot plan when a client is going to require a handover or restart a transmission,
the base stations cannot remove any of the VO queues permanently even if no video
files are being transmitted by that operator. Figure 6 — right shows the percentage of
lost packets for a dynamic scenario where users require handovers and transmissions
begin randomly within the simulation time. Once again the AWRR results in a better
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performance. In the graph we can observe an increase in the percentage of lost frames
using the AWRR scheduler. This occurs because when a VO starts a new flow after a
while without transmitting anything, its W(VO;) will be at its minimum, MW (VO;).
Many frames will get lost until the scheduler readapts the weights.

Lost Frames Lost Frames

PR — : FF —
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Fig. 6. Percentage of lost frames

5 Conclusions

The proliferation of new operators willing to offer services over physical substrates of
others infrastructure providers makes network virtualization an important research
field for the construction of the Future Internet. Virtualization of the wireless medium
pursues the maximization of usage of a specific wireless physical resource by several
VOs running services through the same wireless interface. This work has presented an
AWRR algorithm that improves the average performance of a TDMA scheduler.

The benefits of the proposed algorithm have been assessed for two scenarios where
the constraints and the requirements of the VOs were quite different. Results in both
cases have been pretty promising since the performance and the QoS parameters
monitored have been improved with respect to other static scheduling techniques.

As future work to be outlined, the adaption could be tackled from different points
of analysis, i.e. the utilization of the channel and the average waiting time, so that a
more exhaustive comparison could be carried out. Another future line is to enhance
the adaption both introducing more complexity in the algorithm and the tuning pa-
rameters or trying to envisage future needs of the VOs according to new generation
services and applications.
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