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Abstract—In this paper we propose and investigate the perfor- when the fading statistics are not known. Also less consid-

mance of a dual multi-channel deficit round-robin (D-MCDRR)  eration was given to the quality of service in their derived
scheduler based on the existing single MCDRR scheduler. The algorithm.

existing scheduler is used for multiple channels with tunale A ket scheduli lqorithm f tellite L T
transmitters and fixed receivers in hybrid time division multi- new packet scheduling algorithm for a satellite Long ferm

plexing (TDM)/wavelength division multiplexing (WDM) optical  Evolution (LTE) network which adopts MIMO technology was
networks. The proposed dual scheduler will also be used in proposed in[[B]. The new scheduling algorithm tagged QoS-
the same optical networks. We extend the existing MCDRR Aware Fair (QAF) scheduler that provides a good trade-off

scheduling algorithm for n channels to the case of considerg two amona quality of service. fairness and throughput. However
schedulers for the same n channels. Simulation results shathat 94 y ' ghput. How

the proposed dual MCDRR (D-MCDRR) scheduler can provide the proposed algorithm uses single schedgle_r, as such it may
better throughput when compared to the existing single MCDRR ot perform well as the amount of traffic increases. The

scheduler. recent developments include, introducing WDM into Next-
I ndex Terms—Multi-channel scheduling, fair queueing, tunable Generation Access Networks.
transmitters, hybrid TOM/WDM, quality of service (QoS). The onset of wavelength division multiplexing (WDM) tech-

nology demands better packet scheduling in the multi-calann
communication, especially with tunable transmitters #hla
The importance of scheduling was realized several yearansmitters and receivers) for hybrid time division multi
ago for the case of single channel communication. Currenthlexing (TDM)/wavelength division multiplexing (WDM) sys
lot of research is on multi-channel communication. The multtems. SUCCESS-HPON architecture in [4] provides detailed
channel scheduling and its applications rely on the abdity investigation of several multi-channel scheduling altjonis
the scheduler to provide quality of service (Qo0S) guarante@nder realistic environments for tunable transceiversyioridal
There are several measures that are to be considered whBiM/WDM optical networks. In this paper, we consider only
choosing a scheduling algorithm. The most important atenable transmitters and fixed receivers. The main objectiv
fairness, latency, and complexity. In multi-channel scHied), of this paper is to use dual multi-channel scheduler in fdybri
it is the scheduling algorithm that is key to achieve higRhDM/WDM optical networks with tunable transmitters to
performance. The major focus is on the delay and throughgaghieve better throughput and fairness.
performance of the whole system, but there is hardly anyExisting MCDRR scheduler for multi-channel communica-
support for fairness and QoS guarantee. tion [5] is based on the deficit round-robin (DRR) scheduling
Several research works has been conducted on schedufmgsingle channel casel[6]. MCDRR algorithm also considers
with different performance objectives. Dual schedulingoal the simple round-robin with deficit counters as in the case of
rithm was considered by [1]. The algorithm uses rate contrDRR. Round-robin scheduling is used for servicing the geeue
and queue-length based scheduling to allocate resourceswvidh a quantum of service assigned to each flow. When the
a generalized switch. In this research a new architectwieannel and tunable transmitter are available, scheduding
was motivated by the dual scheduling algorithm in which aniggered and round-robin pointer starts from the first flow.
additional queue was introduced to interface the user datae MCDRR scheduler selects packets to send out from all
gueue and to modulate the scheduling process to achiélesvs that have queued. For each flow, two variables called
different performance objective. This research work did ngquantumand deficit counterare maintained. Quantum is a
consider the quality of service guarantee. variable in bytes set to a scheduling operation dispensed to
Another research work was conducted by [2] where @ flow for a period of one round. Deficit counter is also a
Stochastic Primal-Dual (SPD) algorithm for downlink/upidi variable in bytes set for each of the flow in the scheduling
scheduling of multiple connections with rate requiremavas operation. Initially, deficit counter is set equal to the iojusn.
derived. In the derived algorithm, each connection tratsmif the packet size is less than or equal to the quantum size,
using adaptive modulation and coding over a wireless fadipgcket will be served. If the packet size is greater than the
channel Based on quantized channel state information at theantum size, packet cannot be served and it has to wait for
transmitters. In this research the authors developed a S#i@ next round when the remainder from the previous quantum
algorithm which can dynamically adapt the scheduling golids added to the quantum for the next round. Queues that are not

I. INTRODUCTION
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completely serviced in a round are compensated in the ngxDequeue process returns a round robin pointer to the head-
round. The nearly perfect fairness is provided by the MCDR&:-line (HOL) packet in the selected VOQ @YU LL when
has been demonstrated through simulation experiments [5lthe scheduler cannot find a proper packet to transmit.

As said earlier, dual scheduling algorithin [1] was imple- For eachV OQ|[i], we maintain the following counters as in
mented for a generalized switch where the QoS guarantase of single MCDRR schedulér [5]:

was not considered. We proposed a dual multi-channel deficit,
round-robin scheduler based on the existing single MCDRR
scheduler that take into account the required quality ofiser

In this paper we propose and investigate the performance of
a dual multi-channel deficit round-robin (D-MCDRR) schedul
ing algorithm, which can provide better fairness (in terms
of throughput) compared to the single MCDRR scheduling
algorithm. The rest of the paper is organized as follows. |
Section Il we explain the concept of D-MCDRR schedulin
algorithm for the multi-channel case along with the expl

DCli]: It contains the byte that’ OQ]i] did not use in
the previous round.

o numPktsScheduled]i]: It counts the number of packets

scheduled for transmission during the servic&@a¥Q|i].
Unlike the original DRR, we nee this counter to keep
track of those packets scheduled for transmission due to
multiple rounds overlapped and running in parallel.

r":or D-MCDRR operation at the end of each round, the
ollowing steps take place.

nation of enqueuing and dequeuing processes. In Secttapl Initialize the pointer to the first channel and set the

lll, we illustrate the D-MCDRR example to understand the

deficit counter to zero.

algorithm. In Section 1V, we present simulation results f8iep2 For n channels, dual scheduling process will takeeplac

the D-MCDRR algorithm by comparing the existing single
MCDRR algorithm. Section V concludes our discussions in
this paper.

Il. DUAL MULTI-CHANNEL DEFICIT ROUND-ROBIN
(D-MCDRR)

Multi-Channel Deficit Round-Robin (MCDRR) is used i@tep3 On the arrival of a packetfrom channek:

the case of multi-channel communication with tunable trans
mitters and fixed receivers. The dual MCDRR (D-MCDRR)
is also used for the same purpose as shown in[Fig. 1.

INPUTS

FLOWS T CHANNELS OuUTPUT

SCHEDULER

[ ]

B —

Fig. 1. Block diagram of using dual MCDRR scheduler in hybrid
TDM/WDM optical networks.

D Step6

If the total number of channels are even (hes even no.

of channels), then the first scheduler takg@ channels
and the other scheduler takes— (n/2) channels. If
the total number of channels are odd (ize= odd no.

of channels), then the first scheduler take® + 1/2
channels and the other scheduler takes(n/2+1/2)
channels.

if Enqueue
(i,p) is successful, then check for tunable transmitter
availability.

Step4 The moment the tunable transmitter is available, it

triggers the scheduling process and the first scheduler’s
round robin pointer starts from the Flow I’ OQ[1])

and the second scheduler’s round robin pointer starts
from (VOQ[n/2]) or (VOQ[n/2 + 1/2]) based on the
total number of channels.

Step5 At the start of the first round, deficit counter is equal

to the quantum size. After every round, deficit counter
becomes equal to the previous deficit counter credits plus
the quantum size.

If the packet size is lesser than or equal to the deficit
counter size, then the packet is served. If the packet
size is greater than the deficit counter size, then the
packet will be served only when the deficit counter
size becomes greater than packet size (in the subsequent
rounds).

Step7 Based on the tunable transmitter and channel aviyabi

The proposed D-MCDRR is an extension of the MCDRR
considering: availability of the channels and tunable grait-
ters and overlaps ‘rounds’ in scheduling to efficiently inél
channels and tunable transmitters. The virtual output gsieu

the dequeuing process takes place and only one packet
from each flow is served, then the deficit counter is
updated. The deficit counter for the particular flow is
reduced by the size of the transmitted packet.

(VOQs) are serviced by the simple round-robin algorithmhwiBtep8 The pointer moves sequentially for their respectiame
a quantum of service assigned to each queue as in the case of nels. Once the pointer moves through all the given flows,

MCDRR. Dual MCDRR (D-MCDRR) scheduling algorithm
is built on the existing MCDRR (single scheduler). At each
round, enqueue and dequeue process takes place.

Like in MCDRR case, enqueue process is a standard oper-
ation to classify and place a packeinto a VOQ for channel

we say it as “Completion of One Round”. Multiple
rounds overlap and run in parallel, the scheduling and
the transmission of packets are not necessarily sequential
as in case of single MCDRR scheduling. The whole
procedure is repeated from the Step 1 through 7 until



all the flows completely becomes empty. 1 as shown in Fig[]3, as both the pointers have gone through

These are the steps for D-MCDRR operation at the e@dl the flows. According to the authors in the previous paper,
of each round that takes place. So this scheduling operati#il it as “Completion of one Round”.
depends on availability of channels, availability of dagaiet  Start of Round 2:
and availability of tunable transmitters. The followingaeple ~ After the completion of the first round, it is the start of
will give better idea how the algorithm works. the second round, deficit counters are added by 500 credits as
shown in Fig. [#. Now the transmitter 2 is available and the
I1l. D-MCDRR EXAMPLE scheduling process continues as there are packets to fEiserv
As with the MCDRR single scheduler, scheduling procesimilar to the first round, the first pointer begins from thevl
starts with the triggering of the tunable transmitter which and simultaneously second pointer starts from the mid Flow
means the tunable transmitter is available to transmit éta.d 4. Pointer 1 starts at Flow 1 and the packet of size 300 bytes
With the triggering, round robin pointer is activated. Tt will be served since it is short of what the deficit counter
schedulers maintain two round robin pointers: one stacisifr 500 credits and the channel is accessible at that moment of
the first flow and the other from the mid flow. The deficitime. In the wake of serving, the deficit counter is overhdule
counter gets equivalent to the quantum size. In the event thigat is DC turns into 500 credits. Meanwhile, transmitter 2
the packet size is lesser than the deficit counter and chanigehvailable. The pointer 2 which starts at Flow 4 and the
is accessible at that moment of time, the packet is servggcket of size 600 bytes will be served since it is equal to
On the off chance that the channel is not accessible, ti@ deficit counter 600 credits (100+500) and the channel is
pointer is moved to the following flow. At the point whenaccessible at that moment of time. Since tunable trananiitte
the channel gets accessible then the packet will be tratesitousy serving, the scheduler picks tunable transmitter hén
in the following round. wake of serving, the deficit counter is overhauled, that is DC
In this example, we consider 6 flows which has 6 dedicategkns into 0 credits.
channels along with 2 tunable transmitters and two roundAfter serving the packets, the pointer 1 moves to Flow 2
robin pointers are used. Quantum size is considered to be %} pointer 2 moves to Flow 5. In Flow 2, packet size is now
credits where as deficit counters are set to zero initialteN |ess than the deficit counter, so packet of 800 bytes can be
that, TTA and CA means tunable transmitter availability angerved. Also in Flow 5, packet size is less than the deficit
channel availability respectively. counter. Based on the tunable transmitter availabilitgkpa
Start of Round 1: is served. Now the pointer 1 and pointer 2 moves to Flow 3
Since the quantum size is acknowledged to be 500 credisd Flow 6 respectively. Both the Flow 3 and 6 have packets
DC is set to 500 credits as shown in Figl 2. At the start @éss than or equal to the deficit counter respectively ant bot
scheduling process, both the tunable transmitters aressiecethe packets in respective flows are served successfullydbase
ble. By defaulttransmitter 1 is considered and this triggerson the availability of tunable transmitters. That is the Frid
the scheduling process. The first pointer begins from the/Fl®Round 2, as both the pointers have gone through all the flows.
1 and simultaneously second pointer starts from the mid Flomis is another completion of round.
4. Pointer 1 starts at Flow 1 and the packet of size 200 bytessince transmitter 2 is available after the completion ofwbu
will be served since it is short of what the deficit countez, the next round starts from the Flow 1 and the process
500 credits and the channel is accessible at that momentcehtinues till all the flows completely become empty which
time. By default they pick tunable transmitter 1. In the wakg sequential. In this way, all the packets are transmitted
of serving, the deficit counter is overhauled, that is DC surisuccessfully. This example covers all the details such elsgpa
into 300 credits. Meanwhileransmitter 2 is available. The sjze lesser than the deficit counter with channel availabte a
pointer 2 which starts at Flow 4 and the packet of size 4@hannel not available at some instant of time, then packet si
bytes will be served since it is short of what the deficit ceuntgreater than the deficit counter with channel available astd n
500 credits and the channel is accessible at that momentaQhilable, flow being empty in one particular round.
time. Since tunable transmitter 1 busy serving, the scleedul
picks tunable transmitter 2. In the wake of serving, the defic IV. SIMULATION RESULTS
counter is overhauled, that is DC turns into 100 credits.
After serving the packets, the pointer 1 moves to Flow
and pointer 2 moves to Flow 5. In Flow 2, packet size i
g:‘e(jaféirﬁ?;nlthrﬁ O(\j/gzctlg cFolg\?vtegr', \7\(/)h£?ec: Se tl nc?:r?gvt\)lt S?engr(g}ode_l for a hyprid TDM/WI?M Ijnk with tunable transmitters
size is less than the deficit counter. Based on the tuna@f%d fixed receivers shown n Figl 1.
transmitter availability, packet is served. Now the pairge Case 1:We set the values in the model for even number of
moves to Flow 6. Both the Flow 3 and 6 have packets |eggws as.
than or equal to the deficit counter respectively and both thes Number of wavelengths/channelé’§ = 20
packets in respective flows are served successfully baséiton « Line rate of each channel = 1 Gb/s, and
availability of tunable transmitters. That is the End of Rdu « Number of tunable transmitters{) = 2.

To demonstrate the performance of the proposed dual
CDRR (D-MCDRR) over the single MCDRR scheduling
rithm, we carried simulation experiments with a erigti
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the single MCDRR scheduler. Raj Jain’s fairness indéx [7] fo
the results are given below:

« InFig.[3, single MCDRR is 0.9999756 and dual MCDRR
is 0.9999854, and

« InFig.[d, single MCDRR is 0.9999798 and dual MCDRR
is 0.9999876

From the simulation results, we found that the proposed
dual MCDRR (D-MCDRR) scheduling algorithm provides
slightly better fairness for both even and odd flows consider
conditions like inter-frame times and frame sizes compé#oed
single MCDRR scheduling algorithm.

V. CONCLUSION
In this paper we proposed and investigated the performance

Fig. 5. Throughput foreven flows(20 flows) with exponential inter-frame of the dual multi-channel deficit round-robin (D-MCDRR)

times and random frame sizes, comparing single mcdrr stérednd the

proposed dual mcdrr scheduler.

scheduler based on the existing single MCDRR schedule with
tunable transmitters and fixed receivers in hybrid time di-
vision multiplexing (TDM)/wavelength division multipléxg

Case 2:We set the values in the model for odd number (f¥VDM) optical networks. In extending the MCDRR to D-

flows as:
o Number of wavelengths/channeld’{ = 25
« Line rate of each channel = 1 Gb/s, and
o Number of tunable transmitterd/) = 2.
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Fig. 6. Throughput forodd flows (25 flows) with exponential inter-frame

times and random frame sizes, comparing single mcdrr stérednd the

proposed dual mcdrr scheduler.

MCDRR, we try to efficiently utilize the network resources
(i.e., channels and tunable transmitters) by overlappngds,
while maintaining its low complexity (i.e)(1)). Simulation
results show that the proposed dual MCDRR (D-MCDRR)
scheduler can provide better throughput and fairness when
compared to the existing single MCDRR scheduler. More sim-
ulation results can be produced considering delay anddgten
Performance test can be implemented considering wide range
of parameters in the simulation model. The current studyis o
comparing different multi-channel scheduling algorithamsl
establishing mathematical bounds for the fairness anddgte
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