A Multicast Switching Algorithm Based on iSLIP
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Abstract: This paper proposes a multicast packet-
switching method which can less affect QoS degradation.
The method includes a switch fabric with extra switching
paths dedicated for multicast packets. Presented also are
both a buffering structure and a scheduling algorithm for
the proposed method. Simulation analysis for the
method shows that the switching delay of unicast packets
is decreased even though arrival rate of multicast packets
is increased.

1. Introduction

Usually input buffering switch with crossbar fabric is used
as a switch of high-speed network system. However,
crossbar switch exists three types of blocking such as input
port conflict, output port conflict and Head-Of-Line(HOL)
blocking. These blocking problems in packet switch
systems make difficuit to provide QoS service of real time
as circuit switching. Especially, multicast packet traffic
increase due to the variety and integration of service and
the switching of multicast packet causes more degradation
of performance and service delay in network system. The
research of switching mechanisms to reduce a blocking
caused by multicast packet switching is necessary to get
good switching performance for QoS service.[1](2]

A well known method to reduce the switch blocking
problem of multicast packet is using the iSLIP scheduling
algorithm on the VOQ(Virtual Output Queuing ) structure.
This paper reviews switching methods and scheduling
algorithms of multicast packet on router system that is a
symbol of packet switch. Also paper proposes a switch
structure to improve the switching efficiency of multicast
as well as unicast. The proposed switch structure has an
extra switching path for multicast packets, and both type
packets of multicast and unicast are switched at the same
switching slot. To improve switching performance of the
proposed switch structure, designed also proposed a
buffering structure and a scheduling method based on
iSLIP algorithm. In the paper, simulation analysis for not
only delay and performance of proposed system is
performed but also compare with other multicast
scheduling algorithms. The simulation results show a
possibility of application to the switch system through
hardware implementation

2.Multicast Switching with Dedicated Path
2.1 Switch Structure for Multicast Packet Switching

As telecommunication traffic increases, network system
using an efficient switching algorithm is required to QoS
service. The traffic may be composed of unicast and
multicast traffic. A popular way to handle the multicast
traffic is to replicate it multiple times into the unicast
queues in order to treat the multicast traffic as a unicast
one. However, this approach has two disadvantages:
increasing the required memory and reducing the
bandwidth available to other traffic at the same input [3],
[4]. To overcome the disadvantages, this paper proposes
a switch structure using dedicated path that is combined
VOQ buffering method and output port expansion
method. The proposed switch structure has named
EOPSF(Extended Qutput Port Switch Fabric) which extends
an output port of crossbar switch from NxN to Nx(N+Y).
Since multicast packet have to switch at least two output ports,
transmission to output ports use a shared method of bus type.
The modified switch fabric of Nx(N+Y) has N X N crossbar
switch fabric for unicast traffic and Y buses for multicast
traffic as shown in Fig. 1. [5]
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Figure 1. Bus and memory buffer of the forwarding
function block
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2.2 Buffering Structure of EOPSF Switch System

The effective buffering structure is required to get the
maximum throughput through simultaneous switching of
multicast and unicast. The designed buffering structure has
each separated logical buffers of umnicast packet and
multicast packet at both input port and output port. Since
switching of unicast packet depends on destination of
packet, unicast buffer of each input port has ¥ VOQs
(Virtual Output Queue) to remove HOL blocking.
Otherwise, multicast buffer is single queue in input ports
because multicast packet is switched to output ports
through the shared bus. The buffering structure of each
output port is separated to multicast and unicast with
respectively single queue. The multicast traffic can be
transmitted along one of the Y multicast buses if the
connection does not lead to input or output conflict
(blocking). Each output port performs a filtering function
that decides discard or not for received packet. The
filtering function is performed by compare with setting
bits that are coincident the output ports and set at input
port. The service order between multicast and unicast is
decided by scheduling algorithm such as WRR(Weighted
Round Robin) in output port. Generally, above switching
operation for output port is possible to implement on the
outside of switch fabric as well as inside.

5.3 Scheduling Method of EOPSF Switch System

The most practical scheduling algorithm for VOQ is iSLIP
algorithm that is modified round robin scheduling.
Therefore, paper proposes a scheduling algorithm using
iSLIP to obtain the maximum switching throughput of
multicast and wunicast. In the designed scheduler,
scheduling of multicast and unicast packet is performed on
the same time slot at all iterations. It is named
PSLIP(Parallel iSLIP) and architecture of designed
scheduler is shown in Fig.2{6][7]
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Figure 2. PSLIP scheduler for EOPSF switch system

The scheduler is designed as two parts of SA(Switch
Aribter) and UAA(Unicast Accepter Arbiter). The SA is
located in switch module and decides a switch connection
to each output port. The UAA is placed in input module
and selects a packet for switching from VOQ packets to
output port. The SA arbiter consist of GA(Grant Arbiter)
and SC (Switch Controller) function blocks. The GA
determines grant packets to switch from the multicast and
unicast VOQs to each output ports. The SC controls the
priority pointer of UGA(Unicast Grant Arbiter) and
MGA(Multicast Grant Arbiter) in order to determine
switching order of scheduling packets.

When SA arbiter selects a grant packet, multicast

» packet has higher priority than every unicast packets. In

case both packets of multicast and unicast request
switching to the same output port, SA arbiter selects the
multicast packet. The umicast packets granted by SA
arbiter inform to the UAA of each input ports, UAA finally
selects the switching packet in according to service
priority among the granted unicast packets. And then,
UAA requests switch connection to switch arbiter and SC
controls a connection of the switching path between input
port and output port. The Fig. 3 shows the state diagram
representing operation procedure of proposed PSLIP
scheduler.
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3. Simulation Model of EOPSF Switch System

Simulation is performed three aspects of service delay,
fairness and throughput of unicast and multicast packets.
The simulation results of PSLIP compare with other two
algorithms, iSLIP and ESLIP. In the iSLIP algorithm,
multicast packet is replicated all VOQs of unicast and
switched as umicast. The ESLIP is one of the modified
algorithms of iSLIP and has a separated scheduling
method for multicast and unicast. The arrived packets into
input port is assumed the Poisson distribution. The
queuing model is used deterministic M/DAl as service
packet of switch is one per every switching time slot. In
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analysis, all VOQs of each input ports exist at least one
packet and it are switched to output ports according to
random value. It is supposed that HOL packets of all
VOQs request a switching on every time slot and
performed 2 iterations in one slot time. The interval of
scheduling slot is 0.1 sec and period of total simulation
time is 1000 slot times. The switch structure on simulation
uses 8x9 (N=8, Y=1) switch fabric and uses Awesim
software toolkit on Pentimum-III PC.

Table 1. Simulation variable and condition

Simulation Variable Condition and Value

Simulation Algorithms PSLIP, ESLIP, iSLIP

8x9(N=8,Y=1),6x74x5

Input/Qutput Ports

Awesim 11
(SLAM upgrade version)

Simulation Software

2 times

M/D/1

Scheduling iteration times

Queuing Model

Arrival Packet Distribution Poisson Distribution

Switch Destination Ports Random Variable

Unit Slot time 0.1 sec

Total Simulation Period 1,000 Slots

4 Simulation Results

4.1 Service Delay depend on Multicast Packet Rate

Under simulation condition, arrival rate of packet service
at each input ports is the same at all input ports. The
multicast percentage (packet rate) indicates the multicast
packet out of total arrived packets of input ports. Multicast
group represents the number of output ports that needs a
replication to switch from one input port to several output
ports. The service delay, time interval from the point that
packet is stored in input buffer to the point that packet is
transmitted to output port, is simulated in condition of the
multicast packet rate. The simulation is performed at 10%
~ 40% range of multicast packet rate and simulation
results show in Fig.4.

The simulation results of service delay (BUS(unicast),
BUS(multicast)) in PSLIP algorithm with EOPSF switch
show that unicast packet decreased according as multicast
packet rate of input port increase. Otherwise, multicast
packet increased according as multicast packet rate of
input port increase. In review results, service delay of
multicast packet rapidly increased in more than 10%
multicast packet rate. When multicast packet rate go to
over 20%, service delay of multicast packet with PSLIP
algorithm shows longer than it with iSLIP algorithm.
The reason of this result is considered a output confliction
that all multicast packets are switched just one multicast
switch port(Y=1) even though multicast packets of each
input ports are increased.

The service delay of unicast packet using PSLIP

algorithm shows a different result on compare with other
algorithms. The service delay of PSLIP algorithm is not
increased according to increase of multicast packet rate but
other algorithms increased. As simulation results, we know
that PSLIP algorithm with EOPSF switch is an effective
multicast packet switching method on to support QoS
service at 20% below of multicast packet rate.
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Fig.4. Simulation results of service delay depend on
multicast packet percentage

4.2 Service Delay depend on Multicast Packet Size

When arrival rate of packets at all input ports is the same
and multicast packet rate is 10%, simulation for service
delay of multicast packet is performed depend on multicast
packet size. The result of simulation shows that service
delay is not affected according to multicast packet size as
shown in Fig.5.
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Fig.5. Simulation results of service delay depend on
multicast packet size
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In the simulation results (BUS(unicast), BUS(multicast))
of proposed algorithm and switch architecture, service
delay of both type packets is constant regardless to
multicast packet size. The reason can be deduced that
input confliction occurs only an input port which multicast
packet is serviced. Therefore, we can recognize that
service delay is not affected by multicast switching size
but affected by multicast packet percentage of arriving
packet in input port.

4.2 Simulation for Service Fairness

The service delay of unicast packet in NxN switch fabric is
simulated to find fairness effect due to multicast packet.
The average service delay of unicast packet on each output
ports is shown in Fig.6. As the result of simulation, unicast
service delay of ESLIP (ESlip(multicast)) has the longest
value in case multicast packet exists in arrival packets.
However, service delay deviation of ESLIP on output ports

is smaller than other algorithm.
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Fig.6. Simulation results of service fairness depend on
multicast packet percentage

The service delay deviation of proposed algorithm in
this paper is very similar to the Slip(Unicast) result which
only exist the unicast packet in arrived packets without
multicast packet. From the simulation results, we know
that service delay and service deviation (Jitter) of unicast
packet in the proposed switch structure and PSLIP
algorithm maintain most likely values without multicast
packet, in case multicast packet rate is less than 20%.

5. Conclusion

This paper proposes a multicast packet-switching method
that includes a switch fabric with extra switching paths
dedicated for multicast packets to provide QoS service.
Also, paper designed a buffering structure related in
proposed switch structure and a scheduling algorithm
(PSLIP) based on iSLIP algorithm. The simulation results
of proposed PSLIP algorithm show that service delay of

multicast and unicast packets can be effectively reduce in
case multicast packet rate is less than 20%.

However, proposed PSLIP algorithm has a defect that
service delay of multicast packet rapidly increases in
which multicast packet rate of arrived packets on each
input ports is more than 20%. The other hand, the service
delay and fairness of unicast packet have most likely
values as iSLIP scheduling regardless multicast packet rate
of input ports. In the proposed switch structure and
scheduling algorithm maintain same values as without
multicast packet in which multicast packet rate is less than
20%.

The proposed method may require the further study for
burst packet input, but characteristics of service delay and
fairness are superior to other methods. Therefore, the
proposed method can be implemented in simple hardware
in order to support QoS service for network system as
router.
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