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Abstract

In an ATM network, the network performance depends on many parameters, including the architecture of the
network and the performance of switching elements. The current paper discusses, the performance improvement by
modifying the switch fabric and packet forwarding, using simulation concepts. A switch consists of some input
buffers and an algorithm, to select the cells waiting in the queue, to be forwarded, to the output buffer. In this
simulator, two processes are involved in picking and forwarding of the cells from input buffer, to the output buffer
in ATM Switch. A substantial change in performance and improvement in throughput has been observed, using the
proposed simulator, in comparison with the existing model [3] and the same has been depicted diagrammatically.
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Notations:

ATM Asynchronous Transfer Mode
CBR Continuous Bit Rate

VBR Variable Bit Rate

RT/NRT Real Time/Non Real Time
ABR Absolute Bit Rate

UBR Unspecified Bit Rate

PCR Peak Cell Rate

CDVT Cell Delay Variation Tolerance
SCR Sustainable Cell Rate

BR Burst Tolerance

MCR Minimum Cell Rate

QoS Quality of Service

IBM Input Buffer Module

OBM Output Buffer Module

SE Switching Element

FIFO First In First Out

AvgWT Average Weighting Time(of Cell)
AvgQL Average Queue Length(of IBM)

AvgIDT Average |deal Time(of processes)



I ntroduction

Telecommunication networks, based on the Broadband Integrated Service Digital Network (B-ISDN) can
provide user with a guaranteed Quality of Service (QoS). In order to achieve this, the user must inform the network,
at the time of connection setup, of both the expected nature of the traffic that will be sent along the connection, and
of the type of quality of service that the connection requires in each direction. The former is described by a set of
traffic description parameters, while the latter is specified by a set of desired QoS parameters for each direction.

ATM networks offer a specific set of service classes, and at the time of connection set-up, the user must
request a specific service class from the network for the connection. Service classes are used by ATM networks to
differentiate between specific types of connections, each with a particular mix of traffic and QoS parameters, since
such traffic may need to be differentiated with in the network, for instance, by using priorities to alow for the
requested behavior. The current set of QoS Classes, defined by the ATM forum for UNI 4.0, isasfollows.

1. Continuous Bit Rate (CBR),
2. Vaiable Bit Rate-Real Time VBR (RT),
3. Variable Bit Rate-Non Real Time (VBR (NRT))
4. Available Bit Rate (ABR) and
5. Unspecified Bit Rate (UBR)
Traffic sent along connections of any typeis defined by a set of traffic descriptive parameters
1. Peak Cell Rate (PCR)
2. Cell Delay Variation Tolerance (CDVT)
3. Sustainable Cell Rate (SCR)
4. Burst Tolerance (BT)
5. Minimum Cell Rate (MCR) for ABR only

These parameters define an envelope around a traffic stream, but not all parameters are valid for all the service
classes.
1. For CBR connections, only the PCR and CDVT are defined,
2. For VBR, the SCR and BT are defined,
3. For ABR, the PCR and MCR are defined are defined.
4. ForUBR, only PCR isdefined
The current set of QoS parameters consists of three delay parameters and one dependability parameter, as follows
0 Peak-to-peak Cell Delay Variation (CDV)
0 Maximum Cell Transfer Delay (Max CTD)
0 Mean Cell transfer Delay (Mean CDV) and
0 Cell Loss Ratio (CLR): dependability parameter.

Using the above information a Switch can decide, the way to handle the cell upon arrival. High-speed cell
switches use buffering to queue cells, whose service has been delayed due to contention for resources with in the
switch. The arrangement of these buffers and the buffer management policy affects the switch performance[12].
Some buffers are present at the input ports to handle/store the input cells temporarily and some at the output port to
handle the output traffic/cells. It has been concluded that input queuing and completely shared buffering achieve
optimal throughput delay performance. However, there is a fairness problem in input queued shared buffer switches
that a single input port can take over nost of the buffers, preventing cells destined for less utilized ports from
gaining access under overload condition[10]. In order to overcome this problem an output buffer is added to the
switch module corresponding to each outgoing port, in addition to the input buffer[1].

Two kinds of buffer sharing schemes have been proposed in shared buffer switches. The first one named as
the threshold scheme puts threshold on buffers that should be available to any individual input port. In this method, a
threshold is assigned to each input port. An arriving cell is accepted, only if the current queue length is smaller than
the threshold. Only comparators and counters are need in the threshold scheme. Thusit isreally simple to implement
the threshold scheme[2][12][20].

The second kind of sharing restriction is push out scheme. An arriving cell is allowed to enter the buffer as
long as the shared buffer is not full. When the buffer is full, an incoming cell is allowed to enter the buffer by taking
the place of a cell that is aready in the buffer. For the fairness reason, the cell located at the head of the longest
gueue among the input ports, is selected, to be discarded first. It should be noticed that the pushing and pushed cells
might belong to different input ports. The performance of the pushout scheme is optimal because no input queue is
ever starved for space and no space is ever held idle, while some queue desires more[12][1][2].



Chaudhary[1] has proposed a dynamic threshold scheme. The key idea in the dynamic threshold scheme is
that the maximum permissible length is proportional to the unused buffering for any individual queue at any instance
of time. In fact, the dynamic threshold scheme uses partly threshold scheme and partly pushout scheme.

There has been a considerable amount of work in this area[ 11][8][19][5][17].
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In the current paper, a scheme is proposed where performance is further improved by including more than
one processes to transfer the cells from input buffer to the output buffer. Using the combination of dynamic buffer
sharing and more than one processes for handling more than one cells in the input buffer, we achieve a superior
throughput and a reduced number of lost cells at peak |oad conditions.

Dynamic Buffer Handling.

An ATM switch is a network element that provides cell transport, connection control and network
management. Therefore an ATM switch is supposed to provide the same functions of routing and buffering as
traditional switches, but at a much higher speed. Studies of ATM switch architectures, in recent years, have
considered several buffering options[16].

Under burst conditions, statistical multiplexing of ATM cellslead to severe cell loss. Large buffers are costly,
create excessive cell delay and increase switch cost. So it is highly desired to use optimal number of buffers and
higher utilization of the buffers. The goal is to accommodate more incoming traffic cells from various sources and
smooth out of burst arrival rate while limiting the overheads of the switch to a pre determined size. In addition, it
reduces the waiting time of a cell in the buffer space. One plausible solution is the dynamic buffering strategy,
which applies a threshold-based sharing policy to the buffers and a priority-based cell push out policy to either
buffered or incoming cells[2][3][15].

Partial buffer sharing scheme with pushout policy outperforms the other schemes. The performance further enhances
when the input cell is mode to join the other buffer spaces with least queue length, upon arrival, if the parent buffer
is full. If the current buffer also becomes full, the new cell from the current buffer is made to join its buffer by
pushing out the last entered cell (belonging to other queues)[1].

Under asymmetric traffic, however, for a system with N ports, for optimal utilization, threshold isimposed on
buffer allocation to logical input queues, thus preventing one queue from draining out all the space while throughput
isvery low due to smaller buffers on other outgoing links[2][13][9][14].
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The ATM network considered consists of nidentical stages, each having d'* switching elements (SE). Each SE isan
ax a crossbar, with input buffer modules(dynamic length) to store conflicting cells and output buffer (Iength two)
modul es to store unacknowledged cells. Fig-2 shows a sample model of ana x a proposed shared buffer switch
structure. As shown in figure a switching element is composed of ainput and output ports. At each input port, a
logical input buffer module (IBM) of length B is provided to hold forwarded cells from previous stages. Each output
port includes an output buffer module (OBM) of Iength equal to two[7] .

1 Cells are assumed to be of fixed length and are generated randomly at the beginning of a clock period.
They are admitted at the IBM of stage O only if there is place in the corresponding IBM.

2. The switch uses input queuing and shared buffer. i.e. each input port of the fabric has along logical queue,
but these queues all share the same fabric memory. Each input port has a logical buffer of size B. An arriving cell
destined for input port i joins the input queue i from head to tail sequentially. When the queue length of input
queue i reaches B(i.e queue is full), the control logic will choose a shortest-length input queue among the other a
1 input queues, said as input queue j. Now input queue j is used to allocate the new arriving cells destined for the
input port i, and the new arriving cells destined for input port i will borrow the storage space from input queue
and join to input queue j from tail to head sequentially. The control logic sets a connection between input queue i
and the input queue j. When there is no empty space left in both input queue i and input queue j, an arriving cell
destined for input port i will be discarded and an arriving cell destined to input port j will take the place of the last
cell stored in the queue and destined for input port i.

3. The time needed to allocated space to an IBM is assumed negligible with respect to the cycle timing.

4. The switching network operated synchronously at the rate of t , which is equal to the sum of the time taken
to select acell and forward it to the next stage IBM.

5. At the beginning of each cycle, cells waiting to be forwarded in the IBMs are checked and if two cells are
destined to the same OBM, they are randomly resolved.

6. Cells generated by the cell sources are uniformly distributed over all SE's IBMs. A source of cellsis
connected to each port of stage 0 IBMs. The rates at which cells are generated at source nodes determine the
traffic load.

7. The output ports of the SEs in the final stage of the switching network are connected to sink nodes, Hence,
any cell that arrives at those output portsis accepted by the sink nodes with a probability of one.

8. A cell is transferred from the OBM of stage k to the IBM of stage k+1 when the buffer space is available
for transmission at stage k OBM. A cell isavailable at stage k OBM when there are two cellsin the OBM, or there
isonecell and it isnot held up.

9. A cell isaccepted by the k+11" stage IBM inacycleif itisnot full oritisfull, and acell inthat IBM isable
to move forward to an OBM.

10. The SE are a x a switches which have the capability of connecting an input to one of the output ports
labeled 0 and a, depending upon the state of the corresponding value of the destination address.

11. The operation of loading a cell from the IBM to the OBM, and its transmission to the next stage, takes
place in parallel with the same cycle. If that cell is accepted in the next stage IBM, it does not contribute towards
the delay experienced by the cell in the network.

Intuitively, in order to adapt to different mixes of incoming traffic, the threshold should be changing dynamically,
unlike static partitioning. Some kinds of traffic applications, such as video and audio, are very sensitive to delay and
cell loss. Under a bursty condition, the more traffic of such type, the switch can accommodate, the better the QoS
will be. Yet, the statistical nature of the significant part of the traffic , its burstiness, and its variability combine to
pose difficulties in distributing buffers of fixed size. Therefore, in a statistical multiplexing environment it"
heterogeneous traffic, before arriving at an optimal threshold, it is quite important to define congestion detection
criteria for dynamic threshold updating. The complexity and the performance of the switch mechanism play a
critical role in preventive congestion control. Our algorithm prevents the congestion to happen by faster processing,
with the help of multiple processes.



Proposed scheme for buffer handling
Two Control Processes pick up the fist two cells near the head, identify their output ports and forward them
appropriately.

It has been assumed that both the processes take a nearly constant and same time in the identifying the target output
port and forwarding the cells to the corresponding output port.

In the current modal, the control and data information is being transmitted in parallel. The control signals exchanged
between consecutive stages are changed, whereby the control logic consists of a three state machine, each one
working independent of others, dealing with cell transmission, transmission of acknowledgement and
acknowledgement reception. In each cycle a cell forwarded from stage k output buffer SE is accepted by stage (k+1)
SE if its Input buffer module is not full or stage (k+1) SE. When a forwarded cell cannot be accepted by state (k+1),
it isto be dropped, which results in cell loss, in the absence of retransmission. So each OBM is of length two. As
soon asthe cell istransmitted to the next stage, the control logic saves the cell in the output buffer module.

The corresponding algorithm using single process has been discussed extensively by A.Subash & E.
Koklulkayan[1]. In the proposed method two processes, instead of a single processes are being used to enhance the
cell transfer rate by the switch fabric.

Simulation Study

A discrete event simulator for the above mentioned approach has been designed in Java. The cells in the simulator
consists of the (a) destination address (b) Time admitted into the network (C) Time released from the network (d)
class of the cell. The switching element consists of the following attributes (a) IBM’s current length; (b) list of cells
ineach IBM (c) list of cellsin each OBM and the next stage input port number linked to each OBM.

Following assumptions were kept mind, while devel oping the networking simul ator

1. The cells are generated as per the Poisson distribution and stored in a file. For each type of
simulation(combination of variables, samefileis used).

2. The destination of each stage cycle by the processor is set randomly by a random number generator to simulate
uniform traffic.

3. If thereisatraffic conflict among cells then FIFO approach is used.

The throughput and the delay are measured at each output port of the network, and averaged over the network
size and simulation time span to get the normalized throughput and the normalized delay of the network.

5. Cell service at each buffer moduleis done by using FIFO policy.
The simulation starts by initializing the IBM and OBMsfor each Switching element to null.

Results and Discussion

The principal goal of this work is to find an ATM switch which improves the network performance. A new model
was introduced in an ATM environment. In this model, more than one processes are involved in forwarding the
packets from IBM to OBM at each stage. Besides the performance of the single and multiple processes have been
compared using simulation technique. The generated data is so huge that it cannot be displayed in tabular format in
thislength defined paper. Following terms have been used for comparison with the existing models:

Normalized throughput: Thisis calculated in terms of the average queue length

Normalized delay: Thisis measured in terms of average wait time.

Normalized I deal Time: Thisis measured in terms of average time for which a process remains Ideal.
Following graphsdisplay the results.
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and AvgQL was found to be reduced by increasing the processes from one to two, but at the same time
AvgIDT increases. No further appreciable change was found by increasing the number of processes, in
above mentioned parameters. So in further
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Conclusion

The proposed scheme discusses the shared buffering along with an approach to include more than one process for
achieving the shortest queue length and minimum waiting time. The proposed structure will decrease the number
of out-of-order and lost packets for high traffic loads. In addition, an increased network throughput and an
increased network performance is achieved. Thus by using the proposed model, a superior and faster ATM switch
is achieved. This Switch with the improved performance may be used in wide variety of applications of ATM
networks.
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