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Abstract

This thesis proposes a new type of Input-Output Buffered ATM Switch which employs
an arbiter and its performance under different traffic conditions studied. The proposed
switch is designed with a view to exploit the architecture and other characteristics of the
arbiter. The primary aim of the proposed switch is the elimination, or at least, the
reduction of HOL blocking phenomenon which occurs in the simple input buffered switch.

Several HOL arbitration algorithms have been proposed for this purpose in the
literature. The proposed switch attempts to reduce the HOL blocking as it uses the
arbiter and the buffer at the output port in an effective manner. The arbiter is designed
to work with Three Phase Algorithm which is one of the many well known HOL
arbitration algorithms.

The proposed switch acquires control over priority transmission through the REQ
signal. As the signals are transmitted to the arbiter, the latter controls the one which is
sent by the input buffer.

Computer simulation results have been provided to demonstrate the effectiveness of the
proposed switch under uniform traffic conditions.
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I. Introduction

ATM is the technology of choice for the
Broadband Integrated Services Digital Network
(B-ISDN) since it overcomes the problems of STM
and conventional packet switching altogether.

In short, ATM is a high-speed connection-
oriented packet-switching technique with minimal
functionality such as statistical time division
multiplexing in the network. This is why ATM is
also known as fast packet switching(1).

Among these ATM switches,
consider the input buffered switch with a view to
Head Of Line(HOL) blocking
phenomenon. If multiple cells addressed to the

first we will
introduce the

same destination arrive at an input buffered
switch, then only one cell is served at the
current time slot and the others remain at the
head of each input buffer for serving at next
time slot.

This phenomenon is called the HOL blocking,
which limits the maximum throughput of the
input buffered switch to only 58.6 percent

(2—V2)(2).

In order to reduce the HOL blocking which occurs
at input buffer, many HOL arbitration algorithms
have been proposed. These algorithms have been
reported in the literature(3)-(8]. They include, the
Recirculation Algorithm(proposed Huang and Knauer),
Three Phase Algorithm(propesed Hue and Arthurs),
Ring Reservation Algorithm(proposed Bingham and
Bussey), Look-Ahead Contention Resolution
Algorithm(proposed Karol and Hluchyj).

In this paper, a new type ATM switch
architecture has suggested, which can not only
reduce the HOL blocking but also control the

priority signal by the arbiter.

Therefore, the main idea of the proposed
switch is to reduce the HOL blocking which
occurs in the input buffered switch and control
the priority signal which employs as it exceeds
the value of threshold which is predefined at
This thesis
input-output buffered

input buffer using the arbiter.
proposes a high-speed
switch that employs an arbiter to eliminate of at
least reduce the HOL blocking which occurs in
the input buffered switch. The arbiter is adopted
to the three phase algorithm which is one of
algorithms mentioned above. The proposed switch
also includes a buffer at the output port to
reduce the HOL blocking. To control the priority
signal, the following method is used. First, we
assume that the value of threshold is predefined.
In this thesis, the value of threshold is set at
80% of the
simulations.

input buffer in the computer

If the input buffer exceeds the value of the
threshold, it sends a REQ signal with the PRI
signal during the current time slot to receive the
power of priority of transmission. Then the
arbiter sends the ACK signal earlier than the
other cells which send only the REQ signal. As
mentioned before, the proposed switch controls
the priority signal by the arbiter.

Based on above scheme, we will investigate the
proposed switch performance through computer
simulations. This switch will be studied under
diverse traffic condition in terms of several
viewpoints such as cell loss probability, mean
cell delay and throughput the traffic condition
include Uniform random traffic.



118 #B OARE FHILEE(2002. 6.)

1. Proposed O Buffered Switch

1. Proposed Switch Architecture

An input-output buffered switch which employs
an Arbiter is proposed here. It consists of N input
and output buffers and a space-division switch
block. The switch block is enclosed within dotted
lines in Fig. 1. It consist of a crossbar switch
and Control Logic(CL). In Fig. 1, CL is the
square box composed of N Arbiters which
perform the routing function from the input port
to the destination output port.

The Input and Output buffers facilitate the
tasks of entry, storage and sending of cells to
The switch block has
implement appropriate routing

the destination port.
arbiters which
functions.

A detailed description of the proposal follows.

Quigoing Catls

Fig. 2 The architecture of the
proposed switch

2. The principle of Switching Operation

It is assumed that only one cell arrives at any
input curing any time slot. Further, the
threshold level of the input buffer is fixed before
the switching begins. Also, it is assumed that it
operates in a time-slotted fashion and each REQ
signal

in the cell transmission algorithm is

(N+1)-bit long, the priority being specified in
the last bit.

If a cell which has the destination output port
then the
incoming cells are stored at each input buffer in
order(FIFO). Also,
buffer checks if the input buffer size exceeds the

number arrives at the input port,

their natural each input
value of the threshold or not, during every time
slot. If the input buffer size exceeds the value of
the threshold at a particular input buffer, then
the REQ signal’s last bit is set to '1". And the
REQ signal is transmitted to the destination
output port through space-division switch block
in the same order as shown in Fig. 1. Cell
transmission is initiated when the arbiter
acknowledges the REQ signal corresponding to
the value of the routing tag of the head cell(that
is, the head cell at the input buffer).

If a cell appears at the head of each input
buffer, the corresponding bits are set to “1"(See
Fig. 2). Also the input buffer checks its size in
order to find its priority state. If it exceeds the
value of the threshold, then the REQ signal’s
last bit, that is, the priority bit is set to "1". In
that case, the input buffer gets the ability of
sending the REQ signal for the first time. When
it requests the power of transmission of the head
cell at each input buffer, each input port checks
the REQ signal’s last bit, that is , the priority
bit, to find out the priority state. If the last bit
is set to ‘1, the input buffer sends the REQ
signal together with PRI signal. Each arbiter
which requested the power of transmission of the
head cell at each input buffer checks the REQ
signal that is sent at the input port first, and
ASBM’s corresponding bit is set to '1” as shown
in Fig. 3. If the priority bit is set to "1’(this
means that the input buffer sends the REQ
signal together with the PRI signal), then the
arbiter can be acknowledged.

If the number of input buffers that send the
REQ signal and PRI signal together is more than
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two, each arbiter can be allocated the power of
priority transmission as it sends the ACK signal
directly to each input port by a round-robin
policy. The transmission of ACK signal to the
rest of the
round-robin policy. If the input buffer has not

input ports may also adopt a

received the ACK signal from the arbiter during
the current time slot, then the head cell of that
input port must wait to be served during the next
time slot. The input port that is assigned the
power of transmission, that is, the input port that
receives the ACK signal from the arbiter, can
transmit the head cell from the current input port
to the destination output port during the next time
slot. This is the mode of information flow in the
proposed switch. This procedure repeats during
every time slot. As mentioned above, there can be
an mfold increase in the input cell stream speed
signalling reduction in HOL blocking that occurs in
the input-buffered switch.

The cell transmission algorithm is described below.
Fig. 2 Shows the cell transmission Algorithm. The
well known threephase algorithm has been adopted
here. That is, the cell transmission algorithm
is composed of a request phase(REQ), an
acknowledgment phase(ACK), and a cell transmission
phase(Cell Trans.). is related
closely to the arbitration of CL as shown Fig. 1.

Cell transmission

REQ(1) Rea(3) | Reqts) | AEats)
REQ(4} neots) | Aeas) | aeote)
REQ AEQD) AEQ(6) | AEQ(8) | reor2)

Phass

ACK ’__
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Phase
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Trans.
Phase '

REQ Prase :

A REQ signal is sent by to the arbiter(requiring the pawer of tronsmission of the head
cell) The requested arbiter must, of course, correspond to the desired destination port.

ACK Phaxse

The arbiter acknawledges the request by sending @ ACK signal

This phase dllocites the power of transmission preferences to the input biuffers.

Cell Truns. Phase !

The inpet buffer that receives the ACK is permitted to transmit the head cell to the
destination

Fig. 2 The Cell Transmission Algorithm
at input buffer to the Arbiter

3. The Operation of Priority Round-Robin
Arbiter(PRRA)

The arbiter assigns priorities according to a
round-robin policy. It decides the power of
priority transmission among the input ports that
send the PRI signal by examining whether the
PRI signal occurs more than once or not. If no
input port carries the PRI signal, then it assigns
the power of priority transmission by adopting a
round-robin policy on the head of the input
buffer. Transmission to a full output buffer is
suppressed by making the normally High
TE(Transmission Enable) signal low.

Fig. 3 depicts the operation of the arbiter.
The arbiter is the core of the CL(see Fig. 1). It
consists of N arbiters and an Arbiter Status Bit
Map(ASBM) corresponding to each output port.
The N inputs shown in Fig. 3 designate N input
buffers. The signal lines connected between the
arbiter and inputs are bus lines. Details of the
components or functions are described below.

The signal lines are classified into two types
depending on where it is connected to: the input
signal buses and the output signal buses. The
3 are the

lines(buses) connected to N inputs, that is, N

horizontal lines in Fig. input
input buffers. The signal from the input buffer
flows through these lines. The signals passing
through these buses have been described earlier.
There are : REQ signal and PRI signal in REQ
phase and ACK signal in ACK phase. This signal
performs the services in different classes(Such as
setting the 1 bit in the REQ signal’s last bit
position etc). This signal is also used for
designating whether each bit of the REQ signal
is of higher priority or not.

The vertical lines are the output signal
lines(buses) which are connected between N
arbiters and N output buffers. If one cell to be
delivered is determined by the arbitration, this

cell goes to the output buffer through this line.
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The operation of the arbiter is very simple
since no complicated arbitration algorithm is
used. All the procedures follow the round-robin
algorithm. The two ovals in Fig. 3 emphasize
this algorithm. left oval is the input round-robin
and three small oval in top is top is the arbiter
round-robin according to the priority, respectively.

tnprut Rouna - Raubin
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Fig. 3 The Principle of the Arbiter Operation

A particular time slot is shown in Fig. 2.
Each input port sends the REQ signal via the
input signal line synchronously. It may be
recalled that each bit of REQ signal corresponds
to each output port and each bit of ASBM
corresponds to an input buffer. Then, the ith bit
of each REQ signal from all input buffers. If
there is only one 7ith whose state is high, the
input port which sent the REQ signal with
‘high-state” i the bit is selected for service. If
there are two or more jth bits whose state is
high, then the arbiter looks up ASBM in the
sequence of input round-robin. In this case, we
must consider the PRI signal which can change
the round-robin sequence. If the ith bit having
higher priority (by input round-robin) has an
unmarked ASBM bit, then the input is selected
for serving a cell in the current time slot. But, if
the corresponding ASBM bit is marked, (that is,
the input port of ASBM bit is selected previously
by another arbiter(s)), another ASBM bit is
tested. and so on. Each bit of ASBM is used for
designating whether the corresponding input is
selected for service or not.

. Experimental Results

The primary aim of the computer simulation is
to study the performance of the algorithm. The
performance parameters which have been singled
out for  investigation are Cell Loss
Probability(CLP), Mean Cell Delay(MCD) and
Throughput. A 8X8 switch is simulated with a
view to study its efficiency. The incoming cells
at the input buffer are assumed to have identical
They are assumed to realize
identically distributed Bernoulli
trials with parameter p at the beginning of every
time slot. The traffic distribution at the output
port is assumed to be uniform. That is, with a
switch size of NXN, the probability that the cell
finds itself at the output port is 1/N. Cell loss
only occurs owing to an overflow at the input
buffer.

distribution.
independent

Input Buffer(10Cells), Output Buffer(30Cells)
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Fig. 4 The Celi Loss Probability according to
Speedup Factor

Speedup factor is one of the import parameters
in the input-output buffered switch. The speedup
factor is the maximum number of cells which can
be served in one time slot. It means that during
a time slot, the number of cells which can be
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served by the same output port is the same as
the speedup factor. For example, if the speedup
factor is 4. then the particular output port can
receive up to 4 cells during the current time slot.
Fig. 4 shows the cell loss probability at
various speedup factors, When the speedup
factor is 1, the result is similar to that of the
conventional input buffered switch. It can be
seen that CLP is almost the same for the
speedup factors ranging from 4 to 8. Hence, the
proposed switch determines a speedup factor of

4, and this is used in all the simulation.

Input Buffer : 10, Speedup Factor : 4

N

P
1/

(BLRALNIEL M) maN )

Cell Loss Probability

00410
Pof10 »
.
1€x0-7

°4 045 05 o0& 06

065 07 075 08 08 09 08

Traffic Load

Fig. 5 The Cell Loss Probability according to the
Traffic Load

The CLP and MCD are discussed below. The
input buffer size is increased from 10 to 100.
Fig. 5 depicts the cell loss probability according
to the traffic load when the input buffer size is
10. When the the
proposed switch shows a slight improvement(Fig.
5). But, when the input buffer is 30, CLP is
almost the same.

Fig. the probability
according to the traffic load when the input
buffer size is 100,
CLP
increased. The reason is that the arbiter can

input buffer size is 10,

6 depicts cell loss
respectively. It is seen that
improves as the input buffer size is
control the PRI signal. The input buffer is more
efficiently utilized. If the input buffer size is
exceeded, it sends the PRI signal to the arbiters
as the threshold at the

predefined: then it obtains the power of priority

input buffer is

transmission for them first. Because the service
method is always round-robin in conventional
switches, the chance of service in the beginning
of input port is large than in the ending of input
port.

For instance, it is assumed that the service
begins input port 1 during every time slot, then
the chance of service in the input port 1 is
larger than the input port 8. Therefore, the
utilization of the input buffer is small.

On the other hand, because the arbiter can
control the power of priority transmission due to
the PRI signal
starting point of service is not the same as in

in the proposed switch, the

the conventional switch. The PRI signal occurs
when the input buffer size exceeds the value of
the threshold. So, the utilization of the input
buffer higher than in the
conventional switch. The effect of the threshold

can be made
level is felt more and more when the input size
becomes larger and larger.

For example, if the input buffer size is 10, the
difference is small even when the threshold level
raises by 10%. The effect of the threshold level
is not very pronounced. But, if it is 100, then,
the effect of the threshold level is strongly felt
as shown in Fig. 6.
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Fig. 6 The Cell Loss Probability according to the
Traffic Load

Figs. 7 and 8 show the mean cell delay versus
the traffic load as the input buffer sizes are set
to be 10 and 100, respectively. In Fig. 5, the
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CLP of the proposed switch is seen to be smaller
than in the conventional one.
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The MCD increases as the CLP decreases, in
general. Because the CLP in the proposed switch
is smaller than that in the conventional one, it
is expected that the MCD must be increased.
this is, indeed, the case as the figures show. If
the difference in the CLP is large, the MCD also
becomes larger. If the MCD is investigated from
the viewpoint of the output buffer size, the
difference of the MCD is more larger when the
output buffer size is 30 as shown in Figs. 5 and 6.

input Buffer : 10, Speedup Factor : 4
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Fig. 9 The Throughput according to the Output
Buffer Size

Fig. 9 depicts the throughput according to the

output buffer size with traffic load as a
parameter that changes from 0.9 and 1.0. The
throughput increases as the output buffer size
increases(See Fig. 9).

At a load of 0.9, about 100% throughput is
obtained when the output buffer size is 24. But,
the result saturates when the output buffer size
is 20 (See Fig. 9). With a load of 1.0, 95%
throughput is obtained when the output buffer

size is about 28.

IV. Conclusions

A new type of input-output buffered ATM
switch which employs an arbiter has been
proposed in this thesis. Its performance has been
studied under varying traffic conditions.

The proposed switch exploits the architecture
and other characteristics of the arbiter which
influence the PRI signal. The primary objective
of the investigation has been the elimination of
HOL blocking. The threshold level is prefixed at
the input buffer. The arbiter acquires, through
the REQ signal,
priority transmission at the input buffer when

control over the power of
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the threshold is exceeded.

The proposed switch can altogether eliminate
or at least reduce HOL blocking. The arbiter
adopts the Three Phase Arbitration Algorithm.
Control over the power of priority transmission
is exercised by setting the priority bit in
accordance with the size of the input buffer.
When this signal is transmitted to the arbiter,
the latter can control the one which is sent by
the input buffer.

Computer simulation results have been
provided to demonstrate the effectiveness of the
reducing HOL blocking.

Further, the switch is seen to return enhanced

proposed switch in
performance as the input buffer size is increased.
Indeed, the switch has many advantages over
the conventional switch in respect of the CLP
and MCD.

Uniform traffic conditions have been considered.
Cell multicasting has also been investigated in this
regard.
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