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i. Introduction

An input buffered switch suffers from a low performance
of 58.6% due to head-of-line (HOL) blocking whereas its
hardware complexity is simpler than that of an output
buffered switch. Many studies have attempted to improve the
performance of the input buffered switch including an input
buffered architecture with iterative matching scheme [1-3] or
an input and output buffered architecture with speedup [4][5].

Iterative matching algorithms, iSLIP [1], FIRM [2] and
PIM {3] are introduced to enhance the switch performance.
The more the algorithms are iterated, the better the
performance is. The iterative scheme, however, prevents each
algorithm operating at high-speed since an iteration requires
an additional processing time. In [4], to emulate an output
buffered switch, the critical cells first algorithm with speedup
of two is introduced. Also, in [5], the lowest occupancy
output first algorithm with speedup of two is introduced.
Even though both methods emulate an output buffered switch
they are too complex to implement using the current
technology.

In this paper, we suggest a simple matching algorithm
(SMA) for the input and output buffered switch with dual
switching planes. Applying the architecture of multiple
switching planes {6], the dual switching planes are used to

achieve speedup of two (see Fig. 1). SMA consists of three
steps: request, grant and accept steps. The three steps of SMA
operate in parallel on each switching plane. The operation of
each step is based on the operation of iSLIP. But instead of
using the pointer update scheme of iSLIP, SMA uses a simple
round-robin scheme at the pointer update operation.

During a celi time, SMA operates just once whereas the
algorithms of [4] and [5] operate twice and the algorithms of
[11, {2] and [3] have to operate more than twice for a better
performance. SMA and the dual switching planes make the
performance almost identical to the performance of output
buffered switch. Therefore, SMA fits for high-speed and
high-performance switches. We first describe the switch
architecture and SMA. Next, under Bernoulli traffic, we show
the performances of SMA is almost identical to that of output
buffered switch by simulations.

2. Simple Matching Algorithm

The input and output buffered switch is comprised of three
main blocks: N input buffer modules, N output buffer
modules, and two N x N space-division switching planes
where N is the number of input and output ports (see Fig.
1). The bandwidth of a switching plane is same to the
bandwidth of input and output ports. /-th input buffer
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module contains N FIFO queues, Q,-j, j=L--,N, where
i=1---,N.In i-thinput buffer module, a cell arrived from
an input port routes to ; if it is destined for j-th output
buffer module. Using HOL status of each @, SMA selects

FIFO queues to serve and determines which switching plane
each selected queue uses. Since dual switching planes are
used, each input buffer module can transmit two cells during
a cell time. Also, each output buffer module can receive two
cells during a cell time.

input buffer module

Qy, B output buffer modul
1 Q,, . 1
—— . —
Qw_—_—3
space division
switch
= Mi—
N Qua . N
e . —— [
Qu_—1
— T

Fig. 1. Input and output buffered switch with dual switching
planes

We now describe the operation of SMA. SMA uses accept
round-robin pointer (ARP) and grant round-robin pointer
(GRP). For i-th input buffer module, two ARPs 4, and

A,, areassigned to 1* and 2" switching planes, respectively,
where i=1---,N. Also, for j-th output buffer module,
two GRPs G, and G, are assigned to I* and 2
switching planes, respectively, where j=1,---,N . The aim
of SMA is to maximally match an 4, to a G, when
nonempty () 's are given where 4 =12. If ARP 4 is
matched with GRP G, then @ is said to be accepted for
k -th switching plane and the HOL cell of Q) will use k-

th switching plane in the transmission.
A pointer value g, represents the highest priority

element of g, where 1<g, <N.When g, =1, Gy
checks if it received a request from a queve Q;, ie[L,N],
in order of Qp,Q .1y, CQnj>Gijs 5 Qu-ny;- Gp grants

the first request at the check process. Similarly, a pointer
value a, represents the highest priority element of 4,

where 1<ay, <N. When ay =J, A, checks if it
received a grant from a G, , je[l,N], in order of
G.lk’G(./ﬂ)k"“)GNk’GU!’”"G(J—l)k . Aik accepts the first

grant at the check process.

The initial value of a;, is

a;=N-(@i-1), ¢}
while the initial value of g is
gn=N-(-1. )

On the other hand, the initial value of a,, is given by
(modulo N)

N
ai2=?-(i"l)' ©))

Also, the initial value of g, is given by (modulo N)

N .
gp=75-0-D. @)
At the end of each cell time, every pointer value a; and
g is increased (modulo N') by one independently of the

match results of the current cell time. In iSLIP, the pointer
update is dependent on the match result [1]. Therefore, the
pointer update scheme of SMA is simpler than that of iSLIP.

At the beginning of each cell time, the match process
begins. All ARPs and GRPs are initially unmatched. The
three steps operate in parallel on each switching plane and are
as follows:

Step 1. Request. If O, hasan HOL cell, O, sendsa
requestto GRP G4, j e[|, N].

Step 2. Grant. If G, receives any requests, it grants
the nearest request from g, -th element. G notifies
each A4,, i€[l,N], whether or not its request was
granted. At the end of each cell time, every g, is

increased (modulo N ) by one.

Step 3. Accept. If ARP 4, receives any grants, it
accepts the nearest grant from g, -th element. At the
end of each cell time, every
N ) by one.

a, is increased (modulo

From the pointer update mechanism and the initial values
of the pointers, if a; =, then we have g,=i; if

a, =j then we have g, =i. That means if g, =i and
G grants the i-th element, then the grant is always
accepted since there exists a unique A4, suchthat a, =/.
In addition, |a,-|—a,»2|=lgjl—gj2l=% and every ay
and g isincreased (modulo N ) by one at the end of each
cell time. Therefore, every HOL cell can be served within
% cell times, i.e., the service guarantee [2] is ivz— cell
times.

If |a, —ay,| and !gjl —gjz| are greater or less than

—g’—, every HOL cell can not be served within %ﬁ cell times.
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For instance, assume that the initial values of @, and g 7
are given by Eqs (1) and (2), respectively. Also, suppose that

the initial values of a,, and g, are a, =-37N—(i—1)
3N . . .
and g, =T—(]—1) , respectively. Then, the service

cell times. The initial value

guarantee becomes

assignment of Egs (1), (2), (3) and (4) yields the tightest
service guarantee. The service guarantee of iSLIP is
N%+(N-=1)? cell times while that of FIRM is N2 cell
times [2]. Therefore, SMA is more adequate than iSLIP and
FIRM for a real time traffic since a tight service guarantee is
desired for the transmission of real time traffic.

A @, can be accepted for both switching planes since

SMA operates independently on each switching plane. In that
case, if the O has more than two cells, it transmits the first

two cells using both switching planes; if the ©; has only

one cell, it transmits the cell using one of two switching
planes.
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Fig. 2. Example of SMA

Fig. 2 shows an example of SMA with N =4 . Figs. 2 (a)
and 2 (c) illustrate the grant operation for switching planes 1
and 2, respectively. Figs. 2 (b) and 2 (d) depict the accept
operation for switching planes 1 and 2, respectively. 4x4
box array represents the HOL status of Q. If O has an
HOL cell, then the inside number of the box is 1; if gy, is
empty, then the inside number of the box is 0.

In the request operation, O, sends a request to G k>
Jj€ll4], if @, has an HOL cell. For example, since 0,

and Q,, have an HOL cell, they send a request to G,; and

G,,. But, 0;, and @,; do not send a request to any GRP
since they are empty.
In the grant operation, each G grants the nearest

request from its pointer value (represented by an integer in a
box) in the j -th column. The circle represents its

corresponding element is granted. For example, G, grants
the request of Q,, since Oy is the first nonempty queue
from the highest priority element (i.e., O, ) in the first
column.

In the accept operation, each A, accepts the nearest
grant from its pointer value (represented by an integer in a
box) in i-th row. The filled circle means its corresponding
element is accepted. For example, A,, accepts the grant of

Gy, since Gy, is the first grant from the highest priority
element (i.e., G),) in the second row. Note that QO,; is
accepted for both switching planes. If @;; has more than

two cells, it transmits the first two cells using both switching
planes; if Q,; has only one cell, it transmits the cell using

one switching plane. At the end of cell time, a, and g,

are increased (modulo 4) by one. That is, {G,,---,G4,} and
{Ay,-, 4q} become {14,322} from {4,32,1};
{Gy3,--,Gyy} and {A),---, Ay} become {3,2,14} from
{2,1,4,3}.

J. Simulation Results

The traffic model of simulations is independent Bernoulli
arrivals with destinations uniformly distributed over all
outputs. For a 64x64 switch, we compare the performance
of the output buffered switch (OBS) with that of SMA. The
simulation time of each method is 100,000 cell time slots.

Unlike iSLIP, FIRM and PIM, we do not need to iterate an
algorithm during a cell time to improve the performance. The
three steps of SMA operate just once during a cell time. It is
clear that SMA fits for high-speed switching compared with
iSLIP, FIRM and PIM. As it can be observed from Figs. 3
and 4, the performance of SMA, the mean delay and cell
delay variation, is almost identical to that of output buffered
switch.

4. Conclusions

We present a smple cell scheduling algorithm, SMA, for
an input and output buffered switch with dual switching
planes. SMA independently operates on each switching plane
and consists of request, grant and accept steps. SMA is more
adequate for high-speed switching compared with other
iterative algorithms since the three steps of SMA operate just
once during a cell time. Moreover, SMA provides the tightest
service guarantee compared with iSLIP and FIRM. Under
Bernoulli traffic, SMA and the architecture of dual switching
planes make the switch performance almost identical to that
of output buffered switch.
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Fig. 3. Mean delay (cell) for 64x64 switch
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Fig. 4. Cell detay variation (cell?) for 64 x 64 switch
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