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Figure 1: Block diagram of the proposed
architecture.

2. Switch Architecture

The proposed architecture (figure 2) is composed by
switching elements, routing links and expansion links. Cells
with the same output address can follow parallel routes
minimizing contention.

A Banyan network with N inputs and N outputs (N x
N) is defined as a set of n = log; N stages of switching
elements (SE's). Each SE has d inputs and d output (d x
d), within each stage. Figure 2 shows an architecture
defined by N=8, d =2 €= 2 (expansion). Observe that at
the end of the routing network and at the beginning of the
copy network there is a region called intermediate output
which provides an exit to cells that reached the correct
output, The outputs correspond to the last stage of the copy
network. They are followed by two alternative output
stages (€=2).

The proposed architecture can be determined
through the following equations: n, = log ; + &2
( n; is the number of stages in the routing
network) when € is even and n, = log:N + (£ +
I)22 when € is odd. In the copy network, the
number of stages is given by n, = log2N + & The
total number of stages n is given by n=n, +n,.
In the first block, the cells are routed through the
!Sany;na;etwnrk as if they were unicast cells. It is
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cell is deviated to an alternative path and it ;)
only fight again for its output link in the secopg
block of the routing structure.
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Figure 2: Diagram in architecture proposed blocks

The important thing here is the flexibility in the
competition for an output link, which reduces the cell loss
rate to very low levels. Another important aspect Is the
absence of multicast cell copies which could jam the
routing structure. The second block has  dilferent
characteristics compared to the first. In fact, the multicast
cell copies take place here. In the second block the traffic is
reduced because most unicast cells have been delivered in
the first block. Here, the collisions are dealt with
differently. In this case, the only option is the auxihary
path. This block is called the convergent block, because the
cells have to converge to their output links. If this i5 not
possible, they must be thrown away. The proposed struciure
is totally modular and does not use any buffers. The
consequences are higher performance and lower costs
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This work did not take into consideration the switch
output module. Because the cells leave the routing structure
at different points, the output ordering can be wrong. This
problem has to be considered in the output module,

Figure 3 shows the standard module blocks and the
auxiliary output module blocks used in cell routing,

3.  Simulator Description

Figure 4 presents the main classes used in the
simulator design and the form they are related to each
other. The C_STATUS, C_CELULA and C_ATM classes
deal with the ATM cell; the class GERAENTRADA is
responsible for the production of input data and the classes
MODULO_HARDWARE,
MODULO_FARD_DEF_ENTRA_SAI and
MODULO_HARD_MONTA_TAB_ROT represent the
hardware internal structure. Finally, the
TAB__ROTEAMENTO class brings together the three
classes mentioned previously to form the proposed routing
structure |

3.1) The ATM cell

The ATM cell is represented by the C_STATUS,
C_CELULA and C_ATM classes, as shown in figure 5.
The GERAENTRADA class is responsible for the
production of input data. The relationship between these
classes is described below:
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Figure 4: Diagram of simulator blocks
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a)' C_STATUS: is res onsible fo i J
ATM cell header and also fr::riunnminn in::;e]r.nhilng v

b) C_CELULA: together with the class C STATUS,
assembles the ATM cell header. 7

¢) CELULA_ATM: is derived from the C_STATUS
and C_CELULA classes. It is responsible for the ATM cell
final composition and for the controlling devices used in the
simulation.

d) GERAENTRADA: brings together all the previous
classes and is responsible for the generation of input data.
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Figure 5: Represeniation of the ATM cells used for
simudation fesis

3.2. Hardware

ardware that forms the routing structure is
mpn::m; by the MODULO_HARDWARE,

D DEF_ENTRA_SAI in
::gggtg::ﬂn:mnmu‘m_ ROT classes. The
function of the TAB_ ROTEAMENTO Lil'.'lasml'a l::
implement the physical structure of hanjwr': ol
Jasses mentioned previously are brought together thro l-:d
fhis cl‘ass. The relationship belween the classes is descr

helow:

3 clags; defines  the
O HARDWARE class:

v Mﬂ[::lil;"c;:::h module inside the rouling sm.lr.lura.v
SHee EIEIQEULD HARD_DEF_ENT RA_SAI class:
th nl::}gh the pnsj.ti-;n and the number of inputs/outpuls
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Figure 7: Ruting table, internal to each object af
MODULO_HARD_DEF_ENTRA_SA.

3.3. The cell movements in the routing structure

Cell movement and result collection alo i
_ ng the routin
structure is MOVIMENTA class responsibility. This clas%

integrates the (wo class hierarchies descri
tes ( escribed previ
compasing the simulator parts, R

4. Simulation and result analysis

The simulation has been divided in two parts. The first
only the unicast requests and the second deals

unicast and multicast requests. Each simulation yn; is

c'ompgsed b}' 11 files with a total of 1.280.000 ATM L_'{:i];\_

The routing structure. used in the simulation has (4

input/output ports and E = 2. The Sim!"]alf’ﬂ” results are
presented through the use of tables and graphics.

4.1. Simulation of unicast traffic : in this simulation 4
the cells that go through the routing structure are unicys,
cells. There was no control data produced, except for 1he
conversion from multicast to unicast. The lost cells in thj
simulation come from the excessive number of cells wiiy
the samc:-desﬁnation output in the same cycle.

In the second unicast simulation group a condition was
imposed. All the 16 routing structure inputs were submitied
to a unicast request.

The simulation aim is to submit the routing structure 1o
extreme conditions. Therefore, all the inputs and outputs
receive cells all the time. Also, there were no restrictions
on the destination output. This allowed a high number of
cells to be destined to the same output in the same cycle.
An increase in the collision number was caused by
contention for the same link inside the routing structure,

Table 1: Unicast simulation: in this simulation all the
multicast requests were replaced by

unicast requests.
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are 8: No restriction on input data in the unicast

simulation -
Simuation UNICAST

L0000 . 008
imm T Qo

SA000 0.00a
"_-mm f \ K numé
e A ]

2 Lo

AAs ks e sISaR
-

Simulstion

[E=aCelis voets! mm Suseess —a % Lot |

Figure 9: Lost cells related 1o the total number of
useful cells

Table 2: Unicast simulation considering a constant traffic

in the 16 switch ports
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Figure 11. Percentage of lost cells related to the
quantity of useful cells

Although the amount of lost cells has increased from
0,0005% to 0,1021%, the reason for this was the same:
excessive number of cells with the same destination output
in the same cycle.

4.2 Multicast traffic simulation: in this simulation, cells
which go through the routing structure the follow unicast
and multicast requests: There is no previous control of the
generated data. This allowed multiple requests 10 be
serviced in the same cycle. It is interesting o observe the
high amount of lost cells caused by the excessive increase
of cells going through the second part of the routing
structure (conversion region). The high number of celss 15
consequence of the high quantity of multicast cell copies
produced.

Despite the increase in the amount of lost cells, it was
not a direct consequence of multicast requests. The real
cause was the excessive quantity of multicast request in the
same cycle. In this simulation worst case, B out of 12
active inputs turned out 10 be multicast requests. =

In the second multicast simulation, the condition
imposed was the acceplance of only one multicast request

le. Another condition was that each valid simulation
cycle should conlain ONe multicast request. There was no
restriction eresting 1o nole the

on output ports. I is int |
increase of the number of cells going through the routing
structure and the unicast a

nd multicast collision reduction.
This characterizes the unicasymulticast wraffic separation.



Tabela 3: Multicast simulation with no restrictions Per
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Figure 12: Multicast simulation with restriction

Table 4: Multicast simulation imposing that  just ope

nulticast request can be present per cycle
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Figure 13: Percentage of lost cells related 1o the
tolal number of useful cells.
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These simulation results proves the conclusions drawn
in the previous _simulatiun. 'T.'hnu_gh the number of cells that
goes through the structure has increased from 509.612 to
620,019, the total cell loss decreased from 1.342 1o 2 cells,
jt was noted that the unicast cells, due to their exit in the
first stage of the routing structure do not interfere with the
multicast cell routing .

5. Conclusion

he

The simulation results indicate that the routing structure,
although flexible, is strongly dependent on the input data.

The auxiliary output in columns 3 and 4 allowed an
intensive drainage of unicast cells. The copy of multicast
cells in the second stage of the routing structure warranted
a reduced lost cell rate, with almost no effect on unicast
traffic. :

The random generator used in the input data
production does not reflect the traffic to whi.ch the ATM
switch is submitted . In addition, the generation of output
ports and cell types seemed too biased. In a way, this was
good because the routing structure was tested in extreme
_conditions. _

G::e_ interesting point to consider in the routing
structure is that it is built with simple elements. The
absence of buffers, besides reducing the costs, aI'SO
decrease the management and control complexity
i ing th ughput.
mcr%as;:'gl;h: ;I;zlti Ehnw a robust structure that can
reduce the lost cell rate to values close (o Zero.
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