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Abstract

This paper presents a new architecture of a high-
speed switch which can be used for ATM. The switch,
called TSM (Triangular Style Memory), uses Dual-Port
memories to construct a triangular style memory for
eliminating the bus contention. With the same required
throughput and cell loss probability, the performance
analysis of the switch shows that the number of buffers
and average cell delay can be significantly reduced in the
proposed switch while comparing to the ATM switches
with central shared memory.

1. Introduction

The ITU (International Telecommunications Union)
has standardized the ATM  (Asynchronous Transfer
Mode) as the multiplexing and switching principle for the
B-ISDN (Broadband Integrated Services Digital Network).
ATM is a packet and connection-oriented transfer mode
based on statistical time division multiplexing techniques
[11,12].

- In the STDM (Synchromous Time Division
Multiplexing) or STM (Synchronous Transfer Mode), the
network bandwidth is divided into fixed time slots [11].
Every time slot presents the bandwidth usage of a channel.
From the Fig. 1-la, the bandwidih of channel 1 is still
occupied and idle if there is no data to be transferred. If
there is many data to be transferred but the bandwidth is
not enough in channel 2, these data must be transmitted in
next dedicated time slot. In general, the idle phenomenon
will waste the network bandwidth, thus the utilization will
perform poorly.

ATM adopts another complete different processing
style [11]. As showing in Fig. 1-1b, it adds the header
which contains the virtual path and viriual channel. The
network bandwidih can be used effectively since the
bandwidih are shared o any user. If there is no cell to
transmi¢, an idle or an empty cell is sent. For non-
consecutive data, ATM is more flexible and effective than
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STM in bandwidth utilization.
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Fig. 1-1, STM and ATM.
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ATM is constructed by a fixed length of 53 octets,
which is called cell. The cell is.divided into 5 ociets
header and 48 octets payload [11]. The transfer rate of the
fixed length cell in ATM network is fast, thus the
transmission is fixed and short. This property will make
the ATM more suitable to transfer voice and video. In Fig,
1-2, data, voice, and video traffic sources will be
segmented into 48 octets stringswhen they go through the
ATM interface card. After the 5 octets headers are added
in every 48 octets, cells are transmiited into the ATM
switching technique in ATM network to transmit cells in
high speed, it is necessary to include the translation of
VPI/VCI table. The VPI/VCI will be changed into the
next VPI/VCI when they go through the ATM swiich.
After passing some ATM switches, cells will arrive at the
destination. By removing the header, the original data,
voice, or video will be reassembled to complete the cell
transmit. Besides of integrating the data, voice, and video ,
the ATM can transmit synchronously and also support
many kinds of B-ISDN services.

2. Various ATM Switch Architectures

Since ATM will provide transport and switching
environment for emerging B-ISDN network, a great deal
of research is involved, especially in ATM swiich
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hardware design which has been undersiood with
considerable level. Despite the maturity of this
characterization effect, new switch architectures are still
proposed continuously. There are several kinds of ATM
switch architectures were proposed recently [2-4,7-10,13-
17]. In general, both data section and control section of an
ATM switch architecture can be classified into three
classes. In the data section, Space division [17], Shared
medium [4], and Shared memory [2-3,8,10,14,15-16] are
classified. Meanwhile, there are three different kinds in
the control section -- Linked-list [3,8,10], Hybrid [8,13],
and CAM (Conteni Addressable Memory) based [15]. In
this chapter, various ATM swiich architectures are
described in detail. In next chapter, the TSM switch is
presented thoroughly and compares with the switch
architectures that are described in this section.
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Fig. 1-2. ATM cell and transmission.

2.1 Data Section

The Space division ATM switch is shown in Fig.
2-1. Every inpui port and output port of the switch are
connected by a dedicated communication link. By using
the dedicated communication link, cells can be
transmitted from input port to output port immediately. If
the switch is nonblocking, every output control unit which
contains a small dedicated FIFO buffer is employed to
avoid switch contention. On the contrary, if the switch is
blocking, every input and output conirol units must
contain a small dedicated FIFO buffer to avoid switch
contention. Therefore, a large switching element is
necessary to exchange cells between input and output
poris for this kind of switch architecture. Obviously, the
volume and cost of switch is large and high respectively.
If the VLSI technique is applied, the technique is difficult
to be manufactured in a single-chip.

Figure 2-2 represents a shared medium ATM switch.
Both Input coniroller and Output controller contain a
small dedicated FIFO buffer to avoid switch contention.
The multiplexer /demultiplexer in input/output port
makes cells can keep the same speed in input and outpui
ports within a certain time slot. The speed of the internal
operation in switch must be » times faster than that of
input and output ports. Since the switch uses the bus to
exchange cells, 425-line bus contains a flag line to
identify whether there is a cell to be transmitied. If we

adopt the VLSI technique to form a single-chip, some
defects cannot be avoided, such as the space for the bus is
large, the consumption of power is wasted, and the signal
noise inflection between lines is huge.
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Fig. 2-1. Space division ATM switch.
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Fig. 2-2. Shared medium ATM switch.

In Fig. 2-3, a new generation of ATM switch
architecture called shared memory ATM switch isshown.
The input and output ports share a piece of common
memory. The input cell and output cell could arrive and
transmit at the same time respectively. Using a small
shared memory instead of the dedicated FIFO buffer in
input and output ports can obtain high ratio of
performance/cost [2]. The relative small shared memory
is easier implemented in a single-chip ATM switch for
VLSI technique.

In every time slot the multiplexer and demultiplexer
have to service the input cells and output cells for input
and output ports respectively. Thus, the speed of cell
transmitted is limited by the number of input and output
ports as well as the internal operation speed of the switch.
If the internal operation speed is fixed in switch, the more
input and output ports, the lower cells transmission speed.
Furthermore, if the traffic load is heavy in one of the input
ports, the total shared memory will be occupied by this
input port. This phenomenon makes other input poris

.cannot transmit cells and results in the occurrence of the

cell loss. Recently, the designation of this kind of switch
restricts an input port could occupy at most fifty percent of
the shared memory. If the ratio exceeds fifty percent, the
excess cells will be lost {1].

In. our proposed switch, TSM, the architecture of
multiprocessor and multi-bus can overcome the
shoricoming of the shared memory switch, Moreover, the
TSM uses a small amount of Dual-Port memory to replace
the traditional large multi-port shared memory. The
switch is relatively easier to be implemented in a single-
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Fig. 2-3. Shared memory ATM switch.

2.2 Comntrol Section

Typically, shared memory ATM switches use
Linked-list to control cells. As shown in Fig. 2-4, the cells
which are destined to the same output port will be linked
together. The sequence of cells in the constructed link
corresponds to the order of cells arriving. Finally, these
cells will be stored in the shared memory. A shared
memory address A[o][i] stores the cell C[o][i] and links to
the location which stores the next cell with the same
destination as cell Cfo][i]. Every output port contains a
pair of read and write address registers. The read address
register (RA) points to location which stores the cell to be
read next , and the write address register (WA) points to a
free location for storing next incoming cell.

For writing :

1. Read the shared memory address A[i][j+1] from WA[i].

2.Read a free location Afi][j+2] from the head of the Free
Memory address Buffer, FMAB[h].

3. The arrived cell and A[i][j+2], Next Cell Address
(NCA), will be written into the memory address
Afil{j+11].

4.In order to write next incoming cell, the Afi][j+2] will
be written into WA[i].

For reading :

1.Read the shared memory address A[i][j} from RA[i].

2. The cell and A[i][j+1], NCA, will be read from the
shared memory address Ali](j]

3.The shared memory address of A[i]{j] will be released
and appended to the FMABIt], where ¢ is the tail of the
FMAB,

4.In order to read nexi cell, the shared memory address
Afi}{j+1] will be written into RA[i].

From the above algorithm, the whole processing has
close relationship with memory address. Unforiunately,
the main purpose of the switch is to transfer cell from
input port to output port with short delay. The Linked-list
is easy to undersiand and can be implemented widely, bui
it will waste enormous time in address operation and
waste memory (o siore address. Thus, the entire
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performance of switch will decrease.
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Fig. 2-4. Linked-list based shared memory ATM switch.

Figure 2-5 shows a Hybrid shared and dedicated
output buffer ATM switch architecture. Every output port
has a dedicated output FIFO buffer to store cell address in
the shared memory.

For writing :

1Read a free shared memory address A[i][j] from
FMAB]Ih].

2.Write cell into the shared memory address Ali][j], and
store A[i}{j] into FIFO; [t).

For reading :

1.Read A[i](j] from FIFOQ; [h].

2.Read the cell from the shared memory address Ali][j].

3.Release the shared memory address Ali](j], and append
it to the FMABt].

| L33

FMAR  Free memory address budfer

Fig. 2-5. Hybrid shared and dedicated output buffer ATM switch.

The Hybrid method uses hardware to control the
access of the shared memory. Therefore, the cell transfer
rate is quite high. Using shared memory to store cell in
data section can use less memory. The memory utilization
will decrease a lot because the method adopts a great
number of FIFO buffer to siore cell address in control
section,

A CAM based shared memory ATM switch,
CAM/RAM, is shown in Fig. 2-6. The shared memory is
used to store cells and CAM to store tags for referencing
cell. A cell can be uniquely identified by the tag, which is
composed of the output port number and the sequence
number (SN). By searching the desired iag, cells can be
accessed efficiently.
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For writing :

1.Read the write sequence number, W5[i], from wriie SN
RAM and use [i, W8[i]] (where i is the number of output
port) as the tag of the cell. '

2.Search the first free location (fil) of the Tag CAM.

3.The CJi]{j] and the [i,WS[i]] will be writien into the
memory address [ffl] and corresponding Tag CAM
respectively.

4 Increase the write sequence number, WSJi}, by one.

For reading :

1.Read the read sequence number, RS[i], from read SN
RAM.

2.Search the corresponding tag in Tag CAM by [i,RS[i]].

3.Read cells from memory address [i,RS[i]].

4 Increase the read sequence number, RS[i], by one.

Using CAM based method to access cell inside the
shared memory is independent of cell address. Therefore,
the address decoding is not necessary, but it is requires a
lot of CAM to store and tag.

To summary, the common phenomenon of the above
three control mechanisms is that the huge memory and
complicated control circuit needed. By using the shared
memory ATM switch, the memory utilization will be
degraded significantly. For eliminating the problems of
the above three mechanisms, an ATM switch, TSM, is
proposed.
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Fig. 2-6. CAM based shased memory ATM switch.

3. The TSM Switch Element

As mentioned in previous section, shared memory

ATM switches have the following demerits :

1.Since input and output ports contain the same transier
rate, the performance of dredging cell contention is not
well.

2.A central control unit is necessary to control the hole
switch, so one powerful CPU is required and the cost is
expensive. ‘

3.If the traffic is heavy in the input port, the arriving cells
may occupy the whole shared memory. Thus, the cell
lose occurs.

4.The conirol section needs a great deal of memory to
store cell address; thus, the memory utilization ratio of
storing cells will be low.

In ihis section, we propose a switch, called TSM,
which applies distributed processing, multiprocessor, and

multi-bus techniques o enhance the speed of the switch

[6]. The structure of a 4x4 TSM ATM swiich element is

shown in Fig. 3-1. It is organized by five parts :

L.PE; (Processing Element i; where i=1, 2, 3, 4) : Each PE
contains a processor unii, a DMAC (Direct Memory
Access Controller), and a routing table. The processor
unit is used to control the cell from the input port to the
dedicated Dual-Port memory location. The DMAC
conirols the cell transfer among the memory modules.
The routing table translates the cell header of VPI/VCI.

2.BUS; (BUS i; where i=1, 2, 3, 4) : The multi-bus is
employed to accelerate the speed of the cell input,
transport, and ouiput.

3.M; (Memory module ii; where i=1, 2, 3, 4) : Each
memory module contains a Dual-Port memory and a
CASU (Check and Send Unit). The Dual-Port memory
is used to store valid bit, output port number, and cell.
The function of CASU is to transfer cells from Dual-
Port memory to O, (Output port ).

4. M;; (Temporary memory ij; where i, j=1, 2, 3, 4) : M
is a temporary memory which contains a 8 bits Dual-
Port memory or Dual-Port register that is used to
transfer cells between M and M.

5 RA/WA; (Read and Write Address register ¢; where i=1,
2, 3, 4) : Every memory module has a pair of RA/WA.,
RA saves the next cell address which will be sent to the
output port, and WA saves the empty memory location
to store the next input cell.

Fig. 3-1. The TSM ATM switch aschitecture,

There are many S/P (serial-to-parallel converter)
and P/S (parallel-to-serial converter) products which can
convert efficiently. But, the TSM need not S/P and P/S
units inside the TSM switch for the sake of extending the
switch size easily. This section will be divided into two
subsections, Input part and Qutput part. We will make a
detail description for the proposed switch.

3.1 Cell Storage Mechanism

. When the cell arrives at the input port of the TSM
switch, it goes through the S/P converter for iniernal
processing. After the PE; iranslates the VPI/VCI of the
cell header, the cell and the 2-bits DN, the outgoing port
number that the cell desired, will be written o the desired
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Dual-Port memory. Before writing information to the
Dual-Port memory, it is necessary to verify the available
capacity of the Dual-Port memory. If WA, is not equal to
RA;-1, which means the dedicated Dual-Port memory is
not full, the cell is stored to the dedicated Dual-Port
memory directly. Otherwise, the DMA method is
employed to transfer the cell to another Dual-Port memory
that is used less than fifty percent, or the cell is discarded,
which is the same as the other switch mechanisms. Once
the cell is stored, the valid bit of the selected memory
location will be set to *17.

Inside the TSM swiich, every output port has a
Dual-Port memory to store cells. When the dedicated
Dual-Port memory is full, the new incoming cells must be
transferred to other Dual-Port memory whose remaining
space is more than fifty percent. From the description
discussed above, TSM has a merit of high efficiency
transfer rate since it can be thought as a dedicated
input/output buffer ATM switch. However, if the traffic
load is heavy in some input port, and the dedicated Dual-
Port memory is not enough, other Dual-Port memory
whose traffic load is light can be shared. TSM has the
merit of good memory utilization.

3.2 Cell Output Mechanism

Every output port contains one Dual-Port memory
and one CASU as shown in Fig. 3-2. The function of the
CASU will check the valid bit. A cell exists in memory if
the valid bit is set to “1”. The DN will be compared with
O, which the CASU output port number. If DN is equal to
O, the cell will be sent to O, through P/S. On the contrary,
the cell will be stored back to its desired outgoing Dual-
Port memory. Using the DMAC, the cell will be sent to
the original dedicated Dual-Port memory. If the valid bit
is set to “0”, there is no cell in Dual-Port memory and the
CASU will be idle. The above operation can proceed
simultaneously on » output ports.

(0 ba) 8
L ]
Dusl-Port casui
BUS: Memary it (Check and Sead Unit)
DN (Destrazhon Humbes) O

2tds)

Fig. 3-2. The memory module.

The advantages of the TSM can be summarized as
follows :

1.Every input/output port controtled by one processor will

decrease the control complexity, and increase the
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flexibility. Moreover, low-end processor can be used
to reduce the cost of the swiich.

2.The inter-processing speed is n times faster than the
single input and output ports. Due to adopt the multi-
bus, at the same time one cell arrive the input port and »
cells output. The swiich contention will effectively be
eliminated, and thus the band-width gain of whole
swiich can reach n x n.

3.Since the output port speed is n times of the input port
speed, the amount of total memory required will greatly
be reduced.

4. Performance Analysis

Some analyses of the TSM switch performance
which containing the total memory required, MTOB
(Maximum Total Output Bandwidth), cell loss probability,
and cell delay are detail discussed in this section.

4.1 The Total Memory Required and
Maximum Total Output Bandwidth of
TSM

Comparison of the total memory required and
bandwidth gain for four 4x4 ATM switches, Linked-list,
Hybrid, CAM, and TSM, with 256 cell buffer respectively
is summarized in Table 1. It shows that the total memory
required for the TSM is 109,408 bits which is the best one
among the four switches. The bandwidth gain of the TSM
is 16 times  greater than other switches.

Table |: Comparison of Linked-list, Hybrid, CAM, and TSM.

Link list Hybrid CAM TSM
gt AW (2] CAIURAR Dtk Pt RAM
(deeode) (decode) (decoe) (oot} (nsot)

WAU=108344 Bimd=10834 ixtd=1334 Giztrili=| 54
Toskp BRAM - AIF0 t2:CAM DN : RAH
8682048 12xknt=i09 B txixiesil
=7 ] ? ) repers | ROW o tegs
(queus lemgh checking) (sdiond) eowters) (eddtond coutens) | (compare W and R emwbers) | (compare RV registen)
Zeixt=d sepe et
ree memory sdees sorege FUAB FHAB CAM v 0 RAM viEd b
(cddtiona ovesbead) | (poiner maienance, exra | (eatva memery block) (eont) (=)
memory block) 284822048 =148 ixtedts ézledss
““""(;‘::’;:)"“ ™ 48 1ite0 WsA88
bandeidth g
tnigtiond) 1 1 ) 1%

{ sample switch size is 4x4 with 256 cell buffer capecity)

In estimating the throughput, the processing time of
the PE and the CASU needs Sns individually, and the
access time of the Dual-Pori memory is 20ns. Hereby, one
cell arriving the TSM through the PE, the Dual-Pori
memory, and the CASU to output port is 30ns. Since a
cell contains 53 bytes (424 biis), the MIB (Maximum
Input Bandwidth) of the switch can be calculated as :

MIB=424/(nxT;)
where # is the number of inputs, and T, is the switching
iime (30ns).
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For an n x n TSM swiich, since the swiiching
operation time for processing » inputs is # x T,, the
maximum bandwidth of an output port is » x MIB.
Therefore, MTOB (Maximum Total Output Bandwidth) =
MIB x n’.

Considering a 4x4 TSM switch :

MIB =424/ (nx T;) =424 / (4x30ns) = 3.5 Gb/s

MTOB =MIB x n" =3.5Gb/sx 4’ =56 Gb/s

Table 2 presents the MIB and the MTOB of 4x4,
8x8, and 16x16 TSM switches. The MIB is in inverse
proportion to the number of input poris is the same as
other ATM switches. Yet, the MTOB is in proportion to
n’ . Consequently, the more the number of links of each
swiich, the higher total MTOB will be obtained. The
proposed TSM swiich not only can support higher cell
transfer rate but also can effectively avoid cell contention

Table 3: The MIB wnd the BATOB of 434,83, ind 16x16 TS switch.

Nueer of iaputougut port WIE HTOR
4 3 Glda 36 Gl
2 .37 Glda 113G
16 D23 Gbrs 22 Gy

4.2 Simulation Model and resulis

Figures 4-1 and 4-2 show the simulation model of
TSM and Linked-list ATM switch respectively. The
simulation program, smpl (simulation program language),
which is adopted to simulate these switching mechanisms,
The Poisson distribution is employed to generate traffics.
The processing time of PE, Temporary memory, CASU,
and Dual-Port memory are 5ns, 5ns, 5ns, and 20ns
respectively. The time unit for transferring a cell is 2.74us
with 155 Mb/s link transfer rate.

Figure 4-3 presents the relationship between the cell
loss probability and the buffer size of the TSM and
Linked-list switch architectures. The diagram shows that
the cell loss probability of TSM always smaller than that
of Linked-list in various buffer size,

Figure 4-4 shows mean delay on the ordinate axis
and offered load on the abscissa. If the offered load in a
ceriain value is fixed, it is clear to observe that the value
of mean delay in TSM curve is smaller than that in
Linked-list.

5. Conclusions

A new architecture of high speed ATM

switch called TSM has been proposed in this paper. The
disiributed processing, multiprocessors and multi-bus,

and the triangular style Dual-Port memory are employed
inside the TSM to accelerate the switching speed. The
circuit to implement the TSM swiich is simple and needs
small amount of Dual-Port memory units, If a low-end
processor such as 33 MHZ clock rate microprocessor is
used, the total cost of TSM will be reduced significantly.
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Fig. 4-3. The cell loss probability vs. the different buffer size
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According to the performance analysis, the TSM
uses less Dual-port memory units and obtains less cell loss
probability .

In designing specific circuit , the switch bandwidth
gain will reach »’°, where n presents the number of input
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and output poris. Considering a 4x4 TSM switch, the
maximum throughput of the switch can reach 56 Gb/s.
The TSM not only can provide the cell transfer rate bui
also can effectively avoid cell contention.
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