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A New Practical Digital Switching System with
Distributed Structure*

Yang Xinhui and Liu Zengji

(Dept. of Information Engineering, Xidian University, Xi‘an 710071, China )

Abstract — This paper presents a new digital
switching system with distributed structure. The sys.
tem is alig considered as a communication metwork
composed of some smaller digital PABX stations with
ring structure. These PABX stations can be used as
the circuit switching terminals of a wide-band inte-
grated services opMcal fiber ring metwork or cam be
constituted as an independent distributed architec-
ture of an exchange.

Key words — Distributed switching, Assignment
on demand, Token passing protocol.

I. Introduction

Today, with the rapid development of both tie
technology and the requirement on communication,
how to realize the integrated services digital net-
work (ISDN) becomes more and more important.
Some developed countries set up the ISDN exper-
imental prototypes in laboratory in the middle of
1980s and some of them became commodities in late
1980s. As a part of [SDN, the realization of the in-
tegrated services local network (ISLN) and to access
the voice services to the data communication net-
works are very important steps toward the ISDN.
For this purpose, we devoted to the research project
of a large-scale wide-band integrated services fiber
optical ring network (i.e., ISFORN) in 1988, and fin-
ished the research and development of a new digital
switching system with distributed structure in 1991;
this switching system is composed of N(3 £ NV < 64)
small stations, each station has two parts: a digi-
tal PABX and a relay interconnecting interface. Be-

cause of the function of interfacing, the stations in
the switching system could be directly connected to
the multi/demultiplexer in node stations of the IS-
FORN, to provide digital voice services of the circuit
switching on the ISFORN.

The system we described in this paper has two
advantages. (1) Efficient utilization of channel: The
channels to link the stations in the switching sys-
tem: could be assigned on demand with B channel
(64kbps) as a basic unit. This is very suitable for
digital voice services, but we know, in FDDI-II, the
channels could only be divided with 6 312\ bps as
a basic unit. (2) The flexibility of the structure:
With the distributed structures, the system could
even consist of 3 stations up to 64 stations, and all
the stations could be concentrated in one room as
an exchanger, or could be set as a digital network
distributed in an area, and also could become a sub-
system of voice services in the [SFORN. In addition.
the techniques in the system are valuable for devel-
oping the technology of interworking between PABX
and LAN or WAN.

II. General Description of [SFORN!!

The configuration of ISFORN is shown in Fig.
1, where there is an optical fiber ring as the back-
bone network. To satisfy the requirement for the
wide-band digital transmission, it is necessary to use
the optical fiber as the transmission medium, and
its mono-direction transmission feature is very con-
venient to make a point to point transmission link
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as a segment of the ring topology. The TDM frame
is transmitted on the optical fiber ring with a frame
period of 125us. The bit rate is chosen as 34.368
Mbps, and if needed, this rate could be over than
100 Mbps. To support the integrated services, each
frame includes sixteen channels of 2.048 Mbps and
a specific packet data group. Besides all kinds of
the overhead, the frames are divided by two parts:
packet switching field and circuit switching field, that
is, the hybrid switching mode with the circuit switch-
ing combining the packet switching is adopted. The
frame format is shown in Fig. 2. According to the
overall scheme of the ISFORN, the switching system
shares 4 pre-assigned isochronous channels of 2.048
Mbps in the circuit switching part. So, the transmis-
sion bit rate on the interface between the nodes of
the optical fiber ring network and the PABX station
is 8.192 Mbps, and this interface is implemented by
the multiplexer and demultiplexer in the node of the
ISFORN.

Masier
PABX
Maton -

LAN

= =
/ 8.197Mbps | PABX
PARX Node Node MaLion
station
i_:I"“’ \ [ ]
Node

34368 Mbpw

EIE

Fig. 1. The architecture of the ISFORN

——

Frame bead | Packed swilching Beld Circuit switthing feild

125us

Fig. 2. The TDM frame structure of the [ISFORN

I1I Realization of the Switching System*-?

1. The overall scheme
In the overall structure of ISFORN shown in Fig.

1, if all the PABX stations are connected with a
8.192Mbps channel corresponding to the intercon-
necting trunks. an independent switching system will
be formed as shown in Fig. 3. where the system is
a digital communication ring network. The maxi-
mum distance between neighbouring two stations is
1.5 km. The bit rate on the trunks is 8.192Mbps that
include 128B (1B=64kbps) chaunels. Among them,
120B channels can be used for supporting the circuit
switching service and be shared with assignment on
demand by the users of all Lthe stations in this switch-
ing system; 4B channels are used as the common sig-
nalling channel, and other 4B channels are used for
frame synchronization. The frame structure is shown
in Fig. 4, in which, the four time slots (ts0) will be
used to transmit 32 bit Generalized Barker Code as
the unique code for the frame synchronization. The
four time slots (ts16) become a 4 x 64 = 256 kbps
channel, which can be used as a common signalling
channel, through which all stations will compose log-
ically a sub-ring network to perform the signalling
transfer of the switching system.

Fig. 3. The architecture of the switching system

- TS0k  p—TSIN—
10, ] oy ] a0, Juo, | 1 |':|nsu}un._rmu,:uw.:uu.: Be1 [ [pran] -
" o F

Fig. 4. The relay frame structure of the switching system

2. The signalling protocol

The signalling frame structure oo the sub-ring is
coincident with that of HDLC and the token pass-
ing protocol is employed. The signalling frame and
the token frame circulated on the sub-ring are distin-
guished according to the control octet in the HDLC
frame. The token is a license for each station that
can send signalling. After initiating of the subring,
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the token will be generated from the master station,
and when the next station har received the token,
it will first send out the signalling frame and then
send out the token frame to the following next sta-
tion if it has some signallings to send; or it will send
out only token frame immediately to the following
next station if it has no signalling peeded to send.
In this way, the token will be passing from one sta-
tion to the next and so on along the ring. During
the process of the token passing, the master station
is responsible for the maintenance and management
of the token. There is a timer in the master station
Lo measure the real time (TRT) for the token cir-
culating one cycle around the ring. 1f the TRT is
beyond the upper limit, it can be considered as the
token has been lost during the transmission process.
In this case the master station will generate a new
token. If TRT is less than a lower-limited value, the
received token can be considered as a false one and
will be deleted.

The assignment on demand and management of
the 120B channels will be executed by the master
station also. There is a busy/idle sign table of chan-
nels to be set up in the master station. When there
arrives a request of setting up a connection for com-
munication between the users of two stations, the
calling party must make an appeal 1o the master sta-
tion for one B channel and inform the master station
the calling and the called address or telephone num-
ber by a signalling. Then the master station will se-
lect an idle B channel to them according to the mark
of the busy/idle table (in the ring network, only one
B channel is needed for the duplex communication
of two users), and at the same time, set the idle bit
to busy in the table. At the end of the communica-
tion. the calling user or the called user will send out
a signalling to request the master station to release
the used channel. The master station will discon-
nect the link between calling and called party and
then change the busy /idle table again to reset that
channel to be idle. At last, the master station will
transmit a signalling to announce that the channel
is released completely.

3. The hardware of the switching
system'S-Y

The hardware block diagram of each station of
the switching system is shown in Fig. 5. Each station

-

can be divided into two parts: the local switching
module (LSM) and the interconnecting relay mod-
ule (IRM). The LSM is a common time division
switch, which mainly consists of line interface unit
and time slot exchange to realize the local switching
function. Also, it must have an interface with the
IRM to transfer the control information mutually.
The IRM is responsible for the user infor: iation and
signalling message transferred among the intercon-
necting PABX stations on the ring network. That
is, it must perform the functions such as synchro-
nization, transmitting/receiving and processing the
signallings, receiving/transmitting the user's digital
information from or to the ring network and trans-
ferring the digital information that is not destined
for this station. The 2.048 Mbps PCM time division
multiplexing highway is adopted for the physical in-
terface between the LSM and the IRM.

- [RM

LSM=

Fig. 5. The hardware block diagram of a station of
the switching system

4. The softwarel

Each station of the switching system contains two
microprocessors. They carry out the control func-
tions of the LSM and the IRM individually. The con-
trol procedure of the LSM can be divided into two
levels: the interrupting service level and the basic
level. The basic leve! of the 1outine will be executed
repeatdly after the FABX is powered on or is reset.
For the interrupting service level, the interrupt sig-
nal is generated by the hardware with the period of
8 ms and the executed periods of each interrupting
service routine are all the integral times of 8 ms. The
software of the IRM is composed of a main routine,
many subroutines and interrupting service programs.
Each interrupting service program is started by one
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interrupting sourze. The main routiue is in charge of
coordinating the interrupting service programs and
all subroutines.

IV. Conclusion

We have realized the experimental prototype of
the switching system with three stations as shown in
Fig. 3 and have finicshed the communication testing
for all stations being connected into the optical fiber
ring network as shown in Fig. 1. which works well
and reliably. The features of this digital switching
svstem are as follows:

e To realize the combination of the technology of
the high speed ring network and PABX, it is the first
in China;

* To implement the assignment on demand of the
channel capacity with the B channel as a basic unit
and only need one B channel for the duplex coramu-
nication hetween two users, which raises utilization
of the channels;

e To offer a distributed architecture of SPC ex-
change, which connects many smaller capacity ex-
changes or switching modules using a high speed lo-
cal area network.

Of course, many supplement functions of this ex-
changer would be developed and many works should
e done to improve the reliability and make it prac-
ticable.
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A fluid neural network for routing communication traftic

Ma Yuziang Ma Fulong Lei Zhen fia
(Dept. of Computer Science, Xidian Univ. , Xi’an, 710071)

Abstract
A fluid neural network is a kind of neural computartional madel that has visual properties
of describing the way of fluid flow. This paper presents a parallel algorithm for routing a com-
munication network by comparing a communication network to a fluid neural network. Simu-
lation results indicate that the routing algorithm can find the optimal path very fast.
Key Words: path routing; fluid neural network ; maximum flow
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