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This paper proposes the configuration of a more effective .ISDN for increased-ISDN traffic to be 
handled. The first part of this paper describes classified ISDN-like services and the ISDN traffics 
trend. The second part defines the basic concept of network configuration then proposes an 
example of network using directional loop switching concept for both local and international 
switchings. 

1. INTRODUCTION 

Recent progress in digital transmission, SWitching, processing and CPE technologies make enhanced new 
telecommunication services possible. 

The ultimate objective of the ISDN is to offer easr·to-use convenient communications services that can handle 
both audio and visual information that will be able to meet the needs of the next century. The advent of the 
ISDN is a departure from conventional analog communications networks, which have been upgraded recently for 
conveying voice and data Signals. 

This paper describes one idea of devising a communications network configuration that will be able to support a 
variety of visual communications services, high-quality audio, high-speed data communications, and intelligent 
network services which are now available virtually only through the ISDN. 

The ISDN must meet the full range of future customer needs, including 16 Kb/s to 150 Mb/s symmetrical 
connections, one-to-n connection and unsymmetrical or one way connections. Section 2 predicts likely and 
promising service menu, based on the two years experience in INS (Japanese ISDN) model system monitors 
which first step is cleared on early this year. Section 3 explains how to realize a cost-effective dependable 
telecommunication network that will efficiently use transmission channels. 

2. ISDN SERVICES AND ITS TRAFFIC TREND 

(1) Current environment 

Si nce the concept of the ISDN is seeds
oriented, it does not yet identify which of the 
services will meet the real user needs. This is 
one reason why many countries have been 
conducting trial tests. Table 1 shows an 
example of an ISDN-like services menu, which 
has been compiled from the international 
conference records, published papers, 
magazines and shows, up to these few years. 
We understand from this table that 
international consensus on the ISDN services 
are not yet well defined and that step by step 
efforts is most important for the success of 
ISDN. 

Table 1. ISDN-like services or trials 

---- USA CAHAOA U.K Franc. F.R.G Italy !selglum Hoiland Sweden 

Telex, TWX 0 0 0 0 0 · 0 0 0 0 
Teletex ~ ? () () () 0 0 () 0 U 

V"ldeotex <D 0 0 0 0 0 0 0 0 
FAX 0 0 0 0 0 0 0 0 0 

. Data 0 0 0 0 0 0 0 0 0 
Voice + a 0 0 0 0 0 

C FAX 0 0 0 o (+ToIeWrII.' 

~ StIli Picture 0 0 0 0 0 
VIdeo .0 0 0 0 0 0 0 0 0 

Display phone 0 0 0 0 0 0 
Video phone 0 0 () 0 0 .:) 0 
Tel. Mail(MHS) 0 0 0 " 0 " 0 r:: .:: \J 

(~~·)Mall 0 0 0 0 0 0 
Ho.t Access 0 0 0 0 0 '..1 0 'j (> 
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(2) Results of Japanese ISDN experiments 

A detailed evaluation of the results obtained from this experiment was presented by the NIT in part 11 of the 
TElECOM Forum '87. We at Oki participated in this experiment as a monitor for two years, and gained valuable 
experience. Our experiment results agree closely with those announced by NTT and other parties in Mitaka City 
in March last year. Service menu listed below in the order or popularity. 

• Video communications (Teleconferencing, remote lecturing and other applications). 
• CA TV (telecasting a municipal assembly, TV channels). 
• Still-picture communications (for use by corporations, medical activities, and for monitoring unattended sales 

outlets). 
• Facsimile services (for both office and residential use). 
• Multifunction digital telephone services. 

The following services were not included in the experiment However, cl strong demand for these services was 
revealed. 

• Mobile facsimile and data communications services (for ambulances and for people in remote locations). 
• Services to allow shared online use of expensive medical equipment over communications lines. 

The following items do not have a direct bearing on service menu but are useful in the design of terminal 
equipment and other hardware. 

• Most demand is expected to come from corporations, public institutions, and the like. 
• low-cost terminal equipment that house wives, children and the aged can operate easily, must be developed. 
• In some instances, facsimiles were conveniently used as copy machines. 
• low-cost video signal compressors are anticipated eagerly. 
• Facsimile multi-address calling can be used effectively instead of direct mail. 
• Non-telephone terminal services are needed by administrative organizations, online transmission services of 

various certificates, services for the aged, and educational video transmission services for schools. 
• Different types of terminals for different service menu require space. More space-efficient terminals to 

provide several effective functions must be developed. 

(3) Prospective Services 

Judging from the results obtained from these experiments, at first ISDN services are expected to be introduced to 
corporations. To determine which ISDN services must be made available to corporate users, we must first 
scrutinize the conditions under which various kin~s of office work is done. Next we have to clarify the services 
that would make such work more efficient and increase productivity. Further, we would suggest services that 
would prove indispensable for developing new types of work. 

Experiments in INS model 
system, and other experi
ments have resulted in Table 
2, which lists ISDN services 
that are potentially valuable 
to both corporate users and 
households. The table also 
shows the traffic character
istics of individual ISDN 
services (some are estimates). 
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Table 2 ISDN Traffic Trend 
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3. NETWORK CONFIGURATION 

The next an example is a cost-effective ISDN configuration tailored to provide ISDN services such as those just 
discussed. 

3.1 Present status of telecommunication traffic in Japan 

Taking a look at japan's present communications networks, we see that some 5,000 lS (local switching) offices 
accommodates about 46 million telephones subscribers; almost 3 million trunk lines and about 650 TS (toll 
switching) offices are connected in star and incomplete mesh four-layer networks. The 46 million subscriber lines 
also include several million key telephone sets, one million analog facsimiles, and almost 200,000 PBXs. In 
addition, japan has roughly 34,000 telexes, 50,000 digital data network terminals, 120,000 mobile phones and 
30,000 videotex terminals. 

NIT announced last year on the number of calls placed and NIT income accrued from telephone charges, which 
yield the follOWing calling rates. The number of calls has been increasing at several percent annually. 

* Business use 
* Residential use 
* Total average 

0.1 Erl!l 
0.04 Erl!l 
0.06 Erl!l 

h 150 sec 
h 300 sec 
h 215 sec 

The number of domestic telephone calls was 61 billion in 1985, on the other hand the number of overseas 
telephone calls and telegraphic transmissions were about 65 million and 55 million, respectively in 1985. The 
international telephone traffic has grown at about 30% annually. 

While looking at the investment in domestic communications networks, we note that subscriber line facilities top 
all others, facilities about 40% of total investment Next comes local switching offices, toll transmission facilities, 
and toll switching offices. In japan, investment up to the local switching network stage accounts for over 70% of 
the total network investment. 

A digital toll switching network can b.e configured more economically than an analog network by combining ultra 
high capacity optical fiber transmission technology and digital trunk switches (which are more economical than 
analog TSs). 

It is estimated that, by the beginning of the 21 st century a little over 70% of Japan's 53 million subscribers are 
believed to be telephone service only and nearly 30% of them will be ISDN services. Considering common 
carriers and manufactures, it will be important to develop ways of economically constructing local networks first, 
then international networks whose traffic is expected to increase rapidly. It may be same circumstances for 
overseas common carriers and manufacturers. 

3.2 ISDN configuration 

Figure 1 shows an example of ISDN 
configuration. The portion marked with bold 
lines will be the focus of this paper. Also, we 
understand that the ISDN must be able to 
support the following capabilities. 
* End-to-end and end-to-center digital 

connectivity. 
* Minimum set of standard interfaces and 

protocols. 
* Integrated subscriber line access and 

separate signaling. 
* Customer control of the artificial private net

work in to the public ISDN. 

Besides the above conditions, it is necessary to 
consider the follOWing items when designing a 
network. 

~ 
yole ... la,vId.o. ······ 

Fig 1.. An Example of ISDN 
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(1) The network should be open-ended so it can support a broad range of services, including variations in traffic 
characteristics such as unidirectional one-to-n connection (like a CATV network) and up/down 
unsymmetrical one-to-one connection (like a VRS), and also permit expansion to provide new services 

traffics. 

(2) To meet the growing use of non-telephone services, it is necessary to construct reliable and robust networks. 

(3) The cost-effectiveness of local networks that do not permit designers to easily configure multi routes must be 
enhanced necessitating heavy investment. It is also necessary to make effective use of international 

transmission lines. 

3.3 Cost-effective local networks. 

To reduce the investment in this local switching network, it is effective to introduce distributed and service

integrated switching systems to the local network area. 

Figure 2 shows the trend of installation cost of an Local Switching Network. Major cost reduction factors are 
introduction of multiplex transmission technology in the subscriber lines and distributed control switching sytem. 

Table 3. compares the three basic types of distributed or remote controlled local switching systems. We see that 
the directional loop switching method has the following advantages. 

Table 3. Connection types of remote switch modules 
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Fig 2. Trend in installation cost of an LS system 
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Figure 3 shows the system configuration of the directional loop switching DLS. In this example, master modules 
are installed at places corresponding to the locations of LS offices, remote modules are installed at places 
corresponding to the bridge taps of the existing metallic cables. The remote modules for each route, are 
connected with the master module through high-capacity multiplex optical fiber loops. 

The optical fiber loops constitute an up-and
down one-way loop and of two planes 
construction. Both planes are used for traffic 
carrier as one-way routes, indiVidually in the 

A' 

normal condition. 

The master module can serve as a node for C~B' + ~ 
connection with other master modules within ~SWlTCH:.FC' + 0' 

the same LS, for trunk connection with the 
E'F' 

with other functions the maintenance, 
operation and additional service functions 
within the loops. 

upper switching stages, and for connection with E 

other networks. The master module shares ~H + F 
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Directional loop networks have the following advantages. 

(1) Star-connected subscriber lines can be shortened sufficiently, which will reduce installation costs of metallic 
or fiber cables Significantly. 

(2) The subscriber circuits can be cheaper due to no bridge tap and low attenuation of digital transmission 
Signals. 

(3) A modular distributed configuration can be adopted for the exchange using a directional loop network 
configuration, Single design switching modules can be applied for small to large local switching stage. 

(4) Reliable network can be realized by loop back against any section of the multiplex link down. 

(5) The unidirectional loop switching network can handle all kinds of traffics efficiently. And it has twice the 
channel capability of conventional star or bus configurations. This is the most important feature. 

(6) Compatibility with LAN, MAN and WAN by scaling down of the directional loop switching systems. 

(7) Small scale and/or distributed MDF. 

3 .4 Toll networks 

In general, there are a number of routes that connect LSs and TSs. For th is reason, failure of one route or one toll 
switch does not stop communication traffics. Most failure are sufficiently restored by the use of the latest dynamic 
routing technology. 

In other words, adapting directional loop switching to the design of toll networks has no real merit except in such 
systems as artificial private customer-defined closed user networks which may be formed within a public network. 
For this reason, it appears appropriate to install trunk networks by combining star, ladder, and mesh connections 
according to the nation's geographical features and inter-city traffic conditions. 

3.5 Cost-effective international switching network 

Because of the distances involved in international communications, advances have been made in bandwidth or 
bit rate compression technology which makes long-distance communications more economical. Number of 
countries have cooperated in setting up multiplex transmission lines and shared use for each routes in accordance 
with the corresponding traffics or expenditure. However, as the use of optical cables that can carry large 
numbers of channels in conventional point to point connected networks (from which route fan out in various 
directions) are currently under revaluation to determine whether they are really economical. 

Some people are planning to develop ways of communications loop which turns around the globe in the 
latitudinal direction and to use efficient coding and dynamic routing technology which arises from time 
differences between called and calling countries. All these plans seem to be set up based on the conventional 
up-and-down bit stream symmetrical communications method, without satellite communications. 

The Simplest example of applying our 
directional loop switching (DLS) method to a 
round-the-world loop like the one discussed 
above is shown in Figure 4. As can be seen in 
Figure 4(B), an upward and a downward 
channels are required in order to establish a 
pair of communications paths between Tokyo 
and London using the conventional method. 
But by using the DLS method in Figure 4(A), 
only one channel can be used on the left side of 
the globe for Tokyo-to-London transmission 
and another on the backside of the globe, 
which is almost vacant on account of the time 
difference, for london - New York-Tokyo 
transmission. 

(A) Directional loop connection (B) Exlsling connection 

Fig 4. Comparison between International Connections 
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As shown in Figure 4(A), adaptation of loops in both clockwise and counterclockwise directions to establish two 
pair of communication paths makes it possible to carry twice traffics. The international link occupancy further 
improves when a blocking probability concept, is taken into consideration. 

It is known that the link occupancy considerably improves if dynamic routing is applied and carefully handled 
even though symmetrical circuits are used on a global basis. However, it seems to be difficult to implement 
dynamic routing for such complex types of traffics as up/down unsymmetrical communications, unidirectional 
communications, and one-to-n communications. In this regard, the DLS method has the advantage of having the 
capability to process all types of traffics that may occur on future ISDNs, such as those discussed above, in the 
same way that domestic local switching networks are controlled. 

While the method shown in Figure 4(A) resembles a directional loop switching local network configuration, the 
method can be adapted to other international routes which fan out from each international node station in 
various directions. 

3.6 Network Extension for Increased Traffic 

Fig. 5 shows an example of MM and RM Functional Diagram. 

The basic concepts behind the module structure are as follows. First, to establish the customer line in a cost 
effective way, RM position and capacity are to be determined according to customer distribution. Secondly, call 
process functions and service functions are constructed according to traffic demand and process amount, and it is 
independent of the number of RM and its capacity. 

For this reason, the units are freely added to intelligent multiplexer of the system. Therefore, it may fleXibly meet 
the demands of various capacity and user needs. 

~ACKET TERMINAL ' 

ALU 
BLU 
CATVU 
CATVLU 
CC(S)U 

DLU 
LC(B)U 
LCU 
OSW 
PAD 
PMXU 

Analog Line Unit 
Broad Band LIne Unit 
CATV Unit 
CA TV Line Unit 
Call Processing (Subordinate) Unit 
Digital Line Unit 

High Speed .nd Brold BlIlld LIne Concentrate Unit 
N.,row Band Concentrator Unit 
Optical Switch 
Packet Assemble and Deassemble Unit 
Packet Multiplexing Unit 

AMU 
ASU 
CC(M)U 
CCU 
CS(B)U 
CSU 
HE/MONU 
IWU 
' ·MUX 
PSU 
TSTU 

Administration .nd Management Unit 
Additional Service Unit 
Cell Processing (Master) Unit 
Communication Control Unit 

to TS 

High Speed and Broad Band Circuit Switch ing Unit 
Circuit Switching Unit 
Heed End/Monitor Unit 
Inlerwork Unit 10 other networks 
Inteligent Multiplexer 
Packet Switching Un it 
Maintenance and Testing Unit 

Fig. 5 An Example of MM and RM Functional Diagram 
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Figure 6 gives an example of a network extension for successively increased traffic. 

Figure 6(a) shows the case where one RM (RMO) is installed for handling a small number of users. In this case, 
the connection between the MMO and RMO is assured by multiplex links and the RMO is operated by loopback. 

In the network shown in Figure 6(b), the number of users is greater than that in the Figure 6(a) and an additional 
RM1 is installed. In this case, a link is also placed between the RMO and RM1 to create a loop that allows 
double channel capability to be used between the MMO and RMO. Figure 6(c) shows a network where an 
additional RM2 is installed to meet a further increase in the number of users. 

MMO 

To check for normal operation of the 1-to-n one
way connection, signals branched from the RMO 
and looped back to this module are compared. 

J:MO Nch/2 o ) o (a) 
(Loop beck' 

Figure 6(d) shows how to treat an even greater 
number of users. In this case, though the network 
may have the same general configuration, a 
gateway for trunk connection with upper switching 
stages and connection with other networks is 
added to the RM2 so that this module may serve as 
an MM (MM1). 

RMO Nch MMO 

Q~" 7 (bl 
"~ . ~:-.... . " . 

In conclusion we can say that the directional loop 
switching DLS is very effective for constructing a 
network with excellent fleXibility and reliability that 
can handle any increase in ISDN traffic. 
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RM2 RMO MMO 
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RMl 

.M 

JlM3 

(c) 

(d) 

4. CONCLUSIONS Fig.6. An example of a network extension 

ISDN services are expected to find their way first into companies and only then into homes. 

Considering such traffic characteristics as call-holding durations and calling rate, we see that the specifics of ISDN 
services vary greatly. 

To expand the use of ISDN services and eventually to make them a part of everyday life, it is vital to establish 
networks than be extended two-dimensionally and also accommodate a broad range of traffic needs flexibly. 

To this end, we have introduced directional loop switching DLS, which we have doubled the (DLS)2 method, and 
provided its application examples and explanation in this paper. 
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