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Abstract 

This paper addresses the provisioning and performance aspects of the 
emerging intelligent networks. The demands on switch real-time capacity of 
new, feature-rich services as well as the need to unbundle services into 
elemental capabilities to fulfill the Open Network Architecture requirements 
are studied. The increase in call processing due to distribution of network 
intelligence in future networks is analyzed. A methodology to maintain the 
survivability of future, low connectivity, networks at current levels is 
explained and its use demonstrated with a typical metropolitan network in 
the United States. 

1. Introduction 

This paper addresses performance and provlsloning aspects emerging from the 
evolution of the telephone network towards future intelligent networks. Future 
networks are expected to be characterized by distributed network intelligence and low 
connectivity transport segments. Services to be supported by future networks will 
require more real-time processing than existing services. 

The evolution of the network to support enhanced services creates the need for 
planning the growth of real-time switch capacity in concert with the emergence of 
these new services. A methodology for provisioning the real-time capacity of a digital 
switch is described in Section 2 and examples of its application to assess the real-time 
processing requirements of some future services are presented. Performance aspects 
of the future intelligent networks are addressed in Section 3. In particular, the increase 
in processing required in networks with distributed intelligence is studied in Section 
3.1. With the emergence of fiber transport systems, there is a need to develop methods 
for improving the robustness of the network; the optimal deployment of spare 
transmission capacity and the use of cross-connect devices for improving network 
robustness are discussed in Section 3.2. 

2. Real-time Provisioning Methodology 

Services supported by future networks will require additional software and more 
real-time processing than the traditional Plain Ordinary Telephone Services (POTS). 
In addition, the Bell Operating Companies (BOCs) in the United States are required to 
file an 'Open Network Architecture (ON A)' plan by February 1, 1988. ONA requires 
existing BOC services to be unbundled into elemental service capabilities, called 
'Basic Service Elements (BSE)'. The unbundling of services will also increase the 
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real-time processing requirements. It is therefore necessary to estimate the real-time 
requirements to facilitate the planning of growth in real-time demand. 

The following data are needed to estimate the real-time demand on a switch: 

- distribution of lines on the switch by subscriber type; 
- distribution of call types for each subscriber type; 
- call disposition probabilities, such as the fraction of calls that are successful, 

fraction meeting busy, fraction partially dialled etc.; 
- penetration rate of each feature on each subscriber line type; 
- feature activation rate, i.e. the fraction of the total High Day Busy Hour (HDBH) 

attempt rate per line per subscriber type which represents the activation or usage 
of the feature; 

- real-time required to process each attempt type and the ad9itional real-time 
required, if any, due to feature assignments; 

- the total number of HDBH call attempts per line for each subscriber type; and 
- maximum CPU occupancy available for call processing, subject to fulfilling the 

grade of service requirements. 

The average real-time requirement per subscriber line consists of two components: 
(a) real-time required due to feature assignments and (b) real-time required due to 
feature activation or usage. 

Average real-time required per line due to feature penetration 

= fraction of lines belonging to customer type i 
= fraction of type i lines that have feature m 

(1 ) 

where, Ni 
fim 
Sim = real-time due to assignment of feature m to customer type i 

Average real-time required per line due to feature activation (attempt) 

= ri Ai * Ni * rn tni * rk Pk * rm fim * aim * ginkm . (2) 

where, Ai = 
tni = 
ginkm = 

total HDBH attempts per line of type i 
fraction of attempts from type i lines that belong to call type n 
real-time required per attempt involving feature m on line type i, 
call type n, meeting call disposition type k 
fraction of attempts from type i lines that invoke feature m 
probability of a call meeting disposition type k. 

Average real-time required per line 

The number of lines that can be supported can be computed from (3), given the CPU 
occupancy available for call processing (C) as 

Number of lines = (C * 3600 * 1000) I (Average Real-time per Line in msec) 

2.1 Real-time Requirements of Future Services 

To estimate the real-time processing demand placed on a digital switch by future 
services, two services are analyzed below: voice messaging and pay-per-view 
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television. These services are currently under consideration as being attractive to 
Enhanced Service Providers (ESPs) under the ONA framework, based on the Basic 
Service Elements (BSEs) provided by the BOC. 

2.1.1 Voice Messaglng 

Voice messaging service, illustrated in Figure 1, enables an ESP to receive messages 
destined for its clients, when the client's line is forwarded to the ESP. The ESP stores 
the message and sends a message waiting indication to the client through the BOC 
network. On receiving the message waiting indication, the client can call the ESP to 
retrieve the message(s), at which time the ESP sends a message to the BOC network 
requesting turn-off of the message waiting indication at the client's line. 

The following BSEs are required to 
enable the provision of the voice 
messaging service [1] 

- call forwarding feature assigned to 
client's li ne ( busy or don't answer) 

- distribution of calls over several 
message desk attendants 

- delivery of the calling customer's 
identification 

- delivery of the identity of the ESP's 
client who is called 

- identification of the reason the call 
was forwarded 

- identification of the message desk port 
to which the call is delivered 

- message waiting indication on/off 

These BSEs are all supported today by 
the Simplified Message Desk Interface 
(SMDI) [2]. The capability is currently 
available only on a intra-switch basis. 
The penetration of the service and the 
fraction of customer calls that are 
forwarded to the ESP are two key 
parameters influencing the real-time 
processing requirements of voice 
messaging. Typically, 400/0 of a 
business customer's calls are 
unanswered. Using equations (1) and 
(2), and a 40% activation rate for voice 
messaging ;service indicates that a 
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Figure 1: Voice Messaging 
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FIGURE 2: VOICE MESSAGE SERVICE· REAL·TIME REQUIREMENT 

voice messaging call will require about 4 to 5 times as much real-time as a simple 
intra-office POTS call. As illustrated in Figure 2, at the anticipated penetration of 30%, 
assuming that 40% of customer calls are routed to the ESP, the voice messaging 
service will result in a 15% increase in the real-time demand placed on a digital 
switch. If the usage were to increase to 75%, the real-time requirement for voice 
messaging will increase marginally to about 220/0 at the same penetration. 

4.4B.5.3 

\ 
\ 



ITC 12 Torino, June 1988 

2.1.2 Pay-per-vlew Television 

Pay-per-view television service, illustrated in Figure 3, can be provided to cable 
television subscribers who have remotely addressable cable decoders. The service 
works as follows: A customer dials a specific number provided by the cable company 
as identifying the program that the customer wishes to watch. The customer also 
tunes the television to the specific channel and receives a scrambled signal. The 
customer's call is routed through the BOC network. 

The BOC delivers the subscriber's 
identity (in the form of ANI) to the ESP. 
The ESP or the BOC plays an 
announcement to indicate to the 
subscriber that the order is being 
processed. The ESP uses the []I 
customer's identity to validate the request 
and send a signal to the remote decoder 
to decode the signal on the specific 
channel. As confirmation of the order, 
the customer sees a clear, descrambled 
signal. The pay-per-view television 
service applies mainly to residential 
customers. 

This enhanced service requires one 
BSE: delivery of ANI. The BOC may also 
provide Central Office Announcements 
as a BSE, if requested by an ESP. 
Service penetration and service usage 
are the key parameters which determine 
the real-time impact of this service 
similar to the voice messaging service. 
Figure 4 shows the increase in switch 
real-time processing requirements as a 
function of these two parameters. 
Assuming a service penetration of 30% 
and based on a busy hour attempt rate 
of one per customer, the pay-per-view 
service will increase the real-time 
demand on the switch by about 11 
percent. 

RGURE 3: PAY PER VIEW TELEVISION 
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ONA will accelerate the penetration of enhanced services and the BOCs will get 
additional revenues from the increased network usage. However, it is necessary to 
pla~ the growth of switch real-time capacity to support these enhanced services. 

3. Future Network Per10rmance 

The network of today has evolved based on intelligence, such as features and call 
processing software, located primarily at the local central office switches and 
accessed by relatively uninte"igent terminals. New enhanced services being 
considered are likely to need network capabilities typically supported at some centrally 
located 'intelligent network elements'. With the emergence of .SS7, the class-5 office 
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can access these capabilities. Some of the intelligence traditionally provided at the 
class-5 office is also moving to the customer terminals, primary examples being ISDN 
and personal computers. Thus, the trend in future networks will be to provide 
additional intelligence in the Customer Premises Equipment (CPE) or at intelligent 
Network Elements (NE) [3]. The degree to which the intelligence is distributed will 
depend on feasibility and cost and the requirements imposed by potential new 
services. The distribution of intelligence will impact the call set-up times in future 
networks. An example is considered in Section 3.1 to quantify this impact. 

The network will also be required to handle large volumes of different types of traffic, 
ranging from the traditional POTS to the complex multi-media services. Fiber optic 
transmission has become attractive as the technology of choice to support the large 
bandwidth requirements of future networks. The heavy concentration of traffic onto a 
few large transmission paths raises concerns about possible degradation in network 
performance resulting from reduced network survivability [4,5]. These concerns have 
risen with every step in technology, such as the introduction of PCM systems, but with 
fiber they become more important because of the very low connectivity that may result 
from the high capacity of fiber systems. Thus, the emergence of fiber transport systems 
has intensified the need to develop methods for improving the survivability of future 
networks so that current customer expectations can be maintained. At BNR, a method 
for d.~signing robust transport networks has been developed [6]. In Section 3.2, this 
method is applied to a sample metropolitan network in the United States to analyze 
the cost/benefit trade-ofts in improving network robustness. 

3.1 Call Set-up Time 

The distribution of intelligence in the emerging networks, as illustrated in Figure 5, will 
require more resources to maintain the call set-up times at today's levels. To 
compensate for this, it will be necessary to identify the optimum positioning of network 
intelligence and possibly consider higher speed signaling links (e.g., increase from the 
current 64 kbps to say 1.5 mbps). 

Consider the case of a call requiring 
interaction with the ESP's equipment. 
There are two time factors in this call: 
(1) Call Set-up Time: the time from the 
receipt of the last dialled digit at the 
originating office to the time an 
announcement is played by the ESP's 
node (2) Cut Through Time: the time 
from the completion of the dialling 
procedure (based on instructions from 
the Enhanced Services Engine (ESE)) 
to the time a 'welcome' message is 
played by the ESP's equipment. There 
are two possible cases of intelligence 
distribution: (1) all intelligence is 
supported at the originating switch and 
(2) all intelligence is supported at other 
network elements, requiring temporary 

INTEWGENT 

CLASS-5 TERMINAl.. 

SWITCH 1---1-+
0 

FIGURE 5: THE FUTURE INTELLIGENT NETWORK 
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"hand-off" of call processing between the originating switch and other intelligent 
network elements. The call set-up time will increase with the complexity of the hand-off 
mechanism. 

A simple analysis was performed to 
estimate the increase in call set-up 
times. The analysis was based on the 
assumptions of a M/M/1 queue at each 
node with server occupancies varying 
between 40% (CCS7 links) to 700/0 
(digital switches). Information packets 
were assumed to be of 200 octets and 
supervisory packets had a size of 50 
octets. Call anomalies and their 
associated recovery procedures were 
not considered. Signaling between 
network elements was assumed to be 
based on CCS7. 
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FIGURE 6: CALL SET-UP TIMES 

Figu.r.e 6 summarizes the call set-up times in these two cases. Average call set-up time 
increases by almost 200% , to about 1.2 seconds, with distribution of network 
intelligence away from the originating switch. This is smaller than the call set-up times 
experienced in the current network based on MF signaling. However, it is larger than 
the call set-up time that can be expected in the current network if CCS7 were used for 
inter-office signaling [7]. 

The distribution of intelligence in future intelligent networks will impact the 
performance with respect to the services. In the future, performance grades of service 
must be defined based more on service classifications than on network elements, so 
that appropriate locations for intelligence can be determined to meet the service 
performance criteria. 

3.2 Network Robustness 

Future intelligent networks will be required to support a variety of enhanced services 
with variable bandwidth requirements. However, the uncertainty of the demands on 
the network of future enhanced services and the high variability characteristic of new 
flexible bandwidth services make it difficult to obtain accurate traffic forecasts for 
engineering the transport network. The design of a robust transport network must 
therefore consider new routing methods, such as dynamic routing, and include 
flexibility pOints for network re-arrangements such as Digital Cross-connect Systems 
(DeS) to handle demand flexibility. 

In designing robust transport networks, advantage is taken of the resources available 
in the network when a failure condition or resource shortage occurs. Three types of 
capacities are available for this purpose, as illustrated in Figure 7: 
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- residual capacity, which relates to 
. the capacity that is made available 

when the traffic demand is less than 
the demand for which the 
transmission route is engineered; 

- spare capacity, representing the 
additional capacity that is provided 
for use in failure or emergency 
situations; and 

- liberated capacity, which relates to 
the capacity that is normally used for 
a specific demand, but becomes 
available or is liberated for use in 
re routi ng de mands when a route 
fails. 
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RGURE 7: TRANSMISSION CAPACITIES 

Residual capacity can be accessed via real time changes to the trunk routing tables 
existing in stored program controlled switches. The necessary changes are sent to the 
switch by a centralized network controller. Spare and liberated capacities can only be 
dynamically accessed through the nodes where digital cross-connects (DeS) are 
available. 

The algorithm developed at BNR [6] is 
illustrated in Figure 8. The algorithm is 
based on the principles of ranking 
failure scenarios and demands, 
determining a feasible solution using a 
minimum cost flow algorithm, rerouting 
remaining demands using a shortest 
path algorithm and deploying additional 
spare capacity where necessary. The 
algorithm leads to the optimum 
deployment and use of spare capacity 
so that a specified grade of service is 
met. The grade of service is assumed 
to be specified in terms of the 
percentage of demands that needs to 

The algorithm · was applied to a 
metropolitan network in the United 
States consisting of 22 nodes, 
interconnected by 34 transmission 
spans. Figure 9 illustrates that the cost 
of providing spare capacity (expressed 
in terms of spare DS1-miles) increases 
exponentially with the desired grade of 
service, i.e., percent of demands to be 
restored. The marginal benefit 
obtained from provisioning spare 
capacity is used to measure the 
effectiveness of deploying spare 
capacity. The marginal benefit is 
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2. USE AVAILABLE CAPACITIES 
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defined as the incremental increase in robustness, measured in terms of the 
percentage of the demands restored, from the expenditure of a unit of additional 
capital, represented by the cost of deploying 1000 DS-1 miles. As seen from Figure 9, 
the marginal benefit decreases when the desired grade of service becomes more 
stringent. This demonstrates the need for considering the grade of service 
requirement in failure modes as well as the marginal benefit that accrues from spare 
capacity when provisioning spare capacity in the design of robust transport networks. 

4. Conclusions 

Services to be supported in the future intelligent networks will require more software 
and real-time processing than existing services. Open Network Architecture will 
accelerate the penetration of these enhanced services and will require that access to 
existing switch call processing software be provided at an elemental service level. 
The real-time demand on SPC switches will increase, and planning for graceful 
evolution in real-time switch capacity will become necessary. 

The intelligent networks of the 1990's are likely to have network intelligence 
distributed among various network elements, instead of being concentrated at the 
circuit switch. More resources will be needed to maintain call set-up times at current 
levels. Performance grades of service must be defined based more on service 
classifications than on network elements, so that appropriate locations for intelligence 
can be determined to meet the service performance criteria. 

The high variability in bandwidth requirements of future services will necessitate the 
design of robust transport networks. In provisioning spare capacity to meet the 
robustness requirements, the grade of service requirements as well as the marginal 
benefit from spare capacity must be considered. 
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