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ABSTRACT 

Network management consists of real-time sur
veillance and control of the telephone network. 
It is a technique designed to optimize the 

. call-carrying capacity of the network when the 
network is under stress due to traffic over
load or failures. 

The Bell System employs an integrated automatic 
and manual network management capability. The 
automatic controls respond dynamically to 
switching office and trunk (circuit) congestion. 
Recent innovations, made possible by modern 
electronic toll switching systems and Common 
Channel Interoffice Signaling (CCIS), permit 
the automatic control responses to be highly 
selective and more effective than the older 
nonselective automatic controls. 

The automatic controls are supplemented by a 
manual network management system. The manual 
system has been improved through centralization 
and the introduction of computer systems which 
support the operation of network management 
centers. Nationwide network management cover
age is provided by a 3-level hierarchy of com
puter-based network management centers. These 
provide network managers with preprocessed 
surveillance data and with the ability to 
intervene in problems that require human judg
ment. 

1. INTRODUCTION 

Let us briefly review the behavior of the tele
phone network when it is under stress, in 
order to understand why network management is 
important. It is a well-known property of 
modern networks with common control switching 
and alternate routing arrangements that they 
are highly efficient and economical under 
design load conditions but deteriorate under 
overloads. When offered loads substantially 
exceed design limits, the network is forced 
into a congested, inefficient state as marked 
by a significant decline in the number of calls 
that can be completed. l ,2,3 In periods of 
overloads and major equipment failures, the 
network performance can degrade rapidly. 
Unless network management controls are applied, 
the number of calls carried can fall well 
below the design capacity of the network. 

The reasons for the decline in efficiency when 
the network is faced with substantial over
loads are ~xcessive alternate routing 

"and regenerative switching delays that are 
compounded by reattempts. Switching delays, 
if left uncontrolled, feed on themselves and 
can quickly spread throughout the network. The 
magnitude of 'the decline in call-carrying 
capacity of an overloaded network depends on the 
particular network, call setup procedures, 
signaling techniques, and switching office 
architecture. 

Network management not only helps to maintain 
the best possible service under overloads but, 
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at the same time, helps to maintain network 
integrity and security during overloads and 
major failures. The vital role of the telephone 
network as a resource during emergencies and 
natural disasters provides a prime justification 
for the investment in modern network management 
svstems. 4 

2. NETWORK MANAGEMENT SYSTEMS 

In response to the need for better network 
management, the Bell System has made major 
advances in automatic network management con
trol systems that are built into modern 
switching systems. At the same time, there 
have been advances in manual network manage
ment surveillance and control capabilities 
through the expansion of manual network 
management controls and the introduction of 
computer systems which support the operation 
of centralized Network Management Centers. 

3. AUTOMATIC CONTROL SYSTEMS 

In the mid-1960s, the Dynamic Overload Control 
(DOC) system and Directional Reservation Equip
ment (DRE) were introduced. l ,2 However, 
during general overloads on peak days, these . 
automatic controls had to be supplemented with 
manual controls to maintain maximum network 
efficiency, and they provided little protection 
during focused overloads. Focused overloads are 
characterized by a surge of traffic from many 
parts of the network to a small number of 
offices or destination codes. 

With the introduction of the No. 4 ESS (Elec
tronic switching System) in 1975, significant 
improvement in the automatic controls became 
economically possible. 3 The control systems 
that were introduced and are now in operation 
consist of (1) Selective Dynamic Overload Con
trol (SDOC), (2) Selective Trunk Reservation 
(STR), and (3) Automatic Out-of-Chain Routing 
(AOOCR). SDOC and STR are selective versions 
of DOC and DRE, respectively. 

Both SDOC ~nd STR are based on a new approach to 
automatic network management controls. This 
approach is based on the automatic identifica
tion and selective control of traffic destined 
for hard-to-reach (HTR) destination codes. To 
this end, the No. 4 ESS automatically monitors 
the completion rate on all calls to each Number
ing Plan Area (NPA) destination code, such as 
212 for New York City. It also monitors call 
completions to each central office (NXX) ex
change code in its own NPA and in as many as 
six distant NPAs which can be selected by the 
network managers in real time. International 
switching centers, in addition, monitor the 
completion rate to each International Country 
Code. Calculations are performed automatically 
every 5 minutes and are based on the previous 
5-minute data interval. Ineffective attempts 
are detected on the basis of no-answer super
vision and, therefore, include line-busy and 
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line-don't-answer conditions. Normally, the 
ineffective attempt rate will run about 20-40 
percent. In focused overloads, this rate can be 
in excess of 90 percent. The algorithms used 
for activating and deactivating HTR codes were 
described by Macurdyl and Mummert. 2 They include 
means for filtering out codes for which the 
number of attempts is statistically unreliable. 

An insufficient number bf attempts leads to 
large statistical fluctuations in the measured 
percent completion as demonstrated by data 
collected from a No. 4 ESS in Chicago and shown 
in Fig. 1. In that example the attempt rate 
was only about 25 calls per 5-minute interval 
to NPA 805; the completion rate, therefore, 
fluctuated considerably from one 5-minute 
interval to the next. Fig. 2 shows a similar 
result to NPA 305 to which the attempt rate per 
five minutes was in the 150 to 250 range. 
Fig. 2 demonstrates that, with a sufficiently 
large attempt rate, the 5-minute percent comple
tion data becomes quite reliable. 
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The stimulus to SDOC is a signal from a connected 
switching office which is sensing machine con
gestion. SDOC, therefore, responds to switch
ing congestion by selectively controlling 
traffic destined for the overload switcher. 
STR, on the other hand, responds to trunk con
gestion in the outgoing trunking field and is 
triggered for a particular trunk group when less 
than a certain number of trunk circuits are idle 
in that group. Both SDOC and STR are two-level 
control systems where the first level indicates 
less congestion than the second level . The 
first-level response is typically limited to 
the control of traffic destined for HTR codes, 
whereas the second level may control HTR 
codes as well as other traffic, typically 
alternate-routed traffic. 

The effectiveness of SDOC and STR was initial
ly evaluated through computer simulation 
and has since been demonstrated in the actual 
network. Fig. 3 shows the predicted effec
tiveness of these automatic controls for a 
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simulated focused overload in a 24-node toll 
network. This network was designed with a 
representative point-to-point traffic load of 
1200 erlangs. The load destined to one node 
was increased by a factor of eight over design 
conditions, and all traffic originating at 
that node was at twice its design level. 
Focused overloads of thi~ type are representa
tive of traffic patterns following a natural 
disaster such as an earthquake in the vicinity 
of the node experiencing the focused overload. 
In Fig. 3, the older nonselective automatic 
controls (DOC and DRE) are contrasted with 
SDOC and STR. Performance is measured by the 
average number of calls in progress over time. 
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Fig. 3 - Automa"tic control of focused overload 

The selective automatic control system is, in 
this scenario, about 60 percent more effective 
than the nonselective system. Other simula
tions with larger toll networks consisting of 
48 nodes showed this improvement to be about 
25 percent for the same type of focused over
load. 2 While these improvements are greatest 
for focused overloads, simulation results 
indicate that similar benefits are obtained 
for peak day overloads, such as occur on 
Christmas Day. 

It is interesting to compare the results 
obtained with SDOC and STR with the result 
obtained through an analytical study 5 which 
established the maximum number of calls that 
could be carried in the 24-node toll network 
during the focused overload described earlier., 
using theoretical optimum network management. 
This theoretical upper bound was found through 
a linear programming algorithm to be 1329 
messages in progress, a result that compares 
with about 1273 messages in progress obtained 
by Monte Carlo simulation of the same network 
with STR and SDOC (Fig. 3). 

The No. 4 ESS ' s ability to determine HTR codes 
anywhere in the network benefits network per
formance when selective automatic controls 
can be employed in only some of the key switch
ing systems. This is demonstrated in Fig. 3 
by the curve labeled "Partial Selective Auto
matic Control." In the near future it will be 
possible to exchange HTR code data between 
No. 4 ESSs, via Common Channel Interoffice 
Signaling (CCIS)6, a technique which will 
greatly enhance the accuracy and reliability 
of the HTR code data because the data will be 
derived from a source closer to the problem 
spot in the rietwork. 

Selective controls that purposely block traffic 
destined for HTR points, i.e., traffic that has 
a very low probability of completion, raise the 
question of service equity. The simulation 
results shown in Fig. 4, in terms of completed 
calls versus time, were derived from the 
24-node toll network and give an indication of 
the grade of service given to customers calling 
into and out of the exchange which is subjected 
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to the focused overload. As can be seen by 
comparing the two solid curves, selective 
blocking of HTR traffic with SDOC and STR in
creases the network's efficiency so that 
service into the focus is greatly improved com
pared to the no-control case. Selective code 
controls provide an even larger service 
improvement to customers calling out of the 
focus, as can be seen by comparing the two 
dashed curves -of Fig. 4. Calls from the focus 
are automatically given the desired preference 
over incoming calls to the focus. 
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In contrast to protective controls such as 
SDOC and STR, which . restrict access to over
loaded facilities, AOOCR (Automatic Out-of
Chain Routing) is an expansive control. It 
expands the normal routing chain by permitting 
calls, which overflow the final in-chain trunk 
group, to be spread over up to seven out-of
chain routes. The out-of-chain routes are pre
assigned according to destination code so as 
to provide good connectivity towards the code's 
destination. Traffic that is routed over an out
of-chain route is accompanied by a CCIS travel
ing classmark. This, classmark is used with 
special routing restrictions at the "via" office 
to prevent out-of-chain routed calls from being 
.out-of-chain routed again. Out-of-chain routing 
is automatically directed only to routes that 
have idle capacity. Special traffic counts are 
taken to separate out-of-chain traffic from 
normal traffic for traffic engineering purposes. 
The dynamic inherent in AOOCR promises to be 
the key to a more effective utilization of the 
network under conditions of trunk congestion. 
Studies currently in progress are directed 
towards exploring modified forms of AOOCR as 
a tool to improved network utilization under 
design load conditions . 2 

4. CENTRALIZED NETWORK MANAGEMENT SYSTEM 

Even though our emphasis is on improved auto
matic controls because of their dynamic and 
accurate response, it continues to be neces
sary to provide network managers with real-time 
network surveillance data and manual controls. 
Our approach to network management has been to 
provide an economically favorable balance 
between automatic and manual network management 
capabilities. Network managers in Network 
Management Centers (NMCs) are expected to 
intervene in problems for which automatic sys
tem solutions would be excessively expensive 
and in problems requiring human judgment. 

In the past, NMCs were associated with major 
toll swi tchers on a one-to-one basis.. Each NMC 
displayed information pertaining to only one 
switching system and was able to affect call 
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completions through manual controls in only 
that switcher. Later, surveillance capabili
ties were expanded by telemetering data to the 
NMC from a few distant lower-ranking switching 
offices. 

, I 

The main drawbacks of these older NMCs were 
decentralization and inadequate surveillance 
data. It is difficult to manage a network by 
looking at data from only one or two switching 
offices. It is even more difficult to manage 
the network in real time by using raw traffic 
register readings and a few all-trunks-busy 
status indications that are displayed on a wall 
panel .but reveal little quantitative informa
tion about the traffic condition on outgoing 
trunk groups. 

To overcome these drawbacks the Bell System has 
developed a minicomputer system called EADAS/NM 
(Engineering and Administrative Data Acquisition 
System/Network Management) 7 which supports the 
activities of a new centralized NMC. This 
system collects data in near real time from both 
toll and local offices in a large geographical 
area, such as an entire metropolitan area or a 
state. This allows such an area, called a 
"cluster," to be managed as a whole, and breaks 
away from the old concept of managing individual 
switching offices. From one EADAS/NM-supported 
NMC, network managers can monitor and control 
several hundred switching offices. As shown in 
Fig. 5, most switching offices are connected to 
the EADAS/NM system through an intermediate 
computer-based traffic data collection system. 
Toll offices, such as the No. 4A Toll Crossbar 
Electronic Translator System and the No. 4 ESS, 
have their own traffic data collection systems 
and interface with EADAS/NM via direct data 
links. 

INTER-EADAS/NM 
NETWORK 

!. Fig. 5 - EADAS/NM interfaces 

NETWORK 
MANAGEMENT 

(ENTER 

Through its ability to collect and process real
time performance data from many types of switch
ing systems, EADAS/NM extends network management 
capabilities to metropolitan and local networks. 
In the past, the capabilities of NMCs were 
generally limited to surveillance and control of 
the toll network. 

Every 5 minutes, the EADAS/NM processor performs 
exception calculations on traffic measurements 
and displays the results on a wall panel and on 
CRT (Cathode Ray Tube) display "pages." In 
addition to 5-minute data pertaining to trunk 
group and switching office performance, EADAS/NM 
collects some network management status informa
tion every 30 seconds. This status information 
provides network managers with early warnings of 
potentially serious problems. 
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Fig. 6 shows an example of an EADAS/NM sup
ported NMC in Boston, Mass., with a wall panel 
in the back and interactive CRT systems in the 
foreground. The EADAS/NM display system is 
organized so that the onset of an indicator on 
,the wall panel will direct the manager to a CRT 
display page for problem investigation and con
trol activation. The CRT pages are arranged so 
that the network manager can search in pyra
midical fashion from a gross indication of a 
network problem to a detailed description of the 
problem. 

Fig. 6 - Network Management Center 

Manual controls can be activated in many 
switching offices simultaneously through inter
active CRT control pages. Control commands 
are communicated back to the switching offices 
by the EADAS/NM system over the same inter
faces over which data are collected from these 
offices. These manual network management con
trol actions are either protective or expansive 
in nature. Protective controls include code 
blocks which stop all or most of the traffic 
destined for points in the network that are 
overloaded or cannot be reached due to fail
ures. Expansive controls include controls 
which reroute traffic away from overloaded 
facilities to facilities with spare capacity. 
The ability to execute protective and expan
sive controls, as directed by network manage
ment personnel' in the NMCs, is now available ip 
all toll and most local switching systems pro
duced by Western Electric. 

A good example of an event which automatic con
trols could not handle without manual interven
tion occurred during a fire in a telephone 
building in New York City in 1975. This fire 
at the East 13th Street building caused 12 
local exchanges, serving 170,000 stations, to 
be completely isolated. It also caused the 
loss of four key New York City Tandem exchanges 
as well as the loss of thousands of circuits 
between New Jersey, New York City, Brooklyn, 
and Long Island. Network managers blocked 
calls destined for the isolated exchanges, 
thereby avoiding backup of these calls into 
the rest of the network. In addition, network 
managers instituted many expansive reroute con
trols, some of which are shown in Fig. 7. For 
instance; traffic originating in New Jersey 
destined for New York, Garden City (Long 
Island), and Brooklyn, all within a 50 mile 
radius, was rerouted via Denver, Colorado, a 
3300 mile round trip. Traffic originating in 
Brooklyn was completed to Manhattan via Los 
Angeles, California. 
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tFig. 7 - Rerouting after New York fire 

EAD~S/NM-supported NMCs, of course, play a 
vital role not only during emergencies but 
also during days of abnormally heavy traffic 
conditions which accompany certain holidays, 
snowstorms, etc. On normal business days, net
work managers monitor the flow of traffic, 
engage in planning control strategies, and 
attempt to identify potential network weak 
spots before they become service affecting. 
The EADAS/NM system has the ability to record 
and "play back" the events in the network of the 
previous day, a feature which is very useful for 
critiquing control strategies. 

Manual Network Management Centers in the united 
States are organized in a 3-level hierarchy 
(Fig. 8). The first or basic level is the 
EADAS/NM-supported NMCs. By the end of 1979 
twenty-seven such NMCs are expected to be in 
service, spanning the entire United States. 

REGIONAL 

0~~~~11~~S 14-----4 
(10) 

I NTU - [AOAS/NIII 
NETWORK 

.... . - -- ----- ---

Fig. 8 - Nationwide NMC hierarchy 

The next level in this hierarchy is occupied 
by the Regional Operations Centers (ROCs). 
Each ROC is supported by an EADAS/NM computer 
system and provides similar tools to network 
managers as are available in the NMCs. Whereas 
an NMC has the direct network management re
sponsibility for control and surveillance of 
the toll and local network within its cluster, 
the ROe has the responsibility for supervision 
and coordination of activities between the NMCs 
in its region. There are ten switching regions 
in the United States and, therefore, ten ROCs. 
The first EADAS/NM-supported Roe will become 
operational late in 1979. Other key functions 
of the ROC will be network management sur
veillance of the CClS network and providing 
off-hour coverage for the NMCs. 
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The toP/evel of this hierarchy is occupied by 
a singl center called the Network Operations 
Center (NOC). This center is also supported 
by its own computer system and is ,responsible 
for coordinating national network management 
problems between the ten ROCs in the united 
States and two Network Management centers in 
Canada. It also has the main responsibility 
for international network management. 

As shown in Fig. 8, data are transmitted between 
the EADAS/NM systems and the NOC system via 
an inter-EADAS/NM data network. The hub of 
this network is a high-capacity data switcher 
called the Data Transfer Point (DTP). Each 
EADAS/NM has a dedicated data link to the DTP. 
This inter-EADAS/NM data network will permit 
the exchange of network management data be
tween EADAS/NM systems. It also furnishes the 
NOe with data for all major toll switchers in 
the network and all International Switching 
Centers (gateway offices) . 

Fig. 9 shows part of the NOC, with displays per
taining to domestic networks in the front and 
inte~national network management in the back. 
Some of the computer-assisted tools available 
at the NOC permit network managers to identify 
and solve traffic problems between regional 
switching offices. These problems a~e solved 
through ' reroutes, of which hundreds are imple
mented on a typical peak day to expand network 
capacity. 

Fig. 9 - Network Operations Center 

5. NETWORK MANAGEMENT CHALLENGES IN STORED 
PROGRAMMED CONTROLLED NETWORKS 

The introduction of new services and systems 
in the Bell System telephone network creates 
new network management problems as well as new 
opportunities. An example of a new system is 
the SPC (Stored Program Controlled) network 
which is rapidly being introduced in the Bell 
System and which has as its basic elements 
(1) stored program controlled ,switching systems 
such as ESS, and (2) the CCIS network. 6 

eelS is a signaling network separate from the 
conventional switched message network (Fig. 
10). This system offers many advantages over 
conventional signaling methods, including speed, 
accuracy, increased routing flexibility, and 
flexibility to accommodate new services and 
network management data. All signaling data 
for a call on a telephone message trunk between 
offices A and B will be exchanged over CCIS. In 
most cases signaling information will be 
routed over one or two Signal Transfer Points 
(STPs). The STPs act as signaling message 
processors. 
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Fig. 10 - CCIS network 

The SPC network creates new network management 
challenges inasmuch as the celS network adds a 
new, separate data network which can overload 
or fail. With CCIS new automatic controls had 
to be provided which sense overloads and fail
ures in the CCIS network and cause switching 
offices to respond with appropriate control 
actions, some of which affect the flow of 
message traffic in the normal telephone trunk 
network. Additional CCIS data has to be 
collected and processed by the EADAS/NM system 
and displayed at NMCs and ROCs for real-time 
surveillance of the performance of the CCIS 
network and its STPs. 

A new network management control had to be in
troduced to cope with mass-calling problems 
in the SPC network environment. Mass-calling 
events are synonymous with focused overloads 
and are characterized by call-ins to a single 
number. Such events can be triggered by mass
media advertising or preplanned nationwide 
call-ins, as occurred during the "Ask President 
Carter" call-in event in 1977. In the past, 
mass-calling events were controlled by direct
ing such calls to only one or two trunks in the 
telephone network, thereby limiting the number 
of mass-calling attempts to the network's cap
ability to complete such calls, and "choking" 
off the excess attempts. Choke networks work 
well as long as the trunk holding times of 
ineffective attempts, that fail in subsequent 
offices, are at least in the 5-second range, as 
is the case with conventional signaling. As 
illustrated in Fig. 11, a 5-second trunk hold
ing time would limit the maximum number of 
attempts per trunk to 720 per hour. with CCIS, 
the trunk holding time of ineffective attempts 
is about 125 milliseconds, so that the maximum 
connection rate per trunk is increased to 
25,000 attempts per hour. 
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Fig. 11 - Choke mechanism 
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To deal with this problem, a new network manage
ment control called "call gapping" is now being 
developed. This control puts an upper limit on 
the rate at which call attempts to a specified 
code are allowed out of a switching office by 
spacing outgoing attempts in time and blocking 
the excess attempts. This type of control 
promises to be universally useful when dealing 
with focused overloads in the SPC network 
environment. 

~n example of new network management opportuni
ties made possible by the SPC network is the 
handling and control of the Inward Wide Area 
Telephone Service (INWATS). About 15 percent 
of the total toll calls are INWATS calls. Calls 
are paid for by the called customer based on a 
special bulk tariff and are free to the calling 
party. This service is often used by busi
nesses, such as car rental agencies, that pro
vide some kind of service to the public. 

Today, INWATS mass-calling events, usually 
motivated by mass-media advertising, are a 
frequent cause of overloads in the telephone 
network. In the SPC-enhanced telephone network, 
INWATS calls will, in the future, first access a 
centralized computer-based INWATS "Data Base" via 
the CCIS network. This will enhance INWATS 
services by making possible many new features and 
much flexibility. 

Fig. 12 provides an overview of the system 
involved in providing INWATS service in the 
SPC network that will be in · service in 1981. 
For INWATS, the customer dials 800 plus an NXX 
exchange code and a four-digit line number. The 
first SPC office encountered by this call is 
called the Originating Screening Office (OSO). 
For each INWATS call, the OSO sends an inquiry 
to the Data Base via the CCIS network. As 
shown in Fig. 12, the dialed INWATS n~mber will 
be translated into a new destination number at 
the Data Base. The Data Base maintains the busy/ 
idle status of each INWATS customer line which 
it obtains via the CCIS network. If all INWATS 
customer lines are busy, the Data Base will 
return a busy ·indication instead· of an INWATS 
destination number to the OSO. Otherwise the 
INWATS call will be routed as ·a . . normal telephone 
call towards the INWATS destination number 
returned by the Data Base. 

151 SIGNAL TRANSFER POINTS 
_____ VOICE TRUNK 

___ ... , CCIS DATA UN!< 

Fig. 12 - Enhanced INWATS in SPC network 

Network management related features associated 
with INWATS and the SPC network include auto
matic and manual controls that can be initiated 
at the INWATS Data Base and which cause the 050 

to space (call gap) calls in time for rmvATS 
numbers involved in mass-calling events. ·In 
addition, per ImlATS customer data are available 
to the NOC through the Data Base. These data 
are extremely useful to network management for 
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diagnosing and controlling INWATS mass- aIling 
problems. 

In the SPC network, INWATS service will use 
two levels of automatic network management 
controls. The first level of control is pro
vided automatically by the busy/idle status 
indication maintained at the Data Base for each 
INWATS customer. This feature will prevent 
INWATS attempts from being directed to busy 
customer lines, thereby protecting the switched 
telephone network 'from excessive ineffective 
attempts during mass-calling situations. This 
feature, however, does not limit Data Base 
inquiries by the OSO and, therefore, does not 
protect the Data Base or the CCIS network from 
overloads. 

The second level of control is accomplished by 
code-selective controls initiated automatically 
or manually at the Data Base. The Data Base 
will request that the OSO limit attempts and 
Data Base inquiries for attempts directed 
towards INWATS destinations involved in exces
sive calling volumes. Mass-calling situations 
will automatically be detected at the Data Base 
by counting and thresholding the number of 
attempts for each INWATS destination number. 

It is not too difficult to see that the SPC net
work offers many new opportunities to network 
management not only for special services such 
as INWATS, but also for. ·regular telephone traf
fic. Our efforts at Bell Telephone Laboratories, 
Inc. will explore these opportunities. At the 
same time we are investigating through analyt
ical models and simulation studies the network 
dynamics in the switched telephone network with 
ESS offices and CCIS, especially in respect to 
overload characteristics. 
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