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THE AGT TOLL NETWORK RELIABILITY OBJECTIVES 
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ABSTRACT 

Network reliability plays an import
ant role in enabling traffic flow in 
the network. This paper describes 
the derivation of AGT's toll network 
reliability objectives. These objec
tives are used as a guide for net
work planning, design, and operations 
to ensure that the toll network will 
continue to be reliable, regardless 
of the emergence of new technologies 
that may influence the future net
work configuration. 

1. INTRODUCTION 

To enable traffic flow between a pair 
of nodes in a telecommunications 
network, a set of paths between them 
is required. A path between the two 
nodes consists of a set of network 
components, which includes the two 
nodes, connected in series. If 
failure occurs in anyone of the com
ponents in the path, the path is said 
to have failed and can not be used for 
carrying traffic until it is repaired. 
The duration that a component, a path, 
or a set of paths remains failed is 
called the down time. Obviously, 
during the down time of the set of 
paths between the two nodes, no traffic 
can flow between them and traffic con
gestion is a certainty. From the view 
point of the customers, no service can 
be received if traffic congestion is 
encountered, whether it is due to 
traffic overload or due to failure of 
the set of paths between the two nodes 
[~ Therefore, when network traffic 
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is considered, network reliability can 
not be ignored. 

Like other telephone administrations, 
Alberta Government Telephones (AGT) 
takes advantage of the emergence of new 
technologies. This may require a chanse 
in its network configuration. No matter 
what the future network configuration 
may be, however, AGT's policy is to 
continue to have a reliable network to 
serve its customers. In order to do so, 
AGT has established network reliability 
objectives to guide network planning, 
design and operations. For convenience, 
the AGT network may be divided into two 
parts: local and toll. This paper 
describes the derivation of its toll 
network reliability objectives. 

11. DEFINITIONS 

For the purpose of this paper, the 
probability that a component, a path, or 
a set of paths will fail is called the 
unavailability of the component, the 
path, or the set of paths. It is de
fined as follows: 

Unavailability 

1 - Availability 

Mean Down Time 
Mean Down Time + Mean Up Time 

(1 ) 

where the up time of a component, a path, 
or a set of paths is the duration that 
the component, the path, or the set of 
paths can be used for carrying traffic 
until failure occurs. The availability 
of a set of paths between two end-nodes 
in a given network is called the point
to-point reliability between them. In 
practice, for economic reasons, the 
point-to-point reliability between two 
nodes depend on the distance between 
them and the main-station density in 
each of them. As pointed out in a pre
vious paper, traffic can be forecasted 
based on main-station densities and 
distance [2J Therefore, it may be 
appropriate to define the total network 
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reliability as the traffic weighted 
average of the pOint-to-point reliabi
lities over the entire network. 

The AGT network follows the North 
American Hierarchical principal with 
the end-nodes of its toll network as 
class 4 offices [3] Since its local 
network reliability objectives have 
accounted for the traffic flow within 
each class 4 office serving area, it 
follows that the total AGT toll network 
reliability is, 
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is the point-to-point re
liability between class 4 
office i and class 4 
office j; 
is the amount of traffic 
flow from class 4 office i 
to class 4 office j and 
is the number of 'class 4 
offices in the AGT network. 

Ill. NUMBER OF OBJECTIVES 

To plan and design the network, a re
liability objective is required to 
guide the selection of reliable net
work components. In AGT, such an 
objective is called the design reli
ability objective. A network com
ponent may be made up of equipment 
supplied by one or more manufacturers. 
The reliability of equipment is usually 
specified and standardized by the manu
facturer. Therefore, the design reli
ability objective may also be regarded 
as the design reliability standard. 

After the network component is inst
alled and is in operation for service, 
experience shows that there are al
ways some external causes (e.g. cable 
cuts) besides the intrinsic equipment 
failure to disrupt the traffic flow. 
Thus, actual network reliability pro
vided to the customers must be mea
sured on an operational basis. There
fore, there is a need for establishing 
an operational reliability objective, 
which takes into account both intrinsic 
equipment failures and external dis
ruption of traffic flow. 
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It should be noted that it is convenient 
to have a total network reliability ob
jective for monitoring the reliability of 
the entire network. However, to guide 
network planning, design and operations, 
the point-to-point reliability objectives 
are useful for ensuring that a set of 
paths between two end-nodes is suffi
ciently reliable. Thus a set of four ob
jectives is required: 

(i) 

(ii) 

(iii) 

(iv) 

Point-to-point design reliability 
objective, 
point-to-point operational 
reliability objective, 
total network design reliability 
objective, and 
total network operational 
reliability objective. 

IV. ESTABLISHMENT OF OBJECTIVES 

The policy of continuing to have a reli
able network implies that the future 
network must be as reliable as the pre
sent one. Therefore, to establish the 
network reliability objectives, the 
existing network may be used as the base. 
In 1979, when the network reliability 
study was made, the AGT toll network had 
12 class 4 offices, 2 class 3 offices, 
and one class 2 office. These offices 
also have telecommunications paths con
nected to offices outside the province 
of Alberta, Canada. To simplify the task 
of establishing the AGT toll network re
liability objectives, only the class 4 to 
class 4 offices within the province of 
Alberta were considered. 

At the time when the network reliability 
study was made, there were no point-to
point reliability statistics for the AGT 
toll network. F6rtunately, reliability 
standard values were available from the 
manufacturers' equipment specifications, 
and network component operational avai
labilities were available from AGT's 
operational records. Since the class 4 
offices in the AGT toll network are the 
end-nodes, the point-to-point reliability 
is the availability of having at least 
one path for traffic to flow between a 
given pair of class 4 offices. Thus, if 
failure of the network components are 
assumed to be independent of each other, 
both point-to-point design reliabilities 
and point-to-point operational reliabili
ties can be estimated for the AGT toll 
network [4J 

If the point-to-point design reliabili
ties are applied to equation (2), the 
resulting R is the total network design 
reliability. Similarly, if the point
to-point oparational reliabilities are 
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applied to equation (2), the resulting 
R is the total network operational 
reliability. To estimate the total AGT 
toll network reliability, however, the 
class 4 to class 4 traffic information 
as indicated in equation (2) is also 
required. To speed up the process of 
establishing the objective, the point
to-point class 4 office traffic Eij'S 
were obtained from the output of tHe 
AGT toll network traffic planning tool 
(C4UPeGTF computer program) [5] . 

The point-to-point reliabilities and the 
total network reliability was computed 
using the AGT network reliability plan
ning tool (CSS.REL computer program) [sJ 
Thus, the tool provided fast computa
tions and accurate results. The outputs 
from the planning tools for the design 
reliabilities and operational reliabi
lities are shown in Figs. 1 and 2, 
respectively, and have been plotted 
against the traffic in units of CCS 
(36 CCS = 1 erlang). Figs. 1 and 2 
show that, for 1979 AGT toll network, 
the lowest point-to-point design reli
ability was 0.999913; the total network 
design reliability was 0.999983; the 
lowest point-to-point operational reli
ability was 0.999755; and the total 
network operational reliability was 
0.999915. 

For the future AGT toll network to be 
as reliable as the present one, the 
objectives should have values as close 
as possible to those found in 1979. 
Therefore, the values calculated in 
1979 were used as the basis of the 
objectives and, then, were rounded 
downwards. They were rounded downwards 
for the following reasons: 

1. The results of the 1979 study were 
produced one year after the data 
for the study was obtained. Since 
it was assumed that the network was 
not improved during this time - a 
worst case assumption - the reli
ability of the network would have 
deteriorated due to aging. It was 
realistic, therefore, to choose 
minimum reliability objectives 
lower than the 1979 values. The 
degree of rounding was such as to 
have no practical significance. 

2. The objectives were rounded off 
for ease of use. 

Note that minimum values have been 
adopted for the point-to-point reli
ability objectives regardless of dis
tances and main-station densities since 
the effect of distances and main-station 
densities have been accounted for in 
the total network reliability objec
tives. 
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For ready reference, the reliability 
values for the objectives and those found 
in the 1979 AGT toll network have been 
tabulated as shown in Fig. 3. 

v. CONCLUSION 

In conclusion, toll network reliability 
objectives have been established for AGT. 
They are not only realistic and econo
mically achievable, but will also serve 
as a measuring stick to ensure that the 
future AGT toll network continues to be 
highly reliable. 

ACKNOWLEDGEMENT 

The author would like to thank Mr. A.C. 
Gibbard for suggesting the study project, 
the AGT Operations Staff for providing 
the study information, Mr. E. Andrews 
for carrying out the study details, the 
AGT Priority Council for approving the 
reliability objectives presented here for 
AGT's use, Mr. J. Szaszkiewicz and 
Mr. R.J. Taylor for their encouragement 
of having this paper presented to ITC-10, 
Mr. G. Masse for editing this paper, and 
Mrs. E.S. Chan for typing this paper. 

[5] 

REFERENCE 

F. Fernandez, and M.S. Aguilar, 
'Observation of the effect of 
killer trunks on grade of service', 
ITC-9, Torremolinos - Spain 1979. 

L. Lee, 'A traff ic forecast 
technique for network planning', 
ITC-9 Torremolinos - Spain 1979. 

A.T. & T., 'Notes on the network', 
U.S.A., 1980. 

M.L. Shooman, 'Probabilistic 
reliability on engineering 
approach', McGraw Hill Book Co., 
New York, 1968. 

L. Lee, 'AGT switched network 
planning tools' ISS'81, Montreal, 
Canada, 1981. 

paper #4 



4 

0.99998 
, 1 , ,,' !, ' , , i, 

0.99996 

0.99994 

0.99992 

10 100 1,000 10,000 

Two way traffic (CCS) 

Fig.l Design Reliabilities In 1979 AGT Toll Network 

0.99995 
~ ~. 2~ ~ ~~ :~~:i::~ '~: :::' :~f :~: :~~ T= ; ~~ ; 1 X ;:: ~ I ,. 1---- T ,- -- .. r' -:: ~ '~:: ~~[:<~:::'. ::~r ~ ,~: '~ ':, .i 

lTf~l- •.••• ~ ~.:: t ~;~·· : tf:i : ~~.~ ~; .~ .. '§:~:l.J ~,~J ~~~~f,~~~, ~ 
0.99990 

"_.:~ :~:- :::::: -} '" .~~' :::- " ii :: i-t+. I~':::: ::=' ~j:':' ::;~:.:: :; .. : .... ~C.l 1:~~ I ~ir. , :~ ~~::::: t= , ~: ~ :::,~ , 

0.99985 

0.99980 

I : ~ .', 1" t+ '" '" ,YI ,I , ;' 1 'L' " I TTI , : 
~-~-;-t " ~ Tota~ 'netw'ork opera~ional reliability '" "" "", ' "::, . 
R=ti-t~.~~ ,': I ' ,,' '; :: , : ' I ' TT ' ,, : ;' :::: ,,':' ' : :1 , ':', '; 

, I I I . I I I !! I I ~ I ' 

' : :"tl+~~~~I-:;}L " l? r-', , 1 1! :!! + " " ,', TT TIlT OH "" It';',"'~,:: ,~", 
' , ' y ' ; j 1 :1 ;" ,Ill ; ,' "',, ", " ''' .. " .. 

, , I, ,I Point-to-point operational reliabili ty , tf~~~,+-4' -l-l~4-+--'~ 

~:'-1-.j W -+ .. ,: ~ f- .. , .. : I~~'" i 1 ; ~ J ;4;~~ =. 1+' ,- , ~~ T'ln;1 " ' ~.,~ ~ ';':1'; .. 
1:,:1:1 1 ,; , '::- , , ~: ~r- ~ " " I "":r~'o,'" H' ,:~b,;~: .::. .. 

10 100 1,000 10,000 

Two way traffic (CCS) 

Fig.2 Operational Reliabilities In 1979 AGT Toll Network • 
Session 2.3 ITC-10 paper #4 



5 

Minimum point-to-point design reliability 
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Total network operational reliability 
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Fig.3 AGT Toll Network Reliability Objectives. 
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Q.l (K. Kodaira) 

How' do you deal with partial , circuits down, if the unavailability 
between i and j, which you ' defined,' corresponds to all circuits 
down? Especially, partial down during low traffic hours? 

A.l (L. Lee) 

Yes, the unavailability between i and j corresponds to all 
circuits down.. Partial circuits down is not considered in this 
paper. However, this topic has been discussed in the prevous 
ITC'S, and should be encouraged to report further research 
results to ITC (in my opinion) in the future. 

Q.2 (R.H. Laufenburger) . 

Your paper deals with reliability as defined by availability 
of a Path/Component. Does availability definition include 
Sonalin /Supervision and Transmission Capability or just 
Path Connection? If so, how ·are actual results obtained for 
comparison? 

A.2 (L. Lee) 

Availability 'definition includes just path connec~ion. Actual 
resul ts are obtained from'. operational records. 

0.3 (R .. H. Laufenburge~) 

Manufacturers predictive reliability estimates are mean failure 
rates whe~eas in pratical application variance is introduced 
thru manufacturing process and component value distributions. 
How do you weight variance into your estimates? 

A.3 (L. Lee) 

Your are ~ight, variance should be considered. However, for 
simplici ty, availability is usually us'ed and may be defined as 
'Mean fai.l.ure rate X Mean down time per failure!. 

II 
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0.4 (J~R. De . Los Mozos) 

In your article you mention a computer program for network 
relaibility calculation~. Can you breifly .describe the 
objectives, input and output of this planning too~? 

A.4 (L. Lee) 

The inputs for the reliability planning. tool are (i) point-to
point traffic, (ii) the network component availabilities • . The 
outputs from the tool are (i) Poiqt-to-point reliabilities for 
every pair of the end nodes in the network, and (ii) the 
traffic: weighted average point-to-point reliability for the 
entire network. 

0.5 (M. Crozier) 

A.5 

If certain objective value could be achieved in 1979 is it 
justified -to speci~y lower objective value for 1980 based on 
aqin9? Would this not lead to a downward trend of network 
performance in AGT Network • 

. (L. Lee) 

No. .In practice ', when network. components are selected, the 
resulting point-to-point reliability is usually better than the 
specified objective. 

, ~./ 


