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SUMMARY

This research was performed to develop a
generalized cost model for local communications
network based on economic factors. The model was used
to compare three types of services for a wide range of
parameter values. The optimal combinations of schemes
for the Ottawa Region were determined for the set of

parameter values.
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L. INTRODUCTION

Liberalization of terminal attachment regulation
provides the opportunity for government users with
alternaﬁe means to meet their telecommunication requirements,
In addition to having a choice of sources for terminal
eQuipment, the government has the opportunity to optimize
communication cost by developing a shared local communi-
cation netwofk in regions where there is a cluster of
government departments, For a given set of user profiles,
such as geographical distribution, user requirements, etc.,
there are a number of ways to interconnect the users to
satisfy their communication needs. The users can sub-
scribe to the Centrex Service, Each department can
purchase or lease a private branch exchange switching
system, The problem is to design the network which has
the lowest cost. The development of the methodology for
optimal network design will emable the government to
determine the most cost-effective network topology which
satisfies the communication need for a given situatiocn.

The objective of this research project 1s to achieve
this goal.

The research counsists of the following parts:
to study telecommunication requirements in the goverument
so as to identify typical user profiles; to develop cost
model for telecommunication arrangements in the government;

to develop a methodology for the design of optimal local

!



communication network topology; to develop computer programs
which will select. the most cost-effective network topology
for a given user profile,

Existing telecommunication arrangements in
government users fall into two categories: Centrex Service
and PBX Service, Centrex Service will be defined as a
'government exchange wide service which meets the TBS
guidelinés for local telephone service., PBX Service will
be defined as a peripheral (satellite) PBX behind the
centrex. The liberalization of terminal attachments
means that the user can'dwn certain equipment, such as
a number of local private branch exchanges (PBX), lease
a number of trunks, pay the appropriate installation
and service charges, and connect the customer-owned
equipment to the carrier's network, Therefore, both
leased PBX's aﬂd customer-owned PBX's aras possible. In
summary, there are basically three schemes that a user
can select: Cenﬁrex, Leased PBX, Purchased PBX. How-
ever, it is possible that new schemes may develop in
the future.

In anticipation of changing needs in the future,
we develop a generalized cost model which is adaptive to
changes, The model is discussed in the next section. In
the PBX schemes, the user has a choice of station-to-trunk
ratio, This ratio could have an important impact on
the overall cost of the schemes as well as quality of

gservice. We discuss how to select the proper ratio and the



significance of amortization period and'interest rate in
Section 3. In Section 4, we perform a case study to
show how the model can be used and how to determine the
optimal cost and scheme for a given department size.

By using the user profile available to us, we show the
minimum cost selections for a wide variety of parameter
values as well, Finally, we summarize the achievements

of this project in the last section.



2. A GENERALIZED COST MODEL

Costs associated with each scheme can be separated
into two categories according to the frequency of payment.
In generﬁl, some ifnitial costs are required to acquire the
nacessary equipment and accessories, to install the equipment
in the proper place, to train person;el for the job, etec,
Cnce the system is in use, recurring costs, usually monthly,
have to be paid to maintain the equipment, to gain access to
the public telephone network, to employ personnel on the job,
etc, Specific types of cost components incurred vary
according to the scheme. They can be changed from time to
time to reflect new tariff structures and charging methods.;
Tables 1 and 2 show the initial and recurring cost components,
not necessarily exhaustive, of each scheme, respectively.

Before further discussion, some definitions of
terms for the purpose of this project are in order. A
main station is defined as the first telephone set provided
with a telephone line, and an extension station is any
subsequent set on the same line, AA gstation is either a
main or an extension station. A trunk is a telephone line
from a central office to a customer premises switch, A
line is a telephone line from a main telephone set to the
nearest switching equipment,

Let L, T, S, M and E be the ﬁumber of lines,
trunks, stations, main stations and extension stations,

respectively., .For a centrex system, the number of main



stations usually is equal to the number of extension stations
and the number of lines. Therefore,

M=E=1L=§ (L)
2

In the PBX schemes, usually the number of stations is equal
to the number of lines, that is,

S =L (2)
Since there is a fixed relationship between S and L in either
the centrex or the PBX system, one of the two can be
eliminated in the discussion of the characteristics of cost
component functions. We choose to eliminate L in the

following discussions.

2.1 Cost Compaonents

Generally speaking, the cost components are functions
of T and S. More specifically the functions fall into one

or more of the following categories:

i) constant

ii) linear

iii) " step

iv) piecewise linear‘

Since constant, linear and step functions are special cases
of piecewise linear functions, it can be said that the cost
components are linear combinations of piecewise linear
functions of T and S, Tables 3 and 4 show the possible
variables for each cost component.

In addition to the known cost components, new components

may be added from time to time. Also, additional independent




variables may Bbe introduced. An example 1is the distance from
the cuStomer's premises to the central office, In summary,
the cost components are not fixed all the time. The form of
individual component functions may be different, and new
independent variables may be introduced in the future, To
avoid developing a cost medel which willlﬁe out-dated
quickly, a generaiized model which is adaptive to changes

is introduced.

2,2 A Generalized Model

Since the cost of each service scheme consists of
two categories of cost components, each of which is the sum
of a linear combination of piecewise linear functions of
some independent variables, it can be represented by the
following formula, |

C = af + g (3)
where
f is the total of all initial cost components,
g 1s the total of all recurring cost components,
and
a is a conversiom factor from initial cost to
equivalent recurring cost,

In general, f can be written as

f =L d.f (&)




1 1f fi is applicable to the scheme
4 =
* 0 otherwise

I is the total number of different cost components over

all schemes,

and
A J
£, = C, + z eijfij (5)
j=1
1 1if fi is a function of Xj
eij = ‘.
0 otherwise
where
Ci is the constant term in the ith cos: component
J is the total number of independent variables Xj,
and .
Kij
i1 7 5 P Cagen, By Tagen g (6)
where

Kij is the number of partitions of independent variable

X, in the ith cost component,

b
xijkl and xiij are the boundaries of regiomn k,
Yijkl and Yijkz are the costs at the boundary points

of region k.
In general, many of the dI's and eij's are 0. At this time,
we can assume that there are only two independent variables,
namely S and T. Obviously, there is no difficulty in extending
it to include other variables in the future. A similar
formula can be used for g.

For those schemes in which certain equipment is
bought at the start, heavy initial costs are incurred. At

the end of an amortization period, the equipment may have




a salvage value. In general, the salvage value h; of

cost component fi can be- expressed as

1™ 8gfy (7
where m is the salvage value factor for initial cost

component i.

h

In summary, the equivalent per station cost of

-

a scheme is

c' = (C-bh)/S o ‘_(8)
where
I
h=2Z h
jal i

and
b is a conversion factor from terminal cost to equivalent

recurring cost.




3. SELECTION OF CERTAIN PARAMETERS

In this section, we shall discuss the choice of the
three parameters: amortization period, interest rate, aand

station to trunk ratio.

3.1 Amortization Period and Interest Rate

In Eq.(3), the initial‘cost is converted to an
equivalent recur:ing cost. This 13 essentially to amortize
a capital cost over a certailn period of time. Ig i1is observed
that the cost distribution characteristics of the service
schemes are different. 1In particular, the Purchased PBX
Scheme has a very high initial cost and a small recurring
cost. In coﬁtrast, the Centrex Scheme has a very small
initial cost and a large recurring cost. The conversion
factor, as a function of amortization period and interest,
Plays a very important role in the selection of the least-
cost scheme. Generally speaking, long amortization pefiod
favours capital investment because the cost is spread over
a longer period of time. Similarly low interest rate
encourages capital investment because the installment is
smaller.

Interest rate probably is dictated by management
policy. Amortization period depends on a number of factors.

Some of them are listed below:

it haa RS RO R SRR O
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i) equipment life expectancy
ii) technology

iii) office lease

iv) ‘government policy

It is obvious that the amortization period cannot
be longer than the life expeétancy of the equipment. Con-
sideration should also be given to aging of equipment. If
the equipment needs frequent repairs involving high repair
costs after a certain period, it may be preferable to have
an early replacement before the end of the life expectancy.
Technology changes may make existing equipment obsolete
because maybe a new piece of equipment is much cheaper, has
much more capability, and is more convenient to use. This
is quite typical in electronic equipment. If the government
department space is on a lease basis, it may not be a good
idea to make the amortization period past the lease expiration
date. Government policy certainly is another factor that
cannot be overlooked. If there is an indication that in the
near future, the government is going to move a department to
a different location or'to restructure the department, then

amortization period should not be too long.

3.2 Station-to~Trunk Ratio

The ratio of number of stations to number of trunks
is an important factor which affects quality of service as

well as cost. A low station-to-trunk ratio means that a




11.

user will have a small probability of getting a busy tone
because there are more trunks to be shared. It also means
that the cost per station is higher than a larger station-
to-trunk ratio because fewer stations share the cost of a
trunk. For all practical purposes, we can assume that the
ratio is 2 for the Centrex Scheme. For the PBX Schemes, a
common practice is to select a ratio such that the
probability of all trunks are busy is 0.05. Exact probability
of all trunks being busy is difficult to obtain because of
uncertainties in call occurrence and call duration. However,
if they can be assumed to follow certain distributions, then
the problem reduces to a conventional queueing problem
which may have an analytic solution. A model for telephone
stations competing shared trunk lines follows.

Let T be the number of trunk lines shared by S
stations. Here S > T, otherwise there is no need to
compete for a trunk line. If both the arrival time between
calls and call duration time are exponentially distributed,
and the fraction of time a station uses the telephone is p,

then the probability that all T trunks are used at a time is

(sp)?’ 1
B = T! 1-Sp/T (9)
T-1
: spf o+ 6pf 1
k=0 = k! T!  1-Sp

T
Eq.(9) is based on the assumptions that

(i) The population is infinite
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(ii) When all trunks are busy, the incoming call

is put on hold, and wait for the first trunk

available to complete the connection.

Strictly speaking, trunk sharing in telecommunication does
not satisfy these assumptions. However, they are reasonable
assumptions. When the number of stations 1is large, say

a hundred or more, the user population is large, and can

be considered to be infinite for the purpose of the trunks.
The justification for the second point is that when a
person tries to make a call and cannot get through, in

all likelihood he/she will try at least one more time.

If there is a trunk available the call can be established.
Therefore, in most instances it behaves like the person

is waiting for the first available trunk. After comparing
results obtained from other formulas, we find that this
formula is the best approximation of the situation.

It can be shown that, for a given station-to-
trunk ratio, B is reduced as S increases. For example,
100 stations sharing 50 trunks has a smaller probability
of all trunks being busy than 20 stations sharing 10
trunks. An intuitive explanation is that the chance of
at least 50 out of 100 stations that want the use of a
trunk simultaneously is smaller than at least 10 out of
20 stations that want to use the telephone.

The following steps can be used to determine S/T
for the PBX schemes such that B is 0.05: For each p,

and a given S, we estimate the equivalent T-value by
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iteration for T starting from 1. Initially B is greater

than 0.05. As T is increased, the B-value will be i

reduced. The smallest T-value which yeilds a B-value < f

0.05 is selected, hence the station-to-trunk ratio obtained.

Figure 1 shows the S/T values for S < 3000 for 0.08 < p

L 0.12. It shows the following points of observation: i

(i) As the number of stations increases the . i
station-to-trunk ratio can be increased (
for the same probability that all trunks
are busy.

(i1) As the utilization of individual station
decrea;es (smaller p), for a given number
of stations, a higher station-to-trunk
ratio is possible to get the same quality
of service.

(iii) The station-to-trunk ratio is asymptotically
approaching 1/p as the number of stations :
increases.

The first point of observation is expected, as
discussed before. The éxplanation of the second point is

that when the utilization is small, there are more idle

times, so the chance of contention of use is small,
therefore the number of trunks can be reduced. It can be
seen that the overall system utilizationm is Sp/T, and it

cannot be larger than unity, that is,

Sp <1
T

or

S/T < 1/p

. This explains the third point.
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4 SELECTION OF OPTIMAL SCHEME

For a department with a given number of stations,
the optimal scheme, that is, the one that costs the least
per station, can be determined by computing the average
monthly cost per station under each scheme and then
choosing the one that costs least. A case study is

discussed below.

4.1 Case Study

Consider an example of three schemes: Exchange
Wide Dial PBX (EWD), Leased PBX and Purchased PBX. There
are two independent variables, S and T, seven different

initial cost components and nine monthly cost components.

Let X1 = § and X2 = T. The seven initial cost components
are:
(1) Administrative Charge, f, = C; = OAC
(2) Premise Visit Charge, f2 = C2 = PVC
(3) EWD Service Charge, f3 = f31 = ESC*X1
C(4) Leased PBX Service Charge,
f& = f41 fali(so,150,5790.4,15949.5)‘+

f412(150,300,16650,39900) + £ (300,500,

413
39900,63250) + f414(500,1200,392890,940464)

+ f415(1200’3000’940464’2349706'2)
(5) Trunk Service Charge,
f5 = f52 = ST*X2
(6) PBX Equipment Purchase and Installation,

£g = fg1 = K*Xy
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(7 Jack Service Charge,

= = *
7 f72 SJ X2

There 1is no salvage value for all cost

f

components except item 6. Therefore,

for i#6, m,=0, and m,=m.

i

The nine monthly cost components are

(1) EWD monthly charge, g8, = 8;, = 1.75*EMR*X1
(2) EWD Local Service Charge,
= = *
g2 321 LSS/2 X1
(3) Leased PBX Monthly Charge,

83 = 84, T 3311(80,150,1327.2,2289) +
g312(150,300,2296.5,3828) + g313(300,500,
3828,6130) + 3314(500,1200,2585,5292) +

g315(1200,3000,5292,12295.38)

(4) Trunk Charge, 8, = 849 = MT*X2
(5) Trunk Equivalency Charge, 85 = 85y = MTE*X2
- = = *
(6) GTA Trunk Charge, 8¢ 869 MTG X2
(7) Floor Space Charge, g, = 85, MFS*X1
(8) PBX Maintenance Charge, g8g = 8g; = MM*X1
= = *
(9) Jacks Charge, gg 899 MJ X2

The initial and monthly cost components for
the three schemes are as follows:

EWD PBX

8gwp T 81 * &

Leased PBX




Purchased PBX

fPX = f5 + f6 + f7

Spx T &4 T 85 T 86 T 8; T 83 T &g

The equivalent per station monthly cost for each scheme

is:
1]
EWD PBX: Cpop = (afpuo + 8pup) /X,
1]
Leased PBX: CLX = (afLX + gLX)/X1
4
Purchased PBX: Coyx = (afPX + 8oy bmf6)/x1
where
a = (R/12)(1+R/12)12¥
(1+r/12) 12V
b = R/12
(1+R/12) 125

N is the amortization period in years,
R is the interest rate.
For this study, the paraﬁeter values can be

taken as follows:

OAC = 23

PVC = 9

ESC = 86.42

ST = 48

SJ = 40.5

EMR = 13.78

LSS = 1.75

MT = 48.9

MTE = 1.5

MTG = 17.5

MFS = 0.5

16.



MM

3

MJ = 0.85
The remaining parameters K, N and R vary depending on the
situation and management decision. For this study, we
assume thelr values are

600 < K < 1100

5 <N<10

0.15 < R < 0.2

The following combinations of K, N and R are

included in the study:

K = 600, 700, 800, 900, 1000 and 1100

N =5, 7 and 10

R =0.15, 0.1775 and 0.2
Taking into consideration of removal cost, rapid changes
in technology, and the failrly large value of N, the
salvage value of the purchased PBX 1is assumed to be O,
i.e., m=0; p is set to 0.1. The study covers the number
of stations up to 3000.

Tables 5 to 10 show the average cost per

station per month of each scheme for selected number
of stations between 20 and 3000. Table 11 summarizes
the results. The following inference can be made:
(1) In general, for small number of stations
(8§ £ 200), except for low cost PBX and
long amortization period, EWD PBX 1is the
cheapest. This 1is expected because for
both Leased PBX and Purchased PBX, there

are high initial cost components.

17.



(11)

(11i1)

For large number of statioms (S > 600),
Purchased PBX is the cheapest if its

cost per station is low (K < 700) and the
amortization period is at least seven years.
If the period is five years or less,
Purchased PBX is not the best choice except
if the price of the PBX is very low (K < 600)
and the number of stations is very high

(8 > 2000).

For medium number of stations (200 < S < 400),
Leased PBX appears to be the best option,
except when the price of the PBX is very
cheap and the amortization period is long.

To find the sensitivity of the optimal cost

to the three important parameters K, R and N, the

optimal cost curves are plotted in Figures 2 to 4.

In each figure, one of the parameters is varied while

the others are held constant. The following observations

can be made:

(1)

Sensitivity to N - Purchased PBX is the
most sensitive to N. Large N makes the
scheme more favourable. Note that when
N=10, Purchased PBX is the cheapest even
for S=200. Leased PBX is the best choice
for 200 < S < 400, regardless of
amortization period. For S < 100, EWD PBX

is the choice.

18.



(11)

(ii4i)

Sensitivity to R - Both EWD PBX and Leased
PBX are not sensitive to R. Again,
Purchased PBX is the most sensitive to R.
However, in this particular case, the
choice is almost independent of R for

S < 400, namely, for S < 100, EWD PBX is
the cheapest, for 200 < S < 400, Leased
PBX is the choice. For large number of
stations (S > 600), at relatively low
interest rates, Purchased PBX is the choice;
otherwise EWD PBX is the cheapest.
Sensitivity to K - Both EWD PBX and Leased
PBX are not functions of K, therefore the
variation in the choice is a result of

wide variations in the cost of Purchased
PBX as a function of K. For very low cost
(K=600), Purchased PBX is the cheapest,
even when S is small. On the other hand,
when K > 800, it is not a choice regardless
of the number of stations.

Since both EWD PBX and Leased PBX are not

functions of K, the two schemes can be compared for a

range of N and R values. The results are plotted in

Figure 5.

(1)

(11)

It is observed that
For § < 200, EWD PBX is cheaper.

For 200 < S <400, Leased PBX is cheaper.

19.



(iii) For 600 < S, EWD PBX is cheaper except when

N is large and R is small.

It is interesting to find out how significant
it is to choose the optimal scheme for a given set of

user profiles. As an example, the Ottawa region is

used. In the region, there are close to 60,000 stations

in over 500 buildings. The number of statiomns per
building varies from 1 to close to 3000. The optimal
cost is compared with the all-EWD PBX selection. The
results for the 54 parameter combinations are shown in
Table 12. It can be seeﬁ that the total cost is about
1.5 million dollars per month, and the savings vary
from about 1.4% to 14.7%, or from about $22,600 to

$229,000 per month.



5. SUMMARY AND DISCUSSION

Telecommunication is a highly volatile field.
New products are designed and developed from time to time.
New types of arrangements may be made with vendors and
public carriers to secure telecommunication needs as a
result of competition, new technological development and
law changes. Therefore, new cost schemes may be evolved.
Moreover, for a given scheme, the cost components and
cost functions may be changed too because a different
charging method may be adopted by the Qendors or carriers.
Hence, it is difficult to develop a detailed and specific
model which is valid for a long time. In view of this,

we have developed a generalized cost model, which assumes

that

(1) costs under each scheme can be separated
into two categories, namely initial and
recurring costs;

(i1) each cost component can be represented as a

linear combination of piecewise linear functions
of independent variables.
The generalized approach has the advantage that the model
can be used as long as the assumptions are valid.
In the PBX schemes, the customers have to
select the number of trunks to satisfy their need.
fherefore, there is a choice of station-to-trunk ratio.

The tradeoff 1is between cost and convenience. High

21.



station~to~trunk ratio means a high probability of

getting a busy signal, but a lower cost. The opposite

is true for low station-to-trunk ratio. We have
developed a method to determine the proper station-to-
trunk ratio which gives a specified probability that
all trunks are busy.

After the basic model and formulas have been
developed, we have shown how they can be used in a
case study. The example determines the optimal cost
and scheme for a range of number of statioms. The
following observations can be made from the study:

(i) Average monthly cost of the Purchased PBX
scheme is very sensitive to the initial cost
of the equipment. As a result, the choice
of optimal scheme depends very much on the
initial cost.

(11) In general, for small number of stations
(s < 200), EWD PBX, a Centrex Service, is
the cheapest; for medium number of stationms,
(200 < 5 < 400), Leased PBX is the choice;
for large number of statioms, (S > 2000),
Purchased PBX is the best.

Finally, it 1s found that by choosing the
appropriate scheme for each building in the Ottawa

region, a substantial saving can be achieved.

22.



Table 1 - Cost Components:

Initial Costs

23.

Component Centrex Leased PBX Purchased PBX
L, G.0.C. Premises Equipment
1.1 common equipment N/A N/A X
1.2 1line equipment " " X
1.3 trunk equipment " " X
1.4 basié station sets " " x
1.5 feature sets " " x
1.6 consoles " " X
1.7 4installation materials " " X
1.8 users manuals " " X
1.9 engineering " " X
1.10 installation " " X
1.11 service charges X X N/A
1.12 4initial training X X X
1.13 in-house wiring N/A X X
2, "Local Tandem Switch N/A X X
% PBX-CO Truck Charges N/A X X
,k Existing EqQuipment
4.1 removal X X X
4.2 salvage value
(G.0.C. owned equipment
only) ’ X X X



—

24,

~Table-2 - Cost Components - Recurring Costs
Component Centrex Leased PBX Purchased PBX
G.,0,C, Premises Equipment
1,1 maintenance contract N/A N/A x
1.2 training X X b4
1.3 equipment rearrangements X X X
1.4 space remtal N/A x X
1.5 power N/A X x
1.6 operator loaded salaries X X X
1.7 attendant/receptionist
loaded salaries X X X
1.8 Gov't supplied maintenance
personnel-loaded salaries N/A X X
1.2 directory charges X X
1.1Q0 USOC charges X N/A
Local Tandem Switch Costs N/A x X
PBX=CO Trunk Charges N/A X x
Othery Costs
4.1 local shared services
charges X
4,2 IX Network Charges X
4,3 debt servicing charges X
’ *
N/A - not applicable
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Table 3 - Independent Variables for Initial Cost

Centrex Leased PBX Purchased PBX
S— Component T S T . S T S

G.0.C. Premises Equipment

1.1 common equipment - - - - X X
1.2 1line equipment - - - - X
1.3 trunk equipment - - - - X

1.4 basic stations sets - - - - X
1.5 feature sets - - - - x
1.6 consoles - - - - x
1.7 4installation materials - - - - X X
1.8 wuser manuals ' - - - - X
1.9 engineering - - - - X b4
1.10 dinstallation - - - - X X
1.11 service charges X X b4 X - -
1.12 initial training X X X
1.13 1in-house wiring - - X X
Local Tandem Switch ' - - - - X X
PBX-CO0 Trunk Charges - - - - X
Existing Equipment

4.1 removal

4.2 salvage

Legend:
- naot applicable

x function of T or S as indicated



26.

Table 4 - Independent Variables for Recurring Costs

Centrex Leased PBX Purchased PBX
—— Component T S T S T S
L ¢.0.C. Premises Equipment
1.1 maintenance contract - - - - X X
1.2 training T x X X
1.3 equipment rearrangements - X x X X X
1.4 space rental - - b4 b4 X b4
1.5 power - - X X
1.6 operator loaded salaries b4 X X
1.7 attendent/receptionists
loaded salaries x * *
1.8 Gov't supplied main-
’ tenance personnel-loaded
salaries - - X
1.9 directory charges X
1.10 USOC charges b3 X - -
¥ Local Tandem Switch - - b3 b3 X X
L PBX-CO Trunk Charges - - X b3
g Other
4,1 1local shared service
charges
IX Network Charges X X X X
4.3 debt service charges ’ X x x
Legend:

~ not applicable

X function of T or S as indicated



Table 5 = Averuse Cost Per 3tation Per Month: X= 600

a) N= 5, ‘5':0-1’ m=Ue0, R=0.15

S T WD Leased Purchased
20 6 2708 39.03
10 d 27 .07 3372
50 11 27 .06 3076
30 14 27 .06 JU 90 3017
100 17 27605 30.33 20.82
200 23 2705 27445 28.05
4N0 52 27205 24699 2699
500 75 2703 J2 .48 26.63
800 a7 2705 J1.95 26637
100¢C 119 27405 3le64 26621
1800 173 27 .08 51417 25.95
2000 226 27«05 3090 25.78
2560 279 27 .05 30.75 25.68
3000 331 27«05 30.62 25.39
) N= 5’ p=0n11 m—-OoO) R=0.1775

S T EWD Leased Purchased
20 5 27 .21 39.953
410 9 27.186 34.63
650 11 27.19 31.67
30 14 2718 31.02 31. 08
100 17 27418 30.47 30.72
200 29 27.18 27.64 28.95
400 32 27 .17 25.18 27 .88
<00 73 27417 33.63 2753
800 37 2717 33.10 27.26
1060 119 27.17 32.78 2710
1500 173 2717 32.31 26.84
2000 226 27 17 32.05 26.68
2500 279 27417 31.89 26438
3000 331 2717 J1.76 26.49

c) N= Sy P=O.1’ m=0-0, R=0.2

S T EWD Leased Purchased
20 5 2732 4073
10 9 27 .30 35.39
650 11 2725 32.43
S0 14 2729 31.12 31.84
100 17 27 .29 30.59 3148
200 29 27 .28 27.80 29.71
400 52 27 « 28 25.36 2B8.64
¢00 75 27«28 J4.59 28.28
800 97 27 « 28 34.06 28402
1000 119 27.28 3374 27.86
1500 173 27 28 33.28 2760
2000 226 27.28 33.01 27.43
2500 279 27«28 32.85 27.33
3000 331 2728 32.72 27.24
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7, P=U-11
EWD
26.69
26467
26 .67
26467
26.66
26606
26460
26466
2660
26.60
26466
26 <66
2666
2665

7y

EWD
26.83
26 .81
26 .80

WNNIIN
[sp¥« ¥« e Y0 N

P=0019

m=0.0,

Leased

AN ENER RS [v a7 ifoa e N (s J o)
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m=0.0,

Leased
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[ (V1 5F $1 8] 87 STAY SY STATN)

m=0-0,
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LU0 O a0 Jt0—
70 = <3 € b L1 00 U 00 00

R=0.135

R=0.1775
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5
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® 5 & 8 % 08 4% 4 0 0 s o0

NN NN GO

R=0.2

Purchased

38.04
32.73
29.79
298.20
28.85
27.08
26402
25.66
25.40
25.24
24.98
24.81
24.72
24.63

]
ol



rha b

LGN
oCcOCcCcoCcoocoDooCw

Lo i

—

SO o

[

SUICUTOXC Ja b
QOO

[SINT TS
O

QUOUIOK N4 bors
QOCODOUCCTOCLIT 4=ty
CTOo0OO0OCOOOCCCoOoOm

(WY YT

QU OCCOOCTILT &2
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totor
QUICULIDXT &t

1) N=10, P=0¢11 n=u 00’ R=0.15

T EWD LLeased Purchased
o 25441 J4423
9 26 440 28.97
11 264306 26, 05
i4 26439 30628 25440
17 26 +3¢C 29460 25.11
29 26636 2Hedb 23.36
52 26439 23«96 22,30
75 26449 26452 21.385
97 26438 25499 21.69
119 26408 25.67 2153
173 26 .38 25.21 21427
226 26438 24494 21.11
279 26 .38 24.78 21,01
331 26 438 24 .65 20492

h) N=10, P=0011 m-"-0.0, R=041775

T EWD Leased Purchased
() 26 .56 35.31
9 26.53 30.04
11 26454 27.11
14 26+54 30.42 26052
i7 26.54 2977 26417
29 206.34 26.69 24.41
32 26.53 24«19 23.36
75 26.53 27 .86 23.01
97 2653 27433 22.74
119 26 453 27.01 22458
173 26 453 26.55 2233
226 26.53 26428 22.16
2795 20453 26.13 22406
331 26 .53 26400 21.97

i) N=10, P=001, m=0.0, R=0.2

T EWD Leased Purchased
6 26469 3623
9 260468 30.95
11 26«67 28.01
14 2667 30.54 27.43
17 2067 29.91 27 .07
29 26.66 26488 25.31
32 26466 24,39 24420
75 26.66 29.00 23.90
g7 2660 28647 23.64
119 2666 28.16 23.48
173 26.66 27.69 2322
226 26 .66 2743 23. 06
279 26 466 2727 22.96
331 2666 2714 22487



30.

Table 5 = Average Cost Per Station Per Month: K= 700
a) N= 5, P'-:O.l' m=r).0, R=De 13

S T EWD Leased Purchased
20 6 27 .08 41,41
40 3 27 .07 36.10
50 11 27.06 33.14
&0 14 27«06 30.90 32.55
100 17 2705 30.33 3220
200 29 27 .03 27«43 30443
400 52 27053 24.59 2836
600 75 27.085 J2.48 28.01
8300 a7 27 405 31.85 28.74
1600 119 2705 31.64 28.59
1300 173 27 .05 3117 28.33
2000 226 27 .05 30.90 28.16
2500 273 27 «0S 30.75 28.06
3000 331 27 .05 30.62 2787
b)) N= Sy P=0011 m=0.0, R=0.1775

5 T EWD Leased Purchased
20 5 27.21 42048
40 g 27.19 37.15
50 11 2719 34.19
=0 14 2718 31.02 33.60
100 17 27.18 30.47 33.25
200 29 2718 27.04 31.47
400 52 2717 25.19 30«41
600 75 2717 33.63 30.05
800 97 27.17 33.10 29.78
1000 119 27«17 32.78 29.63
1500 173 2717 32.31 28937
2000 226 27«17 32.05 2820
2500 273 2717 31.89 29.10
3000 331 27 « 17 31.76 29.01

c) N= 5, P=001, m=O.U, R=0.2

S T EWD Leased Purchased
20 6 27 32 4337
10 9 2730 383.04
60 11 2729 35.08
80 14 27.29 J1.12 34. 49
100 17 27.29 30.59 34.13
200 2§ 2728 27.80 32. 35
400 52 27 428 25036 31.29
600 75 27.28 34.590 30.93
800 97 27.28 34.06 30.67
1090 113 27 .28 33.74 30.51
2000 226 27 .28 33.01 30.U8
2500 279 27 .28 32.85 29.98
3000 331 27 .28 32.72 29.89



d) N= 7, P=O.19 m=0-0, k=0.15

S T EwD Leased Purchased
20 5 266y 38.13
o0 i1 2667 25093
30 14 26467 30.54 <894 34
1C0 17 2666 2990 28.99
200 23 26.66 26487 27.22
430 52 26 .66 24.38 26417
A00 73 26,66 28,98 2582
30 97 26.60 2845 25.55
1000 119 20.66 28.13 254 39
1500 173 264606 2767 25.13
2000 220 26.66 27«40 24,97
2500 279 2666 2725 24487
3000 331 26.66 2712 24.78
e) N= 7, P=O.1, m=0-0, R=0.1775

5 T E%D Leased Purchased
20 6 26433 39,29
10 1S 26 .81 33.99
60 11 26.80 31.05
z0 14 26430 30.67 30.46
100 17 26 .80 30«05 30.11
200 28 26480 27.08 28+ 35
400 52 25.80 24460 2729
600 75 26.79 30.21 26.93
800 397 26.79 29.63 26467
1000 118 2679 29.36 26,51
1500 173 26.79 28.+90 264253
2000 226 26.79 28.6%) 26408
2500 279 26.79 28.47 25499
3000 331 26.79 2834 25490

£f) N= 7y P=0+.1, m=0-0, R=0.2

S T EWD Leased Purchased
20 5 26.94 404,26
40 9 26,93 34.36
60 11 26492 32.01
20 14 26492 30.78 31.42
100 17 26492 3018 3107
200 29 26.91 27.23 28 30
400 52 26 .91 24.78 28.24
6C0 73 26.91 31.25 27.88
300 37 2691 30672 2762
10900 119 2691 30.40 27«46
15C0 172 26.91 29.94 27.20
2000 226 26.91 29.67 27.04
2500 279 20.31 29.51 26.94
3000 331 26.91 23,38 26485
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N:ll), P:O.l, m=O'Oy R=0015

EWD Leased Purchased
26441 3535
26¢40 30458
26238 2766
26 .38 30.28 2707
26«38 2960 2672
26635 2396 2392
26439 26452 2357
2638 25499 2330
25438 25.67 23.14
26438 25.21 22.33
26438 24.94 22472
26«38 24678 22.63
26438 24465 22.54

N=10, P=001, m=0009 R=0.1775

EWD Leased Purchased
2656 3710
26 .55 31.83
26 .54 284838
26 .54 30442 28.31
26054 29.77 27.96
2654 26.69 26420
26453 24.19 235.14
26453 27.86 24.79
26 .53 27433 24453
26.53 27.01 24+ 37
26453 26455 24.11
26.53 26.28 23.95
26353 26413 23.85
26453 2600 23.76

N=10, P=001y m=0.0, R=0.2

EWD Leased Purchased
26469 38.17
26.68 32.88
2667 29.95
26 .67 30.54 29. 36
26467 29.91 29.01
26466 2688 27«24
26466 24439 26410
26.66 29.00 25. 34
2666 28447 25457
26.66 28.16 25.41
26.66 2T e69 2515
26 .66 27.43 24.99
26 .66 2727 24.89
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Cost Per Station Per Honth: = SC0O

Dy P=U'11 lll=0001 =015

EWD Leased Purchased
27 .08 43.73
27.07 38.43
27.06 3552
27 .06 S30.90 344983
27 .08 3033 3458
2705 27 .45 J2.81
2705 24.99 31.74
27.05 32448 31.39
27 .05 31.93 31.12
27 .05 3164 30.96
27 .98 31.17 3070
27 .05 30.90 30.54
2705 30.75 30.44
27 .05 30.62 3035

S, P=Ooly m=0.01 R=0.1775

EWD Leased Purchased
2721 45,00
27.19 39.68
27.19 36.72
27.18 31.02 36.13
27418 30447 35.77
27 .18 27.64% 34, 00
27 .17 25.19 32.93
27.17 33.63 3258
2717 J33.10 32.31
27.17 32,78 32. 15
27«17 32.31 31.89
27.17 32.05 31.73
2717 J31.89 3163
27.17 31.76 J1.54

59 ‘P=0-11 m-—-OoO' R=0.2

EWD Leased Purchased
2732 . 46+ 02
2730 40.69
27 .29 37.73
27 .29 31.12 37.14
27.289 30.58 36.78
2728 27«80 35.00
27 .28 25386 33.94
27 « 28 34459 3358
27«28 J4.06 33.32
27.28 33.74 33.16
27 « 28 3328 3290
2728 33.01 32.73
2728 32.85 3263
2728 32.72 32.54



OO TCLODANG datu

COOCOOOOCTCoCOUToom

Lo bd b=
SNCANOW P b b r=

oy

CUTCUICOG L lar
COTOCTOODCULC dtu
DOO0OOoCOOOOOOCTW

Gloto s

ad) N= 7, P=001y m=ﬂ-0, R=0D.15

r EWD Leased Purchased
I 26403 40408
9 2667 Jite 72
11 266067 31.8%
14 doeh7 s0e54 J1le 27
29 2660 2be &7 2660153
52 26466 333 28.10
75 26460 28,98 2773
97 26 .66 28«45 27« 43
119 26606 28.13 2732
173 2666 2767 27.06
220 26.66 27 .40 26480
273 264606 27285 26680
331 26406 2712 26671

e) N= 7, P=0s1, m=0.0, R=0.1775

T EWD Leased Purchased
6 26 4823 41.38
9 26.81 36. 08
11 26+80 33.14
14 2680 30.67 32.55
i 2080 30.05 3220
29 26480 27.08 30.43
52 2680 2460 29.38
75 26,79 30.21 29.02
119 26.789 29.36 28.60
173 26.79 23.90 28.34
226 26.79 28.63 23.13
279 2675 28.47 28.08
331 2679 28.34 2799

f) N= 7’ P=001, m=0.0, R"—‘O.2

T EWD Leased Purchased
) 26.94 42+ 43
9 26.93 37.13
11 2692 34623
14 26.92 30.78 33.64
17 26632 30.18 33.29
29 26,91 2725 J1.52
32 20491 24478 30. 40
73 26.91 31.25 30.10
37 2691 JVe72 29.84
119 26.31 30640 29.68
173 26.91 29.94 29.42
226 26431 29.67 29.26
279 26.91 29.51 29.16
331 26.91 29.38 29.07



G 0 B9 =
SUCTNOWO & o
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CHOUNCT WO wxtur
CSOCOCTOOTDWU weiv
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WD e

AN

N:It}' P':Ooly m=0.0, R=0.13

T WO Leased Purchased
5 26441 37.46
) 20.40 3220
11 26439 28427
14 26 4 34 G028 28. 659
17 26639 2260 28¢34
RiC) 26738 2be46 206458
32 26439 2306 2553
75 26439 26452 25418
97 26 438 435096 24492
119 26058 2567 24,76
173 26638 2521 24450
226 264305 24.94 24. 34
2793 24638 24478 2324
331 26438 24465 24415

n) N=101 P=001, m=0.t), R=0.,1775

T EWD Leased Purchased
o 26456 38.839
9 26435 33.6
11 26434 30.63
14 26.54 30642 J30.09
17 26434 2977 29.74
29 26.54 26.69 27.88
52 26433 24.19 26,93
73 26433 27.86 26.53
97 26+53 2733 26.31
119 2653 27.01 26.16
173 26 .53 2655 25.90
226 264353 26428 25.73
331 26433 26.00 25.55

i) N=10, P=0011 m=0.0, R=0.2

T EWD Leased Purchased
o 26 .69 40, 10
3 26.68 34.81
11 26467 31.88
14 2657 30.54 J1.29
29 26.66 26488 29.18
75 26466 29.00 2777
97 26466 28447 27 .30
112 26466 28.16 27+ 35
173 26.66 27.69 2709
226 26.66 27473 26492
273 26466 2727 26482
331 26466 27.14 26.73



36.

Table ¥ - Average Cost Per Station Per Month: K= 900
a) N= 51 Pz().l, m=0-0, R=0.15

S T EWD Leased Purchased
20 1) 27.08 16.17
40 B 2707 1tUe 85
60 11 27.06 37.90
30 14 27.06 50490 37.31
200 29 27.05 27« 43 35.19
400 52 2705 24499 34.12
6Co0 73 27.05 J2.48 3377
300 S7 27.08 31.95 3350
10930 119 27.05 31,64 3. 34
1500 173 27 .05 31.17 33.08
2000 226 2705 3090 32.92
2500 273 27 «05 3075 32.82
30060 331 27 .05 30462 J2.73
H) N= 57 P=O-1, m=0-0, R=0.1775

Y T EWD Leased Purchased
20 6 27.21 4733
30 9 27.19 42.20
60 11 27.18 39.25
S0 14 27.18 31.02 38.65
1CO0 17 27 .18 30.47 38.30
200 29 27.18 27.64 3653
1C0 52 2717 25.19 35.46
600 75 27417 33.63 35.11
8060 87 27 .17 33.10 34.84
1000 119 2717 32.78 34.68
1500 173 27 .17 32.31 J4¢42
2000 226 27417 32.05 34. 25
2500 273 2717 31.89 34.153
3000 331 27.17 31.76 34. 06

c) N= S' P=0-11 m=0-0, R=0.2

5 T EWD Leased Purchased
20 6 2732 48.67
40 9 27 .30 43. 34
50 11 27.28 40.38
100 17 27429 30459 39.43
200 25 27«28 2780 37.65
400 52 2728 25.36 3639
6C0 75 2728 3439 36,23
300 97 27 .28 3406 35.97
1000 115 27.28 3374 35.381
1500 173 2728 33.28 35.54
2000 226 27 28 33.01 35.38
2500 279 27.28 3285 35.28
3000 331 27.28 32.72 35.19
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o8
~
Z,

i

7y P=001y m=0-0, R=0.15

T EWD Leased Purchased
6 26.69 42.00
9 260467 36.72
11 26.67 33.78
14 26457 30.5% 33. 20
17 26606 29 90 3285
29 26056 264837 31.0%8
32 20456 24.38 3003
73 2640660 28.938 2967
119 2666 28.13 28.25
173 26466 27.67 28.99
226 26.06 27.40 2833
279 26 «H6 2723 25«73
331 26466 27.12 28. 644

e) N= 7’ P=O.19 m=0.0, R=0.1775

T EWD Leased Purchased
6 26.83 43 . 46
9 26 .81 38.17
11 2680 95423
14 2680 30.67 34.64
17 2630 30.05 34.29
29 26 .80 27.08 32.52
52 26.80 24460 31.46
75 26.78 30.21 31.11
97 26+79 29.68 3084
119 26.79 29.36 30.689
173 2678 28.90 J0. 43
226 26¢7G 285.63 30. 26
279 26.79 28.47 d0.16
331 26.78 28.34 30. 07

£f) N= 71 P‘=0-1, m=0.0, R=0.2

T EWD Leased Purchased
6 26 .94 44.70
g 2693 39.40
11 26,92 36.45
14 26,92 30.78 35.86
17 26.92 30.18 35.51
29 2691 27.25 33.74
352 26.91 24478 3268
75 26.91 31.25 32.33
07 26091 3072 32.006
1195 26491 30.40 31.90
173 2691 29.94 J1l.64
226 26491 28467 31.48
279 26.91 29.51 31.38
331 26.91 29.38 31.29



QUITUHO WO bty
CCOCTOCOTT R d-ts
olcoccocooCcocoCcw
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COO0SCCOCOoODODLOoOWm
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QUICUIOU O etv =
COUOCC T CODTILO (v
COCOLCOO0OCOOCOOw
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g) N=109 P=O.1, m=0.0, R=0015
T EWD Leased Purchased
6 26 ¢ 41 39.07
2 26,40 33.81
11 26.39 3089
14 26439 30428 30+ 30
17 25438 283+ 60 29.95
29 26439 26446 284 20
32 2639 2396 2714
75 26439 26452 26.79
67 2638 25.99 26453
119 26438 25.67 264 37
173 26438 25.21 20411
226 26438 2494 25493
279 26438 24478 25.353
331 26438 24.65 25.76
h) Nzl‘), P:'Otl, IB:0.0’ R=0.1775
T EWD Leased Purchased
6 26.56 40.67
] 26455 35.40
11 2654 J2.47
14 26.54 30.42 J1.88
17 2654 29.77 31.53
29 26.54 26.68 29.77
32 256.53 24.18 2872
75 2653 2786 28. 36
97 2633 27433 28.10
119 26.53 27.01 27.94
173 26353 2655 27.68
226 26.53 264283 27.32
279 2653 26.13 2742
331 26.53 26400 27. 33
i) N=10, P=0.1, m=0,0, R=0.2
T EWD Leased Purchased
& 2669 42.03
9 26468 36.75
11 26.67 33.81
14 2667 30,54 33.22
17 26 .67 29.91 32.87
29 26.66 26458 31.11
52 26 .60 24.39 30.05
75 26 .66 29.00 29.70
97 26.606 28647 29.44
119 26.66 28.156 29.28
173 26 .66 27.69 29.02
226 26«66 27 .43 28.86
279 26.66 2727 28.76
331 26,006 27.14 28.67
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39.

Cost Per Station Per Month: K=1C00

5, P=O-19 m=C.U, R=0.15

EWD Leased Purchased
2708 4855
27407 43423
27,06 40.28
2706 2050 39.69
27.05 27445 37.56
27405 24499 3650
2703 3248 36. 15
27 .05 31.95 35.88
27-05 31‘64 )5.72
27.05 J1.17 35.46
27.05 30.90 35.30
2705 30.75 3520
27.05 30.62 35.11

51 P*—-Onl, m=0.0, R=0,1775

EWD Leased Purchased
2721 50.03
27.19 44,73
2718 41.77
27«18 31.02 41.18
27.18 27« €4 39, 05
2717 25.19 3799
27«17 33.63 37.63
27.17 J3.10 3737
27.17 32.78 37.21
2717 32431 3695
2717 32.905 36478
2717 31.89 36.68
2717 31.76 36459

3y P=0¢1, m=0.0, R=0.2
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d) N= 7, P=0'1, m=0.‘), R=0.15
T EW¥D Leased Purchased
© 2H+HA8 4393
9 2607 38465
11 20607 35.71
11 26467 J0«54 J5.13
17 26.66 294980 34478
29 26.56 26.87 33.01
52 26466 2438 J1.906
75 26466 28«88 31.60
897 2heb6 28 e43 3134
119 26.66 28.13 J1. 18
173 D666 2767 3092
225 2666 27440 30«76
279 2bebb 27 25 JO0.66
331 26.606 27412 3057

e) N= 7, P=0017 m=‘0-0, R=0.1775

T EWD Leased Purchased
5 2633 45,53
9 26.81 40. 26
il 2630 3731
14 26480 3067 36.73
17 26..30 30.05 36.37
29 2680 27.08 34.61
52 26.80 24.60 33.55
75 26.79 30.21 33. 20
97 26.+79 29.68 32.93
119 26.79 29.36 32«77
173 26.79 28.90 32.51
226 26.79 28.63 32. 35
279 26.79 28.47 32.25
331 26,79 28.34 32.16
£) N= 7, P':Ool, m=0.0, R=0.2
T EWD Leased Purchased
[$) 26 .94 4692
9 26.93 41,62
11 2692 38.67
14 2692 30.78 38.08
17 2692 30.18 37.73
29 26.91 2725 35.56
52 26491 2478 34.90
75 26.91 31.25 34.55
a7 26491 30672 34.28
118 26.31 30440 34,12
173 2691 2894 33«86
226 26491 298.867 33.70
279 26.91 29.51 3360
331 26.9% 29.38 33.51
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N——'l\)y P=O'1, ﬂlz().O, R=Q.13

EWD Leased Purchased
26.41 40.69
26440 35442
2639 3250
26439 30.28 31.92
20439 28.60 3156
26.39 26406 29.81
26439 2596 28.76
26439 26452 28e41
256438 25.99 2814
26438 25.67 27.99
26438 25.21 27.73
26.38 24.94 27.50
26.38 24.78 27.47
26.38 24.65 27.38

N:IO, P=Ocly m'—‘0.0, R=0.1775

EWD Leased Purchased
26456 42 4406
26.55 37. 18
26.54 34425
26.54 30.42 33.67
2654 29.77 33.31
26454 26.69 31.56
2653 24.19 30.50
2653 27«86 30.15
26 .53 27.33 25.88
26.53 27.01 29.73
26.53 26.55 28.47
2653 26428 29.31
26.53 26413 29, 21
26 .53 2600 29.12

N=101 P=001, m=0-0, R=0.2

EWD Leased Purchased
26 .59 4396
26 .68 38.68
2667 35.74
266467 30.54 35.16
26467 29.91 34.80
26466 2688 33. 04
26 066 24.39 31.99
26466 29.00 31.63
26,06 28.47 31.37
2666 28.16 31.21
26 .66 27 .68 30.95
26466 2743 30.79
26.66 2727 30.69
26 .66 27.14 30.60
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Table 10 = Averaje Coust Per Station Per Month: K=11060

a) N= 5, ?:001, ﬂl:OaO, R=0.13

S T EWD Leased 2urchased
20 & 2708 50493
10 9 27.07 45461
60 11 27 406 42056
100 17 27403 30.33 4172
200 20 27.05 27445 39.94
400 52 27 .05 24699 3888
600 75 27 .05 32.48 35653
%00 97 27 .05 31485 3826
1000 113 27.08% 31l.64 38.10
13C0 173 27.08 olel17 3784
2000 226 27 .05 30.90 37668
25C0 279 2705 30«75 537458
3000 331 27.08 30.62 37.49
b) N= 35, P=0es1y m=0.0y R=0.1775

s T EWD Leased Purchased
20 6 27,21 52458
10 9 27.19 47 .26
50 11 27.19 44.30
R0 i4 27418 31.02 43.71
1C0 17 27 .18 3047 434 35
200 29 27«18 27.€64 41.58
400 52 27«17 25.19 40.51
660 75 2717 33463 40. 16
8GO0 57 2717 33.10 39.89
1060 1183 27«17 32.78 38. 78
1500 173 2717 32.31 39.47
2000 226 27 .17 32.05 39.31
2560 273 2717 31.89 30.21
30060 331 2717 31.76 39.12

c) N= 5, P=O.1, m=0.0, R=0.2

S T EWD Leased Purchased
20 6 27 .32 53.97
10 9 27.30 485.64
50 11 2729 45.68
20 14 27 .29 31.12 45409
120 17 27 29 30439 44.73
200 2 27425 2780 42.95
4G0 52 27 .28 25.36 413839
600 75 27 . 28 34.59 41,53
800 87 27 .28 34.06 4126
1000 113 27428 33.74 41.10
15C0 173 27 « 28 33.28 40.84
2000 326 2728 J3.01 40468
2500 279 2728 32.85 40.53
3000 331 2728 32.72 40.49
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N=109 P-—-Ocl, m-‘-‘().O, k=0.15

EWD Leased Purchased
20641 42.30
26440 37.04
26439 34.11
26439 30.28 3353
26 3¢ 20460 3318
2039 26440 Sle42
20-39 23096 30-37
20438 26452 30.02
20638 25499 29476
26438 25467 29.60
26.38 25421 2934
26438 24.94 29418
26 .38 24.635 28.89

N=10, P'—'Ool’ m=0.0, P=0.17753

EWD ~Leased Purchased
26.56 44424
26455 J8.97
26.34 36.04
26454 30,42 35.43
26454 29.77 3d5.10
2654 26.69 33.34
26453 24419 32.29
26 .53 27.86 31.94
26453 27433 J1.67
26+ 5¢ 27.01 Jl.51
26 .53 26455 J1.26
26,53 26,28 Jd1.09
26453 26013 30.898
26453 26.00 30.90

N=10, P'-:Ool’ m=0.0, R=0.2

EWD Leased Purchased
26 .69 45.90
26.68 40. 61
26.67 3768
26.67 30.54 37. 09
26.67 29.91 36,74
26 .66 26+88 34498
26 .66 24439 3392
26.66 29.00 3357
26.66 28.47 33.30
26+66 28.16 33.14
26 .66 27659 32.89
26466 27 .43 32.72
264606 2727 3262
26 .66 27.14 3253



Table 11 - Optimum Choices for the Case Study

45.

K N S Range Choice
S < 200 EWD
5 200 < s < 400 LP
600 < S5 < 2000 EWD when R=20%, otherwise PP
2000 < s < 3000 PP
S < 100 EWD
600 7 200 < 5 < 400 Interest rate sensitive, no
clear choice.
600 < s < 3000 PP except when S=400 and R=17.75%.
In that case LP is cheaper.
10 S < 60 EWD
80 < § < 3000 PP except when R=20%, EWD is
. cheaper for § < 100.
S < 200 EWD
5 200 < 8 < 400 LP
600 < s < 3000 EWD
' S < 200 EWD
700 7 200 < s < 400 LP
600 < < 3000 PP except when R=20%, EWD is
slightly cheaper.
$ < 100 EWD
10 200 < S < 400 No clear choice
600 < S < 3000 PP
S < 200 EWD
5 200 < 8 < 400 LP
600 < < 3000 EWD
i S < 200 EWD
800 7 1 200 < 8 < 400 LP
| 600 < S < 3000 EWD
i § < 200 EWD
10 200 < s < 400 LP
600 < S < 3000 PP except when R=207%, EWD is

slightly cheaper.




46.

K N Range Choice
< 200 EWD
5 200 < < 400 LP
600 < S < 3000 EWD
< 200 EWD
900 7 200 < < 400 LP
600 < S < 3000 EWD
< 200 EWD
10 200 < < 400 LP
600 < < 3000 EWD or LP depending on R
- < 200 EWD
5,7 200 < < 400 LP
1000 600 < < 3000 EWD
or < 200 EWD
1100 200 < < 400 LP
10 600 < < 3000 Low rate favours LP; high rates
favour EWD

EWD - EWD PBX
LP -~ Leased PBX

PP - Purchased PBX
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Optimal Combinations of Schenes

Table 12 -

P37O_373m‘.§80OO\UﬁJ??ﬂu)«.JOO,\U00037000OOOOOOOOOOOOOO_UOODO.UOOOO\Ucl
D;ococovo.«o-.ocooooouooQooocooooo..-..oococ.ooooooocooo-o

3107~1&J08100Ulu_.D11Un\usoonU00.037‘UOOOOOOOOOOOOOOOOOOOOOOOOOO.UJ
FH o oonewnocem in-y r~nNLn ) < -+

”

8883080088_,681880018881885518881881618881881618881881613
.’0'000000.00'IQ.......0...."0.0.."0’00.000.0.00.....
4443140.044.445&.474544454.45534445441754445441754445441752
RN ol IO CECI N 7“%427:&ﬁ42ﬁ.ﬂ..a.a27u22a,.2273227~222m4732227_2227322

LE

ADNAINOIO AL LI OANNDINAMORANNDINNDHBANNNGNND T AN NN D0

NI TR I I A I I T I I R S S - A A 4
Eﬂ..)ZDJ.7~I~914.~D_D~0190371.:3_,3...D4;35164.5_D~D455824_0_354*3.3824_3_3_34_3_08244
FOIPOS vt 0] 117777u2711~/-7777772«.&77777777_6777777721077777772673

ESO4_083&750.3546.,0./03_35354876598554876698554876698554007 DLOnNO
VQQOQOtlQQOOIQ0000o.o000OOQOOOQQOOIOQOOQOQQOO-ootoooocoo
A3219654191114219641111115211111113111111113111111113111
0n P

pad

S95USOSOSJ9592802939582367539582366_333582506653958236654
g 20529425852507451ﬁ~5\4589927552589995.352580...995552589900551
utQV—I5415222735364_31073_b46444673546445673546445.07354644563
m OEIMOOJCHHMINOONF L O EOICID 43273297643773297643773297643774
tC47§.370n6837880461..007884_.367247885«560347884560347884560343
O NI FOORINNDNINIGTFINWINDIINWN N HY NN WL ININNUIOWD INH NN IIIN I IMNOWN WD
O "’,",””,,,,",',”"””'"”""""”’”,’,"”’,

1-11.111111..1111111111111111111111111111111111111111111111

13217588818217588818217_38881821758881“3.217—38831821758880
370509242370609242370609242370,0092423706OQ..2423706.09241
‘nOsLJJAAOOJ4_.0813320943813320943813320943813320943813320940
"”"”””""’”"""’,""y"”"””””"""’7”
552Smdogﬂl_bsos.)._baog-l.,28_32530975652_3309758525309758525309751
SCEENHNO MO~ CEINOEMD MR O~NO—=EDO NV SO LCH-OO—MNNC O
5665_OPD_5~D~056..05555555..06_35555556655555556655_3555_0665555556
,,"",,"',',,’,""”,,,,",,"""',""'"’,"""’
..L..L1111&11}111111111111clcl.l.11111111111111111111111111111111

L EWD

-
U]
i

D

AL

,\UOUOOUOU,\UOOOOOOOOOOOOOOOOOO\UO0UO..UO.U..UOOOOOOOOOUOOOOOUOON&
,nmol..oooooco-..OQOOQOOOQO00.-...00.:0...0.0.n..o..'.no.oo

CODOVDOCOOTCONOQOIDCOOCDOOOODODOODODDOODODTOOODNDO prleieiololeleleln)

1N w in 0 mn p) wn N [Tp] n s} Vp] n n wn in fp] w wn

~ ~ ~ ~ r~ [ ~ ~ r~ ~ - ™~ ©~ [l -~ ~ ~oe
(IR TPl o R 1Y R 7 o Tl o 7] o 7o | o B Vo o Vo T S Vo ¥ S Vol S Vo T S (o} SN To Y S 7T S T} o mes wne o
X v vt (8] i vl () el et (] wod vt (8] el omd ) ol e OF vt o O 3o oed O] 00 ot £ ot et © ) vl i (8] ot vt O o 9504 O d et ) 3o v ] ek 37t (N] o o 7] g ot (N et
9 & O 9 8 B e " e " P B & C s e e ® 6 ® & 4 0 & 4 0 0 0 P e P e " 9 ® & 0 e o ® * 0 0 0 o & 8 & % 0 0 e

jajelaiel i —l=lulepvlelolsla]alelolalalalalolo Yoo lnTulolalnlo] ole fol oY o ol Le Fnle Yo Tate Fobe Lo Lo Ral e Yale Lo X Lo

ZIA T SO NI S S D SOOI SOOI SN D COIN NN S DOONINNE DS OM
ol ot i i ed vl i -4 L K IS et ] oy gond yd

HODCDOOCOoODCOOCONDOD0D DODODODOHOOOTCOTOOCCLOODCOOMNICOOCOOO

¥D P3X

- Leased PB3X
Purchased PBX

- £

Le

EVD
PP



itation
- to
Trunk

Ratio

12 =

Figure 1 - Station~to~Trunk Ratio 48.
for PBX Schemes (B=0.05)
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