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1.	Introduction



	We have so far examined simple applications where additional capacity was considered to be required every time existing facilities were exhausted, namely when demand reached existing capacity.



	The problem of expanding the capacity will be slightly modified. Suppose that we allow the installation of a subscriber single channel carrier on a temporary basis to provide services when the existing capacity is exhausted. This means that instead of expanding the existing cables, which incur great expenses, we start installing single channel carrier (SCC) on the existing facilities (one cable pair can provide two lines; the physical and carrier ones). When the number of installed SCC gets large enough, it is economical to remove them and expand the existing cable.



	In this fashion, the placement of new cables which calls for considerable investments is deferred some years until the cumulative demand reaches a level where the installation of SCC is no longer economical.





2.	Economic evaluation



	We assume a linear demand model, namely the demand growth remains constant over time.



	� EMBED Equation.2  ���			(1)



where � EMBED Equation.2  ���denotes the demand at time and ( the annual demand growth.



	When the demand reaches the capacity of cables, new facilities in the all-cable alternative are provided by adding new cables pairs. Figure 1 shows the demand (straight line) and the capacity expansion stages (staircase line). This jumps are associated to the optimal expansion times. The period of consecutive expansions is denoted by T and is considered constant.
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Figure 1



	Looking at this diagram, we readily come to the conclusion that, at the time of expansion, the available capacity is very high relatively to the demand. This observation is significant because it tells us that for some years a substantial investment remains inefficient.



	Let us now consider the case of installing SCC for providing subscribers services, when no pairs are available.
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Figure 2 : Installation of SCC over time to meet the demand



	We observe that the yearly evolution of SCC is a histogram-like curve which can be approximated by the demand line. In this case, there is almost no inefficient capacity.



	The above fact does not mean that it is economical to install SCC and abolish the placement of cables. It simply means that at times points with low cumulative demand, it might be more economical to provide facilities through SCC. When demand grows, the SCC should be removed and new cables must be added. In every case, the policy to be undertaken depends on the costs of SCC and placement of cable as well as on demand growth.



	The present worth of expenditure for SCC is evaluated as follows:



	Assume that ( is the total cost of one SCC. Let � EMBED Equation.2  ��� be



	� EMBED Equation.2  ���			(2)



	The constant � EMBED Equation.2  ��� is roughly interpreted as the annual charge per SCC. This approximation ignores all installation and removal charges.



	The present worth of expenditures of SCC to meet the t years demand is approximated by:



	� EMBED Equation.2  ���			(3)



	Now, let us examine the case where, at the outset, we meet the demand by SCC up to time T; then we remove CSS and expand the cables by adding S pairs. Figure 3 (a) shows this project.
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Figure 3



	Figure 3 (b) provides the cash-flows where we can observe that expenditures consist of two components. One discrete in time is represented by the arrows pointing upwards and giving the expenses that should be incurred for expanding the capacity of cables, and one continuous is represented by triangles. This provides the costs of using SCC for T years. The present worth W of unlimited expenditures is equal to



	� EMBED Equation.2  ���			(4)



	� EMBED Equation.2  ��� is the present worth of an unlimited sequence of expansions at time � EMBED Equation.2  ��� when new SCC are installed (Figure 3b) and new pairs are added, and C(S) is the cost of cable of S pairs. In case all these expansions consist of the same capacity and number of SCC, � EMBED Equation.2  ���. So, we get



	� EMBED Equation.2  ���			(5)



	W is a function of T and S, the minimum of which can be obtained when

	� EMBED Equation.2  ���,	� EMBED Equation.2  ���			(6)



	This algebraic system provides the optimum values for S and T. 



	When



T = 0	the all-cable alternative is the optimal policy;

T = (	the permanent installation of SCC is recommended;

0<T<(	we are in the temporary use of SCC for T years, namely during the time interval (0-T) all new demand is met by SCC. At time T, we remove SCC and we place a new cable of S pairs. Facilities are sufficient up to � EMBED Equation.2  ��� time point.



	Accepting cost of cables linear function of capacity S



	� EMBED Equation.2  ���			(7)



the derivations of Eq (5) leads to



	� EMBED Equation.2  ���			(8)



	� EMBED Equation.2  ���			(9)



	Details of computation will not be given here. This system cannot be solved explicitly. The solution can be obtained only by means of numerical methods. The above-mentioned system can also be written down as



	� EMBED Equation.2  ���			(10)



	� EMBED Equation.2  ���			(11)



where	� EMBED Equation.2  ���



	In this form, the system can easily be solved iteratively, namely by accepting an initial guess � EMBED Equation.2  ��� for the capacity, from Eq (9) we calculate T which, in the sequal, is inserted into Eq (10). Then, a better value for S is found. This is used again in Eq (9) for a new value of T. If this procedure goes on, the solution is found after a few iterations. If two successive values for � EMBED Equation.2  ��� are within a predetermined relative accuracy (.



	� EMBED Equation.2  ���



then, the solution is � EMBED Equation.2  ��� is obtained from Eq (9). This algorithm is readily proven that it converges very fast. Performing the integration in the Eq (3), we get for the present worth W.



	� EMBED Equation.2  
�
�
�



�3.	Application



	In order to provide facilities I an area where the existing cable pairs are used up, there are two alternatives: Alternative A is to expand the capacity of cables, whereas alternative B is to cater for the demand at the outset by using on a temporary basis SCC, and then to add new cables.



Data



1.	Cables

	- Basic cost	  70.0 MU/km

	- Incremental cost	    4.9 MU/pair/km

	- Placement and jointing cost	100.0 MU/km

	- Digging cost	550.0 MU/km

	- Service life of cable	35 years

	- Operating plus maintenance cost	2 %

	- Scrap value	--

	- Subscribers are 3 km apart from local exchange



2.	Single channel carrier

	- Purchasing cost	30.0 MU/piece

	- Installation cost	  8.0 MU/piece

	- Service life	15 years

	- Maintenance plus operating cost	5 %

	- Scrap value	--

	- Interest rate	10 %

	- Demand growth	10 subscribers/year



Calculation of present value factor



Cable



	� EMBED Equation.2  ���



	� EMBED Equation.2  ���





Single channel carrier



	� EMBED Equation.2  ���



	� EMBED Equation.2  ���



Calculation of present worth for unlimited replacements



Cable



	Cost:

Basic cost per km � EMBED Equation.2  ���

Incremental cost per km � EMBED Equation.2  ���

Total basic cost for the entire length � EMBED Equation.2  ���

Total incremental cost for the entire length � EMBED Equation.2  ���



SCC:



	The total cost � EMBED Equation.2  ��� for SCC is



	� EMBED Equation.2  ���



and	� EMBED Equation.2  ���.



Alternative A



	The optimal capacity expansion is given by



	� EMBED Equation.2  ���



	For the present worth of expenditures, we get



	� EMBED Equation.2  ���



Alternative B



	� EMBED Equation.2  ���



	The calculation of T and S is shown in the following table, by assuming an initial guess for S the value we found for alternative A. In this table, the present worth of expenditures is also shown.









Iteration�Time�Capacity��Number�T�S��0�7.44�150��1�7.85�165��2�8.03�172��3�8.09�175��4�8.13�176��5�8.14 ( 8�176 ( 200��Eq (11) PwB = 5956 MU��



	So, alternative B implies that for the time interval (0-8) we will be meeting the demand by installing SCC. At the end of that period, all SCC’s will be removed and a cable of 200 pairs will be placed. Comparing the present worth of the A and B alternatives, we conclude that alternative B (temporary installation of SCC) is more economical.



	The savings achieved are



savings = � EMBED Equation.2  ���



and in percentage 100 (660 / 5956) = 11 %.



	Savings achieved are therefore substantial (11 %).
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