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A MODEL OF TELECOMMUNICATIONS SERVICE PRODUCTION

Application: a Case Study

Synopsis – The expansion of Telecommunications network has the objective of matching the increasing market demand and concerns, mainly, either the implementation of plant (terminals, transmission, switching) to route the traffic and the provision of personnel to support the operating activity necessary to run the service. If we assume that the reference variables for this process are the new lines installed (X1) and the personnel in force (X2), the process, as it was said in the Theoretical Approach, is described by a set of three equations which deal with the production, the cost associated and the path of network implementation.

This paper intends to verify, upon a practical example, the validity of the scheme by comparing the strategies suggested by the model with the actual decisions taken, under the same conditions, by a real Service Provider. Reference was made to a European Telecommunication Firm: its actual decisions were taken over a period of 13 years, during the expansion of its network. The results seem to support the feasibility of the model, its flexibility and its applicability.
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1. Basic Data

The study period covers the years 1983-1994 and relates to the strategies adopted by a Service Provider, taken as a reference, to expand its network and to match the market demand. In particular, the statistics used to represent the Firm’s activity concern: historical of lines in operation and employment (Annex 1), trend of capital and operating expenses (Annex 2), historical trend in consumption (Annex 3), gross (Annex 4) and net (Annex 5) productivity of input factors, economical return and ratios price/cost over the period studied (Annex 6).

2. Actual strategies of  Service Provider

Running the Telecommunications service, the Provider had to develop a number of strategies as to optimise its behaviour; that is to satisfy the market demand, to produce a positive balance and to make as profitable as possible the business.

2.1 – The input variables
From Annex 1 it appears that the expansion of service, over the study period, was made by increasing number of lines and by keeping almost constant the labour; the little increase of personnel per year probably had the objective of replacing employees under retirement. A production strategy based upon the principle of “cost minimisation” would have suggested to apportion the input variables in the inverse ratio of their unit cost: the indicator “lines/employee” should, then, have moved from 201,47 in 1983, decreased at 125,39 in 1988 and, then, increased to 139,65 in 1995. Actually, the indicator moved, almost regularly, from 136,90 in 1982 to 208,27 in 1995. The practical result of such a decision was to get a better improvement in the efficiency of operating activity and to save operating annual expenses for a greater profit.

2.2 – Capital and operating cost
Capital and operating total expenses increased, over the period under study, at a rate of 21% and 13%, respectively (Annex 2): priority was given to capital expenses rather than to operating ones. The unit cost (line, employee) increased as well over the period under study; in particular, the cost per line grew at a rate of 37% per year more than the unit cost of labour which shows an increase of 13% per year. 

The divergence between the operating and capital expenses seems probably due to the technological progress that let increase the network capacity without requiring a proportionate expansion of labour.

2.3 – Market preference

The market demand was increasing almost regularly. Annex 3 shows that the consumption was growing, over the study period, by an average 4,93% per year. In particular, local and trunk traffic had a regular increase of 4,64% per year and 5,36% per year respectively, while international traffic grew at a rate (11,22% per year) almost double.

To match this traffic, lines have been increasing at a rate of 3,41% per year. The strategy provided the final result of increasing the use of network: the charge per line moved, in fact,  from 4400 minutes/year in 1982 to 5500 minutes/year in 1995.

2.4 – Productivity of input factors

Gross productivity of input factors is indicated at Annex 4. The indicator is the ratio of total revenue per factor by its own cost and measures how much a factor can produce. 

As far as network is concerned, the gross productivity per line was 177% in 1983 (unit revenue was 2,8 times greater than its cost) and was decreasing over time down to 81% in 1995 (unit revenue was 1,8 times greater than its cost). At the condition of zero productivity (cost = revenue) maximum number of lines would have been 4,206,000 in 1983 and 4,350,000 in 1995.

The productivity of labour follows a better evolution; in 1983 total revenue per employee was 2.5 times greater than its salary: it represents a reasonable profitability as to justify the presence of labour in force. An even better situation appears in 1995 when the revenue per employee grows at 2.7 times the salary. At the condition of zero productivity (salary = revenue) maximum number of employees would have been 28,500 in 1983 and 22,100 in 1995.

To be more realistic, a tentative (Annex 5) was made to assess net productivity per factor. The process was the following: having deducted from total revenue the annual capital expenses, the difference was charged to labour. If we exclude the annual expenses for the network (capital recovery), the productivity of labour decreases from 58% in 1983 to 20% in 1995. 

2.5 – The economical return
The Economical Rate of Return (ratio between profit and Value of Plant) (Annex 6) was low all over the period (arithmetic average = 1,35% per year). It was increasing up to the year 1990 and, then, was gradually decreasing: the pattern reflects a period managed under monopolistic regulation (1983-1990) and a period where little competition is raising in the market while the Firm is not prepared to face it.

Average cost per minute, ratio between total annual expenses incurred and total traffic routed, moved from 0,0502 US$/minute in 1983 to 0,1337 US$/minute in 1995 (average increase of 8,51% per year). The cost kept lower that the price per minute (0,0611 US$/minute in 1983 to 0,1506 US$/minute in 1995) so that the Provider could recover a little margin to charge consumption. The competition (after 1990) eroded such a margin and the price of service was coming closer to the cost of service. 

3. Checking the Provider’s decisions

The worth of having a model for checking a production process concerns either the possibility of verifying past decisions and the ability of optimising future strategies. The estimate of parameters of the main functions (production, cost, path) must be based upon better details (distribution of labour, output objectives, technological progress) and should be supported by a little historical trend.

3.1 – The production function
The main constants of the production function Q = f(X1,X2) are shown in Annex 7. They have been calculated using the following system:

R1X1/R2X2 = a/b

a + b = 1

Q = A(X1)a(X2)b
The trend over time of exponents “a” and “b” shows that the Provider, starting from an unbalance between capital and operating expenses, in 1983, was gradually giving priority to capital expenses constraining the growth of personnel.

3.2 – Empirical estimate of exponents
Exponents of production function reflect the relevant weights by which the two annual expenses (capital and operating) are apportioned to sustain the production process. To clarify the concept, an example may help. In our case, for instance, the network chosen as reference for the Case Study had a rate of fault, in 1992, of 35% per year; thus, the availability of network at that year, considering the variable X1 alone, was 65%. The relevant capital expense let produce 65% of output. To restore the 100% availability it was necessary to use part of total personnel to maintain efficiency of plant; relevant expense for maintenance measure the direct contribution (35%) provided by the complementary factor X2 to the production of output. If the indirect contribution (management, planning, marketing, accounting …) of factor X2 to production process  adds a further 5% to labour (total 40%), then, reducing the two weights at 100% basis, an estimate of exponents gives a ratio of 62/48.

3.3 – Adjusting production function
To check alternative strategies, and to understand the flexibility of the model, we make the working hypothesis that the ratio between X1 and X2 (lines/employee) equals the inverse ratio of their costs. If the Provider had chosen this expansion strategy, its production function would have taken the parameters shown in Annex 8: the exponents “a” and “b” are equal and the ratio of expenses to apportion input variables is 50/50 all over.

3.4 - The input variables
The quantity of input variables apportioned is calculated by the following:

X1 = (a/R1)b(R2/b)b(Q/A)

X2 = (b/R2)a(R1/a)a(Q/A)

The final results provided by the strategy followed by the Provider under analysis are shown in Annex 9: the table verifies that the quantity of input variables calculated coincides with the quantity of input resources apportioned over time by Provider.

By the alternative strategy chosen in Annex 8, the model gives different final results (Annex 10): while theoretical X1 equals the actual number of lines operated, the personnel grows more than the actual one. The model force the personnel to increase at a rate of 6.4% per year during the study period against the 0.13% growth of actual personnel. As a first conclusion, it appears, from qualitative point of view, that the strategy adopted by the Provider improved the efficiency of operation (lines/employee) and constrained the operating expenses. Provider’s decisions were correct and gave better results in comparison with the alternative hypothesis.

3.5 – The productivity of factors
The productivity of input factors under the original choices of Provider was already illustrated in Annexes 4 and 5. The analysis of productivity under the alternative working hypothesis (Annex 8) is, instead, shown in Annexes 11 and 12. Gross productivity of variable X1 keeps equal to the actual one: it decreases from 177% in 1983 to 81% in 1995. More apparent is the effect into the gross productivity of labour; while it might be acceptable from 1983 up to 1988 (ratio revenue to wages ranging between 2.8 – 2.0) it is no longer satisfactory after 1988 as, since the ratio of revenue to wages falls below 2.0, the economic product secured by the variable is coming too close to wages and the current the level of employment is not justified.

Table in Annex 12 confirms these provisional conclusions. The net productivity of labour is, maybe, acceptable only in the year 1983 but it, definitely, becomes negative thereafter and shows the unfeasibility of the theoretical decision.

3.6 – The economical return
Further confirmation of unfeasibility of theoretical solution comes from the analysis of  economical return to the business (Annex 13). Capital cost and labour cost are, now, equal so that the earning is zero between 1988 and 1989 and is thereafter negative. The corresponding Rate of Return, which was already low, becomes negative from 1989.

As well, a significant change occurs in the average cost: we are talking of the ratio between total annual expenses and total original traffic (traffic did not change because X1 did not change). Such a ratio is reducing from 1983 to 1988 and becomes lower than one in the following years. Price per minute of service becomes lower than average cost from 1988: if an increase in prices were unpractical, the conclusion would be that the solution is unfeasible and that, consequently, the actual choice of Provider was correct.

4. Short term planning

The model can be used when planning the expansion of network in the short term: the optimum solution, in this case, satisfies the condition that, in the plane X1X2,  the isocost function is tangent to the isoquant curve at the year of reference. 

As an example we consider the expansion of network from 1983 to 1984. Assuming that the production function is the one defined for 1984 (Q = 52925*(X1)0,5076*(X2)0,4924), the reference parameters are the following:

Cost per line =     
118 US$ per line operated

Wages =       

16155 US$ per employee

Before using the model some adjustments are necessary, as follows:

· new circuits. Moving from 1983 to 1984, the average consumption per line increases from 4400 to 4600 minutes per year, consequently either the existing plant and the new circuits should be planned for a greater load than in 1983. (The increase in unit consumption can de derived either from the objectives of management or from personal judgement of experts). 

From the relationship (1984): 
(Q1 + (Q1)/(X1 + (X1) = 4600

the number of new circuits to plan for 1984 is estimated as (X1 = 93200.

· New traffic. The new expected traffic in 1984 is derived as the product of new expected circuits by the unit charge: (Q1 = 4600*(X1 = 430,000,000 minutes.

· Labour. Assume that one of the objectives of management, from 1983 to 1984, is to raise the ratio lines/employee from 136,91 to 141,12 . That is:

(X1 + (X1)/(X2 + (X2) = 141,12

The relationship lets estimate the additional number of employees as (X2 = 121.

· Efficiency. The ratio lines/employee in 1984 becomes (X1/(X2 = 770. 

· Cost. Annual cost is composed by the sum of capital and operating expense relevant to lines and personnel added respectively. Additional capital cost is 

C1 = 102*(X1 = 9,506,400 US$.

Operating cost is calculated considering that, under normal circumstances, the number of employees assigned to new lines installed should satisfy the average ratio 141,12; that means that the number of employees necessary to keep the availability of network is: (X1/141,12 = X2 = 660 employees. Additional operating cost is:

C2 = 16155*(X2 = 10,660,000 US$.

Annex 14 confirms the calculations. The point of tangency between the isocost and the isoquant curves occurs at a fictive (X2 = 660 employees, where the number of new lines is 93200. As the efficiency of added labour is 770, the number of new employees is defined by (X2 = 93200/770 = 121 employees. 

The use and the interpretation of these results depend upon the structure of labour, the distribution of tasks and the economic objectives of management.

5. Self-financing

Self-financing is a complex problem: many adequate works have been made by economists looking into this specific item (bibliography) which is worth of a separate and dedicate paper. For sake of simplicity the approach offered in this presentation is an empirical process whose goal is to show and to emphasise the problems related.

The exercise is shown in Annex 15. The working hypothesis is made that the Provider, starting the year 1983, decides to use its earning to reinvest instead of using the borrowing facilities. In 1983, the gross earning is the sum of the capital expenses R1X1 and of the profit: to use the same notation of main text, the Provider assumes that he must spend (R1X1 to replace obsolete plant and can invest the quota (1-()sR1X1. Previous financial commitments (repayment of borrowed capital) should be respected: annual capital expense is supposed to decline over time at the same rate of replacement of obsolete plant. Two tables are given: the first one deals with the expected annual expenses, the second one shows the path necessary to recover previous trend.

Obsolete plant. To maintain the network capacity and to account for new technology, obsolete plant is replaced at a rate of 8% per year.

New lines. New lines to install per year correspond to the extension of plant under normal circumstance. They are the base for calculating annual capital expenses.

Unit investment. Either the lines to replace and the new lines to install are assumed to have the same purchasing cost (R10). It let derive financial needs.

Financing available. Capital available for investment is the sum of profit and of the quota R1X1, deducted the capital expense at the year 1983 (260 millions) relevant to previous commitments. This last amount is supposed to reduce over time as a function of replacement of obsolete plant. Total amount available for financing is, then:

FA = siRiXi + (RiXi) - (0,92)i*(R1 X1)1983
Lines operated. The number of lines to implement are derived from available financing: priority is given to replace obsolete equipment, the remaining is invested in new lines. As, for a long period, financing available is not sufficient to cover replacement and expansion of plant, number of lines operated decreases during the same period. It recovers previous trend within a period of 5 years. 

Traffic. Assuming that the market has the same consumption trend revealed statistically, total traffic is the product of unit consumption per line by number of lines installed by self-financing the process.

Revenue. Income is the product of current unit price by the traffic carried by the network self-financed. Particular attention must be paid to the fact that, during the period where number of lines is lower than the original, the traffic and, thus, the revenue are lower than the original ones. This reduces the financing available.

Balance. The difference between revenue produced by the self-financed plant and the revenue actually earned by the Provider shows negative results from 1983 to 1987. After this year previous trend is recovered and the excess revenue accrue to the profit.

6. Conclusions

As a conclusion of the comparison made so far, two main comments may be raised.

The decisions of Provider took place in a scenario governed either by market forces and by Government Authority; the model should, then, be framed into the real situation that the Provider has to face. That is: respect of rules and satisfaction of objectives.

In particular, if the profit is the main objective of the Provider, the personnel policy  is an important part of the whole strategy; it has both impact upon the output provided and upon the earning. 

Under this very simple test, the model gave reasonable answers and showed its potential ability of helping creating alternative schemes to support the management decisions.
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