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Abstract
Like most other business/ industries, pharma industry is also dominated by the family owned companies. This paper attempts to estimate the contribution of family business in pharma industry to Indian economy. A Programming- Input Output model has been developed for this purpose. Programming sub-model of the study is embodied in the managerial theory of the firm. The model uses the Baumol-Marris paradigm of sales maximization with a given minimum profit and balanced growth as the pivot of the firm’s equilibrium. The paper analyses the divergence between the actual and maximum sales on the one hand, and it examines the differential impact of actual and maximum sales on the economy on the other. Empirical results show that i) Actual and maximum sales are convergent in all twelve cases. It implies that all the companies are in equilibrium as per the theoretical paradigm. ii) Four companies sale only marginally lower than the maximum. iii) Eight companies sale more than the maximum, the difference being accounted by the attempt to retained the market share in the expending market or enhancing the market share by each of these companies. iv) The divergence between the actual and maximum sales is statistically not significant both separately and jointly.  v) The impact of sales and output of these companies on the economy is very sizable though the contribution defers from sector to sector.         

Introduction

Drugs and Pharmaceutical Industry is among the fastest growing sectors of the globalizing Indian economy. The industry has been among the major propellants of i) growth and ii) foreign exchange earnings. Naturally, one may like to estimate the contribution of this industry to the economy. However, like most other business, pharma industry is also dominated by the family owned companies. This paper attempts to estimate the contribution of family business in pharma industry to Indian economy. 
A Programming-Input Output Model has been developed for this purpose. Programming sub-model of the study is encompassed in the theory of the firm. It uses the Baumol-Marris paradigm of sales maximization with a given minimum profit and balanced growth as the pivot of the firm’s equilibrium. The paper analyses the divergence between the actual and maximum sales on the one hand, and it examines the differential impact of actual and maximum sales on the economy on the other. The study also determines the impact of each individual firm separately. The solution values derived from the linear programming sub-model are used to estimate the effect of family business in pharma industry on Indian economy from I-O model. The twin models are briefly outlined herein. 

Firm’s Equilibrium Model 
Managerial approach to the theory of the firm revolves round the efficient management of a business organization. But efficiency focuses on some specific goal or objective for realization. Traditional economic theory of the firm has focused on the maximization of profit. However, there might be some conflict between the maximistion of short and long run profits. Controversy has centred around the realistic or unrealistic nature of this assumption. Critics of the assumption, and hence, conventional theory argue that the assumption is at variance with the objectives of the management of professionalized firms. There is wide ranging difference of opinions among the proponents of this thesis. Maximization either of i) sales; or ii) total revenue; or iii) tenure of employment; or iv) managerial salaries; or v) budgets; or vi) diversification and growth; or vii) market share; or viii) satisfactory profits; or ix) managers’ utility function and so on. One of these objectives has been propounded to be the core objective of the firm by different analysis. Each objective furnishes a distinct theory (See Peterson and Lewies, 2004, Simon, 1959, Cyert and March, 1963, Narayanan, 1966). We have focused on a particular strand of thought. 
In accordance with the tenets of Baumol-Marris Models (1950, 1964), it is hypothesized that the basic objective of the professionalized family owned pharma companies is the maximal growth with a minimum acceptable profit to the owners. Marris brings balanced growth of demand and supply into focus. Whereas demand is represented by sales, supply comes into the picture from investment/ output side. This paper integrates Baumol and Marris models into a single synthesized model. The maximal growth involves the maximization of output which, in turn, is embodied in the sales maximization. But Growth of sales involves the growth and diversification of output that is contingent upon the supply of funds for investment. Output can not grow unless it is matched by the growth of sales. In the long run, sales are expected to equal output net of the pipeline stock of the finished goods, if the companies are not to carry the burden of unsold stock of finished goods.
The conventional theory of the firm postulates profit maximization as the principle that guides firm’s operational decision. But the Managerial Approach to the theory of the firm envisages a firm to be a conglomerate of diverse interest groups. The managers, employees, stock holders, customers, suppliers and other service providers, including members of the distribution net-work and tax gatherers, constitute these interest groups.  The theory assumes the existence of the conflict between the interest of different groups. The management resolves the conflict to ensure harmonious working. The theory also assumes the existence of a ‘Delinking of Ownership from Management’. The separation may, however, be functional rather than personal. In the early stages of industrial revolution, just as the capitalist and entrepreneurs were the same entity but performed diverse functions, similarly, in the modern business, key owners may also double up as the managers and owners (Cf. Baumol, 1967). 
Three important managerial models of the firm have been developed by Baumol, Marris and Williamson. All these models assume the maximization of managers’ utility function with a minimum profit to the owners. But Baumol’s model of sales maximization, Marris’s model of managerial enterprise and Williamson’s model of managerial discretion differ with respect to i) factors that determine managerial utility function; ii) key instruments of the realization of managerial goals and iii) predicted consequences of change in the parameters (Koutsoyiannis, 1979). This study evolves an integrated approach to develop a mongrel type of theoretical framework for managerial approach to the firm’s equilibrium. The theory has been embodied in the linear programming model of this study. 
The sales maximization leads to lower profits than those associated with profit maximization as the objective function. The theory hypothesizes that a fully professionalized firm attains the separation of management from ownership fully. The management exercises control and takes decisions with a view to maximize its own utility rather than the owners’ profit function. Profit maximization theory emphasizes maximisation of owners’ profits rather than managers’ utility function. Managerial utility depends on such factors as sales, growth of output, reputation and goodwill in the market, job security of the managers and their own reputation in the job market, and ability to raise loan and equity capital. The managerial power is, however, constrained by i) the minimum dividend rate acceptable to shareholders; ii) investment required for operations at a reasonably satisfactory level, which may be determined by the level of output produced; iii) maintenance of credit worthiness of the firm for raising loan capital from the market; and iv) maintenance of share prices at reasonable level in the capital market so as to avoid the risk of take-over.      

Linear Programming Model 
In accordance with the thrust of above argument, the objective function of the programming sub-model of the study is defined as follows:
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where Y, 
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, A, M, K, and C are specified values of industry output, profit, total assets, machinery and equipment, inventory/stock and cost. Value of the variables on R.H.S. may be specified either on the basis of observation or desirable standard/norm fixed exogenously, and aj = Yj/xj, a2j = 
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A, M, K, and C are also assumed to be non-negative. Thus, the usual non-negativity conditions have to be satisfied by all the parameters, variables and constraint constants. aij and pj are also assumed to be exogenously given and fixed at the time of observation.

Where xj shows sales revenue of jth family owned pharma company and xj/x is the share of its sales in total sales of the industry. aij is profit per unit of sales of company j, 
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 is the specified minimum total profit of the industry, distributed as the dividend among the shareholders and/or retained fully or partly by the companies, if any. The sum of the profit of individual companies shall equal the industry total. Y is total output of the industry. It is assumed that the output of industry satisfies the condition of market clearance, that is, output does not exceed market demand so that output equals sales.  Satisfaction of this condition is both necessary and sufficient for equilibrium. ‘The Equilibrium’ may be defined as the ‘Most Desired State’ which the firm desires to attain. Disequilibrium between output and sales, and hence, their intertemporal growth forces the firms to adopt annual sales campaigns to clear the unwanted unsold stock of finished goods (Cf. Koutosoyannis, 1979). It is implicitly assumed that the inter-temporally operational process of moving the firm to a position of equilibrium coincides with the state given at the point of observation. It is also implicit that the sales maximization is not compatible with less than unit elasticity of demand. 
Conventional Approach to Firm’s Equilibrium

In accordance with the tenants of the conventional theory, the profit maximization may be specified as the objective function the realization of which will coincide with the equilibrium of the firm. Notwithstanding the professionalisation of management of the companies under study, the control over management is still exercised by the family. The owner families of the companies generally hold 30 to 40 per cent of the equity/ capital of their respective companies. Naturally, the interest of the family can not be over-shadowed by the professionals who have to work under the policy directives furnished by the owners. It may, therefore, be plausible to argue that profit maximization should be specified as the objective function even in case of professionalized family owned companies. It will lead to the following alternative model specification:
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, and all non-negative constraints will hold as usual.
In this case, other constraints, will relate to the output, sales cost, assets and machinery and equipment and inventory/stock each of which will be expressed per unit of sales on the left hand side of the constraints. Space 
Programming Model will delineate not only the optimum sales/ profit for all the family owned firms/companies, taken together, but also the allocation of total industry value among the firms. The model not only embodies Baumol’s sales maximization as well as growth maximization of output and investment of Marris’s model, but it also goes a little beyond these two. First, unlike the received theory, the model attempts to determine constrained maximum. In this context, it is essential to understand that the concept of ‘Maximum/Minimum’ is relative. In the first instance, ‘Global Maximum’ may be distinguished from ‘Local Maximum’. The local maximum is interpreted mathematically as the maximum in a Narrowly (Locally) defined ‘Neighborhood’. Non-mathematical the meaning of Neighborhood may be interpreted as the immediate operational context. Even if a firm has attained the best position in an industry in the immediate context, it shall not go without being challenged by its current and potential competitors in the market. Besides, the relative maximum of either sales or profit or growth may coincide with the under utilization of installed capacity as reflected by machinery and equipment. Thus, maximization of profits or sales or growth may still hide internal inefficiencies and sub-optimal use of available resources. It is, therefore, postulated that sales/profit/growth maximization at a given movement of times represents short run optimum. Then, the ‘Global Maximum’ may be defined as the long run maximum. But the long run generally tends to be dynamic hence, the firm has to continuously strive not only to retain its current market share, profits, investment and growth but also to bring improvement in these parameters. It is in this context that the model goes a little beyond the Baumol-Marris Paradigm. In the era of globlisation, there will always be some one doing better than you. Obviously, sales maximization should embody optimistion of all the variables that are included in the constraints of this model. The derivation of the values of the constraint constants from the maximum value of the objective function will furnish estimates of optimum values. These may be used as the benchmark of the market share of family business in pharmaceutical and drug industry of India. 

The LP model is a snapshot picture of reality in which the two sets of parameters, that is, the coefficients of the objective function and the constraint coefficients are treated as exogenously given and fixed. This makes the analytical framework static. Imposition of the proposition of growth will, therefore, be unrealistic. This warrants the introduction of a dynamic element. This could be achieved by making these coefficients change within the limits of the given constraints constants on the right hand side. This warrants changes in the two sets of model parameters. This procedure has been defined as sensitivity analysis (See, Taha, pp.23-30). The alternative solution is defined as the reduced cost solution which takes an economic view of the L. P. problem. Each LP variable is viewed as one activity which uses resources (cost) to produce an output (sales/profit). The positive reduced cost per unit of the activity implies that the resource cost is higher than the per-unit of sales/profit. Such an activity is not economically viable. Therefore, the variable (activity) in the optimum solution will have zero as its value. Economically viable activity will have zero reduced/resource cost and it shall operate at positive value (no-zero solution value) in the maximized objective function: In equilibrium, the condition that the reduced cost per unit of activity equals cost of resources used per unit of sales/ profit should be satisfied. 
Changing Demand Vectors in I-O Model
The solution value of sales will then be used to derive the solution values of I-O models which is employed to determine sectoral output. Alternative final demand vectors are specified for obtaining different solutions of I-O model. First solution is derived with the final demand vector for all sectors as reported in the CSO’s I-O table. This vector is denoted by f0, while the corresponding output vector may be shown as X0. Second solution is obtained with f* as the demand vector. The estimated maximum sales, x* of the family owned 12 pharma companies1 are used as the proxy of the final demand. Final demand vector, f* will then be defined as the single non-zero positive component vector. Except the maximum sales of the family owned pharma companies, all other elements of the observed final demand vector, f 0 are treated as zero to derive the alternative solution from Leontief Model: f* = (0,0,0,….f*65, 0,0….0) 
where pharma industry is listed as the 65-th sector of the economy in the I-O table. Thus, f*65 = x*. The corresponding output vector may be designated as X*. Reduction of all except the final demand for pharma products as zero will yield an estimate of the impact of family owned companies on the economy, which is independent of any effect of the configuration of final demand and total input requirements of sectoral output of other sectors of the economy for this level of final demand for pharma products. 
Another final demand vector, 
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may be formed with the alternative maximum value of the sales furnished by the sensitivity analysis of the results of the LP model. This maximum of sales is denoted by 
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The corresponding solution vector of output will be designated as 
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. Output vectors X* and 
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 may be treated as static counter part of Leontief trajectory of output growth in a dynamic model (See Mathur, 1967).
The next final demand vector, f1 is obtained by the substitution of the optimum sales of the family owned companies for the observed demand for the output of pharma sector. In this case, all the elements of final demand vector except 65th are kept at their observed values. The corresponding output vector shall be shown as
[image: image26.wmf]1
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. Hence, 
f1 = (f11, f12, …..f165, …..f1115)

The divergence of the actual from the solution values of sales/profits of the family owned companies, both jointly and separately, will highlight the degree and direction of divergence of these companies from their equilibria position. If 
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, then the family owned companies may be deduced to be in equilibrium. Use of the solution value(s) of sales in IO model will furnish the results that will embody the consequences of differential interaction effect of final demand on sectoral output. Output effects may also be worked out separately for each of the 12 companies. 
Input Output Model

The solution of standard Leontief model is given below:
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Substitution of f*, 
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 and f1 for f0 in equation 9 will furnish the following solutions. 
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Where X is the vector of gross output of various sectors of the economy, including the drugs and pharmaceutical industry, f0, f*, 
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 and f1 are the final demand vectors, (I-A)-1 is Leontief Inverse and X0, X*, 
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, and X1 are the alternative vectors of gross output that correspond to f0, f*, 
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and f1.
Solution values X* and 
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 of output vector abstract from the interaction effect of f*65 and 
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 with other components of final demand, since all other elements are treated as zero. This abstraction from interaction effect may furnish an estimate of the pure effect of the family business on Indian economy. 
A comparison of different solution values of output vectors will reflect the differential effects of pharma industry as a whole as well as family owned pharma business on the economy. Inter-temporal comparison will reveal the changing influence of the industry. 
The differences between the observed and optimum values of sales may be evaluated by an appropriate test of statistical significance. 

Data Base 

Input Output table of 1998-99 of the Indian economy is the data base of I-O model. Data relating to drugs and pharmaceutical industry have been collected by a sample survey of the published data of the pharma companies. The company data constitute the base of L.P. model. The data have been taken from the company balance sheets for the year 1998-99 and 1999-2000. In order to eliminate irregular fluctuations, two yearly averages of all the variables have been worked out. The following 12 companies constitute the data base. Elder, J.B. Chem, Alembic, Ranbaxy laboratories India Ltd. , Dr. Reddy’s Laboratories, Sun Pharma, Torrent, Lupin Ltd., Cipla Ltd., FDC, Dabur India Ltd. and Panacea Biotech Ltd.. The selected group includes companies of all three sizes: Large, Medium and Small. 
Empirical Results
First we analyse the results obtained from the application of LP sub-model to the data of 12 family owned pharma companies. Tora (See Taha, 2006) has been used as computer program to solve the LP Model. 

Results 

The analysis focuses on the basic features of the solution value(s) of the model. These features are listed hereunder.
1) The maximum sales of all the companies taken together differ only by Rs. 2.77 lakh. These differentials of maximum from actual sales are tabulated below: 
Rs. (In lakh)
	Elder
	JB 

Chem
	Alembic
	Ranbaxy 
	Reddy’s

Lab
	Sun 

Farma
	Torrent
	Lupin
	Cipla
	FDC
	Dabur
	Panacea
	Total

	-1.82
	3.07
	-0.89
	-1.99
	7.66
	-3.96
	-30.3
	-1.92
	33.43
	1.44
	-1.19
	-0.36
	0.83


Difference: Maximum sales – Actual Sales
Thus, the maximum sales of 4 out of 12 companies marginally exceed the actual sales, while the maximum sales of the remaining 8 companies marginally fall short of the actual sales. However, the excess and shortfall in actual relative to maximum sales seem to balance out each other so that the total of actual and maximum sales of all companies taken together are matched on the one hand, and two sets of values of maximum and actual sales are convergent on the other. Excess of actual over maximum sales of four companies may either be the consequence of retention of market share or an increase in the market share in an expanding but competitive market. The absolute variation of actual from maximum sales for individual companies ranges from -0.36 for Panacea to 33.4 for Cipla.
2) The maximum sales of all the companies, taken together, differ from actual sales by as little as Rs. 0.83 which is 0.002 per cent. Thus, the maximum approximate the actual sales of all the companies taken together. 
The percentage differentials are tabulated below:
Rs. (In lakh)

	Elder
	JB Chem
	Alembic
	Ranbaxy 
	Reddy’s

Lab.
	Sun Farma
	Torrent
	Lupin
	Cipla
	FDC
	Dabur
	Panacea
	All

	-0.06
	-0.09
	-0.002
	-0.01
	0.05
	-0.03
	-0.64
	-0.02
	0.13
	-0.03
	-0.01
	-0.01
	0.002


The percentage variation of actual from the maximum sales ranges from 0.002 for Alembic to 0.64 for Torrent. Obviously, the differentials are negligible both in absolute and relative terms.
It may, therefore, be inferred that a) the model is convergent to the observed reality, and b) the companies as a group and individually are in a state of equilibrium. 

3) Interestingly, except J. B. Chem, Reddy’s, Cipla and Lupin all these companies are selling more than the maximum/equilibrium level. But the difference is not significant. If the maximum sales are regressed on actual sales, the coefficient of correlation comes to be as high as 0.9999992. The explained proportion of variation is as high as 99.99 per cent. This also lends support to the thesis that the actual sales approximate the maximum sales.  
4) Results of the application of t-test show that the difference for the group as a whole between average maximum and average actual sales is not statistically significant. The calculated value of t is as small as 1.79 which is much lower than the critical value of t at 5 per cent probability level. . 

It can, therefore, safely be concluded that the i) model fits the data extremely well which lends credence to its empirical validity; and ii) companies under study are in equilibrium both jointly and separately. The integrated Baumol –Marris model is, therefore, credible. Since 
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 it is felt that there is no need to obtain 
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. Hence we use only f* and f1 in the next stage of the study. 
Results of I-O Model

Results of estimation of the models 9-12 are reported in table 1.

Estimates of the value of total output for all sectors of the economy taken together are X* = Rs. 312411.9 and 
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=312405.33. As expected from the near equal values of maximum and actual sales, 
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Average output effect of maximum/actual sales of 12 family owned pharma companies is Rs. 2716.7 though the output effect varies very sharply among the sectors. The coefficient of variation is as high as 569.5 per cent. But when the final demand for family owned companies is inter-mixed with the final demand for other sectors of the economy, the output effect is much higher. The output of these 12 pharma companies itself comes out to be Rs. 2680288.6 while the output estimate, embodied in the Leontief trajectory, X*, is only 164630.7. The output effect in this case varies much less sharply among the sectors as the coefficient of variation is only 17.8 per cent. However, the difference of two average effects is highly significant, t being as high as 6.0. Thus, the output effect of family business in the second case is 16.3 times more than what is given by Leontief trajectory. This highlights the strength of the linkages of family owned pharma companies with the rest of the economy. 
Conclusions  

The empirical estimate of the linear programming model lends strong support to the integrated theorizing based on the synthesis of Baumol-Marris models. Besides, the family owned pharma companies are in a state of equilibrium both jointly and separately. 
The pure output effect of family owned pharma companies, as embodied in f*, X* is very high. But there is great deal of inter-sectoral variation of the output effect.

Integration of final demand of pharma companies with that of the rest of sectors of the economy raises the output effect to sixteen times higher than that exercised by Leontief trajectory. Indirect companent of output effect is much more strong than the direct effect on the growth of the Indian economy. The use of General Equilibrium framework for analysis establishes the important role of family business in pharmaceutical and drug industry of India. 

Note
These 12 are the biggest among all the pharma companies, including the family owned companies. They account for the major share of i) total assets; ii) investment in machinery and equipment; iii) profits; iv) cost; v) output, and vi) inventories of drug and pharmaceutical industry (See Jain, Rajesh, 2006).
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