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Abstract
In this paper, a logistic model designed to describe the growth of two competing networks is introduced by taking account of the economic growth, price/performance, and innovation diffusion in the aggregate economy-wide level. The relationships among price/performance, costs and benefits of networks are identified. A numerical example is given to illustrate the growth path of two competing networks. Finally, the results are summarized and directions for future research are outlined. 
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1. Introduction

The growth of network following S-shape curve is well known, which depends upon both internal influence and external influence [Loh, L. and N. Venkatraman, 1992]. For the growth of an independent network, it depends on operating benefits and costs, adoption costs, maintenance costs, technological edge, standards, competitive needs, organizational size, structure and resources available, etc. In a market, once two or more networks are in existence, the competitive factors, such as switching costs and price, have a strong impact on the growth of each network. If a network spread nationwide, economic output influences on the network demand.

In this paper, we are especially interested in the effect of innovation diffusion, economic output, price/performance of networks affecting the growth of a network. Our main objectives are to develop a theoretical understanding of the nature of demand for networks and the growth of networks under the competitive environment. Since the increasing use of networks is commonly described in terms of innovation diffusion theory, but the technology is mature, the recent growth is primarily the results of the declining costs of computing and the rate of growth of economic output [Gurbaxani, 1992]. 

The paper is structured as follows. In §2, we review some basic results on the innovation diffusion and competing networks. In §3, we introduce a dynamic model to demonstrate the growth of two networks in a competitive market. In §4, we examine the relationships among price/performance, costs and benefits of using networks. Finally, we summarize the results of this paper and outline areas for further research in §5. 

2. Previous literature

Diffusion of innovation theory [Rogers, 1983] has been used to explain the adoption, implementation and use of IT by individuals, organizations, and industries. To be successful, an innovation should be possessed of a perceived relative advantage over the technology it supersedes. The compatibility of the innovation with existing values and past experience as well as the adoption needs of individuals and organizations facilitate the innovation diffusion. Ease of use or complexity of the technology may also affect diffusion rates. A perceived difficulty in adopting the technology may delay implementation. However, the ability to try out the technology on an experimental basis lowers the risk. Finally, the extent to which the value of the technical innovation is observable accelerates diffusion.

Loh and Venkatraman [1992] examine diffusion of IT outsourcing by the internal- and external-influence models (mixed influence model). Because the assumptions of either the external- or the internal-influence models are seldom met unequivocally, the diffusion takes place through channels of communication within a specific community or social system and is driven by information from a communication source external to the social system.   

Gurbaxani [1992] analyze the growth of the demand for IT capital and found that the demand for IT continue to grow even when the technology has matured as price of computing fall and as economic output grows. He suggested that the analysis of the demand for IT capital should consider both at the industry and aggregate levels and developed the models of demand for IT taking account of price, innovation diffusion and sector output.

Chismar and Meier [1992] develop a model of competing interorganizational system (IOS) and applied it to CRS (airline computerized reservation systems). They suggested a static model of two competing IOS in a mature market, which consists of established IOS systems, each with an existing set of users and that no new users enter the market. The model showed how two networks compete with each other while taking account of network externalities and switching costs. The model does not consider the dynamics of a competitive environment. 

Raupp and Schober (2000) suggest that network size and topology affect bargaining power of network initiator and adopters. Network strategy depends on network topology, size and corresponding bargaining power distribution. Therefore, competing network strategy is related to network size.

In practice, the environment changes as time goes on, the benefits from a network, adoption costs, switching costs, operating costs, and systems version etc. are changed because of the technological progress. On the other hand, both new users entering the network market and the switching of users across existing networks may occur simultaneously, we should consider the mixed influence on the network growth.

3. A logistic growth model for two competing networks

Considering the situation that there are two competing networks in a market, the maximal number of network customers depends upon the economic output Y(t), the price/performance Pi(t) (i = 1, 2).  We assume that the growth of networks according to S-shape, then we have 



                            (1)          

or                                       

                                     (2)

where  

 are parameters of the equations, for 


            

: Number of network users on network 1 at time t;

            

: Number of network users on network 2 at time t;

            

: Maximal number of network users on network 1 at time t;

            

: Maximal number of network users on network 2 at time t;     

Here, we assume that the maximal number of network users on network i varies over time because of the technological progress and economic output increasing. The technological progress will cause the price/performance falling as hardware and software costs fall and as system performance increase, which leads the capacity of system to increase and additional number of users to join on the network. In the same time, as economic output grows the demand of networks should be increased. If two networks exist in a market, users will be better off with the price/performance of each system to achieve the maximal economic benefits. Accordingly, we assume the following models to represent the 




                                     (3)

where

 and  

 

is the economic output at time t (e.g., real GDP), 

 is price/performance of network 1 at time t (unit price), 

 is price/performance of network 2 at time t (unit price).

The parameters 

 and 

 are scale constants. 

 and 

 mean that 
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 and 

 represent economic output elasticity of the maximal demands on network 1 and 2, respectively, 

 and

 indicate that the maximal demands of network 1 and 2 increase as economic output grows.

 and 

 are the price/performance elasticity of maximal demands of networks 1 and 2, respectively,

 and

 represent that as price/performance falls the maximal demand of networks increase.

 and

 are the relative price/performance elasticity of the maximal demands network 1 and 2, respectively, when a price/performance of a network is relative lower than that of another network, then the users prefer to join the former network because users expect to achieve maximal benefits. This may arise a bandwagon effect; while one network achieves a larger installed base and everyone then believes that it will become dominant, so rushes to join it [McAndrews, 1993]. 

 Indicates that the maximal number of users on network 1 will decrease as the ratio of price/performance of network 1 to that of network 2 increases. 

 implies that the maximal number of users on network 2 will decrease as the ratio of price/performance of network 2 to that of network 1 increases.
To analyze the model further, we examine the behavior of the first derivative with respect to time of the logarithmic transform of equation (3), which can be written as 



.               (4)
Differentiating above equation with respect to time results in the following equation, because the two formulas in equation (4) are similar, so that we analyze only one of the formulas



           (5)
The discrete time analog of this equation can be written as
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    (6) 
The above equation expresses the percentage growth in the maximal number of users on network 1 in any period as a sum of the percentage growth that can be attributed to each of the three factors: output, price/performance of network 1, and price/performance of network 2 effects. Thus, the model facilitates a comparison of the relative impacts of each of the three factors. The output effects can be considered to be largely exogenous; the price/performance effects are directly related to the maximal demand of the network. The first term on the right-hand side in equation (6) represents the percentage rate of growth in the maximal number of users on network 1 due to output effect. The general trend in output is consistent with a constant annual percentage increase, which would imply that the first term is constant and positive. The second term is the percentage growth of network 1 due to price/performance effects of network 1. If price/performance decrease exponentially at a constant rate [Gurbaxani and Mendelson, 1992], then this term is constant and positive. In actuality, while the trend in price/performance is an exponential decline, the percentage rate of decline is not the same in each period. Thus, while the percentage growth in the maximal number of users of network 1 due to price/performance effects will be positive, it will not be constant but fluctuate around a trend line.  The third term is the percentage decrease due to the price/performance effects of network 2. If the price/performance of network 2 also decrease exponentially at a constant rate, then this term is constant and negative, which expresses the competitive situation between network 1 and network 2.

Now we consider the combinative effect of the second term and the third term on the right hand side in equation (5), which reflects the competition impacts on the demand for network 1. Let



,                           (7)

then we have three differential competitive situations:

(1)  If 

 then 

, the growth rate of network 1 depends on the growth of economic output and there are no price/performance effects on the network.

(2)  If 

 then 

, since 

 and 

 are negative, it expresses that 

 decreases relative faster than 

. Thus, new users would prefer to enter network 1. The users on network 2 will compare the benefits of staying in network 2 with the net benefits that can be gained from switching to network 1 (the gross benefits subtract the switching costs), and then make the decision about switching. If switching action happens, then the bandwagon effects might occur due to the network externality.

(3)  If 

 then 

, the antipode to situation 2 will appear and the bandwagon effect may present in adopting network 2. 

If  

 

 solving equation (1) and (2) to obtain the functional form for estimation, we have
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(8)

and                                                

                        (9)

In above equations, if 

, then 

; if 

 then 

 in equation (8) or 

 in equation (9)  The maximal number of users on network i affects the growth of network i. Consequently, the price/performance of a network can indirectly influence the growth of the network through changes of 

, such that the price/performance is a weapon for each network initiator to compete with the other networks in the market. Some networks grow and the others are failure, the results come from the competition.

4.  The relationship among price/performance, costs and benefits of using networks

As indicated above there are a series of factors influence the growth of networks, we are interested to find what relationships among these factors. Since the complex relationships among the factors, we only analyze the relationships between economic factors. 

Assuming that a user on network i at time t (

, where 

 is the life cycle of network i) receives the benefits, 

, which depend on the network size (i.e., the current number of users on the network),

, i = 1, 2, ... m, where m represents the number of networks that exist in a market. If a potential user wants to enter network i, it will consider the transaction volume, 

, which will be transmitted through the network, adoption costs, 

, switching costs,

, j = 1, 2, ... m, and 

, operating costs,

, and maintenance costs,

.  Some cases are discussed below.

(1) The total costs of a user joining network i at time t = 

 are denoted by Ci, which is transformed into the value at time t = 0, and

          

 +

                (10)

where  r is the discount rate.

The total net present value of the user using network i is represented by

 and 



.                            (11)

The user joins network w if and only if 

, where 

,

.

(2) When the user switches from network i to network j at time t = 

 the total costs for using network j are represented by 

, which is also the value at time t = 0, and 

              

 +

,           (12) 

where 

 includes the costs of the user in training, software, hardware, and information, etc. for using network j. Similarly, we have



.                            (13)

The switching condition is  




(14)

that is, the annual net value of switching to network j is greater than the annual net value of remaining in network i. 

Both in Formula (10) and Formula (12), 

                   

                         (15)

where

 is the price/performance of network k, 

 is the other costs which occur in system operation, and k = i or j. 

From the user's perspective, the unit transaction costs of using a network, denoted by 

, may be more important, and  

                   

       

                              (16)

where 

, 

 or 

, and 

 or 


(3) If an initiator of network k subsides its users to join the network and a user receives the subsidy 

 at time t, then the adoption costs of the user are reduced, the realized adoption costs are represented by AC*k(t)

, and

                

                                   (17)

where  k = i or j and 

 or 

.

From initiators’ perspective, the benefits,

 derived from network k depend on the network size, more users on the network, more benefits initiator k will gain, and more competitive advantage it will achieve. The costs of the kth initiator include system development costs, 

 implementation costs, 

, when initiator establishes the network k at time 

, operating costs, 

, maintenance costs,

 system extension costs,

 and costs to induce potential users to join the network, 

 The total costs of the kth network are denoted by 

 and



,     for t = 

,                              (18)

           

,     for t > 

.      (19)

Therefore, an initiator establishing network k at time 

 has the net present value,



                    (20)

If 
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0, the initiator would like to develop and implement the network, otherwise the initiator would reject to launch the network. Here we assume that the costs of adopting the third party's network service are included in the operating costs.  

If an initiator adopts two-part tariffs, then its development costs, implementation costs and subsidies determine the adoption costs of its users; the operating costs, maintenance costs and system extension costs of the initiator determine the operating costs of the users. The switching costs depend mainly upon adoption costs [Liu, 1998]. Clearly, as the number of users in a network increase, the adoption costs may be reduced; this leads to economies of scale in the network. On the other hand, as the number of users increases the operating costs, maintenance costs and subsidies of the initiator will increase. Once the system capacity is approached, the system extension (or upgrade) costs will happen, this leads to changes of the operating costs and maintenance costs in supply side and the operating costs in demand side.

The benefits generated by network are different to initiators and users. Firstly, initiators always receive the positive network externalities, however, for users, they may experience negative network externalities. Secondly, initiators often transmit much more information through network than users; initiators better use system resources, inversely, for users the resources may be underused, so that initiators absorb many more benefits from network than users. Thirdly, initiators derive the benefit from "lock in" effect due to switching costs, which influence users’ switching decision.
The further consideration is concerned with relationships between economic factors and the other factors. These may be very complex: linear or nonlinear, time variable or constant, qualitative or quantitative, etc. We focus on the effect that the other factors influence economic factors in order to establish an outline of the relationships between the two set factors. 

5. A numerical simulation of the growth of two competing networks

In this section, we demonstrate the growth of two competing networks with a numerical example. We assume that the relations between 

 and 

 may be that: (1)

 or 

 (2)

 or 

 (3)

 or 

, (4)

 or 

constant, (5) 

constant. 
In case (1) and (4), both networks will increase overtime and can coexist. In case (2) and (5), both networks may decrease over times and might not survive if the effects of economic output on network sizes are not large enough. In case (3), it may appear a competitive-exclusive process. Further, we assume that the impacts of economic output Y on the maximal sizes of both networks are the same to highlight the effects of price/performance on the maximal network sizes. Finally, we assume that two competing networks can similarly satisfy the users’ demand for network services but differentiate from each other in their price/performance. We simulate only the situation in case (3) with the logistic equation (9). The simulation results based on the time unit month are shown in Figure 1. The parameters are assumed as follows,
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In Figure 1, it clearly demonstrates that the cumulative number of users on network 1 is increased faster than that on network 2 as the price/performance of network 1 decrease quicker than that of network 2, because

 is held over time. It indicates that network1 keeps the competitive advantage over network 2. Although 

 after time t = 68, it is too late for network 2 to catch up with network 1 due to the network externalities.

6. Concluding remarks

In this paper, we introduce a model for illustrating competitive effects on network growth; some results are summarized as follows:

(1)  The growth of networks is also following S-curve in competitive environment, but the S-curve is adjusted by competitive factors, for example, price/performance.

(2)  Network initiators adopting the policy of decreasing price/performance or users' costs can promote the growth of their networks. The interesting thing is that the growth of networks can be achieved although the economic output does not increase, because the price/performance decreases relatively fast and users may gain useful information to overcome some difficulties in a deflated economic situation. 

(3)  The developed model is suitable to those networks, which are possessed of a relative low adoption costs and relative high operating costs, such that users can switch from one network to another network relatively easy, and operating costs are an important factor in the users' decision - which network they would like to join. For some networks, e.g., IOS, adoption costs are relative high and operating costs are relative low, users charge relative high switching costs if they want to switch from one network to the others, so that users may be "locked" by the system. In this case, we should replace the price/performance by unit transaction costs that are shown in section 4 in our model.

(4)  When a new system version substitute for the old one, generally the system function and performance will be more powerful than before, it may lead the system price/performance to decrease and the number of network users to increase.
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Figure 1. The Growth of Two Competing Networks
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One extension of the current model is to include adoption costs, operating costs, maintenance costs, switching costs, network externality and benefits to demonstrate the economic factors influence the growth of networks in a competitive situation, since all of these factors affect the growth of networks. Another work is to consider more than two networks competing with each other in a market, this may be simply replace the third term on the right side in equation (3) by more than one term to reflect the effects of price/performance or unit transaction costs on competing networks.
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