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Introduction


	The exponential growth of the Internet has shown a rate of innovation that could be considered unique in human history.  What started off as a simple project to connect a few computers together evolved into what is now a global “network of networks.”  The growth of Internet telephony in the past year brings up the issue of whether the Internet will remain simply a network of computers or whether it will develop into an integrated network connecting all types of devices, which could challenge the existing telephone network (POTS or plain old telephone service network).  A simple definition of  Internet telephony is using the Internet for the delivery of services normally associated with the telephone network, such as real-time voice calls.  The focus of this paper is to examine how innovations in Internet telephony are bringing the Internet into competition with traditional telephone networks.  Differences between the two networks will be examined to consider whether the Internet might be emerging as a challenger network.  


Past and Future Innovations in Internet Telephony


	By examining past and future innovations in Internet telephony, it can be seen that new services may develop that could cause the Internet to compete with the traditional telephone network. Table 1 outlines some of the major innovations in Internet telephony and their dates.� The first wave of innovations were performed in the 1970’s by university researchers who were already familiar with using ARPAnet for text and data transmission, and decided to try it for voice transmission.  While some of these experiments demonstrated that voice conferencing was possible using packet switching, they did not really produce any product that could be widely used.  In the late 1980’s, the processing power available in workstation became sufficient to allow voice conferencing between two workstations connected to the Internet.  This produced a variety of tools for Internet telephony that were made available to researchers at universities.  These tools were limited by the fact that few people had access to workstations on the Internet and the tools were difficult to use.  In addition, the limited bandwidth on the Internet made it very difficult to get acceptable sound quality.  


INNOVATION�
INVOLVEMENT�
DATE�
�
Text/Data Transmission  to Audio Signal Transmission�
University Researchers�
1976�
�
Quality Applications Released for Workstations�
VAT, Nevot, VT�
Late 80’s�
�
Commercial Applications Released for PC’s�
VocalTec’s Internet Phone and others�
1995�
�
Computer-to-Phone Calling�
Free World Dialup, IDT�
1996�
�
Phone-to-Phone Calling through the Internet�
MIT, Others�
1996�
�
Commercial Phone-to-Phone Systems Released�
Not yet available, Unknown�
1996�
�
Reliable Quality of Service Protocols Available�
Not commercial available, RSVP, IPv6�
1996-97�
�
Direct Internet Telephony into the Home�
Cable Companies�
Unknown�
�
Table 1.  Past and Future Innovations in Internet Telephony


In the 1990’s, several enabling factors set the stage for the rapid growth of Internet telephony occurring now.  The first was that the processing power of PC’s grew, and multimedia capabilities became standard, giving PC’s the power to provide Internet telephony.  The next enabling factor was that higher-speed modems and the proliferation of Internet Access Providers made it easy to get connected to the Internet.  The third enabling factor was that the capacity of the Internet grew to have excess bandwidth due to the creation of the NSFNET, the advent of the World Wide Web and the commercialization of the Internet.  This last factor was essential because Internet telephony currently uses protocols that can only deliver acceptable sound quality on networks that are not congested, and before the capacity of the Internet grew, the sound quality was intolerable often enough to disparage users from using Internet telephony.  These three factors set the stage for the rapid proliferation of Internet telephony in 1995.  Before 1995, there were no widely-available commercial Internet telephony products, but in that year, over a dozen commercial products were released.  In March 1995, the Israeli company VocalTec released Internet Phone as the first widely-available commercial product.  Their product was significant in that it was the first product that demonstrated to the public that the Internet could be used to provide real-time voice calls with sound quality not too different from regular telephone calls.  This induced the release of several other products in 1995 which are listed in Table 2.�  Currently, the rate of innovation with these products is enormous, and in the last few months of 1995, an average of two new products were released per month.  VocalTec has claimed over 600,000 downloads of their trial software�, and Third Planet Publishing reported pre-sales for Digiphone totaling over $1 million in a company press release.


PRODUCT�
COMPANY�
�
Internet Phone�
VocalTec�
�
CU-Seeme�
Cornell/White Pine�
�
Speak Freely�
John Walker�
�
Digiphone�
Third Planet Publishing�
�
Webtalk�
Quarterdeck�
�
Webphone�
Internet Telephone Co.�
�
Softfone�
Silversoft�
�
Powwow�
Tribal Voice�
�
Cyberphone�
Cyberscience�
�
Intercom�
Telescape�
�
PGPFone�
MIT�
�
Maven�
Charley Kline�
�
Netphone�
Electric Magic�
�
Table 2.  Internet Telephony Applications


	Although innovations in Internet telephony were rapid in 1995, all of the products released were characterized by the fact that they were limited to only providing calls between two computers, and did not allow for the use of regular phones.  The problem with this limitation is that computers are not nearly as ubiquitous or easy-to-use as telephones.  Most of the problems users reported with existing applications had nothing to do with the software design, but was due to hardware complications, like where to plug in the microphone and how to turn it on.  In addition, because both sides must use computers, calling times have to be pre-arranged unless the users always leave their Internet telephony application running on their computer.  All of these problems can be solved by allowing people to use regular telephones with Internet telephony rather than computers.  


This lead to the next innovation, which was to allow Internet telephony users to place calls from their computers to regular phones.  The enabling technology here is a “phone gateway” which is a computer that will bridge the gap between the telephone network and the Internet by converting the analog voice signal of the telephone to packets for the Internet.  In late 1995 and early 1996, a group of Internet telephony hobbyists formed an association called Free World Dialup, and released software that would allow Internet users to place calls from the Internet to regular phones.   Although their software is still more at a proof-of-concept stage, it is significant because it demonstrates the idea that the Internet is not limited to connecting computers.  In November 1995, International Discount Telecommunications (IDT) announced that they had plans to provide a service that would allow Internet Phone users to use their computers to place calls through the Internet to regular phones in major US cities at a rate of 10 cents per minute.  While they have yet to provide this service, economic analysis shows that such a service could be provided with a profit at or below the price that they propose.�


	The next significant innovation is the demonstration that Internet telephony can be used for phone-to-phone calls in the same way as a long distance carrier.  The concept is that by coupling two phone gateways, phone calls between two regular phones could be placed through the Internet.  The driving forces behind this innovation comes from the development of computer telephony, which allows PC’s and workstations to perform telephony functions that were previously restricted to special-purpose switches and PBX’s.  A proof-of-concept demonstration of this phone-to-phone service is being conducted at MIT in a project involving the author, and software is being developed in the same project for a multiple-line system.  While this system can form a basis of future developments, it is not designed for wide-spread commercial deployment.  Such a commercial system for wide-spread deployment would represent the next level of innovation.  It is likely that the first commercial systems would allow access to Internet telephony through PBX’s for businesses and through Internet Access Providers for individuals.  For businesses, “smart PBX’s” could transmit calls over the Internet without the end user even knowing their call is going through the Internet.  Individuals in homes would have to make a local call into an Internet Access Provider before they could use Internet telephony with a regular phone, which is likely to make it a less convenient way to make calls than going through a long distance carrier..


	Once commercial phone gateways are available, the next obstacle to overcome will be for the Internet to provide reliable sound quality.  Existing Internet telephony applications can produce sound quality comparable to a cellular phone for most calls inside the United States, but international calls are more unreliable.  The problem is not in the applications themselves, but in the unreliable protocols of the Internet (UDP and IPv4 are currently used for Internet telephony).  Development is currently underway for new protocols that can provide service guarantees such as RSVP and IPv6.  The main problem with the implementation of these protocols is that for them to be able to provide a service guarantee, a good portion of existing router software on the Internet would need to be replaced, which is likely to be a lengthy process.  Once this process is completed and phone gateways are in place it will be possible for Internet telephony to provide the same service as long distance carriers.


	Providing Internet telephony directly into the home would represent the next level of innovation.  The current strategy of cable companies is to provide local area networks into each neighborhood for high-speed Internet access.  This connectivity could be coupled with a home computer acting as a smart PBX, which could route phone calls either through the Internet or the POTS network without the end users knowing how the call was routed.  In addition, Internet telephony calls could be made to regular phones in the home.  Once this is in place, Internet telephony could integrated so that it becomes indistinguishable from the POTS network.


Architectural and Market Differences between the Internet and the POTS Network


	To understand how Internet telephony might bring the Internet into competition with the traditional telephone network, it is necessary to understand how the architectural differences translate into market differences between the two networks.  The Open Data Networks (ODN) model has been the basis of the Internet, and is characterized by the fact that it separates components into four layers that allow for component substitution at each layer.  The four layers are the bearer service, transport service, middleware services and applications, and all four layers exist on a network transport technology such as POTS, ATM or LANs.  Because each of these layers allow substitution within the layer, the model provides flexibility to easily introduce new standards that can compete with existing standards.  In contrast, the traditional telecommunications model the application (voice calls) is tied to the transport network (POTS), which does not provide nearly as much flexibility.  In the ODN model, telephony is only one application on the Internet, and it can exist on any transport network.  This means that once Internet telephony is established, the POTS network could be viewed as a subset of the many applications on the Internet.  The Internet will no longer be limited to a network of computers, but could be viewed as an all-inclusive network that also includes applications for telephones (through Internet telephony), television sets and other devices.


In the transition from traditional telephony to the Internet, many analogies could be drawn from the transition from centralized computing with mainframes toward a client-server model of computing.  In fact, this new transition in telecommunications can be seen as an extension of the transition in computing because many of the changes are driven by the fact that as general-purpose computing grows in computational power, it can perform telecommunications functions that were previously done in special purpose computing devices.  Because the Internet is only a global extension of client-server computing, its architecture shares many similarities with the model of general-purpose computing such as, distributed intelligence, modularized components, interoperability and general purpose functionality.  Mainframes and the POTS network share the opposite characteristics.  A complete list of differing characteristics between the Internet and POTS architecture is shown in Table 3.


INTERNET ARCHITECTURE�
INTERNET MARKET�
POTS ARCHITECTURE�
POTS MARKET�
�
Distributed/Intelligence on Network Periphery�
Distributed Equipment Cost�
Centralize/Intelligence at Network Center�
Centralized Equipment Cost�
�
Modularized components�
Low Barriers to Entry/Exit�
Integrated network�
High Barriers to Entry/Exit�
�
Interoperable with other networks�
Bottom Up Development�
Limited interoperability�
Top Down Development�
�
No defined service/General Purpose Function�
Flexible Market�
Optimized around one service (voice)�
Vertically Integrated Market�
�
Limited QoS now/multiple QoS in future�
Flat Rate Billing�
One QoS �
Usage Based Billing�
�
PC/Workstation dependent�
Rapid Growth�
Mainframe dependent�
Little Growth�
�
Dependent more on software�
Economies of Innovation�
Dependent more on hardware�
Economies of Scale�
�
Packet switched/Maximizes use of bandwidth�
Very Competitive�
Circuit switched/wasted & excess bandwidth�
Oligopoly�
�
�
Little Advertising�
�
Heavy Advertising�
�
�
Little Regulation�
�
Heavily Regulated�
�
Table 3.  Architectural and Market Characteristics of the Internet and the POTS Network


These architectural differences translate into key market differences between the Internet and the POTS network that are also outlined in Table 3.  Architectural characteristics of the Internet such as its distributed nature, modularized components, interoperability, dependence on software and general purpose functionality translate into a market that with flexibility, rapid innovation, bottom-up development, low barriers to entry/exit and distributed costs, high levels of competition and little advertising.  The opposing characteristics in the POTS architecture leads to a POTS market that is vertically integrated, with high barriers to entry/exit due to centralized cost, with economies of scale, top-down development, comparatively little growth, characterized by an oligopoly with heavy advertising. 


Competitive Advantage


How the key differences between the two markets translate into competitive advantage depends on the environment in which they exist.  A key question is whether the economic environment will bring more benefit from economies of scale or economies of innovation.  Another consideration is whether the technical development is best done using a low-cost, bottom-up approach or a high-cost, top-down approach.  These are two of the main factors in determining whether the economy will more benefit from having a competitive environment or an oligopoly.  Much of the debate on the Telecommunications Act of 1996 was centered around this issue, and the overwhelming consensus was in favor of competition, at least in the rhetoric.  An interesting fact is that the telecommunications companies have all announced strategies attempting to vertically integrate their markets.  Those opposing the Act, argued that this vertical integration would lead to less competition and innovation.  The fact that the Internet is not vertically integrated but is modularized is often cited as a key reason for its high rate of innovation; however, the current strategy of telecommunications companies is a move away from the Internet model of telecommunication.  In considering how this strategy might affect the competitiveness of the POTS network with the Internet, the key issue will be whether the economic environment will favor vertical integration that avoids double-marginalization possibilities or an architecture that is modularized to generate innovation. 


Another key issue when considering future competitive advantage between the two networks is what is the technology and knowledge base of each market and how that might affect future development.  The technology and knowledge base of the Internet is centered around general-purpose, client-server computing while the POTS network is centered around mainframe and special-purpose computing.  This is a key factor because general-purpose computing has such a large basis that companies can centralize their R&D efforts in a way that has allowed for the rapid development in computing known as Moore’s Law, which states that the power of computing increases by a factor of two every two years.  By having many industries dependent on microprocessors, economies of scale can be realized in microprocessor development, while leaving economies of innovation to allow for the flexible use of computing.  This led to rapid development which has cause general-purpose workstations to grow to replace mainframes in computing, and is now leading to the replacement of special-purpose telecommunications equipment.  As this transition is made, those companies with a strong knowledge base in general-purpose computing will have a considerable advantage over those with a knowledge base in mainframe and specific-purpose computing. For telecommunications companies, this transition is likely to be difficult both in equipment costs and in the organizational difficulties that arise when making a transition to a new paradigm.


	To understand how competition might evolve between the Internet and the POTS network, it is important to understand how they relate to each other.  The Internet currently exists “on top of” a variety of networks.  It is important to note that a large portion of the Internet exists on the POTS network and the various networks owned by long distance carriers.  This is a key factor because the basic costs for Internet transmission include the cost of leasing these lines and equipment costs for routers and network equipment.  Why this is so significant is that the market for these lines is characterized by very high fixed costs and zero marginal cost.  The bid process to lease these lines is that each telecommunications company offers their best price, and whoever offers the lowest price wins the bid.  This is a form of  competition known as Bertrand Price Competition, and basic economics states that this form of competition will bring down prices to marginal costs, which in this case is zero.  The reason why prices have not been this low so far is that the market for these lines is a stable oligopoly, but that has not prevented the limited competition that exists from bringing prices down significantly.  Large corporations as well as those leasing lines to the Internet used this fact to get lines at dramatically reduced rates. This has presented opportunities of arbitrage where long distance resellers buy these lines at low rates and then resell the capacity at reduced rates to smaller groups.


	As the capacity of the Internet grows it could be able leverage this buyer power in the form of reduced rates, which could give Internet telephony enormous potential.  In addition to reduced rates, Internet telephony also presents efficiencies introduced by packet switching and speech compression that could further reduce costs.  Combining these efficiencies with reduced rates for leased lines, the line cost of transmitting a call over the Internet could be from 50 to 1000 times lower than the cost of leasing an individual line.� These savings are under the current market conditions, and as the capacity of the Internet grows, it will have increased market power in the bid process for lines which should bring line prices closer to marginal costs.  While it is difficult to make projections about the growth of the Internet, current growth rates show that in the next few years its capacity is likely to become greater than all existing voice traffic combined.  This could give the Internet enough buyer power to break down the existing oligopoly and bring transmission costs close to zero, which would be a considerable threat to the existing telecommunications companies.


Conclusion


	There are still many uncertainties in considering whether Internet telephony could transform the Internet into a successor to the POTS network. The Internet has the advantage that its development is tied to general purpose computers which have been growing in power exponentially for the past several decades and are likely to continue to do so for some time. The POTS network has the advantage that it is well-developed and it is still much more ubiquitous than the Internet and will remain so for some time.  It still remains to be demonstrated that the Internet can provide the same quality of voice service of the POTS network, but the rate of  innovation in the Internet is such that it could soon provide service comparable or better than the POTS network. Because the rapid innovation of the Internet is a key competitive advantage, telecommunications companies could lobby to get the Internet subject to the same regulations as the POTS network to take away part of that advantage. It is possible that the Internet may actually evolve so that the POTS network simply becomes a subset of a larger network. Whether this happens will depend largely on whether the dominant factor in the telecommunications market is economies of innovation or economies of scale because this represents the key difference between the Internet and the POTS network. 
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