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Abstract

This paper posits that an open architecture is more likely to become a dominant design through its ability to involve complementary firms in the manufacture and development of the product.  The development and acceptance of standards has occurred in-line with this argument within the mobile phone industry.  The modular architecture approach used by the European developers of the GSM communication protocol standard has been very successful with the standard being used in 101 nations compared to the arguably technologically superior (but less open architecture) CDMA standard developed in the US.

I. Introduction

This paper draws on literature that argues that the establishment of an open product architecture assists in the development of innovation outcomes, especially at the component level.  An open architecture also removes certain barriers to entry for the industry and may allow for accelerated acceptance of the architecture as the industry standard or dominant design.  An argument is developed through the literature positing that the openness of standards in product architecture significantly affects the success (as measured through diffusion of the standard) of the various mobile phone communication protocols.  Where the standard is relatively open, incremental and modular innovations occur regularly, and complementary firms engage themselves in a way that further supports the diffusion and acceptance of a standard.  Conversely, closed standards are likely to be slower to develop and unable to attract complementary firms into the larger manufacturing and development system, such that the general acceptance of the closed standard is considerably slower.

This paper traces the development and diffusion of paradigmatic innovations from the perspective of closed versus open architectures in the mobile telephone manufacturing industry.  Specifically, the focus is upon the initial analogue and early digital mobile phone systems that were developed in Europe, the US and Japan.  The success of the Nordic countries, and especially the firms of L. M. Ericsson and Nokia, in the production of mobile telephones is investigated in the context of the early standards development of the NMT system and the way an open architecture approach allowed cooperation to develop among high-tech manufacturers.

The success of these Nordic producers is then contrasted to the relative failure of Japanese firms to succeed in developing equipment for consumers beyond their home market.  The architecture of the system utilised by the Japanese industry is investigated to explain this outcome.

II. Modular Systems

A product architecture is developed through integrating a number of components into a functional system and defining how the individual components will interact with others within the system [1,2].  The way that these interactions between components occur (i.e. how they will link together physically and operate together) is determined by the component interface.  When component interfaces are kept constant over a number of different models of a product, or across a number of similar products, the architecture is said to be modular. Within an architecture, it is the interfaces that define the functional, spatial, physical and non-physical nature of single components, and the way components link with others within the larger system.  The establishment of specific parameters for interfaces ensures that all elements fit together to form a functional system.  The focus of this paper is on non-physical interfaces such as communication protocols in the mobile phone industry and how this has affected the development of innovation in regions where this interface differs.

Modularity can occur at a number of different levels.  In the case of the mobile telephone, broad standards covering the communication (transmitting and receiving of signals) protocols among exchange providers and manufacturers of mobile handsets and related equipment have been established at the industry and regulatory level. The basic elements of the communication protocols are open with regards to the technical requirements required for the manufacture of basic equipment enabling new competitors to enter the mobile phone market.  However, there are many proprietary technologies covered by patents that improve the overall performance and clarity of the system that are not part of the open architecture.

Advantages of using a defined (preferably open) architecture include, the potential for enhanced learning at the component level [3,4], rapid determination of consumer preferences through releasing multiple versions of the same category of product [5], and low barriers to entry for the industry through the non-integrated nature of the product [6]. 

III. Closed versus Open Architectures

The architecture of a product or system may be firm controlled or it may be common knowledge throughout the industry.  For example, single firms may control the complete architecture of specific modular products.  For example, the Quad-4 engines at General Motors are used in a range of vehicles [7].  Volkswagen employ multiple suppliers in manufacturing their range of trucks and buses in Brazil [8].

At the other extreme, the construction of the product or system can rely upon an architecture that is common knowledge across an industry.  In the case of a standard bicycle, every component interface has a well defined international standard.  For example, the rear wheel drop-outs are 135mm wide and the standard sized wheel for a road bike is the size known as 700c.  These international standards allow new firms to easily enter the market, as single components can be manufactured independently of all other activities occurring within the industry.  The standards also allow (theoretically) for any firm in the industry to construct complete bicycles using their own components and the components produced by other manufacturers in the industry.

Some authors [6] suggest that industries that manufacture modular products with an open architecture have lower barriers to entry, enabling new entrants to participate in the industry reasonably easily.  This occurs because modularity, through its inherently loosely coupled architecture, gives rise to a level of embedded coordination.  This reduces the extent to which management coordination is required within the firm and across industries. This principle of limited coordination is also found in various industries where international standards exist such that industry players tend to operate fairly independently, even though their respective outputs must operate together. 

Reduced coordination, especially at the industry level, allows for a geographically dispersed industry to develop, where industry participants can operate independently of others involved in the network.  The extent of such a loosely coupled industry structure is determined by the extent to which the component interface standards are determined by a single or small group of firms, versus the situation where standards are entrenched within an industry.  For example, a loosely coupled industry has evolved in the computer industry where manufacturers can work more independently of a single overseeing firm [9] Here coordination and communication occur mainly when aspects the product architectures are occasionally altered.  For example, the move towards a new standard in removable disk drive saw many of the top companies agree on a new standard in the form of the DVD series of optical based drives [10, 11].

It would appear that closed architectures tend to keep firms out of the industry, do not allow for rapid growth and minimise opportunities for complementary firms to become involved in the product.  On the positive side, such an architecture creates barriers to entry through proprietary technologies.  Conversely, an open architecture allows for rapid development of the product by involving other firms, greater opportunities for becoming the dominant design (even if it is an inferior design), though at the expense of leaving the door open for replication by competitors.  In complex systems such as those supporting mobile phone networks, there are multiple layers within the technology.  The extent to which developers have utilised open versus closed architectures at different levels has resulted in very different growth patterns of the technology.  It is at this point that this paper reviews the effect of differing levels of open architectures amongst the three major standard developers.

IV. Standards Development and Innovation in Mobile Telephony

The Nordic countries accepted the idea of developing a mobile telephone system at a conference in Norway in 1969 [12].  Their early acceptance of, and commitment to, mobile services was influenced by, among other factors, the peculiarities of the Nordic climate and terrain and the need for an effective communications system for the military.  The Nordic countries of Finland, Sweden, Norway and Denmark acted in concert to establish the Nordic Mobile Telephone (NMT) system.  Their success was marked: by 1979 there were 75,000 mobile telephone subscribers in the Nordic countries as compared with 40,000 in the US Bell system and less than 10,000 each in Britain, Germany and France [13].

Key competencies developed in the Nordic market afforded Nokia a valuable technological leadership position to service that rapidly growing North American market.  Nokia entered into a joint-venture with Tandy Corporation in the US in May 1984, and between 1984 and 1988 Nokia entered 20 new international markets [13].  Nokia, throughout this period, leveraged their technical knowledge of production of NMT compatible equipment to the broader industry, producing equipment for the rapidly expanding US analogue AMPS standard.

In Japan, NTT began development of a mobile telephony system in 1961 and the Japanese market was in fact the world’s first recipient of a commercial mobile service in 1979 [12].  The standard adopted in Japan, known as NTT, was characterised by lack of compatibility with other standards and low openness of the standards involved in the design [13].  Thus, while the standard was successful in Japan, it was not adopted elsewhere.  This situation provides a partial explanation for the lack of success of many Japanese electronic firms in the mobile telephone and related equipment industries.  While the domestic market was relatively healthy, Japanese firms concentrated on supplying products for this market.  There was little concentration on developing new and innovative products compatible with other standards and little development of the ‘deep knowledge’ of the new standards that was being developed among smaller European firms.

It is interesting to compare the relative success of Japanese, Nordic and American producers. Much emphasis is placed on the two year lead time the Nordic producers had over US based manufacturers due to the introduction of NMT analogue in 1981, two years prior to the introduction of AMPS services in the United States in 1983.  Japan had a two year head start on the Nordic firms, and a most munificent local economic climate to swell demand.  In investigating the lack of success of Japanese firms, the tight control of the NTT standard seems to have been a major cause of low levels of innovation and international expansion by Japanese firms.

GSM became the pan-European standard in 1987 and was progressively introduced throughout Europe from 1991 onwards.  Notably, the diverse analogue standards that had been present throughout Europe prior to the adoption of GSM gave way to the universal and early adoption of GSM in the key markets of Scandinavia, Great Britain, Italy, Germany and France [13].  This universality led to greater cooperation among industry participants in areas such as research and development.  In comparison, American and Japanese CMT producers were distracted by a multiplicity of standards (in the US) and a national standard that was to be adopted only in Japan (in the case of the Japanese producers).  Nokia and Ericsson worked with the knowledge that an integrated European market with a single standard was developing.  This surety allowed the firms to concentrate on research and development to produce new and innovative products to service the pan-European market.

The concentration on the GSM standard was, with the benefit of hindsight, a wise one. Systems using the North American AMPS analogue standard (or related standards such as TACS) in 1996 far outnumbered those using the NMT or other analogue standards (103 nations versus 39), but where digital standards have been adopted, GSM outnumbers the US CDMA standard by 101 nations to three [13].

V. Conclusion

The case of the GSM standard becoming the dominant mobile phone communication protocol standard in the world today is a classic example of the power of an open architecture versus one that is closed.  Whilst the Japanese analogue standard was the basis for the first commercial mobile phone system, the closed architecture of the system did not allow for other manufacturers or developers to become involved in the standard and speed up the process of its development (or acceptance outside of Japan).  In contrast, the more open architectures of the US based AMPS and the Nordic NMT standards were adopted outside of the developer of the standard’s country.

The true value of an open architecture is best seen in the overwhelming growth of the GSM standard relative to other digital standards.  The initial analogue NMT standard did not become a global dominant design.  However, as suggested by the literature, by utilising an open architecture of a modular nature it did allow other firms to become involved in the development and manufacture of components relative to the standard. This situation allowed firms like Nokia and Ericsson to develop internal competencies within their firms to ensure success in the developing GSM markets.
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