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1 Introduction

Nowadays, business people have become forced to react to the impact of technology in their businesses.  Technology is no longer to be thought of as merely a cost required to support isolated business functions such as payroll, order entry, and accounts payable.  Rather, technology spending and computer literacy for many companies are becoming increasingly part of the overall corporate agenda to be used to greatly improve the internal operations of companies, penetrate new markets, supercharge sales initiatives, and develop innovative products.  In a MCI sponsored survey where 555 CEOs were enquired as to what advice they would give to others trying to ensure that their businesses would remain competitive, a significant number to them pointed out that keeping up with new technologies would become increasingly important. 44% of the CEOs believe that information technology or communications capabilities will be the technology trends that will most help their businesses over the next five years, and 66% believe that in five years, doing business on the internet will be critical to staying competitive.  High-technology companies themselves are learning how to manage the rapid pace of their volatile landscape and stay competitive within their own marketplaces through management and technology strategies designed to suit their businesses.  Technology expense becomes often the largest budget item that a company has, and more core businesses (e.g. trade processing at a securities firm) are dependent on technology performing properly every single day.  Therefore, technology management has become increasingly important strategic issue on CEO’ s agenda.

In greater China area, Taiwan and Singapore have been very active in the high tech manufacturing sector, and they are now transferring to more value added area such as software and R& D.  China is now aggressively taking up more market share in low cost manufacturing and attracting more and more investors in it huge potential market.

2 Geographical segements in Greater China

2.1 Regional Roadmaps for high tech industries
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2.1.1 Singapore: Transition from manufacturing to e-commerce

Traditionally, Singapore has been a competitive trading port and a trading center from the 19th century.                   It has the best airports and seaports in the world.  Now, going into the 21st century, Singapore government is thinking about the role for Singapore as a virtual trading post.  They are making sure they have the infrastructure, the people skills to address the needs of the 21st century.   Now, Singapore is increasingly looking to strengthen their expertise in software development as they seek to offset declines in electronics manufacturing.  Planners have launched programs designed to help the island nation compete internationally in software technology.
2.1.1.1 Shrinking printed circuit-board business 

Singapore's Economic Development Board concluded in a recent study that multinational electronics companies will cut investment at Singapore in such areas as pc-board manufacturing in the next several years.  Private analysts agree that Singapore is becoming too expensive to stay competitive. "China looks more certain to draw foreign direct investments for circuit-board manufacturing and assembly in the long run," said Russel Tan, an industry analyst with DBS Securities. Tan said the board market in Singapore is

Shrinking, noting that there are only two locally listed makers. China has a larger, and growing, manufacturing bases.

"Many operators have shifted north to China and Taiwan, and the Taiwanese are turning the regional downturn to their advantage," said Remy Lim, general manager for Southeast Asia at Speedline Technologies Asia. Such large manufacturers as Natsteel, JIT and Solectron have expanded.

Lim added that U.S. companies in Singapore, such as Hewlett-Packard, Seagate and Motorola, are diverting production elsewhere or subcontracting manufacturing. 

Despite the setbacks, observers see a gradual consolidation of the board industry and the onset of technologies that could redefine the way the industry performs. For instance, chip-packaging technologies such as flip chips promise to transform manufacturing.  As packaging technologies emerge, Lim said, board makers will be folded into the back end of semiconductor companies. "Existing lines drawn between

pc-board and semiconductor companies will inevitably become nonexistent," Lim said.

Speedline's Barden added that the trend toward consolidation could spawn "super-sub-contractors," wherein manufacturers combine their back-end IC and board assembly into a single manufacturing company. "Only large companies that can afford investments in equipment and training will be able to handle the integration of the new technologies into their existing factories," Barden said.

The nation has lost its competitive edge as a low-cost manufacturing center. Increasingly, companies like disk-drive makers Maxtor and Seagate view China as a preferred location for their future manufacturing operations.   This island nation appears to be losing its grip on printed-circuit board manufacturing, and industry watchers here are worrying aloud that China will soon supplant it as Asia's pc-board hub. "The board industry is fighting a losing battle, especially when there is cheaper labor and manufacturing                  overhead [elsewhere]," said Janardan Menon, an investment analyst with Dresdner Kleinwort Benson, based in Singapore.

Philip Yeo, chairman of the Economic Development Board, said Singapore's electronics industry is the only sector where prices continue to decline annually. Hence, producers are under greater pressure to cut costs.  "So, where they have to relocate part of their production, the [board] will help them restructure [and] keep as much of their high-value activities here" as possible, Yeo said. "It's in our interest for them to be viable."

In a sense, Singapore is a victim of its own success. "With the use of [its] logistics capabilities, its technology and its knowledge-based labor force, Singapore has attracted contract manufacturers," said Chris Hill, Asian manufacturing manager for Universal Instruments. "That has enabled Singapore

to move up the high-technology ladder."

2.1.1.2 Transformation to value-added, high-tech center


Currently, Singapore begins the shift from the low-cost manufacturing that made it an Asian electronics powerhouse over the last decade. Now, the goal is to transform Singapore into a value-added, high-technology center.  In order to strengthen Singapore’s national competitiveness, the government has stepped up efforts to transform itself to more value-added software technology.   One software effort involves the development of customized content for Singapore's One Network for Everyone (ONE) project, which seeks to link all households (3 million residents) to a high-speed broadband network 100 times faster than the Internet. The customized content is seen as a critical tool for furthering the local software industry. Firms specializing in electronic commerce, and even publishers, are developing their own content for the Web.

Michael Yap, chief executive of Singapore's National Computer Board, said the effort to build up the software industry is part of a larger plan to become an electronic-commerce hub for Asia. Part of the strategy involves making Singapore a kind of "cyberport," redirecting Internet traffic and e-commerce to and from the island.

Multinational companies are nevertheless pouring millions of dollars into infrastructure here to promote Singapore as an e-commerce hub. Microsoft Corp., Hewlett-Packard Co., IBM Corp., Compaq Computer Corp., Visa International and other Fortune 500 companies have already made large investments in infrastructure development as well as e-commerce R&D. Singapore announced a $1 billion investment fund earlier in May, 99 designed to attract foreign venture capitalists to technology projects. The effort is part of Singapore's overall strategy to build up its own intellectual property prowess while attracting foreign talent.

With the network in place, experts here said, Singapore is poised to grab a sizable chunk of Asia's e-commerce business.  Singapore is the first nation completely wired with both asymmetric digital

subscriber line and cable modems. The broadband system uses a high-speed optical-fiber backbone network based on asynchronous-transfer-mode (ATM) technology. It also uses small, fixed-length cells to carry digital data across high-speed cable. The ATM backbone provides a gateway link to the Internet

and overseas networks.

Mike Liew, marketing-communications director for Visa International Asia-Pacific, estimated that over the next three years e-commerce will represent as much as $400 billion in volume. Over the next 20 years, Liew said, as much as 20 percent of all personal and business transactions will take place over the Internet. Visa determined it "could deploy much broader applications [using Singapore ONE], opening up new avenues for e-commerce [such as] Internet pay-for-view and subscription video services," Liew said.

By positioning the Singapore ONE network as the de facto "switch" in Asia, proponents said, the country could achieve its goal of dominance in electronic commerce.

2.1.1.3  Future threats and uncertainties

However, the bright future drafted is still facing considerable threats.  Geoffrey Barker, a Hong Kong-based economist with Dresdner Kleinwort Benson, warned in a monthly report on Asian business prospects that rising expectations for an economic recovery could be threatened by a "double-dip" recession in Asia. Although Singapore may emerge stronger by late 1999, for now its exports remain under pressure, and its high currency rate compared with other Asian currencies has made it less competitive, Barker said.  Singapore's gross domestic product is forecast to slip 2 percent in 1999.  Unemployment is expected to hit an all-time high.

Whether this transition from low cost manufacturers to e-commerce center remains to be seen in the next several years, but with Singapore’s huge government support, the odds seem very high.

2.1.2 Taiwan:  Low cost manufacturing leader in high tech

2.1.2.1 Current leading position in manufacturing

Taiwan is the U.S.'s seventh-largest trading partner.  Currently, Taiwan produces between 13 and 15 percent of the world's semiconductors. It also accounts for 80 percent of PC motherboard production and roughly two-thirds of global wafer production and processing. Estimates of its share of the DRAM market range between 5 and 6 percent. According to Taiwan's Institute of Information Industry, total hardware production topped $33 billion in 1998. 

Given its sheer size, the electronics industry's losses are also expected to have a major impact on Taiwan's economic growth. According to Taiwan's Ministry of Economic Affairs, economic growth is expected to decline from 6 percent to 5.6 percent as a direct result of the earthquake of September. 

Taiwan also has two of the largest foundries in the world, Taiwan Semiconductor Manufacturing Co. and UMC Group, the September earthquake in Taiwan affected their production schedule and even the whole high tech industry is feeling the disruption. Technology stock prices sank on the uncertainty of the quake's impact.   He said the quake has enormous potential for disrupting PC design plans since NEC, like many companies, sources motherboards, displays, keyboards, power supplies, and cable harnasses from Taiwan. In addition to its current leading position in medium tech manufacturing, Taiwan is also actively exploring new areas such as FPD.

In some cases, Taiwan's FPD makers already have a built-in customer base. Acer Display, for instance, which is a subsidiary of PC powerhouse Acer, obtained its technology from IBM. Acer Display plans to sell its devices to both companies, although it will aggressively pursue other customers, Chen said. 

To secure a stable supply of LCDs, Quanta Computer, Taiwan's largest notebook PC maker, is entering the FPD manufacturing fray with technology licensed from Sharp. The new venture plans to ship its first products next year. 

Having acquired large-screen AM-LCD technology from Mitsubishi Electric in 1997, Taoyuan-based Chungwha Picture Tubes began shipping its first panels in May.  Acer Display followed in July with its first mass-produced screens, and plans to boost production from current levels of 10,000 panels per month to 30,000 units early in 2000, according to Chen. Acer Display also broke ground on a new fab, with production slated for the first half of 2001. 

Next up is Unipac, which licensed Matsushita's technology and has just begun shipping its first large-screen products from a plant capable of 30,000 units per month. Additionally, Tainan-based Chi-Mei Optoelectronics recently formed an AM-LCD alliance with Fujitsu Ltd. and is shipping products using 750x620-mm motherglass.  And in yet another venture inspired by Japanese technology, Taiwan's Walsin Lihwa and Winbond Electronics last year formed a joint AM-LCD partnership with Toshiba. The new company, Hannstar Display, will begin shipping products in the first quarter of 2000. 

Taiwan's competitive advantage is that the manufacturers would resort to a price war to gain market share, a strategy that is pervasive among many of the island's PC and IC companies. This allows Taiwan to be one of the world's leading suppliers of notebook PCs and LCD monitors. 

2.1.2.2 Shifting technology and its impact on Taiwan’s future outlook:  From analog to digital in modem domain

The island's modem industry has come a long way in a short time. In the late 1980s, Taiwan's modem industry emerged when a few start-ups rolled out their first products, a line of cheap 300-Kbit/s systems for PCs.  In the early days, Taiwanese modem manufacturers simply copied the designs from their U.S. competitors, analysts said. And most, if not all, of the early "knock-offs" from Taiwan were thought to be of questionable quality. Taiwan is still suffering from the image that its products are substandard.

By the early 1990s, Taiwan upgraded its technology to became one of the largest suppliers of analog-modem products. Hundreds of small- to midsize modem players emerged on the island. By the mid-1990s, a few had risen to the top.

Not everything ran smoothly, however. Throughout the 1990s, Taiwan's modem makers attempted unsuccessfully to establish their own worldwide brand names. But these companies were too small and lacked the resources and marketing prowess to do so, according to analysts. Instead, local vendors focused on what they did best: building low-cost internal and external modems for OEMs. In effect, Taiwan's modem makers are contract electronics manufacturers.

The business model for Taiwan's analog-modem business is simple.  "Taiwan's modem business hasn't changed for a long time," Askey's Kao said. "Basically, [a Taiwanese modem maker] obtains a reference design kit from a modem-chipset maker like Lucent or Conexant. Then, we simply build a modem product for an OEM and bring down the costs."  

Taiwan's shipments of analog modems are expected to reach 28 million units this year, up from 22.9 million in 1998, according to the Market Intelligence Center, Taipei. That's a big chunk of the worldwide market, which will increase in this interval to 69.8 million units from 59.2 million.

The low-margin analog modem is expected to prevail for now. A longer life for low-margin products could prolong the financial pain of Taiwan's modem suppliers.  "We're in a new era with digital modems, but the [analog-oriented] 56-Kbit/s modem will be around at least for another two or three years," added the executive at Turbocomm.  Acer Inc. subsidiary Acer Nextus Inc., which makes hubs, switches, V.90-compatible analog modems, and other products, expects DSL to emerge slowly.

Despite financial turbulence at Taiwan's modem companies, multinational PC makers are braving the technically challenging digital-modem waters and shipping new, low-cost cable and digital subscriber line (DSL) modems to major OEMs.

Compaq, Dell, Hewlett-Packard, IBM, and other major PC makers buy most of their analog modems from Taiwan's vendors, and are looking to source their digital modems in the country, which has nearly 40% of the world's analog-modem market share. Cisco Systems Inc. recently established cable- and DSL-modem laboratories in Taiwan. The labs will enable the maker of expensive central-office and head-end equipment for phone and cable companies to find Taiwanese partners to supply the company with low-cost cable- and DSL-modem products. Cisco Systems' research efforts in Taiwan are also targeted at helping local customers solve complex technical issues such as interoperability.

The country's approximately 30 smaller modem makers are under intense pressure, and analysts anticipate that a fair number may fall prey to industry consolidation. The island's larger players have already felt the heat following a period of falling margins, stiff competition, and other market turmoil. Financial difficulties at two of Taiwan's "Big 3" modem makers-CIS Technologies Inc. and GVC Corp.-have recently forced them to restructure or merge with others.  Askey Computer Corp., the other member of the Big 3, remains stable.  Eyes are on the Big 3 because they account for three-fourths of the country's modem output.

Finances aren't their only concern. Several emerging modem players in Taiwan-including Acer, E-Tech, Turbocomm, Xavi, and Zyxel-are looking to topple the Big 3.

Askey is noted for such cable-modem products as its MCNS-DOCSIS family, which is designed to transport data at 40 Mbits/s downstream and 10 Mbits/s upstream. Built around chipsets from Broadcom Corp., Askey's external cable-modem products sell for $180 to $220 per unit. The company is also pushing an internal cable-modem product that sells for about $180 per unit.  Askey, which builds analog and cable modems on an OEM basis for Cisco, Compaq, Philips, and others, also recently entered the DSL space with the introduction of the MagicXpress ADSL/G.Lite USB Modem, which supports both ADSL and G.Lite applications.  Industry experts draw some parallels between the analog- and digital-modem camps.

"In Taiwan, the DSL-modem business is beginning to resemble the analog-modem business. You get a reference design from a chipset maker, build the product, and cut the price," explained Jeff Kao, project manager at Askey's U.S. sales subsidiary, Askey International Corp. in Fremont, Calif. "We don't see that happening in the cable-modem business in Taiwan. Not all Taiwanese companies have the technology to develop these types of products."

In addition to technical challenges, market dynamics are apt to alter the landscape. Time will tell how Taiwan's newcomers to the digital-modem fray will fare. Turbocomm Inc., a spinoff of CIS, builds cable-modem products on an OEM basis for Toshiba, sources said.  "We're shipping about 20,000 cable modems per month right now," said an executive from Turbocomm, Taipei. The company is planning to enter the DSL-modem market this year as well, he added.

Therefore, Taiwan is now gaining shares to be the leader in low manufacturing of high tech products, but it also have to worry about how to prevent other competitors from catching up using more advanced technologies.

2.1.3 People’s Republic of China

With a population of 1.2 billion people, China is estimated to be the world’s largest emerging market. The World Bank estimates that by the year 2020, China will be the world’s largest economy.  Today, China attracts more foreign direct investment than any country except the US.
During its transformation to market-driven economy since 1978, its demand for high tech products is huge.  China Telecom estimates that 1 in 5 potential internet users resides in China.

2.1.3.1 PC boom 

Encouraged by China's political leaders, who consider the PC an essential modernization tool, ordinary Chinese citizens have joined influential customers in government and industry to create a huge and thriving market in original equipment manufacturer (OEM) and retail PC hardware and software. Indeed, China has proved a bright spot in a dim year for the PC industry as the sales numbers here have bucked the West's downward trend. 

Nowhere is the PC boom more in evidence than in Beijing's bustling Zhong Guan Cun electronics district, a

frenetic hub that epitomizes the uniquely Chinese OEM business model of on-the-spot manufacturing.  Reports from other such centers in Shanghai, Guanghou, Tianjin, and Shenzen suggest PC fever is a nationwide phenomenon.  At Zhong Guan Cun in Beijing, throngs of buyers seeking equipment for business or personal use crowd the strip's hundreds of stalls and larger shops, which proffer the latest microprocessors, motherboards, disk drives, single in-line memory modules, graphics cards, monitors, keyboards, and modems.  Indeed, virtually any PC component or add-in available in today's market -- and every known brand name in computerdom -- can be found at Zhong Guan Cun.  Although the components are not manufactured here, expert assemblers and system builders can configure virtually any customized system while you wait – usually for about 10 percent below Dell's best price. And huge 3Com and Cisco billboards attest to the rise of an attendant business in networking hubs and routers, characterized by the same cash-driven, turnkey approach to system integration. 

Although there is an official 17 percent customs tax on PC parts imported into China, sources here suggest

government enforcement is casual at best. "The small PC assemblers have found ways of avoiding the tax,"

one source said, noting the cost savings let the build-it-on-the-spot shops operate with margins that the                   likes of Dell, Compaq, and Hewlett-Packard can only envy. Lacking the credit infrastructure of the West, and with telephone sales and e-commerce virtually unknown in these parts, cash-for-merchandise bargaining is as spirited in Zhong Guan Cun as elsewhere in Beijing. 

In Shanghai, the CVIC Center, a large, modern computer emporium in the heart of downtown, lacks Zhong Guan Cun's colorful atmosphere, but rivals its activity. The center comprises six floors of computer stores, ranging from large enterprises with flashy displays of brand names to hundreds of tiny shops with stocks of parts and handwritten price sheets.   Also in Shanghai -- on the city's historic Bund, where Europe set up shop after the Opium Wars -- is the new Wai Tan Computer center, now operating in phase one, with phase two to open next month. Wai Tan's small shops specialize in selling components, which buyers

assemble into PCs . 

Whether located in a clean, modern venue or off a dusty alley, the importance of small PC stores as a major

channel in China is undeniable. Intel said about half its central processing unit sales in China are channeled

through the no-name shops. 

Like China's small retailers, local PC makers are winning market share with a no-frills approach that stresses low price and a flexible feature mix. And the largest Chinese PC makers, such as Legend Group, Great Wall Computer, and Shanghai Computer, are rapidly establishing their brand names. 

Legend is China's leading PC OEM. The company reportedly sold more than 500,000 units last year, topping Compaq with a market-leading share of roughly 11 percent, said Peter Liu, chairman of WI Harper Group, a venture-capital concern that has helped fund a number of  PC-related enterprises in China. Tontru, another popular local brand, sold more than 200,000 units last year. 

The price differential between the established brand names and the built-on-the-spot machines can be                 cavernous. At Shanghai's small shops, less than $800 will buy a Pentium 233-MHz MMX multimedia system with 32 megabytes of dynamic RAM, a 15-inch monitor, a 2.5-gigabyte hard drive, a 24X CD-ROM drive, graphics, and fax/modem cards. Similar systems from NEC, IBM, and Acer run about 50 percent more. 

The disparity is even more pronounced for Pentium II systems. The Chinese assembly shops offer Pentium II multimedia systems for as low as $913. Pentium II packages are commonly found for $1,100. Foreign                   brands of similar systems can cost up to 74 percent more. 

Local sources said Santa Clara, Calif.-based Intel has set up a PC-software incubation center in Shanghai and it is working closely with small and midsized OEMs to push adoption of the Pentium II as the base processor for new systems. 

 Such relationships could prove critical as China exerts widening market influence. From a 1991 base of only 2,000 units, China's PC market has expanded at a clip that finds brand-name suppliers, local OEMs, and one-man assembly operations scrambling to keep pace.  Last year, according to estimates published by China's newly formed Ministry of Information Technology, roughly 1.4 million PCs were sold; this year, it is expected to top 2.6 million. 

The freewheeling PC trade has the government's blessing; indeed, the IT ministry may be the market’s most vocal cheerleader. Some call the government posturing propaganda, but it is paying off in spades. 

Recently formed via the merger of China's electronics ministry and its Ministry of Post and                Telecommunications, the IT mega-ministry encourages PC adoption as a means of "readjusting and upgrading China's industrial structure," in the words of Tu Deyong, an official with the old Ministry of Electronics Industry who spoke at a Semiconductor Equipment Materials International-China briefing in Shanghai last week. 

Part and parcel of that upgrade and readjustment is an embracing of the digital revolution. As Tu put it, "If we still keep analog products, we'll all be out of business."  The IT policy is also aimed at "deepening our reform of scientific and technological systems to improve R&D" and includes "close ties to companies and universities," Tu said. "We need to update traditional industries and use IT to boost national economic growth." Toward that end, the ministry is promoting "golden projects," including efforts in computer-aided design/computer-aided manufacturing and computer-integrated manufacturing. 

The major reasons for this computer boom is 1. China's one-child-per-family population-control policy has fueled the home-computer boom, as parents seek to give their offspring every possible advantage, even if it means laying out three months' salary for a computer. 

Joseph Luo, vice president of H-Line Public Relations, in Beijing, which represents a broad mix of primarily U.S.-based companies, said he predicted computer sales to the home market will grow more than 66.7 percent this year over 1996 levels. "PC OEMs are very aggressive and think they will double sales from this year to next," he added. 

Luo said a huge market also exists in China for all types of add-in peripherals. Handwriting input devices are particularly big sellers.   The Chinese government has issued more than 130 licenses to PC OEMs in China over the past several years. Nonetheless, the number of significant players has been winnowed to a handful, with Legend in the lead. 

Another trend that promises opportunities is the surge in local Internet use. ISPs serve 870,000 users in China.  But connection charges are pegged to a government rate structure that charges 0.2 yuan a minute. The IT ministry could wield some influences over rates.  Some observers said they think the per-minute rate

structure may soon be replaced by a flat-rate structure.   In order to boost internet use in China, the  government has lowered the rate twice within 1999.

2.1.3.2 Burgeoning manufacturing centers 

Global electronics manufacturers seeking to ride out the final stages of the Asian economic crisis are planning to expand their operations in the region. A key question is whether multinational and Asian companies will focus their efforts on China, eventually making it the manufacturing center of Asia.

Manufacturers across the region and around the world are targeting China as they seek greater capacity and long-term, sustainable growth. "Companies like Philips, Sony and National Semiconductor have all had less than impressive turnaround for this quarter in Asia," said one American analyst. "They are making drastic changes to their manufacturing, production and management policies so that they can be better prepared when the good times return to Asia."

Regional companies also realize that investment in production facilities is the best way to create sustainable growth. For instance, printed-circuit-board maker Elec & Eltek International (Singapore) will increase its production capacity by 20 percent this year. It also plans to open a new factory in China's Guangdong province, a region that includes the manufacturing hub and free trade zone of Shenzhen.  With Intel Corp. on board as a prized customer, Elec & Eltek plans to create a manufacturing base in China. It currently operates two Guangdong factories that contribute nearly half of its production.

China's allure for Asian companies is simple, analysts said. "Companies are moving their manufacturing operations to China primarily to take advantage of lower setup and labor costs," said Paresh Chugh, a technology analyst with Donaldson, Lufkin & Jenrette in Hong Kong. "Hong Kong is an attractive port for Chinese-made goods [that can] be re-exported to the nearby Asia Pacific and Western markets."

Since high-tech manufacturing output in China accounts for nearly $4.8 billion of its total gross domestic product, it is only a matter of time before China starts developing its own ports and container ship facilities. According to Steven Crane, a U.S.-based economist, China is busy developing the infrastructure to support its high-tech industries. "There is a tremendous policy shift in making things happen internally and [information technology] is seen as one of the supporting pillars of the economy."

One market that has seen increasing foreign investment is that for DVD players. Companies like Thakral Electronics of Singapore have invested heavily in production facilities for players and disks. Most of the investment has been in southern Guangdong, where planners intend to make DVD technology another focus of their electronics industry.  Thakral has also moved into the software market in Hong Kong and the mainland with three joint venture deals worth a combined $7.5 million. LSI Logic Corp. and Thrakral have formed an alliance to jointly develop the first DVD manufacturing kit tailored for the requirements of the Chinese consumer electronics market. The kit includes a production-ready set of hardware, software, debugging and testing tools and will allow Chinese makers to speed their transition to first-generation video CD technology.

Besides Thakral, more than 30 local enterprises have established manufacturing bases in China since 1996. Singapore, Hong Kong and Taiwan have led the way in making mainland China an Asian manufacturing hub.

As manufacturing investment flows in, the Chinese government is backing efforts by its Huahong Group to begin manufacturing 64-Mbit DRAMs. Along with Japanese partner NEC Corp., the partners have so far invested about $1 billion in design and production facilities. Huahong's Shanghai plant is preparing to produce 5,000 eight-inch wafers a month, eventually increasing monthly production to 20,000 wafers.

Taiwan Semiconductor Manufacturing Co. is again looking to the mainland to expand its chip-production capacity as it shifts to 0.25- and 0.18-micron technologies. Meanwhile, it is keeping a close eye on the Chinese government's indigenous chip program to gauge how it may affect future investments.

Taiwanese OEMs such as Acer and Mitac have also moved to establish manufacturing bases inside China.

The ventures go beyond simple assembly of PCs and monitors to include production of components. Michael Lee, a technology consultant to Legend Computer, the leading Chinese PC maker, said Taiwanese companies are taking advantage of available resources while establishing relationships with mainland partners.

The shifting of more hardware production and assembly to China has allowed Taiwanese firms to concentrate on new IT products and software development, long a weak link in its IT strategy. Taiwan has invested $500 million over the last decade in software development with mixed results.  In Singapore, where the push is on to develop a knowledge-based economy driven by information technology and electronic commerce, manufacturers are increasingly looking to China to cut costs and gain access to a huge new market.  Contract manufacturers like NatSteel and Singapore First Engineering as well as disk drive makers like Seagate and Maxtor view China as the place to be.

Still, all is not rosy for electronics manufacturing in China as the impact of the Asian economic crisis lingers. For instance, Shell Electric Manufacturing, an electronics and appliance manufacturer based in Hong Kong, predicts no improvement in sales amid industrywide overcapacity. Indeed, prices for electronic products have slumped as much as 30 percent this year alone. Regional manufacturers were able to turn a profit before the economic crisis, but analysts said that now only global companies do.

Nevertheless, Shell Electric plans to invest $2 million this year to develop fiber-optic products for China. Sales are expected to double this year.

Having established a beachhead in Hong Kong, some Asian companies are now moving to Beijing or Shanghai. Large multinational firms like smart-card maker Gemplus see huge potential in China, where smart cards are used for everything from phone debit cards to driver's licenses. Gemplus has invested more than $40 million in smart-card manufacturing facilities. Huahong, the government-led chip design and manufacturing effort, also plans to focus on the smart card market.

Still, the road is not perfectly smooth. Despite continuing investment in high-tech manufacturing, analysts warned that many barriers remain before foreign investments yield dividends. Political and economic uncertainties, relatively weak intellectual property protections and other global trade concerns also are tempering expectations among foreign investors.

2.1.3.3 Dynamic market of the future

Statistics from Goldman-Sachs indicate that while China's Internet industry may be relatively nascent, it is growing at an explosive rate with an anticipated annual growth rate of 51 per cent in Internet users between 1998-2003. China is on its way to surpassing Australia as the largest Internet market in the region. 

People in China have more than doubled their Internet usage since the end of last year. Four                  million people are online in China, according to the China Internet Network Information Center,

which said 40 percent of the users questioned were 21 to 25 years old.

China will have more Internet surfers than any other country in Asia, outside Japan, by the year 2001, market-research firm International Data Corp. said in a June survey in 1999.   It said a recent IDC study showed China would pass Australia in 2001 as Asia's top Internet user, and by the end of the following year it would have about 9.4 million Internet users, up from a mere 1.4 million in 1997. 

IDC said that by the end of 2002, Australia was expected to have 5.8 million users, up from just more than 3 million now, and be the biggest generator of e-commerce.  It said Australia was expected to generate US$4.97 billion in e-commerce revenue by the end of 2002, ahead of South Korea's $2 billion and China's $1.87 billion. 

"The countries with higher per-capita income in Asia are higher spenders on the Internet," Hitchen said. "In the case of China, who will have the largest Internet user population, its comparatively low per-capita income levels slow the growth of e-commerce spending."

IDC said South Korea would be the third-biggest Internet user by the end of 2002 with about 4 million people logging on, up from less than 2 million now. Taiwan would be next with around 3 million,                   compared to just less than 1 million now. 

According to another market research company – the Yankee Group,  Asia-Pacific Internet users will swell to 374 million by the end of 2005, compared with 39 million last year(1998). The research group said paying subscribers in the region will expand to 175 million in 2005 from 19 million in 1998. China will lead Asia-Pacific Net usage in 2001 with 40 million online, and have the most users in the world by 2005, surpassing the United States.

For other technology driven industries such as pharmaceutial industry, China’s pharmaceuticals market is sixth largest in the world. The market size is now at $8.1 billion, and expected to grow to $19 billion by 2000.  It is highly regulated industry with tendency to increase regulation, especially in respect of pricing, approved drug lists, mandated R&D, export/import restrictions, ceilings on imported drug pricing, and drug distribution.

In conclusion, China’s market has great market potentials for high tech firms, but there will also be huge challenges during the market penetration.

3 Industry roadmap in China  

3.1 Three stages of business development in China 

Although the huge market means promising opportunities for most western technology-driven multi-national corporations, China is and will long remain a difficult and uncertain operating environment for MNCs. The long-term economic opportunities China offers are so remarkable that senior managers will find it prudent to pay attention to what the most active companies have been doing, and learning.  Usually, we can find the companies will be one of the three stages of involvement in Greater China.   Each stage will be discussed below:

Stage I, Entry.

At this stage, Many MNCs are enthusiastic about the future market potential but suffer from lack of understanding of China business.  They will establish one or two ventures achieving limited coverage in some key areas such as Shanghai, Beijing, or Guangzhou.  They extend from trading-based opportunities into establishing a local presence.  They are doing active experimentation with localization, business system design and partnerships.  The average invested capital is only US$ 10 million.  At this stage, the business systems they have established in China contain only those elements that represent an unavoidable “price of admission” (say, some degree of local manufacturing) or that create a distinctive competitive advantage (proprietary distribution channels).  Anything that is risky or cost-ineffective in the early stages of market development – R&D, for example – is kept to a minimum.

At stage II, Expansion.

MNCs begin to build multiple ventures in various geographies and/or product area with umbrella management.  They begin to build high exposures to China sales and assets.  In addition, they have substantially expanded business systems beyond basic manufacturing into sales, service, product design, etc.  Also, they have high corporate attention to and tracking of progress in China relative to key competitors.  The average invested capital amounts to US$ 50 million.  Competition mostly from recent international entrants.  

At stage III, Local dominance.

MNCs has highly localized management running significant operations (full business system), they are viewed as truly local player by consumers and as market leader by customers and suppliers, they are viewed by government as long-term partner in aiding China’s economic progress.  They begin to build up significant earnings engine for the corporation.  The average invested capital reaches US$ 200 million with average 4 ventures.  These companies began to establish the local R & D forces to develop local-adapted technology for competitive advantage. Scarcity of talented management and operating skills become a major bottleneck.  Patience toward “soft” infrastructure investments is also required.

During these 3 stages, MNCs will face different challenges at each stage, lack of careful analysis and effective local strategies will often lead to huge opportunities of failures.  However, MATI group could provide the analysis or planning tool sets to expand their radar range, alert the potential bottlenecks beforehand, help with the development of framework to analyze the unique situations. 

At stage I, the typical bottlenecks are 

1. Industry analysis

2. Market data collections

3. Regulatory and legal issues

4. Unreliable partners

5. Low sales volumes 

6. Scarcity of local management talents

At stage II, the typical bottlenecks are 

1. multiple ventures- partnering strategy

2. Standard setting strategy

3. Intellectual property protection

At stage III, the typical bottlenecks are

1. Technology strategy meeting the local challenges

2. Establish local R & D forces

3. Employ most advanced technologies to compete.

3.2 Critical issues in Greater China 

3.2.1 Market data collection

3.2.1.1 Quality/availability/ reliability of information

In China, the cost of obtaining market information is usually high.  There are several historic reasons that underlie this phenomenon:

First, most of the companies in China are not market oriented because of the long tradition of central planning.  Until 1970’s, most plants are assigned production targets (usually production volume) every year from the government institutions, they don’t need to worry about the market reception of the product’s quality, or price since all the profit they earned at the year end will be paid back to the government.  Therefore, manufacturers don’t have the incentives to acquire market information.

Second, the National Statistic Bureau is also responsible for collecting economic information in every industry.  However, the numbers are usually distorted because the state-owned manufacturers have the incentives to lower their profit number or exaggerate their costs.  Besides, even the National Statistics Bureau’s result is often classified for two or more years before the numbers can be publicized.

On July 24, China’s state Statistical Bureau revealed that there were over 60,000 cases of statistical regulation violations in 1997, with 58% of them involving over-reporting and under-reporting.  In November 1997 the U.S. Department of Commerce office in Beijing, which is part of the American Embassy, published an assessment of the reliability of Chinese statistics. The study noted that in 1995, China's State Statistical Bureau (SSB) discovered that previously published output figures in the collective sector of China’s economy were so wildly exaggerated that they needed to be backward-adjusted for the previous four years. The reports prepared by local statistical bureaus were found riddled with unprecedented amounts of what the SSB calls shuifen (literally "water content"), with exaggeration and outright fraud. But other statistics, such as the Industrial Census are reliable. The report also examines reliability of trade data, foreign investment statistics, income and population numbers.

Such large corrections have been rare. Despite the openness with which the SSB’s Industry & Transportation Department released their initial corrections, the SSB’s National Accounts Department had still not made any changes to GDP growth or size figures, allegedly in the name of preserving comparability and continuity, a potentially admirable goal. In other situations when standards or definitions have changed, continuity and comparability have often been forsaken for convenience of calculation, making analysis of changes over time problematic at best. 

Fortunately, the National Accounts Department (which releases the GDP figures) will finally make initial corrections starting in September 1997 which will moderately reduce 1996 GDP growth estimates, but more detailed figures on regions and industries will remain in conflict. Perhaps this is the crux of the problem: with every progressive correction comes both improved accuracy in one area and more inconsistencies in what remains. Although many officials want consistent statistics which meet internationally comparable standards, overnight changes---if they were possible given the reporting

Infrastructure required---can make the interpretation of certain changes over time almost impossible. (details see appendix I)

Third, in US, most companies are public held and they have the obligation to disclose their company information to shareholders, but Chinese enterprises are mostly state-owned, so they usually keep their market intelligence from outsiders.

Finally, the difficulty of collecting market data increases because of the fragmented, sub-scale, and extremely locally-oriented nature of most of the Chinese economy.  This is a vestige of the traditional communist planning system, which for political as well as strategic reasons sought to develop self-sufficient economic “cells” within each province to serve a highly dispersed set of demand centers.  80% of the total 8.08 million enterprises are with average annual sales about US$ 90,000.   The drivers of the small-scale industry structure is policy to maintain local self-sufficiency, weak transport infrastructure, dispersed demand centers, lack of market mechanism, and shortage of central investment funds.

However, the situation in China is changing very fast.  More and more privately owned or established western market research companies are burgeoning in China market.  When most of the government owned market research firms were pushed to the market, they are usually ideal companies that could provide the expertise and human resources to do a good job.  For example, Monsanto employ several state-owned market research firms every year to collect first hand market data about the competitor intelligence, substitute prices, and preference of consumers across provinces in China.

Usually, lack of reliable information will often lead to inaccurate forecast of market size and sales.  For MNCs, they often wrongly assume that the infrastructure is adequate when they push for market entry.  This will often lead to under-utilized capacities.  In 1980’s, inadequate hard infrastructures are a major obstacle to growth.  There are huge unmet needs in transport, telecommunications, housing, water, and energy.  Often during the design for the plant, they did not take these factors into consideration.  After they built the large plant according to the market size estimation, they found the sales volume are low because of either lack of utilities, or difficult transportation system, or fragmented market that hard to penetrate.  Besides, soft infrastructures like education, health care, banking, and financial markets are also the potential bottlenecks.

3.2.2 Regulatory and legal issues

3.2.2.1 high-tech regulatory issues in Greater China

3.2.2.1.1 Singapore’s internet regulations and government support

 “We are not different than any other country that has concerns about pornography and things like that. We want to signal our concern as a responsible government.  For those setting up a business, it's a non-issue.”  An official replied during an interview by techweb reporter. Singapore government's positive attitude toward regulatory control on Internet content provides a good environment for foreign investors.  In this area, Singapore government not only played the role of a regulator, but also a huge drive for a role of accelerator.

"Governments are increasingly also considering how to reduce or remove barriers that may already exist, such as inefficient or outdated administrative and communication systems," Lim said. "Just as important is the government's role" in ensuring that "no barriers are erected to curtail the development . . . of e-commerce."

Lim Soo Ching, a Singapore-based analyst with the Gartner Group, believes the Singapore government can help drive e-commerce as well as determine what works and what doesn't. That is especially so, he said, because the government provides the infrastructure to build e-commerce gateways.

APEC nevertheless faces several obstacles to making e-commerce a success here. Chief among them are the inability of businesses to use a common network infrastructure and insufficient network integrity to guarantee secure transactions. Costly network access and PC availability are also barriers.

At a September ministerial meeting in Malaysia, APEC officials agreed on the need for broader government use of e-commerce and for programs to remove the barriers to its widespread adoption. They agreed to develop an e-commerce network for Asia to boost acceptance.

3.2.2.1.2 Government regulations in high tech industries in P. R. China

The results of the survey conducted by the Chinese edition of "Fortune" show that for multinational companies, 49 percent of them cited lack of transparency and continuity of laws, regulations and the legal

system as an unfavorable factor in doing business in China. For telecom industry, the understanding the implications of a broad range of regulatory outcomes and creating high probability options for participation is critical.  

3.2.2.1.2.1 Government regulations on high-tech foreign investment

Compared with Singapore and Taiwan, the regulation about internet is most stringent in China.  The major regulator of china’s internet is the Ministry of Information Industry (MII).  In september 1999, China’s telecom and internet chief Wu Jichuan, the head of the Ministry of Information Industry, shocked the global internet investment community when he declared that foreign investment in China’s internet sector is technically illegal due to the bar against foreign investment in the country's telecom sector.  Also, China government requires all China-based web sites with foreign funding or relationships to submit full disclosure documentation on their operations, funding sources and backers.  Sources say MII’s tough position has received the blessing of the National People’s Congress, and its conservative Chairman, Li Peng.

However, with China’s efforts into WTO, the government regulations are becoming more liberal.  According to the recent WTO agreement between US and China, Foreign investors will be allowed to hold a 49% stake in telecom providers from the date of China’s entry into the WTO.  After two years, foreign partners will be allowed to hold a 50% stake in these joint ventures.

3.2.2.1.2.2 Government regulations on high-tech product pricing

Currently, all telecommunications prices and services in China are strictly controlled by the state.  In July 1999, the Hubei provincial price bureau announced that a discounted mobile service package offered by the Wuhan branch of China United Telecommunications Corp. (Beijing) violated Chinese price laws and national telecom regulations. The offer by the counterpart of China's state-run service provider, China Telecom (Beijing), included eliminating startup fees for wireless subscribers and cutting rates for local calls in half. The offer, which received extensive press coverage, was blocked the day after it surfaced. 

In addition, the price control is still tight in pharmaceutical industry and biotechnology industry as well.

China's telecommunications sector has implemented two major fee reductions this year in an aim to bring telecom levies closer to market and stimulate consumption. 

First of all, the pulling effect of the first fee cut is apparent.  The price adjustment plan initiated in March of this year and major cuts in telephone line installation and mobile network access, which were reduced by an average of 57 and 45 per cent respectively, has greatly spurred consumption.  According to statistics from the Ministry of Information Industry, in the first eight months of this year, the number of fixed-line users soared by 14 million to top 100 million, and that of mobile phone users rocketed by nearly 11 million to reach 36 million.   Price reduction has also accelerated the process of telephone popularization in rural areas. Rural telephone users, increased by 48 per cent over the same period last year, contributed 45 per cent to the national figure. 

In October, the ministry announced a second telecom fee reduction.  The Internet access fee was slashed by 1 yuan to 4 yuan (US$0.48) per hour; telephone charges for Internet use were cut by half and rental rates for analogue electric lines, digital data lines and digital electric lines were cut by 30 per cent.  The second price cut is widely recognized as a great step forward for the development of the country's Internet industry as it will lure more surfers and enable ISPs to expand business. In the first six months of this year, the number of Internet users hit 4 million, up from 2.1 million last year. 

3.2.2.1.2.3 Regulations concerning the joint venture establishment

For regulations in establishing joint ventures with local Chinese partners, the procedure in 1980’s was notoriously slow.  This phenomenon arises from the historical “China Corporation” concept.  Because of the tight central planning tradition, enterprises in China cannot operate independently.  For example, if they are going to establish a joint venture with a western partner, they have to ask for approvals from numerous government institutions.  Sometimes, the criteria for approval developed by government is classified.  So foreign partners are often confused about the lack of clarity in the procedures and they often find contradictory stipulations because often the same project has to get approval from several independent government institutions. 

Similarly, things are changing fast since the government established a lot of special incentives for attracting western investors.  Many special economic zones are established along east coast of China.  The approval procedures for joint-ventures are greatly simplified, and the authority will usually offer tax or land incentives to international corporations to set up manufacturing facilities.  The most widespread tax incentive will be 0 tax for the first three years, half the usual tax rate(17.5%) for the following 2 years.  Also the authorities also provide discounted land price, or discounted utility prices.

3.2.2.1.2.4 WTO’s Impact on high tech industries in China

After the announcement that United States and China has reached the agreement for WTO issue, United States high-tech officials have hailedChina's agreement to eliminate all tariffs on semiconductors, computers, and telecom products by 2005 as an opportunity to capitalize on the world's largest potential consumer market. 

The accord, signed earlier this week, clears the way for China to enter the World Trade Organization (WTO) and begin cutting duties 20 percent annually. Michael Maibach, vice president of government affairs for Intel in Washington, D.C., called the pact "an unparalleled success" in undoing the trade barriers that the U.S. electronics industry for years had been battling to break down in China. 

The U.S.-China agreement includes: 

 --The five-year phased-in elimination of the current 6 percent to 9 percent duties on semiconductors, 9 percent to 22 percent duties on various computer and telecommunications products, and 17 percent to 40                  percent duties on chip-production gear. U.S. exporters said official duty-free shipments to China would allow them to compete effectively with the vast level of "duty-free smuggling" of high-tech goods into China. 

--China's promise to end the mandatory requirement that foreign vendors can sell to domestic customers only through a Chinese middleman or agent. This will cut marketing costs, allow direct contact with the customer for quicker sales and closer relationships, and markedly strengthen China's weak supply chain.

 --The ability of the United States to continue to enforce its special "non-market-economy" anti-dumping rules on China for another 15 years. The Chinese had initially objected to the special rules that determine whether state-owned companies are dumping products in the United States. In the end, China relented. 

U.S. manufacturers of IT products felt the pact would open the way to greater direct investment in China—in their own plants and with joint ventures. The makers of IT products weren't up against the severe limitations on ownership that telecom carriers and Internet-content providers were threatened with. Both will now be able to own 49 percent to 50 percent of joint ventures in China. 

However, computer, telecommunications-equipment, and chip companies encountered a range of conflicting—and often arbitrary--government rules on direct investment in China. Intel's chip-assembly plant in Shanghai, for example, was approved under different terms than those applied to Motorola's megafab in Tianjin. 

China will also remove its requirement that the country's foreign chip fabs and assembly plants "export" most of their output. The relaxation of that rule could vastly improve the supply chain in China by allowing OEMs immediate access to locally produced chips. 

Under the requirement, China's foreign chip plants were forced to export to Hong Kong devices that were then shipped back into China--just to meet the disputed export criteria. 

When China joins the WTO, the country must adhere to global standards safeguarding intellectual property. U.S. industry associations charge that China still has a spotty record against software and design piracy, despite a bilateral treaty with the U.S. for intellectual-property protection. Under the WTO, foreign countries can resort to stronger counteractive moves if Chinese IP piracy isn't curbed. 

3.2.2.2 Drivers for high-tech regulatory issues

3.2.2.2.1 Maintenance of tight ideological control

The Chinese government is in the process of establishing procedures to restrict foreign businesses’ ICP investments.  One of the procedures under consideration is to make Xinhua

Tongxun She (Xinhua News Agency) the chief stockholder and regulator of all Chinese ICPs, and to convert all foreign equity to debt.  However, with China’s effort into WTO, it will be harder for Chinese authority to keep on its tight control over internet. 

3.2.2.2.2 Protection of local industries 

Most world-renowned pharmaceutical companies (Merck, BMS, Pfizer, etc.) are operating in China

nowadays. They have taken away market share from state-owned pharmaceutical companies. Recently, when the Chinese Ministry of Health decided on a list of drugs which the state health care insurance system will allow doctors to use, foreign companies failed to put most of their products on the list. Almost all the drugs on the list are from state-owned companies. The political pressure that state-owned companies could bring to bear was obvious.

3.2.2.2.3 Recent WTO efforts by China and lobbying efforts by foreign investors

Western and Chinese Internet industry executives and policymakers convened at Beijing University in November to persuade China’s telecommunications officials to keep the country’s Internet open to foreign investment. 

The ecommerce convocation at Beijing University includes policy and industry circles: Robert Pepper, head of the U.S. Federal Communications Commission’s Office of Policy and Planning, Justin Yifu Lin of The China Center for Economic Research, Kenneth DeWoshin of PricewaterhouseCoppers, Ben Yeo of Compaq’s (China) Ecommerce and Internet Division, Gong Yuguo, GM of ChinaByte, Edward Zeng CEO of Chinese portal Sparkice, and Greg Shea of Hewlett-Packard, to name only a few. 

Whether Chinese policymakers will be swayed by the arguments of Mann and her peers remains to be seen.                   However, outlining the merits of foreign involvement in a sector that could have benefits throughout the Chinese economy will certainly be valuable as China moves forward with the drafting of regulations that will lay out the future of the Internet in China.

3.2.3 Intellectual property protection in Greater China and corresponding strategy of MNCs.

Software piracy cuts deep into the U.S. corporate bottom line, two major software companies told the Senate Foreign Relations Committee in August.

Microsoft Corp., Redmond, Wash., alone lost $7.6 billion in revenue to software counterfeiters in 1998, more than one-half occurring overseas, said Brad Smith, Microsoft's associate general counsel for international.  Adobe Systems Inc., San Jose, Calif., lost $400 million in 1998, accounting for 40 percent of its revenue base, said Colleen Pouliot, Adobe's general counsel and chairman of the Business Software Alliance, an industry group battling piracy.

The seemingly innocent copying of software of a friend or business accounts for the lion's share of piracy. Developing countries, such as China and Russia, are the largest geographic group contributing to the world piracy plague. Most mass-produced counterfeit software is on CD-ROM and includes theft of music and videos.

However, with China’s renewed efforts into WTO, the piracy actions have received more attention in China.  For example, Microsoft has won its first software copyright case in Beijing this February.

Two Chinese computer companies installed Microsoft software on their computers without prior authorization from the American company, the Beijing First Intermediate Court ruled. 

The court found that the defendants, the Haisida Science & Technology Development Company and Min’an Investment Consulting Firm, had violated Microsoft’s copyright, and ordered them to pay RMB 540,000 (US$65,296) and RMB 253,440 (US$30,646), respectively, in compensation. The companies were also ordered to publish open apologies to Microsoft in designated newspapers.

In this April, China has also banned the use of pirated software at all government offices as part of its bid to join the World Trade Organization, according to the Xinwen Chuban Bao (Press & Publishing News). 

U.S. trade officials and business leaders want to ensure that China abides by all the rules of the global trade body, including copyright protections. Individual government agencies and offices will be responsible for implementing the new policy.  China's State Council announced the new policy on behalf of the State                    Copyright Bureau. The notice requires all provincial and municipal governments, as well as ministries and commissions under the State Council, to "conscientiously" implement the order.

In addition, the government is drafting an updated trademark law to better regulate the intellectual property issues.  In large cities such as Shanghai, the municipal government also stepped up anti-piracy measures to pr improve laws and regulations governing software and intellectual property rights.

3.2.4 Technology standard setting in China

As Microsoft and other U.S. companies eye the mammoth revenue potential of China's fledgling market for information appliances, designers in China have unveiled an embedded 32-bit operating system for digital appliances and mobile computing to offer Chinese developers an alternative to Windows CE and prevent overdependence on Microsoft platforms. 

The race to deploy and control operating systems and other key technologies for information appliances comes as Microsoft's trip to Shenzhen in March to announce its Venus set-top box initiative piqued further interest in digital appliances in China. The company said Venus would use a Windows CE-based set-top with a phone connection to the Internet. 

Other U.S. companies are similarly exploring the Chinese market. National Semiconductor chairman Brian Halla came to Comdex China in March to tout National's WebPAD and a local partner's set-top design. Halla also unveiled National's Orion set-top and an "information appliance on a chip" expected to launch in June. The system-level silicon could speed appliance design here, Halla said. 

In May, Chinese Academy of Sciences Software International Inc. (CASS) unveiled the Hopen 32-bit embedded operating system for information appliances and handheld PCs. They have dubbed the OS Hopen - an amalgam of "hope" and "open" - a term they say expresses their research and business goals for the domestic info-appliance industry.  “We started to research Hopen about five years ago and aimed [the effort] at professional and mobile-computing devices," said Xichang Zhong, president of CASS. 

Hopen is expected to find initial use as the underlying OSfor PDAs used for stock trading and insurance. Many local and overseas companies, including chip makers, set-top designers and content suppliers, are said to be seeking to work with CASS to implement the operating system.  The OS supports a range of CPUs and incorporates some technologies that Microsoft has shunned, including rival Sun Microsystems' Java Virtual Machine and Jini technologies as well as Chinese characters, Zhong said. 

4 Corporate roadmap in Greater China

4.1 Technology management and planning 

4.1.1 Early development in technology planning

At stage I, companies targeted at expanding the market share in Greater China, so they chose to do as little tailoring as possible, they chose their mature successful products and try to gain market share and profits. The reasons of this choice usually are: inadequate intellectual property protection, scarcity of local engineering skills in operations, need to minimize fixed costs in face of modest volumes at outset, and fear of competitors leapfrogging technologically.

In their product –market strategy, their usually focus on their core global products – those they have successfully manufactured and marketed all over the world – and sell current-generation technology and goods to minimize the risk of being leapfrogged by competitors.  And companies shy away from establishing any real design capability in China.  The tailoring that does occur is usually limited to adapting product formulations to accommodate local raw materials, or simply altering labels or instructions.  Although some technology-driven companies plan to set up design centers in China, their motive is to fulfill promises to the Chinese or to take advantage of qualified local engineers. 

For example, Lucent Technologies Microelectronics Group successfully completed a microelectronics technology transfer to Jiangsu's Huajing Electronics Group Co, including the processing technology and related design technology and design tools of Lucent Bell Lab's 0.9 microcon Single Poly Double Metal Complementary Metal Oxide Semiconductor wafer. The completion of technology transfer indicates that China has obtained the mass production capability of sub-micron integrated circuit chips, which helps strengthen the production level of the microelectronics industry in China. 

In automotive industry, Cherokee is also a successful example that Chrysler introduced very mature product and technology into China.  The joint venture enjoys both high quality standard, and the low cost advantage because of cheap labors and manufacturing facilities.

4.1.2 More and more complicated landscape

However, when MNCs enter into stage 2 and stage 3, the tailored technology strategy became more necessary to gain competitive advantage in China. 

Microsoft Corp. and its Chinese partners have taken the wraps off Venus, a Windows CE-based information appliance that includes application software and a new Web site. The product, which is Microsoft's first foray into the Chinese PC market, is being introduced in cooperation with Microsoft China, its local partners and the China 3C Industrial Consortium, a government-industry group promoting information appliance technology.

China's Ministry of Information Industry predicts that by 2000 more than 4 million users will access the Internet with low-cost information appliances rather than more expensive PCs. The total is expected to increase to 50 million by 2003, MII estimated.

Using lower-resolution analog sets, some Venus and other appliance suppliers suggested that independent software vendors could optimize their products for the Chinese TV display market. Telecommunications carriers in Beijing, Shanghai and Guangzhou will offer discounts on Internet access rates to Venus users.

Microsoft has also been developing additional applications for the Venus system in the hope of broadening the product’s attraction to a wider swath of consumers.  "We have been helping to build what we like to call an ecosystem for this platform," Rawding explained. Venus will come preloaded with a host of software applications, including "pocket" versions of Word and Excel, and several educational CD-ROMs. 

Microsoft is also working closely with some of China’s leading Internet web sites to build content to support the TV monitor-based Venus, as well as make it simple to get online.

As we can see that Microsoft’s technology strategy has especially target at China’s unique market characteristics: very high penetration of TV but currently low penetration of PCs.  Because there is huge market potential but with low-average-income consumers, Microsoft introduced Venus to gain the competitive advantage.  In addition, Microsoft is also targeting at the business-to-business ecommerce applications market using the XML(eXtensible Markup Language) technology.

Here is another example from Microsoft in exploring the financial software market.  Microsoft teamed up with Ufsoft Software Group, a leading financial software developer in china, to jointly develop the technical framework for Internet finance software.  They will form a joint working group.  The research will be based on Ufsoft’s internet finance system and applications and Microsoft’s Windows Distributed interNet Applications Architecture (Windows DNA).  Ufsoft will become a core partner in development of Microsoft’s Chinese Product-Beta Testing Paln, and participate in the Beta application development and testing of Windows 2000 and SQL Server.  

Interestingly, global technology sourcing  does not only happen from the western partner sides.  Let’s come back to Microsoft case.   During September this year, Legend Computer Systems Ltd., the largest PC manufacturer in China, has chosen California-based ESS Technology to supply the Video Internet Computer (VIC) chip set for the set-top box that will support Microsoft’s Venus internet TV product for the Chinese market. ESS announced the deal on September 13. ESS Technology is a Fremont, California based company which supplies PC audio, digital video and communications semiconductor systems for the PC and consumer markets.

 "We are pleased to partner with ESS and Microsoft to launch the Venus computer to  further expand our business from PC market to the emerging Internet Appliance market," said Jing Hung, General Manager of the Legend’s Computer Business Unit, in the announcement. 

Therefore, technology planning has becoming more and more important than before in order to provide more tailored solution to the local market.  In order to stay competitive, MNCs have to establish comprehensive understanding about the local market characteristics, appropriate products, potential technology partners with the right R&D and marketing capabilities.

4.2 Growth strategies in Greater China

As MNCs seeks higher market penetration, how to grow the business in China, and what criteria that MNCs should seek in choosing partners or acquisition targets, become critical issues. 

4.2.1 Growth strategy through acquisitions

Acquisition is the easiest way that many MNCs finds their gateway to the East, especially in Hongkong and Singapore area.

For example, this June, Jabil Circuit In spent $250 million in acquiring GET Inc. This acquisition will give the top contract electronics manufacturer a strong presence in China, a crucial component in the outsourcing equation.

GET, based in Hong Kong, gives Jabil "an immediate and very solid foundation in China, satisfying

an important strategic objective of our company," said Jabil president Tim Main.  The acquisition also gives St, Petersburg, Fla.-based Jabil exposure to a number of new customers.

GET's Chinese operations include a substantial molding infrastructure, as well as an experienced management team.  Founded more than 30 years ago, GET has 1 million sq. ft. of manufacturing               capacity in Shenzhen, Dan Shui, and Panyu, China; Hong Kong; Tijuana, Mexico; and Mountain View, Calif. The company has roughly 5,000 employees.  

Thomas Hopkins, an analyst with Bear, Stearns & Co. Inc., New York, said, "The deal is a major positive for Jabil because it establishes a stronghold in China for the company," Hopkins said. "China is increasingly rivaling Taiwan as the [CEM] center in Asia. This new addition to the footprint will be a critical factor in Jabil's ability to attract new customers who want low-cost manufacturing in Asia."  Jabil's acquisition of GET comes on the heels of several other major CEM mergers and acquisitions. ACT Manufacturing Inc. recently completed its purchase of CMC Industries Inc. Benchmark Electronics Inc. has announced plans to acquire Avex Electronics Inc., and Plexus Corp. has disclosed plans to buy SeaMED Corp. Analysts expect the industry consolidation to continue.

SCI Systems Inc., a Huntsville, Ala.-based contract electronics manufacturer, has finalized in May its previously disclosed acquisition of Hewlett-Packard Co.'s VeriFone manufacturing facility in Kunshan, China. The facility consists of two buildings totaling 210,000 square feet.  SCI has offered employment to 560 workers, and will continue to manufacture electronic-payment processing systems for VeriFone in a multi-year deal expected to result in about $350 million in annual revenue for the CEM. 

4.2.2 Growth strategy through partnering 

In most cases, finding and cultivating good local partners – most commonly, government-controlled factories that report to the municipal bureau overseeing their industry – remains vital for business as well as legal reasons.

MNCs hope that their local partners can add value to their joint ventures in a variety of ways.  Some want assistance in setting up day-to-day operations:  for example, in securing plant space, personnel, sources of raw materials, and ready-made sales and/or distribution channels.  For Monsanto, they partner with province-level seed companies to gain the distribution channels and the sales forces to reach farmers.   Others desire access to project opportunities, markets, flexible rulings or the use of foreign exchange or state funds, and sometimes even fiscal concessions.  And of course, MNCs seek guanxi – the informal connections so essential to gaining approval for or access to just about everything in China.  In practise, however, the value added by local operating partners is usually quite low to begin with and steadily declines over time.  Many of them are simply too far down the chain of command to influence either the setting or the application of government policy.  It is far more important, they realize, to establish relationships with the decision-making authorities – the industry associations and commissions and bureaus – that sit above these potential “ mothers-in-law” represent the best route to the permissions, tax concessions, “locked in” customers, and central funding they need.

At stage I, they usually partner with local partners to gain access to markets.  They usually localize operation and seek strong local players with manufacturing, distribution and sales capability.  They let local partners handle unless a key success factor, but they set rigorous performance standards and supervise closely.  The reason is that Guanxi is needed for access to transportation and raw materials.  Also they can lower the operating costs if they have a strong manufacturing partners.  However, they try to strengthen their control for sales and marketing and they invest heavily to build customer relationships, they put much emphasis on branding, service because these factors will directly affect the switching costs for industrial customers, translation of quality image into service experience. 

At the second stage, when they want to seek further expansion in China market, experience to date suggests that choosing the right mother-in-law is as critical a strategic issue as choosing the right initial partner.  Good ones not only help with first-round activities; they also open the door to future possibilities.  Minimizing the role of local entities, some second generation MNCs have also begun to cut new deals directly with their mothers-in-law.  Both AT&T and Northern Telecom, for example, have signed agreements directly with the State Planning Commission, China’s second-highest ranking central organization, to develop a nationwide, multi-venture presence that encompasses all their product lines.

Such initiatives are especially appropriate when high-tech industry is primarily under central government control and is felt to be of strategic importance by the Chinese leadership, and when the MNC can provide a clear value proposition.  In the automotive sector, for instance, Volkswagen helped build its position by being the only major manufacturer to agree not just to import auto kits for local assembly, but to transfer technology and R&D management skills to its local partners.  The company now controls nearly half the Chinese market for passenger cars.

Microsoft experienced an interesting learning curve in China.  In previous years, Microsoft has pursued a strategy that did not put much emphasis on cooperation with local partners when they introduce their product.  This is a “good” decision since Microsoft could enjoy higher profits by introducing its products without partners.  However, in March 1998, Bill Gates attended the soft launch ceremonies for Microsoft’s Internet TV for China, Venus.  Although intended to provide millions of Chinese access to the internet via their ubiquitous TVs, the Chinese media reacted vociferously to Venus – cursing Mcirosoft as a monopolist with designs to take over China’s IT market.  Then Microsoft changed its strategy during this year and announced a series of partnerships with Chinese hardware manufacturers that will distribute the Venus platform through their internet TV set-top boxes.  Microsoft’s Venus partners include some of China’s most well-known brands. Legend Computers, the country’s leading computer maker, and Haier Group, the country’s largest consumer appliance company, have both rolled out Venus-based internet TV set-top boxes.  The tension has been eased and the expected market introduction speed is higher.  

4.2.3 Joint venture establishment

As more and more MNCs have gained a foothold in China, they began to seek rapid expansion to meet the huge demand in Greater China.  For example, IBM has about $200 million tied up in seven joint ventures in China making PCs, hard disk-drive components and software.  The company has also signed deals with the People's Bank of China, petroleum-trading giant Sinochem, and Hunan province's post and telecommunications bureau to create more efficient and advanced data networks.  During this stage, how to structure the joint venture is very critical for the future growth potential, usually to gain the government support, MNCs have to include many partners in the joint ventures for the future growth, but the disadvantage of that is the potential dilution of profits.  

For instance, AT&T not only signed two agreements with the State Planning Commission, but also it chose many strong local partners for future expansion.  AT&T transferred its technology to Huajing Electronics Corporation Group, an affiliate of China’s Ministry of Electronics Industry, technologies for processing and designing very large scale integration devices.  Partners in the manufacturing opertion are Hisense Electronic Corporation of Qingdao Electronics Instrumentation Industrial Company, Shandong Posts and Telecommunications Administration, Qingdao Posts and Telecom Bureau, China International Trust and Investment Corporation and China Electronics Corporation.    As we can see, the government partners are critical in the initial stage for approvals and local policy support, but disadvantages are that they usually tend to interfere with the business, share the profits, and potentially have more interest conflicts on the board.

4.2.3.1 Building up trusts:  Chinese corporate decision making process

4.2.3.2 Networking in China -  Guanxi and face issue

For MNCs’ entry into China market, it is essential that they could get the relationship right.  The rationale behind this is that China is still a centralized planning economy although it is heading to market economy.  Within the framework of central government central planning, gaining the strong support from related government institutions are very important.

During Microsoft’s Venus entry into China market, it is not taking any chances to be vulnerable to the whims of Chinese ministries. The company remains committed to carefully cultivating the right relationships in China, as evidenced by the attendance of the head of MII’s information appliance division

last month during Venus’s product display in Shenzhen. 

"I think that is a very strong show of support on behalf of the government and I think the continued support of the partners hopefully put to rest what our ambitions are," Rawding(General Manager of Microsoft China) said.

In biotechnology industry, Monsanto is very aggressively seeking the support from both the Ministry of Agriculture and provincial agricultural administrations.  They are responsible for approving in which province and for which crop Monsanto can conduct the field test and commercialization.  So their approval and support is critical in Monsanto’s market expansion in Greater China.  In addition, the provincial level administrations usually have direct relationships with the local distribution channels such as local seed companies.  Their support for the commercialization and joint ventures will great enhance Monsanto’s market penetration for transgenetic seeds.

4.2.3.3 Joint venture negotiations and contracts: Different specific solutions, why some works but others don’t.

5 Future trends in competition and cooperation

5.1.1 Emerging local competitors in standard setting

5.1.1.1 China will pit its own HDTV digital format against Euro, U.S. specs 

"China Central TV station has established a digital system for HDTV live broadcasting, including program sources, a digital studio and antenna system," said Haitao Zhang, deputy minister of the State dministration of Radio, TV and Film.

China is evaluating competing digital TV standards from the United States and Europe. A huge amount of business hinges on its decision, and both sides have been lobbying the Chinese government hard to adopt their respective schemes.

Two research teams are developing China's HDTV specs. The HDTV research team at the Academy of Broadcasting Science is headed by academy vice president Baichuan Du (see Jan. 11, page 18). The HDTV Technical Expert Executive Group (TEEG), meanwhile, is backed by the Chinese Ministry of Science and Technology and the State Planning and Development Committee.

Du said the three HDTV systems developed for this week's trial are respectively based on the U.S. Advanced Television Systems Committee (ATSC) spec, the European Digital Video Broadcast (DVB) standard and a homegrown format that accommodates "Chinese realities." He called the ATSC spec's vestigial sideband (VSB) modulation scheme more effective for fixed receivers but said that the coded orthogonal frequency-division multiplexing (COFDM) used by the DVB spec offers advantages for mobile receiving and single-frequency networks.

The academy's approach was to separate fixed and mobile receiving, dividing the Chinese 8-MHz HDTV channel into 6- and 2-MHz bands. The larger channel is used for fixed reception; the smaller one handles data-oriented mobile receiving.  TEEG, meanwhile, is cooperating with Chinese broadcasters and manufacturers on development of a second-generation HDTV prototype. Wenjun Zhang, TEEG's project director, said the prototype system was completed earlier this month. It can encode 50- Hz or 60-Hz interlaced scanning.  The system will support a combination of HDTV and standard-definition broadcasts and could be extended to multiplex one HDTV and one or more standard-definition TV channels. The transmission system can carry both VSB and COFDM modulation or Chinese versions of both.

The technical group also cooperated with local manufacturers to develop set-tops, and manufacturing members of TEEG's monitor subgroup have completed a monitor design and a production plan. The  monitor will be able to display an RGB signal directly. All system interfaces will comply with international standards and will be able to connect directly to overseas systems.

As HDTV development heats up here, such Chinese manufacturers as the Konka Group are beginning to export locally manufactured HDTV receivers, and provincial and city governments are planning a digital cable network that eventually will span the nation. The heated activity has broadcast authorities here betting that China will play a high-profile role in the global rollout of HDTV.

"We are the pilot of this industry," an engineer with China's TCL Group said. "Our products [will include] HDTV sets for ATSC, DVB and the Chinese standards for ATSC and DVB."

TCL Group donated HDTV receivers to the state television-broadcast authority for the National Day trial. But industry watchers said the decoders are the key technology to be tested. If the trial proves successful, the industry can proceed toward a unified Chinese HDTV standard, sources said.

Proponents of the ATSC and DVB formats are angling for roles in that standard, and both have made gains here. Europe's DVB Group appears to have the edge thus far, having twice demonstrated its format to broadcast officials. Deputy minister Zhang added that "China has adopted the DVB-S for digital satellite broadcasting" based on the recommendation of the International Telecommunications Union.

But ATSC representatives have also been working closely with Chinese manufacturers. The group 

demonstrated its approach at a recent gathering hosted by the powerful Ministry of Information Industry.

"Three different Chinese television manufacturers have become members of ATSC recently," ATSC chairman Robert Graves said, and others are considering following suit. "It doesn't mean they believe ATSC will be the only choice for China. It [means] they are interested in digital television in ATSC, and they are likely to produce ATSC products for the world market."

Chip makers LSI Logic and STMicroelectronics have also stepped up cooperation with the two HDTV research teams, and Samsung, Philips, Infineon and Matsushita are said to be targeting the Chinese HDTV market with chip sets of their own.  Software developers, too, have been active here. Microsoft's CE operating system for interactive TV, Sun Microsystems' JavaTV APIs and the homegrown Hopen operating system are all competing for a place in China's emerging digital TV infrastructure.

5.1.1.2 China-developed OS set for PowerPC use

Motorola Semiconductor will use Hopen, the Chinese-developed operating system, for its PowerPC 860 microprocessor, the company and its Chinese partners have announced.

Hopen is a 32-bit operating system aimed at embedded applications. It was developed over the past five years by the Chinese Academy of Science Software International Inc. (CASS), based here. Hopen is intended to compete directly with Microsoft Corp.'s Windows CE operating system for embedded applications, such as information appliances.

According to a Motorola "white paper," the company's hardware reference platform for the PowerPC chip-code-named White Marble-includes most hardware functions for embedded applications. Hence, Motorola said the Hopen-driven PowerPC architecture is geared specifically for the Chinese market in terms of performance and price.

"The alliance between Motorola China and CASS is not only based on technical and business cooperation," said P.Y. Lai, president of Motorola China. "We regard highly [CASS'] open strategy."

Increasingly, companies here are said to be recognizing the value of embedded operating systems like Hopen and Windows CE as computing functions are merged into information appliances.

Designed for a range of applications, Hopen "consists of a small-size kernel and some system modules," said a Motorola executive. "It will be the core of future information devices."

5.2 Collaborative Research and development

5.2.1.1 Collaborative R & D in Singapore

In May 99, IBM said Wednesday that it will collaborate with Singapore's research network on development of advanced Internet technologies. 

Singapore Research and Education Network and IBM's Emerging Technology Center will focus their joint

research efforts on advanced networking and applications technologies. Cooperation will include R&D                  projects, technology updates and field trials for an emerging Internet standard called multi-protocol label

switching (MPLS). 

The Singapore research network, formed in 1997, provides universities and research institutes with

high-speed connections to one another and to major research networks around the world.   Previously, IBM announced a similar agreement in the Netherlands. The company said the collaborative efforts are designed to shape the future of advanced networking. 

The MPLS trials aim to boost the performance and reliability of high-speed backbone networks like the

Singapore research net. IBM said it will provide Singapore with advanced integrated switches                   incorporating the standard-compliant version of MPLS.

Despite the mixed outlook of Singapore, design activity has been picking up here. Compaq                   Computer Corp. recently announced the opening of an Engineering Design Center in Singapore. The center is expected to generate solutions for customers in the Asia-Pacific and China markets and will complement Compaq Custom Systems design centers worldwide. With investments totaling $5.7 million (U.S.). Over four years, the design center is expected to be a hub for the development of electronic-commerce-based systems in such areas as security and smart-card technology.

Rustom Kanga, vice president of Compaq Custom Systems Asia-Pacific and Greater China, said Compaq is targeting development and commercialization of four to six major products in such areas as encryption, virtual private networks and data mining. "The creation of the Customs Design Center mapped very well

with what the Singapore government wanted," Kanga said.

Compaq is one of many multinational companies eyeing Singapore as a base for designing digital products. Hewlett-Packard Co. has invested $23 million in Singapore to develop technologies for its handheld computers. With government support, HP intends to invest more than $180 million in R&D over the next five years.

Khaw Keng Joo, general manager of HP Singapore's Asian Pacific Personal Computer Division, said the unit aims to become a market innovator for palmtop and mobile computing.

HP has already designed and built prototypes in Singapore, including its Jornada 820 handheld PC. Lee Ting, HP Singapore's vice president and managing director of R&D, said that manufacturing will remain a core capability but that HP Singapore wants to expand its charter to focus on product design.

HP's targeted growth areas in Singapore include handheld information products, mobile and wide-format printers, optocouplers and infrared wireless components, machine vision and telecommunications network management.  HP Singapore is one of the country's largest employers, with over 2,000 engineers, more than 200 of them engaged in research. Company researchers have earned 32 patents and filed patent applications for 100 inventions since 1995. Long Shyh Lai, an R&D manager, said the group has worked on product development with other major industry players, including Intel Corp. (with the StrongARM chip) and Microsoft Corp. The first notebook computer designed in Singapore took about nine months. A Japanese version is due out by midyear.

"I am not sure if Singapore can become the Silicon Valley of the East," Long said, "but . . . it is not too far away from realizing its dream of being a knowledge-based economy, reliant on people rather than machines."

As it pushes into product design, Singapore is also pressing ahead with efforts to add value to its manufacturing operations.  Gemplus, another multinational, recently opened a smart-card manufacturing

plant here. The $20 million facility, Gemplus Microelectronic Asia Pte. Ltd., includes clean-room, embedding and personalization facilities and will house more than 250 engineers and production staff when fully operational. The clean room can handle five production lines, for a potential output of almost 1 million micromodules a day.

Gemplus now produces more than 1 million cards per day. It expects to double production to meet the burgeoning demand for smart cards in the Asia-Pacific region, which has proved an early adopter of the technology for applications from cash cards to pay-phone cards.

Gemplus Chairman Remy de Tonnac said the company expects the Asian market to account for an estimated one-third of the global smart-card market by 2002. "We expect our customers to take advantage of our [Singapore] investment as this means that we will be able to produce cards in Asia" much                   faster, he said.

Celestial Asia Securities Holding, a subsidiary of a leading local brokerage in Hong Kong, tapped Gemplus for its SIM Application Tool Kit technology in a deal that enabled Celestial to launch a mobile securities trading system.  Investors using the system can buy and sell securities listed on the Hong Kong

stock exchange, update stock quotes and manage their securities accounts via mobile phones.

Gemplus also helped launch a comprehensive mobile-phone-based banking service for Citibank Singapore and a local telephony provider. The service channel is said to be the first of its kind in Asia. GSM mobile phones equipped with Gemplus SIM Toolkit technology enable the downloading of personalized                   menus to customers of Citibank Singapore.

Lilian Chuah, an analyst with SG Securities in Malaysia, said Singapore, unlike the other Asian economies, owes its success to proactive leadership and astute management of its limited resources. "By retraining the work force and by attracting [R&D] staff from all over Asia and the world, Singapore is fast becoming a knowledge-based economy," Chuah said.

As the competition become more and more intense, more MNCs began to make investments in R &D in Greater China area to take advantage of the low-cost local engineering forces.  Bell Laboratories will invest $10 million over the next five years to establish its Asia-Pacific headquarters in Beijing. Included in the cost includes is the training of local engineering talent.

The headquarters will focus on boosting research in China, stressing innovation as well as fundamental research in electronics, company executives said.   Lucent Technologies (Murray Hill, N.J.), Bell Labs' parent, invested $30 million two years ago to open Bell Labs research operations both in Beijing and in Shanghai. They are focusing on multimedia, data communications, digital signal processing, network planning and management software technologies. Other areas include speech recognition, optical networks, communications software and third-generation wireless phones.  The two labs have also formed joint research projects with local universities. More than 270 local engineers and 10 U.S. managers work at the labs.

The success of its Chinese research labs has prompted Bell Labs to expand its presence in Asia. Research labs have been opened in Japan, Taiwan, Singapore, India and Indonesia, all coordinated from Bell Labs in China.  The labs have also served as a base for Lucent's business activities in China.

"Local R&D activity has become one of the most important competitive advantages for Lucent and Bell Labs," said Carl Hsu, president of Bell Labs Asia Pacific and China. "Particularly in Asia and China, it helps us to effectively reduce time-to-market and total cost. We believe that a global company needs global R&D."   Bell Labs, meanwhile, plans to open a basic research facility in China in the near future, Hsu said. Along with fundamental research, the lab will focus on technology development and product design. "Innovation comes from broad communications between fundamental and applied research," Hsu said.

Texas Instruments China Inc. is also forming a joint design center with three leading Chinese computer and telecommunications manufacturers, TI said this September. The venture will focus on developing digital designs for TI's digital signal processing technology for Chinese and overseas OEMs.

The partners include Beijing DigiPro Information Technology Co. Ltd., a joint design facility formed by China's Great Wall Technology Co. Ltd., Eastern Communications Co. Ltd. and China PTIC Information Industry Corp. Great Wall is the leading Chinese information-technology company, while Eastern is a public mobile-communications device maker.

Terry Cheng, president of TI Asia, said the partners will combine TI's digital signal processing expertise with Great Wall's and Eastern Communication's system capabilities. Cheng also said TI's DSP strategy for China is aimed at establishing DSP application research capabilities among Chinese computer and communications manufacturers that will help them complete development projects independent of Texas Instruments.  Top manufacturers here such as Legend Group, Huawei and Zhongxing also are taking part in the research plan.

