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PREFACE

Following receipt on February 27, 1997, of a request from the United States Trade Representative
(appendix A), the U.S. International Trade Commission instituted the investigation Advice Concerning the
Proposed Modification of Duties on Certain Information Technology Products and Distilled Spirits
(investigation 332-380). The purpose of this report is to provide information and advice on the information
technology products and distilled products under consideration for tariff modifications.

Copies of the notice of the investigation were posted in the Office of the Secretary, U.S. International
Trade Commission, Washington, DC 20436, and the notice was published in the Federal Register (62 F.R.
11222) on March 11, 1997 (appendix C). Interested parties were invited to submit written statements
concerning the investigation.

The information and analysis provided in this report are for the purpose of this report only. Nothing
in this report should be considered to reflect possible future findings by the Commission in any investigation
conducted under statutory authority covering the same or similar subject matter.
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Executive Summary

A major U.S. objective in the Uruguay Round (UR) negotiations of the General Agreement on

Tariffs and Trade (GATT) was free trade in all electronic products. These products were one of the so-called
“zero-for-zero” sectors for which U.S. trade negotiators hoped to achieve total elimination of tariffs by the
major trading partners. Distilled spirits was also one of the sectors identified in the “zero-for-zero™ initiative.
Although complete duty elimination was achieved in a number of product sectors, the goals of the “zero-for-
zero” initiative were not realized for the electronics sector, despite strong support by business interests in the
United States, the European Union (EU), Japan, and Canada, nor were they realized for the distilled spirits
sector.

In January 1995, the information technology (IT) industry associations of the United States,
Europe, and Japan made a set of industry recommendations to the G-7' meeting in Brussels on the Global
Information Infrastructure (GII). One of their key recommendations was to eliminate tariffs in the IT sector
through the adoption of an information technology agreement (ITA).> U.S. trade negotiators indicated their
desire to conclude such an ITA no later than the Singapore Ministerial conference of the World Trade
Organization (WTO), so that tariff reductions could either be implemented at zero immediately, or be staged
to reach zero by the year 2000.3

The ITA was signed by 28 countries and customs territories, including the United States, during the
Singapore Ministerial in December 1996 and the number of participants later grew to 37.* The agreement
requires participants to eliminate their tariffs by January 1, 2000, on a specific list of IT products attached to
the Ministerial Declaration. At the same time, the United States and the EU entered into a reciprocal
agreement on distilled spirits under which most duties would be eliminated by January 1, 2000.°

On February 27, 1997, the Commission received a letter from USTR requesting the Commission to
provide information and advice in the form of industry profiles on the IT products and distilled spirits under
consideration for tariff modification.® These profiles include a description of the industry and its relative
strengths, trends in production, brief analyses of current tariffs, an assessment of patterns of imports and
exports, and an indication of potential market access opportunities resulting from proposed tariff
modifications.

Given the increased importance many countries have placed on having modern information
infrastructures for the competitiveness of their economies, the current tariffs on IT products are viewed as
impediments to growth. Elimination of tariffs on products of the IT industries will likely create significant

! The G-7, or Group of Seven, is a consortium of the EU and the seven largest economies in the world. The individual
country members are Canada, France, Germany, Italy, Japan, the United Kingdom, and the United States.

? Information Technology Industry Association, Industry Recommendations for an Information Technology
Agreement, Apr. 16, 1996. ’

3 U.S. Department of State telegram, “Demarche Request on ITA Tariff Initiative,” message reference No. 139276,
prepared by U.S. Department of State, Washington, DC, July 9, 1996.

* As of Mar. 26,1997, two more countries, the Czech Republic and Slovakia, had joined the ITA bringing the total to
39 participants.

5U.S. tariffs on high quality rum will not be eliminated until 2003.

¢ Under section 115 of the Uruguay Round Agreements Act (URAA), the President is required to seek advice from the
USITC regarding the proposed action.



new economic opportunities in the rapidly expanding information products market. In addition to promoting
these more general economic benefits, the ITA will directly help businesses by lowering costs, improving
productivity, and expanding new services. Greater access to IT at lower prices is also likely to stimulate
competitiveness and productivity in an increasing number in manufacturing and service industries that rely
heavily on IT.

The elimination of tariffs on IT products is expected to increase market access opportunities in nearly
all of the participants in the ITA. In the United States, the ITA would likely liberalize access in only a few
sectors of the IT market. Increased market access opportunities are likely for electronic components,
specifically capacitors and resistors, and certain telecommunications equipment. U.S. tariffs are relatively
low in most other IT sectors and their elimination is not expected to dramatically increase market access. IT
tariff elimination in the EU is likely to have a greater effect on market access because the EU has higher
tariffs than the United States on a number of products. Suppliers of electronic components, silicon wafers,
office machines, telecommunications equipment, and most unrecorded media to the EU market are all likely
to benefit from the tariff eliminations of the ITA. The ITA should have a more significant effect on EU
market access over time because of the addition of new members. While the EU presently consists of
15 members, 13 other countries have applied for membership.” As countries join the EU, they must adopt the
common EU tariff schedule and agree to abide by trade agreements entered into by the EU, thus offering the
same market access as the EU. There should be little or no change in market access in Japan as a result of
ITA tariff elimination, since Japan’s final UR tariffs on IT products, which are to be fully implemented by
January 1, 1999, are zero.

Perhaps some of the greatest market access opportunities are in the developing nations of Asia.
Although tariff elimination is a significant factor in increasing market opportunities in these countries, other
factors such as rapidly expanding economies, large populations, expansion of communications
infrastructures, and growing disposable income will also benefit trade in IT products. India and Indonesia,
with most duties between 30 and 40 percent; Malaysia and Korea, with duties ranging as high as 30 percent;
Taiwan, with most duties between 5 and 15 percent; and Singapore and Hong Kong, with duties as high as
10 percent, are the largest potential markets in Asia of all ITA participants.

The ITA made much progress in increasing market access opportunities; however, there are some
areas where market access still needs improvement. The benefits of duty elimination as a result of the ITA
may be tempered by non-tariff barriers. The lack of intellectual property rights protection, nontransparent
government procurement, and customs’ reclassification are some of the barriers that have impeded trade in IT
products in the past and it is possible that these or other barriers could affect trade in the future. Two large
markets, China and Brazil, are not signatories to the ITA and market access opportunities in these countries
will not increase when the ITA is implemented. China’s market access opportunities could be enhanced when
China accedes to the WTO because ITA participants intend to seek duty reductions on the ITA product list
from all countries acceding to the WTO.® Market access for ITA products in Brazil has improved recently as
aresult of improvements in intellectual property rights and reductions in export requirements; however, no
improvements are expected as a result of the ITA.

7 World Wide Web, retrieved Mar. 10, 1997, Europa, http:/europa.eu.int/en/agenda/appmen.html. The 13 countries
are Bulgaria, Poland, Cyprus, Romania, Czech Republic, Slovakia, Estonia, Slovenia, Hungary, Switzerland, Lithuania,
Turkey, and Malta.

8 U.S. Department of State telegram, “Information Technology Agreement Meets Deadline,” message reference No.
000615, prepared by U.S. Mission, Geneva, Feb. 3, 1997.
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The elimination of tariffs on distilled spirits should provide increased market access opportunities in
both the United States and the EU. Although current import penetration in the EU is quite low--less than 5
percent--the elimination of these duties coupled with changing consumer preferences could lead to an increase
in demand for imported products. The distilled spirits agreement should have a more significant effect on EU
market access over time as new members join the EU. Market access opportunities in the United States are
also likely to increase. Given the price pressure in the distilled spirits market, the elimination of these duties
could increase the competitiveness of imported spirits in the U.S. market.

Comments from the public were received on several ITA sectors as well as distilled spirits. A
number of U.S. capacitor producers expressed strong opposition to including capacitors in the agreement and
one company opposed including resistors. The Institute for Interconnecting and Packaging Electronic
Circuits and Leica, Inc. were in favor of the agreement but thought that the agreement was too narrow. One
company stated that, in order for preferential programs to continue to benefit Caribbean exporters of rum to
the United States, all rum should be excluded from the agreement. No opposition was cited in any other
submission.
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CHAPTER 1
Introduction

An Information Technology Agreement (ITA) was signed by 28 countries or customs territories,
including the United States, during the World Trade Organization (WTO) Ministerial meeting in Singapore in
December 1996. The agreement requires participants to eliminate their tariffs by January 1, 2000, on a
specific list of Information Technology (IT) products listed in the Ministerial Declaration. These products
include computers, telecommunications equipment, computer software, semiconductors, and other electronic
components and equipment.

At the same time, the United States and the European Union (EU) entered into a reciprocal
agreement on distilled spirits under which most duties would be eliminated by January 1, 2000. This
agreement is on a most-favored-nation basis and will result in the elimination of duties on both brown and
white distilled spirits. However, rum below a certain value is excluded from the agreement.!

On February 27, 1997, the Commission received a letter from the United States Trade
Representative (USTR) requesting that the Commission institute an investigation under section 332(g) of the
Tariff Act of 1930 (19 U.S.C. 332 (g)) to provide information and advice on the IT products and distilled
spirits under consideration for tariff modification.? These products are enumerated in the annex to USTR’s
request letter (appendix A). USTR has requested industry profiles on a sectoral basis for the United States
and major foreign producers. These profiles include a description of the industry and its relative strengths,
trends in production, brief analyses of current tariffs, an assessment of patterns of imports and exports, and
an indication of potential increased market access opportunities resulting from proposed tariff modifications.
IT products have been divided into the following sectors for the purposes of this study:

. computer hardware

software

telecommunications equipment

electronic components

office machines

unrecorded media

semiconductor manufacturing and testing equipment
measuring, testing, and analyzing instruments
miscellaneous products

e o o o

e o o o

Structure of Report

Chapter 1 describes the request from USTR and provides background information on “zero-for-zero”
negotiations relating to certain IT products and distilled spirits. Chapters 2 through 10 provide profiles of
U.S. and major foreign producers and consumers of IT products. Chapter 11 provides information on the
U.S. and the EU distilled spirits industries and markets. The advice requested for the products covered by
these agreements consists of descriptions of the industries and their relative strengths, trends in production,

' Bulk rum valued at $.69 or less per proof liter and bottled rum valued at $3.00 or less per proof liter are excluded
and will continue to face existing tariffs.

> Under section 115 of the Uruguay Round Agreements Act (URAA), the President is required to seek advice from the
USITC regarding the proposed action.

1-1



brief analyses of current tariffs, and an assessment of patterns of imports and exports. Chapter 12 describes
market access opportunities likely to result from proposed tariff modifications. The advice on the proposed
tariff modifications concentrates on tariff elimination rather than non-tariff trade barriers.

The appendices attached to this study include the text of the Information Technology Agreement and
a fact sheet on the U.S.-EU distilled spirits initiative. Also attached are the request letter from USTR and the
Chairman’s response, the Federal Register notice announcing the initiation of this study, and submissions
received from the public in response to the Federal Register notice. The final appendix contains tables
showing the final Uruguay Round (UR) General Agreement on Tariffs and Trade (GATT) duty rates for the
products covered by the ITA.

Background

In 1996, world production of all electronic equipment and components amounted to just over
$1 trillion.> Production in the United States, the global leader, amounted to $274 billion, or 27 percent of the
world total.* However, the United States faces strong competition from Japanese, EU, and emerging Asian
producers. Furthermore, despite its global leadership in production, the United States experiences an overall
trade deficit in electronic products. In 1996, U.S. imports totaled $179 billion while U.S. exports amounted
to just $136 billion, resulting in a trade deficit of $43 billion.’

A large portion of the U.S. trade deficit in electronic products is due to the global interdependence of
the industry. In today's global IT market, U.S. manufacturers rely increasingly on internationally sourced
components, foreign production and sales facilities, and strategic joint ventures to enhance their competitive
positions. A typical personal computer designed and manufactured in the United States may contain a floppy
disk drive from Japan, a display monitor produced in Korea, a motherboard from Taiwan, and a hard disk
drive manufactured in Singapore. Suppliers of these components may be overseas subsidiaries of U.S.-based
or foreign-headquartered firms. Final assembly and production of commodity electronic components and
peripherals is largely done abroad, particularly in the rapidly emerging Asian countries where wage costs are
lower. In general, the strengths of the U.S. IT industry are in high value-added sectors, such as software,
microprocessors, and product design.

In recent years, the IT industry is increasingly characterized by intense competition, price sensitivity
and falling prices, declining profit margins, and commoditization of critical parts and components.
Accordingly, the ability of producers to reduce costs by securing high quality components and subassemblies
at the lowest possible prices anywhere in the world has become a major factor of competitiveness in the
global market. Trade barriers such as tariffs that increase IT suppliers' relative costs in major foreign
markets play an important role in determining international competitiveness. Although tariffs on many
electronic products, such as finished computers and systems, have been significantly reduced or eliminated
among major IT-producing countries, some tariffs on semiconductors and other important electronic parts
and components remain as impediments to trade. For example, both U.S. and EU computer manufacturers

* This figure includes almost all of the product coverage of the ITA (computer hardware, certain computer software,
telecommunications equipment, semiconductors, other electronic components, and certain analyzing instruments).
However, semiconductor manufacturing equipment and other products covered under the ITA are not included in these
data. Further, certain other products such as consumer electronics and electromedical equipment are included in these
totals, but are not included in the ITA. Elsevier Advanced Technology, Yearbook of World Electronics Data 1996
(Oxford: Elsevier Science Ltd., 1996), vol. 3, table 2.3.4., p. 13.

* Elsevier Advanced Technology, Yearbook of World Electronics Data, 1996, vol. 3, table 2.3.4., p. 13.

* Compiled from official statistics of the U.S. Department of Commerce.
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have voiced complaints against the relatively high EU tariffs on certain semiconductors and other electronic
components.® Such tariffs either have been eliminated or reduced significantly by other major developed
countries, including the United States and Japan.

ITA Initiative

Free trade in all electronic products was a major U.S. objective in the UR negotiations of the GATT.
That sector was one of the so called “zero-for-zero” sectors for which U.S. trade negotiators hoped to achieve
total elimination of tariffs by major trading partners. Although complete duty elimination was achieved in a
number of product sectors, the electronics “zero-for-zero” initiative was not fully realized despite strong
support by business interests in the United States, the EU, Japan, and Canada.

Section 111(b) of the Uruguay Round Agreements Act (URAA)(19 U.S.C. 3521(b)) authorizes the
President to proclaim such duty modifications or changes in the staged reductions of duties as may be agreed
to in future negotiations involving the sectors for which the United States sought duty elimination. The
President’s proclamation authority is subject to the consultation and layover procedures in section 115 of the
URAA,’” which include obtaining advice from the Commission.

In January 1995, the IT industry associations of the United States, Europe, and Japan® made a set of
industry recommendations to the G-7° meeting in Brussels on the Global Information Infrastructure (GII).
One of their key recommendations was to eliminate tariffs in the IT sector through the adoption of an
information technology agreement.!® U.S. trade negotiators indicated their desire to conclude such an ITA no
later than the Singapore Ministerial conference, so that tariff reductions could either be implemented at zero
immediately, or be staged to reach zero by the year 2000."

Canada, Japan, the EU, and the United States (the Quad Members) agreed that an ITA should
include as many participants as possible outside the Quad, particularly leading Asia-Pacific Economic
Cooperation (APEC) economies, such as Korea, Taiwan, Malaysia, Indonesia, Thailand, the Philippines,
Singapore, and China.'"> The ITA obtained an important endorsement from APEC economic leaders’ meeting

¢ European industry and trade association officials, interviews by USITC staff, Frankfurt, Munich, Ivrea, Paris, and
London, May 6-24, 1993; European Association of Manufacturers of Business Machines and Information Technology
(EUROBIT), European IT Competitiveness in a Distorted Market Environment: Consequences of EC - 14% - Tariff
on Semiconductors for European Information Technology Manufacturers (Frankfurt: EUROBIT, 1991); and
European Information Technology Observatory 1996 (Frankfurt: European Economic Interest Grouping, 1996),
pp. 10-40. '

719 U.S.C. 3524. Section 115 provides that the President may proclaim the action only if (1) he has obtained advice
from the appropriate advisory committees (established under 19 U.S.C. 2155) and the United States International Trade
Commission; (2) he has submitted a report to the House Committee on Ways and Means and the Senate Committee on
Finance that sets forth the action to be taken, the reasons for the action, and the advice obtained; (3) a period of 60
calendar days has expired since he obtained such advice and submitted the required report; and (4) he has consulted with
the two committees during the 60-day period.

® Information Technology Industry Council (ITI), EUROBIT, and Japan Electronic Industry Development Association.

 The G-7, or Group of Seven, is a consortium of the EU and the seven largest economies in the world. The individual
country members are Canada, France, Germany, Italy, Japan, the United Kingdom, and the United States.

** Information Technology Industry Association, Industry Recommendations for an Information Technology
Agreement, Apr. 16, 1996.

"' U.S. Department of State telegram, “Demarche Request on ITA Tariff Initiative,” message reference No. 139276,

prepared by U.S. Department of State, Washington, DC, July 9, 1996.
2 Tbid.
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in the Philippines in November 1996, which called for the conclusion of an "information technology
~agreement by the WTO Ministerial Conference that would substantially eliminate tariffs by the year 2000,
. recognizing the need for flexibility as negotiations in Geneva proceeded."'?

Subsequently, an ITA was drafted during the Ministerial meeting in Singapore in December 1996
and a Ministerial Declaration on Trade in Information Technology Products was issued on behalf of
representatives of countries accounting for well over 80 percent of world trade in these products. The
countries or customs territories represented were Australia; Japan; Canada; Korea; the separate customs
Territory of Taiwan, Penghu, Kinmen, and Matsu; Norway; the EU; Singapore; Hong Kong; Switzerland;
Iceland; Turkey; Indonesia; and the United States.'* Three more participants, New Zealand, Costa Rica and
Macau, submitted their proposals in early February,'® and Malaysia, Thailand, Romania, Estonia, India, and
Israel also agreed to the ITA by the March 1, 1997 deadline.! The volume of IT products traded among the
participants is estimated at 91.3 percent of the total world trade, 1.3 percent higher than the minimum
requirement stated in the agreement.!’

Signatories agreed that customs duties on all ITA products are to be eliminated by the year 2000.
However, ministers also recognized that extended staging of reductions may be necessary in limited
circumstances. Only economies that eliminate tariffs on all IT products enumerated in the agreement will be
eligible to participate in the ongoing committees which determine customs nomenclature for ITA products
and update the product coverage list. The Ministerial Declaration contained instructions from ministers to
finalize plurilateral technical discussions by January 31, 1997, to allow time to prepare the documents needed
for the WTO review process that began on March 1. Final schedules were to be approved at the end of
March, and the agreement is to be implemented on July 1, 1997.

The agreement requires participants to eliminate their tariffs on a specific list of products attached to
the Singapore Ministerial Declaration. Participants do not have the opportunity to selectively participate in
the agreement; that is, there are no exceptions to product coverage. With this in mind, the key issue is
resolving the staging of tariff elimination under the ITA, as noted in paragraph 2 of the Declaration's annex
on modalities and product coverage. The annex specifies that, except as may be otherwise agreed by the
participants, the elimination of customs duties must be completed no later than January 1, 2000, meaning that
requests for longer staging will be considered on a product-by-product basis and must be approved by every
participant.'®

13 Mark Felsenthal, “APEC Leaders Urge Conclusion of Information Technology Pact,” BNA International Trade
Daily, Nov. 26, 1996, pp. 1-3.

' U.S. Department of State telegram, “ITA: Urgent Action Request for Upcoming Talks in Geneva,” message
reference No. 009456, prepared by U.S. Department of State, Washington, DC, Jan. 17, 1997.

' Tani Freedman, “WTO information-technology pact wins crucial support,” received by NewsEDGE/LAN, Mar. 3,
1997.

16 “WTO chief hails information-technology pact progress,” Geneva, March 3 (AFP), received by NewsEDGE/LAN,
Mar. 3, 1997. Israel, Romania, and Estonia did not submit detailed schedules by Mar. 1, 1997 but have informed the
WTO Secretariat of their intention to join the ITA within the parameters agreed to by the other participants. India has
tabled the required schedule but it has not yet been accepted by ITA participants and negotiations are continuing with
India. USTR officials, telephone interview by USITC staff, Mar. 4, 1997. As of Mar. 26, 1997, there were 39
participants in the ITA. The Czech Republic and Slovakia joined in late March. U.S. Department of State, “ITA
Agreement Finalized in Geneva,” message reference No. 057546, prepared by U.S. Department of State, Washington,
DC, Mar. 28, 1997. However, due to time constraints, these two countries will not be included as ITA participants for
the purposes of this study.

' “Thailand Agrees to Join Information Technology Accord,” Bangkok (March 5) Xinhua, received by
NewsEDGE/LAN, Mar. 3, 1997.

' U.S. Department of State telegram, “ITA: Urgent Action Request for Upcoming Talks in Geneva.”
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Thus far, delegations have come forward with very short lists of products for which they seek
extended staging. Extended staging would not be available to declared developed countries. The Quad
Members indicated that they would look at accelerated staging. While the Declaration provided that
expanded product coverage may be necessary in limited circumstances, discussions in Singapore made clear
that the coverage in the Declaration reflected the maximum flexibility from countries, and that there would be
no exceptions, and few, if any, additions.'®

By January 31, delegations had completed the discussions mandated by the Declaration, product
coverage had been finalized (essentially the list that was produced in Singapore and some clarifications with
respect to classifications), and all participants in the Declaration at Singapore had agreed on staging.
Participants agreed to very few extended staging requests. Indonesia, Korea, Costa Rica, and Taiwan
received extensions ranging from 2000 to 2005, none going beyond 2005. Taiwan took advantage of the
provisions established to enable countries in the process of acceding to the WTO to join the ITA. It is
expected that participants in the ITA will seek tariff reductions on the agreed ITA product list from all
acceding countries.”® Although staging requests vary by product and by participant, the key is that all rates
will be bound immediately upon implementation and reductions will be staged to zero by 2000 in most
instances and by 2005 at the latest. The United States and the EU may accelerate some aspects of staging,
notably semiconductor tariffs.”!

Work continues in Geneva on technical issues related to creating and formatting modalities for
implementing the agreement. The most important modality agreed to by ITA participants will define the
process for adding new products to the ITA. A review by ITA participants will begin in October 1997, with
the aim of revising the ITA product coverage by January 1, 1999.%

Distilled Spirits Initiative

During the UR negotiations, the United States sought an agreement from its major trading partners to
eliminate tariffs on all distilled spirits. However, the United States achieved only partial success in this
distilled spirits “zero-for-zero” initiative. Agreement was reached to eliminate tariffs on whiskies and brandy
by 2004 but white spirits were not part of the final agreement. Following the close of the UR the distilled
spirits industries of the United States and the EU continued to support efforts to eliminate tarlffs and
increase market access opportunities in the two largest markets in the world.

At the WTO Ministerial Conference, the United States and the EU agreed to further liberalize market
access for distilled spirits. The agreement includes the acceleration of the UR staged tariff cuts for brown
spirits and the inclusion of white spirits in the “zero-for-zero” initiative. Under the distilled spirits initiative,
tariffs on whiskies and brandy will be eliminated by the year 2000, rather than the UR committment of 2004.
White spirits such as gin and vodka will also be duty free by January 1, 2000.

¥ Tbid.

U.S. Department of State telegram, “Information Technology Agreement Meets Deadline,” message reference No.
000615, prepared by U.S. Mission, Geneva, Feb. 5, 1997.

2 Tbid.

2 Tbid.
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CHAPTER 2

Computer Hardware
Scott Ki

Products classified as computer hardware include the computers themselves as well as computer
peripherals, sub-assemblies, and parts and accessories (table 2-1). Electronic components of computers such
as semiconductors and printed circuit boards are discussed in chapter 5. Appendix A shows a complete list of
products included in the Information Technology Agreement (ITA).

The United States, Japan, the EU, Singapore, Taiwan, and Korea accounted for an estimated
85 percent of global production of computer hardware in 1996 (figure 2-1).! During the same year, the
United States and Japan each produced more than $70 billion worth of computer hardware, or roughly one-
quarter each of the total, while the EU contributed more than $45 billion, or one-sixth (figure 2-2).
Singapore, Taiwan, and Korea accounted for a combined total of slightly less than $45 billion in 1996. In
terms of total sales revenue worldwide, U.S.-and Japanese-headquartered companies occupied the top ten
positions in 1995 (table 2-2).

U.S. Industry Profile

The United States produced just slightly more computer hardware than Japan in 1996. U.S. firms
manufacture all types of computers and computer-related equipment and encounter competition in nearly all
product segments, especially with the major producers headquartered in Japan, Taiwan, and Korea. In an
intensely competitive environment, the U.S. industry is strong in such critical areas as shifting the production
of commoditized hardware to lower cost locations or contract manufacturers; managing production,
inventory, and distribution to minimize costs; developing new and emerging technologies; quickly adapting to
new innovations; and marketing and selling computer hardware. In comparison with some non-U.S. firms,
U.S. producers of computer hardware have relatively higher costs of domestic labor and capital investment.
However, as stated above, U.S. firms have been successful in reducing costs by moving labor-intensive
production outside of the United States and/or sourcing from non-affiliated companies.

The U.S. computer hardware industry produced equipment worth approximately $71 billion in
1996.> Production of computer hardware has grown by an average annual rate of more than 10 percent since
1992. At least one-half of all production in the sector involves computers, while sub-assemblies and parts
and accessories contribute slightly more than one-quarter to the sector. Computer peripherals make up the
remainder of all production in the U.S. industry.

Exports of U.S. computer hardware increased from nearly $25 billion in 1992 to more than
$38 billion in 1996.% This increase represents an average annual growth rate of roughly 11 percent.
Approximately 25 percent of exports in 1996 were computers and computer systems (computers

! Estimated by USITC staff based on Elsevier Advanced Technology, Yearbook of World Electronics Data (Oxford:
Elsevier Science Ltd., 1996), 1996 ed.; official statistics of the U.S. Department of Commerce (USDOC); and USDOC,
Computer Industry Trends and Trade Data, Jan. 21, 1997, pp. 1-5.

? Ibid.

3 Ibid.
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Table 2-1
Examples of computer hardware

Supercomputers Displays/monitors

Mainframe computers Mice

Minicomputers Keyboards

Workstations Touch screens

Network servers (enterprise, local area, print, file) Scanners

Desktop personal computers (PCs) Printers

Network computers (NCs) Storage devices (disk drives, CD-ROM drives,
Portable PCs (notebooks, laptops, palmtops) DAT)

Personal digital assistants (PDAs) Local area network (LAN) adapters

Motherboards Housings
Multimedia cards (video and sound cards) Computer cables
Memory boards Other parts and accessories

Source: Compiled by the staff of the USITC.

Figure 2-1
Share of world computer hardware production, by major producing countries, 1996
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Source: Estimated by USITC staff based on Elsevier Advanced Technblogy, Yearbook of World Electronics Data
(Oxford: Elsevier Science Ltd., 1996), 1996 ed.; official statistics of the U.S. Department of Commerce (USDOC); and
USDOC, Computer Industry Trends and Trade Data, Jan. 21, 1997, pp. 1-5.
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Figure 2-2
Production of computer hardware, by major producing countries, 1996
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Source: Estimated by USITC staff based on Elsevier Advanced Technology, Yearbook of World Electronics Data
(Oxford: Elsevier Science Ltd., 199((5]; official statistics of the U.S. Department of Commerce (USDOC); and USDOC,
Computer Industry Trends and Trade Data, Jan. 21, 1997, pp. 1-5.

integrated with peripherals). Peripherals accounted for over 30 percent of exports, while computer parts
equaled almost 45 percent of total exports. The EU, Canada, and Japan are the largest export markets for
U.S. computer hardware.

Although production of computer hardware increased steadily during 1992-96, total U.S. industry
employment declined from 220,000 employees in 1992 to an estimated 215,000 employees in 1996.*
However, total employment in the industry may be stabilizing as employment has fluctuated between 211,000
and 215,000 workers since 1993. A similar trend has occurred in the number of production workers which
has not fallen below 73,900 since 1992 and reached an estimated 77,000 workers in 1996.

These workers are employed at over 1,000 companies in the United States.® These firms vary in
terms of size, product focus, and level of technology. U.S. computer companies include large operations such
as International Business Machines (IBM) and small-to-medium sized businesses with less well known
names. While companies like IBM and Hewlett-Packard Company (HP) produce the entire range of
computers and related equipment, many computer companies specialize in one particular market segment or
one specific type of computer or computer related hardware. Companies such as Dell Computer Corporation
(Dell) and Gateway 2000, Inc. (Gateway 2000), for instance, are large companies that focus on PCs. In terms
of level of technology, large companies like Silicon Graphics, Inc. (SGI) and even small start-up firms

“Ibid.; U.S. Department of Labor, Bureau of Labor Statistics, Employment and Wages Annual Averages, 1991,

1992, 1993, 1994, and USDOC, Current Industrial Report MA-35R, Computer and Office and Accounting Machines,
1995.

> USDOC, MA-35R, 1995.
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Table 2-2
Computer hardware: Leading world producers, 1995!

Large scale systems IBM Fyjitsu Groupe Bull
(Supercomputers, Unisys Hitachi Siemens-Nixdorf
mainframes, high Amdahl® NEC Comparex
performance servers)® Cray Research (CRI) Mitsubishi Olivetti
Silicon Graphics (SGI)
Low-to-midrange multiuser | IBM NEC Siemens-Nixdorf
systems Hewlett-Packard (HP) Toshiba Groupe Bull
( minicomputers, AT&T Fujitsu Olivetti
low-to-midrange servers) Compaq Mitsubishi
Tandem Hitachi
Desktops IBM Fujitsu Olivetti*
(PCs and workstations) Compaq Toshiba Siemens-Nixdorf
Apple NEC Groupe Bull
HP Matsushita
Dell Hitachi
Peripherals IBM Canon Siemens-Nixdorf
HP Hitachi
Seagate Fujitsu
Quantum Matsushita
Xerox Toshiba

! In order of worldwide revenues.
2IBM S/390 class computers and above.
*U.S. corporation with approximately 43 percent of common stock owned by Fujitsu of Japan.

* Olivetti recently sold its PC operations to a new company, Piedmont International, a consortium of Ttalian and other foreign
investors.

Source: Compiled by USITC staff based on Datamation, June 15, 1996.

develop leading edge technologies, while other companies, large or small, devote a minimal amount to
research and development (R&D).

The computer industry has shifted markedly away from vertically organized companies and toward
reliance on global linkages and outsourcing both from the United States and from foreign sources, especially
in the manufacturing process. Even monolithic companies such as IBM have adjusted to a competitive
environment in which smaller, more cost effective, and flexible companies delivered quality products to end
users at a low price. Essentially, globalization and outsourcing enhanced competitiveness in the sector by
allowing companies to seek lower cost alternatives to vertically integrated operations. Specifically,
globalization and outsourcing offered producers lower labor costs, lower risk, lower costs of capital
investment, flexibility to adapt to rapid technological changes, ability to become new entrants or start-up
firms, and lower R&D costs.

Until the 1980s, the computer industry in the United States and worldwide had been dominated by
vertically organized corporations such as IBM, which produced all the various components of a computer
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system from the integrated circuits to the finished product, including all of the peripheral units.® With the
introduction of PCs in the 1970s and the advent of IBM PC clone companies in the early 1980s, this model
began to change as the acceptance of PCs and their relatively low costs increased price pressure throughout
the computer industry. The price and performance demands of the PC industry spread to other computer
market segments leading to shortened product life cycles and the increased use of standardized parts and
components for all computers.” As a result, U.S. computer companies, including IBM, are increasingly
establishing operations in foreign countries, and outsourcing the manufacture of computer hardware to
outside contractors.

Today, the computer industry is truly global with relatively high levels of international investment in
production, global sourcing of computer hardware, and international collaboration.® In fact, every producer in
the industry relies on linkages with other producers in other countries to deliver finished products. Major
U.S. computer companies such as Apple Computer, Inc. (Apple), Compaq Computer Corporation (Compag),
and HP have manufacturing operations located overseas in areas such as Asia, Latin America, and Europe.®
Compag, for instance, establishes manufacturing operations in different regions of the world to satisfy
variations in global market demand and to decrease costs.

Along with overseas operations, outsourcing or contracting with domestic and foreign manufacturers
is common among U.S. computer companies. Microprocessors for both IBM-compatible and Apple PCs are
sourced from outside suppliers based in the United States -- predominantly Intel Corporation (Intel) for IBM-
compatible PCs, and Motorola, Inc. and IBM for Apple PCs. Also, major U.S. computer manufacturers such
as Apple, Compagq, Dell, and IBM will source computer peripherals, such as mice and keyboards, as well as
computer motherboards and notebook computers from Taiwan'® or other Asian suppliers. The benefits of
outsourcing are similar to those derived from owning overseas operations in terms of cutting costs. Another
distinct benefit of outsourcing arises from shifting the expense and risk of building and maintaining
manufacturing facilities to companies that specialize in such areas. With the market uncertainty and
shortened product life-cycles in the computer industry, major U.S. computer firms are willing to allow
outsource contractors to handle the responsibilities and risks of maintaining production plants and developing
supplier relationships."" This type of relationship also allows the U.S. company to remain flexible and
quickly adapt to a new technological innovation. In return, outsource contractors are allowed to produce
similar types of computer hardware for other, sometimes competing, firms.

Although IBM is still a leading U.S. computer company, other firms such as Compaq and Dell have
established operations by quickly adapting to changes in the industry via global production and outsourcing
and by focusing on the PC segment. For instance, in the United States, Dell and Compaq experienced unit
shipment growth rates during 1995-96 of approximately 70 percent and 25 percent, respectively, while IBM

¢ Charles H. Ferguson and Charles R. Morris, Computer Wars: How the West Can Win in a Post-IBM World (New
York: Times Books, 1993), pp. 7-10.

7 Ferguson and Morris, Computer Wars, pp. 182-188 and Graham Vickery, “Globalisation in the Computer
Industry,” ch. 3 in Globalisation of Industry: Overview and Sector Reports (Paris: Organization for Economic Co-
operation and Development (OECD), 1996), pp. 112-113.

¥ Vickery, “Globalisation in the Computer Industry,” pp. 111-112.

° Apple, 10-K Report, 1995; Compaq, 10-K Report, 1995; and HP, 10-K Report, 1995.

' World Wide Web, retrieved Jan. 15, 1997, The Profile of Taiwan Information Technology Industry,
http://mic.iii.org.tw/english, Market Intelligence Center/Institute for the Information Industry (MIC/IIL), Taiwan’s IT
Industry, 1996.

' Tim Sturgeon and Stephen Cohen,“Background Discussion,” Working Meeting on Globalization, Berkeley
Roundtable on the International Economy (BRIE), Mar. 8, 1996.
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experienced a PC growth rate of 20 percent during the same period.'> Compaq was the U.S. and worldwide
PC market leader in unit shipments for 1995 and 1996.

Globalization and outsourcing also increased the ability of start-up firms and foreign operations to
enter the U.S. industry. Start-up firms, especially in the PC and workstation sectors, are able to enter into
agreements with contractors to manufacture products according to their specifications. All computer
components, parts, and the finished computer system can be manufactured by outside companies, allowing
the start-up company to focus resources and attention on finance, R&D, design, marketing, and sales. Sun
Microsystems is an example of a workstation vendor that has followed this strategy.'

Globalization and outsourcing stimulated the number of computer hardware start-up firms
established in the United States since 1990. Roughly 12 percent of all high technology companies formed
during 1990-94 were computer hardware firms.'* Computer software companies were the only other type of
technology firm with a greater percentage of start-ups during the period. This number also includes foreign
PC manufacturers that have established U.S. operations, many of which gained expertise by manufacturing
outsourced products for major computer companies. The Acer Group of Taiwan, for instance, has
established U.S. operations (Acer America Corporation), introduced its own brand name PCs while producing
computer hardware for other firms, and recently entered into an agreement to acquire the portable computer
unit of Texas Instruments.!®

By taking advantage of globalization and outsourcing, PC companies developed lean operations
without the extensive R&D costs or large administrative expenses incurred by firms like IBM or other high-
end computer producers like SGL'¢ For instance, Dell is a PC-focused company which contracts with the
Sony Corporation (Sony) of Japan and Quanta Computer of Taiwan for the production of basic notebook
computers. These computers are then customized to end user specifications such as memory capacity and
storage options at a local or regional final assembly center. Because of extensive outsourcing relationships
such as these, Dell kept its R&D expenses to less than 2 percent of total revenues in fiscal year 1996.17 In
comparison, SGI, a maker of high-end servers, workstations, and supercomputers, devoted 12 percent of total
revenues to R&D.'®

The United States is a particularly attractive market for foreign-owned companies because it is a
pacesetter in the use of computer technology at both the corporate and consumer levels.'® Foreign-owned
computer hardware companies operating in the United States in 1995 comprised slightly more than
14 percent of all computer hardware establishments in the United States (figure 2-3).2° Japanese firms

> World Wide Web, retrieved Jan. 28, 1997, In the News, http://www.dataquest.com/irc/press, Tom McCall,
“Dataquest Reports Worldwide PC Market Thrived in 1996 with 18 Percent Growth,” Jan. 27, 1997.

13 Sturgeon and Cohen,“Background Discussion.” )

' National Science Foundation (NSF), Science and Engineering Indicators 1996 (Washington, DC: GPO, 1995),
ch. 6, pp. 28-29.

' Kenneth L. Kraemer, Jason Dedrick, Chin-Yeong Hwang, Tze-Chen Tu, and Chee-Sing Yap, “Entrepreneurship,
Flexibility, and Policy Coordination: Taiwan’s Computer Industry,” The Information Society, No. 12, 1996,
pp. 238-241 and “Taiwan’s Acer to Buy Texas Instruments Mobile Computing Branch,” Bridge News, Jan. 24, 1997.

' Ferguson and Mortis, Computer Wars, pp. 51-65 and Standard and Poor’s Industry Surveys: Computers:
Hardware, Sept. 19, 1996, pp. 13-14.

" Dell, 10-K Report 1996.

'®* SGI acquired Cray Research, Inc. (CRI) in fiscal year 1996. Industry representative, interview by USITC staff,
Mountain View, CA, Dec. 6, 1996.

" Standard & Poor’s: Computers, pp. 3-4.

% Corporate Technology Information Services, Inc., CorpTech database Rev. 10.1 as cited in NSF, Science and
Engineering, app. table 6-17.
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Figure 2-3
Share of foreign-owned computer hardware establishments in the United States, by
principal countries, 1995

555
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Canada 7%

Switzerland 2%
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European Union 26% .
Taiwan 3%

Source: Corporate Technology Information Services, Inc., as cited in National Science Foundation, Science and
Engineering Indicators, 1996.

accounted for the leading share with roughly 31 percent of these computer hardware establishments. Several
countries of the EU -- the United Kingdom, Germany, France, Sweden, and the Netherlands -- together
comprised an estimated 26 percent of all such establishments. Canadian firms accounted for 7 percent.
Firms from Taiwan, Singapore, Korea, and Hong Kong represented approximately 10 percent.

The entire computer hardware industry is affected by price pressure and technological advances
emanating from the lower end of the market which has caused reverberations in all segments of the sector.
Price competition in the PC segment has intensified due to dramatic reductions in price coupled with the
acceleration of performance levels. In general, microprocessor performance has doubled every 18 months
since Intel’s introduction of the 4004 chip in 1971 and prices have decreased even more rapidly than the
increased performance.” For example, a Pentium processor that was released in 1994 processes more than
100 million instructions per second at a cost of $950. In comparison, a leading technology processor released
in 1982 processed only 1 million instructions per second (or 1 percent of the Pentium’s capabilities) and cost
$320,000 (or 337 times more than the Pentium).?? Since 1995, Intel has introduced incrementally

faster Pentium chips nearly every quarter at prices similar to the market entry price of the previous version.?

* Nick Tredennick, “Microprocessor-Based Computers,” Computer, Oct. 1996, p. 33 and Linley Gwennap, “Birth of
a Chip,” Byte, Dec. 1996, p. 82.

%2 Standard & Poor’s: Computers, p. 10.

B Jeffrey Henning, “Intel in Your Face,” Datamation, June 15, 1996, p. 44.
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With advances in PC technology occurring at such a rapid pace, U.S. PC companies must introduce
new product lines at least every 2 years, if not more quickly, to maintain a competitive edge and to benefit
from the higher profit margins that are associated with the newest technologies.>* Also, as new technologies
and higher performance PCs are introduced at prices comparable to earlier market entry prices, the market for
products using previous generations of chips or components declines rapidly. The speed of product
introductions forces companies to cut prices on PCs that may only have been introduced 3 months earlier. In
other words, although profit margins are large enough to entice companies to innovate and develop new
products near the beginning of a product generation, these margins decrease substantially within 2 years. As
aresult, product delays or failures can quickly bring about reductions in market share and even the demise of
companies. For example, an industry analyst stated that the introduction of Microsoft’s Windows 95 PC
operating system (OS) eroded any technological advantage Apple’s Macintosh OS had in the marketplace
and led to declines in sales of Apple computer hardware.

Price pressure starting in the PC sector has affected higher performance segments of the computer
industry for two primary reasons -- the continued adoption by end users of a distributed model of computing
based on PC client/server networks and the cheaper price of client/server systems compared with mainframe
systems.”® PC client/server networks have been rapidly adopted by corporations because these networks
allow them to process information quickly, responsively, and efficiently -- factors that are extremely
important in a competitive marketplace.”’ In addition, PC client/server systems can increasingly perform the
tasks of mainframe systems at a lower purchase price, although it is debatable whether the long term costs of
ownership are lower. As a result, PC client/server networks have gained market share at the expense of
mainframe computers, and mainframe prices have dropped.® Mainframe manufacturers have either stopped
producing mainframes or have responded with cost-cutting strategies that are common to PC companies and
have switched to cheaper processor technologies to compete with PC client/server networks.

This trend also extends to the highest performance computers, often referred to as supercomputers,
because as the performance of PC network servers increases and mainframe prices decrease, lower cost
servers and mainframes are encroaching upon a market segment traditionally associated with very high cost
supercomputers. In fact, computers that use thousands of linked PC microprocessors, such as Intel’s Pentium
Pro, have equaled or surpassed performance benchmarks more commonly associated with supercomputers.?
These factors, along with a decline in resources available to traditionally strong customers like government
agencies,”® contributed to a consolidation in the supercomputer segment. For instance, two of the last
independent companies that specialized in supercomputers, Convex Computers Corporatlon and Cray
Research, Inc., have been acquired by HP and SGI, respectively.

* Computer Systems Policy Project, Freedom to Grow: Public Policy and the U.S. Computer Industry, Jan. 1995.

* Henning, “Intel in Your Face,” p. 45.

* A distributed model of computing is composed of at least two elements, a client and a server, with both elements
being computers. The client is a computer that processes information, for instance, when an end user writes a document
using a word processing application or calculates numbers using a spreadsheet application. The server provides a
specific function or service requested by the client such as storing changes to a word processing document, accessing
data files, or sharing printers. Client/server networks are any number of clients that are connected to a server creating
what is known as a local area network (LAN). Servers range in price and performance from low-end PC servers that
distribute file and print access to high-end servers that assume the tasks of mainframe computers.

¥ Standard & Poor’s: Computers, pp. 7-11.

*® Angie Pantages, “Big Iron is Back,” Datamation, June 15, 1996, p. 67.

* Tom Thompson, “The World’s Fastest Computers,” Byte, Jan. 1996, p. 62.

* Industry representatives, interviews by USITC staff, Pittsburgh, PA, Nov. 19-21, 1996, and Dallas, TX, Dec. 2,
1996.
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This type of consolidation is actually more common to PC companies. Although enduring falling
margins, the U.S. PC industry continues to attract new entrants because of the potential for profits at the early
stage of product introductions, growth rates that are in the double digits, and the relative ease of market
entry.*’ But with intense price competition coupled with the need to innovate, success in the PC industry is
difficult to attain and even more difficult to retain. Consequently, the PC industry continues to experience
cost-cutting and consolidation. For instance, NEC’s investment in the U.S. company Packard Bell
consolidates the PC operations of three companies (Groupe Bull is the third) in the United States.>> Other
recent examples of consolidation include Samsung Electronics Company’s (Samsung) equity stake of
49 percent in the U.S. PC maker AST Computer in 1995 (Samsung’s stake will reportedly increase to full
ownership) and the Acer Group’s purchase of Texas Instrument’s portable computer division in 1997.

The United States also leads in the variety of methods to deliver computer hardware to end users.
Based on the level of product technology, the customer’s knowledge and experience with computers, and
whether the customer is a business or a consumer, different distribution channels are used by computer
companies to deliver the product efficiently and cheaply. In general, the lower the level of technology and
customer knowledge, or if the customer is buying the product for home use, the greater the reliance on retail
outlets such as Office Depot, Wal-Mart, and CompUSA.* For corporate customers, and the sale of products
such as workstations, mainframes, and supercomputers, U.S. computer companies rely either on their own
sales and service force or work with resellers, systems integrators, and other companies who are the primary
point of contact for end-user service and support. Because reliability is so important to business customers,
manufacturers that offer service contracts, systems integrators, and resellers will install, maintain, and remain
on call to fix any problems that may arise at any time.

The use of resellers and systems integrators can reduce the company’s direct customer support and
service overhead while increasing costs associated with maintaining a satisfactory relationship with resellers
and systems integrators, and increasing the potential for excess inventory because of the longer sales cycle
associated with indirect channel sales. Use of the retail channel, in comparison, means that high sales volume
will be pushed by the use of narrow margins and cash incentives. Additionally, sales via retailers means that
customer service will be handled directly by the computer company and those costs need to be factored into
the decision to pursue a retail strategy. Many computer companies such as HP and IBM operate in all of the
different channels of distribution in order to target the entire population of end-user markets while companies
like Dell focus on one primary channel to minimize costs.

Overall, U.S. computer companies pursue market share and the resulting profits by continuing to
develop innovative technology. Companies that bring a new product to market obtain the highest profit
margins for the longest possible time. Also, as a general rule, higher performance products such as
supercomputers and mainframes require more R&D investment than PCs or PC peripherals. U.S. computer
companies, on average, spend 8 percent of their revenues on R&D.>* Tandem Computers, for instance,
devotes over 14 percent of its revenues to R&D because it is a manufacturer of fault-tolerant computer

3 Standard & Poor’s: Computers, p. 9.

2 World Wide Web, retrieved Jan. 16, 1997, Upside.com: Search,
http://www.upside.com/texis/archive/search/article.html?UID=9612011003, Geoffrey James, “U.S. Computer Market:
Where East Meets West,” Upside, Dec. 1996, World Wide Web, retrieved Feb. 4, 1997, Packard Bell-News,
http://www.packardbell.com/news, Packard Bell, “Packard Bell and Zenith Data Systems to Combine Their Operations
in Packard Bell,” Feb. 7, 1996; and World Wide Web, retrieved Feb. 4, 1997, Packard Bell-News,
http://www.packardbell.com/news, Packard Bell, “Agreement Concluded Between Packard Bell and NEC on Merger of
Worldwide PC Operations,” July 15, 1996.

* Industry representative, telephone interview by USITC staff, Jan. 30, 1997.

3 Computer Systems Policy Project, Freedom to Grow: Public Policy and the U.S. Computer Industry, Jan. 1995.

2-9



systems for highly sensitive database processing such as on-line commercial transactions.®* In another
example, IBM leads the world in receiving U.S. patents. In 1996, as in the 3 preceding years, IBM received
more U.S. patents than any other company in the world.*¢ Holding patents is lucrative, as IBM’s patent and
technology licensing agreements contributed nearly $640 million to IBM’s revenues in 199437 In terms of
share of total industrial R&D, the sector which includes computers and office machines accounted for

9.4 percent in 1992 and is ranked only below the communications and aircraft industries.®® This translates to
a total investment of $11.5 billion for R&D in the computers and office machines sector in 1992. Other
estimates for R&D expenditures in 1995 are as high as $19 billion for the computer and office machine
industry.*

In terms of U.S. government R&D funds, the High Performance Computing and Communications
(HPCC) Program was initiated in 1991 to support research in advanced computer technologies such as
supercomputers. Currently, 12 Federal agencies participate in this program which is divided into 5
components:

. High Performance Computing Systems

. National Research and Education Network

. Advanced Software Technology and Algorithms

. Information Infrastructure Technology and Applications
J Basic Research and Human Resources

For fiscal year (FY) 1997, the HPCC Program received funds estimated at slightly over $1 billion.** In
addition, President Clinton requested over $1 billion for federal spending related to computing and
communications research for the FY 1998 budget.* While some people may debate the direct effects of such
programs, especially in the context of commercial applications, many analysts believe that the results of
long-term government investment in computers and communications are visible today with the United States
in the lead in these sectors.*

Several trends will continue to reshape the global operations of the U.S. industry. As discussed
above, the commoditization of computer parts, components, and peripherals will continue to create price
pressure that will affect all types of computer hardware companies, leading to greater international production
and sourcing. Also, the high research intensity and the increasing convergence of computing,
telecommunications, and consumer electronics will continue to lead to international alliances and consortia.*
For example, IBM has technology agreements with companies like Hitachi, Toshiba, Canon, and Cyrix. IBM

* Lucien Virgile, “Tandem Computers,” The Value Line Investment Survey (New York: Value Line Publishing),
Oct. 25, 1996, p. 1109.

3¢ “IBM Awarded Most U.S. Patents for Fourth Consecutive Year,” Business Wire, Jan. 13, 1997.

%7 World Wide Web, retrieved Jan. 31, 1997, IBM Annual Report 1994, http://www.ibm.com, IBM, Annual Report
1994.

38 NSF, Science and Engineering, ch. 6, p. 16.

* Information Technology Industry Council (ITI), Industry Statistics Program, Information Technology Industry
Data Book 1960-2006, 1996, p. 15.

“* World Wide Web, retrieved Jan. 31, 1997, HPCC Publications, http://www.hpce.gov/reports/index.html, National
Coordination Office for HPCC, High Performance Computing and Communications: Advancing the Frontters of
Information Technology (FY 1997 Blue Book).

! World Wide Web, retrieved Feb. 7, 1997, Tech Wire, http://www techweb.com/wire/news/feb/0206clinton. html,
Rex Nutting, “Clinton Asks 9% Boost in Computing R&D,” Tech Wire, Feb. 7, 1997.

“ Computer Science and Telecommunications Board, Keeping the U.S. Computer and Communications Industry
Competitive (Washington, DC: National Research Council, 1995), pp. 83-85.

 Vickery, “Globalisation in the Computer Industry,” p. 112.
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sells such products as storage units and semiconductors to other manufacturers, including Apple, Cyrix,
Hitachi, and Toshiba.* -

Foreign Industry Profiles

The U.S. industry’s foreign competitors are principally based in Japan, the EU, Singapore, Taiwan,
and Korea. Production in the EU and Singapore is large and U.S.-owned manufacturing facilities account for
a substantial share of such production. Also, U.S. and Japanese companies buy many computer products
from Taiwan and Korea for labeling with their own brand names. Malaysia, China, Thailand, and Brazil are
increasing their share of global manufacturing of computer hardware and are second-tier producers.*

Japan

Japanese firms manufacture all types of computer hardware. In the large computer sector, such as
mainframes, Japanese companies have been successful in matching or even exceeding the performance of
comparable products manufactured in the United States because of the Japanese industry’s vertically
integrated structure.*® However, in sectors that require the rapid development of new technologies, flexibility,
and low-cost structures, such as the PC and workstation segments, Japan has trail<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>