| 2006 IGE/AMMEX}
| GLOBAL BUSINESS FORUM
%i ¢ 3 Y l//////

“m
-y
-
B

&

3
.

3 ™

Whither ¢
Richard N. Coc

"
e
/ \ .
The Global Scramble for
Information Technology Le
Winners and Losers °~

George Scalise

” A S
[CSuAzHAR

pam  Institute for Global Economics



Richard N. Cooper

& Harvardtl] Mauritus C. Boas <A 74 A| 8t Az} ul,

w] =+ National Intelligence Council ©]%, =55 73 A
=3 2}, Boston Federal Reserve Bank ©]A}3] 2]
2, v UEE AAAES] Y3 FHAA AR 2
ZEE ZAFFEE FUE 5 o9,

Harvardth 718} uhA},

George Scalise

& v]=; Semiconductor Industry Association(SIA) 3] 7%,

Apple Computer, National Semiconductor, Fairchild
Semiconductor, Motorola Semiconductor, Advanced
Micro Devices %52 94€, San Francisco Federal
Reserve Bank ©]A}3] oJ# W] Department of
Energy 2Rz 9113 o] 24,

A vl PR Bt 71491908 o dopst

[e]
I 5.



Proceedings

2006 IGE/AMMZ R}
GLOBAL BUSINESS FORUM

Whither China?

Richard N. Cooper

The Global Scramble for
Information Technology Leadership :
Winners and Losers

George Scalise

[G‘_Ailﬁl?éxilﬁ-'r‘ﬂ

Institute for Global Economics



e

el ZHAA ) 20304 F B oW Zloln Azl 9
S Robe] AW | el A" AAA S mRe A%
2 B ol 4 QT AARAS v BEs AEA P
e 2= ohaw BAGE 1% 2 B A ae] of
2 2Rt s% 3<lo] obd o)y wpEeIyth

ololl, A3 AAAAATLLE 20050l olo] Fd% IGEAA A
A} Global Business Forum®l| M| A4 A&y} AMA1 Q] A E7HE 23

sfol 159 BAL AT F Ut /19 vhEE o Y

R RO 2
B A1g) P AGYAZ weEo] v=e BAFAYA Akt A
Aol A4 el v GlgUth ol¥l AL Bl Cooper L 20
g F9 FR5A7 of® BHAA sl ARH BouHes o
o we % s a7, Faol Adsor & FAYF tha A
= ANt gl

HHH George Scalise ™|= RHEAAF] H 3](SIA) 217> Apple Computer,
Fairchild, Motorola Semiconductor 5 V= IT ¥d F719 H1734
oz Fokst HAE Qv 7I9Ao2ZA w= UEEE Council of



Advisors on Science and Technology ¢]%), San Francisco Federal Reserve

Bank ©]AF3] o) T2 et = ARG o) - V)]s FoHERk

ofrz}, AA| Awke] #gF AHEgs = kil UFHUE Scalise 2|78

ol ZAelA, IT AANAN BT A7 2 ¢

A% A3} 7199 e ko] Bt 9AL AN
COPRmE o] T E7de] Su) YAYYAET v /1Y 3

Ao 5ol B2 vk vk AT

IGE/4Hd %2} Global Business Forum<> 4Hd A 2H55)
W AFHE T 95U # Forum EHE 8] EHYGHOS
AApFA AT &F& T3S dAL ofHqEA o] 7

A=,

1o
.
(o,
o
A4 b

2006 12¢¥

AAAAAT-
AP At B



N

e

Whither China?
Richard N. Cooper

HE

i

The Global Scramble for Information Technology Leadership:
Winners and Losers

George Scalise

Wol

A



Whither China?*

Richard N. Cooper

I'd like to say how pleased I am to be here in Seoul in general,
and in this group in particular. I've known Dr. SaKong for many
years now, and consider him an old friend. He spent a year in
Washington at the Institute for international Economics, which
I'm associated on a part time basis, and so I'm delighted to be
here with you.

I do not know how it is in Seoul, although I can imagine from
how it is in the United States, in Washington, New York, Boston,
and in London, Paris, and Berlin: China is on everyone’s mind
these days. It is in many ways a remarkable story, the last few
decades, and people are wondering what the next few decades
are going to look like. I notice that recently, at least in the United
States, China is increasingly paired with India, and the two are
treated as non-identical twins. I will comment only briefly on
India, the focus of my remarks will be on China. What I'm going
to do for concreteness is focus on the year 2025, two decades
from now. It's far enough away so that small changes from year
to year that accumulate can mark significant changes between
now and then, and yet not so far away as to be outside our
horizon. I daresay most people in this room can remember twenty
years ago, and by the same token, you can project twenty years
forward. Fifty years is beyond my imagination.

We begin by sketching what China’s economy will look like in
2025, two decades from now. It is desirable to do this quantita-
tively, both to indicate the practical possibilities open to China

* Transcription of a speech given at the ‘IGE/Samsung Electronics Global
Business Forum’ on Friday, June 20, 2006



8 Richard N. Cooper

and to demythologize statements that suggest large magnitudes
—"the next economic superpower”—without specifying what they
are. Of course, no one really knows what China will look like in
two decades, and indeed a range of outcomes is possible. In its
recently released “Global Scenarios to 2025” the Royal Dutch/
Shell (oil) Company allows China’s growth to vary from 6.7 to 8.4
percent a year, depending on the nature of the external (world)
economic and political environment. As we shall see, others
would allow the possibility of even lower growth rates. For sake
of concreteness, I will build here upon the 2025 projections of the
US Department of Energy, yielding a growth in dollar terms of
7.2 percent a year. They will not necessarily be correct, but they
represent an internally consistent projection that is reasonably op-
timistic about China’s growth, and ties that growth to projections
of energy demand, an important source of interaction between
China and the rest of the world, both in economic and in envi-
ronmental terms. We can then address the implications of this
growth, and take excursions from the baseline projection.

<Table 1>
GDP Population
(trillion, 2005 dollars) (millions)
2000 2025 2000 2025
China 1.30 7.40 1275 1445
Japan 5.09 7.61 127 120
USA 10.87 21.90 276 350

<Table 1> presents the projected GDP and population of
China, Japan, and the USA in 2025, compared with 2000. GDP is
reported in US dollars of 2005 (adjusted from 1997 in the original
source). We need to allow for some real appreciation of the
Chinese currency (rmb) relative to the dollar over the next two
decades. I allow, somewhat arbitrarily, one percent a year. (The
yen appreciated 0.8 percent a year against the dollar over the pe-
riod 1950-1975, although all this appreciation was concentrated in
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the period 1971-1975.) This would bring China’s GDP in 2025,
measured in dollars, to $8 trillion, exceeding Japan's projected
GDP in that year (it would be larger if the appreciation of the
rmb is greater than one percent a year), and amounting to about
ten percent of gross world product. It would be one-third the
projected size of the US economy in that year. What people forget
when talking about the future of China is that the United States
is also growing during this period of time. And so, the US econo-
my will be substantially larger than it is now. China will be 8.4
trillion, and the US economy will be 22 trillion measured in 2005
dollars, during this period of time. China’s population will have
grown to 1.4 billion, while Japan’s population will have declined
to 120 million. The USA will have grown to 350 million, all fig-
ures drawn from medium projections by the US Census Bureau.

Several observations can be made about these projections. First,
they assume that China will grow at 7.2 percent a year over the
period, in dollar terms. This is only slightly lower than its 7.4 per-
cent annual growth rate over the period 1980-1998 as calculated
by the economic historian Angus Maddison, but considerably be-
low the 9.9 percent official growth figures, and below actual
growth in the past few years. The drop is partly due to a sig-
nificant drop in the growth rate of the population, to 0.5 percent
a year, and an even sharper drop in the growth of the potential
labor force, as children born under the one-child policy reach
adulthood. In other words, China will be doing well, meeting its
official aspiration of quadrupling GDP when measured in dollars
(although not quite when measured in rmb). Japan is assumed to
grow at 1.7 percent a year, despite its drop in population and
even sharper drop in labor force; the USA is assumed to grow at
3.0 percent - lower than in recent years - with population
growing at 0.8 percent a year, also lower than in recent years
when immigration is included, as it should be.

Second, however, China remains a relatively poor country,
with GDP per capita only about one-twelfth that of Japan and the
USA; the gap will be considerably lower in terms of purchasing
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power parity, more on which below. But Chinese will be five
times richer than they were in 2000, and all Chinese under the
age of fifty will have grown up in a period of rapid economic
growth and increasing prosperity.

Third, the dynamics of population change is quite different in
the three countries. America’s population continues to grow, al-
beit at a somewhat slower rate. The number of 20-24 year-olds,
the group that is just leaving its education and entering the labor
force, will grow by 0.6 percent a year to 2025. The same age
group in Japan, in sharp contrast, is expected to decline at 1.4
percent a year, so that by 2025 this age group will be only 70 per-
cent as large as it was in 2000. China is in between, with the
20-24 year-old group declining at 0.7 percent a year, down 16 per-
cent from 2000. All three countries have aging populations due to
increased longevity, but it is most rapid in Japan because of low
natality. China will experience a significant drop in total pop-
ulation after 2035.

It's worth noting as a digression, but it’s relevant to these com-
parisons, that the United States is unique among the rich coun-
tries of the world, in its demographics. We've seen a crash of na-
tility in all the rich countries of the world, and including many
middle-income countries, like Korea. Korea has had a very sharp
drop in natality, Eastern Europe, as well as Western Europe, and
China, the only really poor country included in this group, partly
due to the one child policy that was introduced in 1979, but part-
ly due to other changes that are taking place in China. And the
United States, while there has come decline in the birth rate in
the United States, it has not been nearly as dramatic as other rich
countries, and of course the United States is continually refreshed
by immigration, and the immigration tends to be concentrated in
young adults; so just this group that is the most flexible in the la-
bor force. So the United States stands in marked contrast to other
rich countries, but including in this category, China.

A fourth observation is that China will be only about one-third
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the size of the USA in terms of economic output, but roughly equal
to the size of the USA in 1988. If it chooses, China will thus have
considerable scope for internationally relevant policies, whether in
military expenditure or in foreign aid, provided sufficient tax rev-
enues can be raised. (In 1988 Americans paid in taxes 29 percent
of their GDP, compared with 19 percent in China in 2003.)

One sometimes sees much larger numbers, even suggestions
that China’s economy could be larger than that of the United
States by 2025. These presentations compare GDPs using so-called
purchasing-power parity conversion rates, rather than market ex-
change rates. Purchasing power parity (ppp) is necessary when
comparing standards of living between countries, since an im-
portant part of a family’s expenditures is on locally produced
goods and especially labor services, and these are much cheaper
in poor countries, reflecting lower overall productivity. In terms
of ppp, China’s GDP in 2002 was 4.6 times what it was at market
exchange rates, and already 70 percent larger than Japan’s econo-
my, whereas at market exchange rates Japan’s GDP was 3.5 times
that of China. There are however two serious problems with us-
ing ppp-based GDP for these comparisons.

The first is conceptual. China is tied to the world economy at
market prices mediated by market exchange rates, not ppp. All
trade in goods and services and foreign investment takes place at
market exchange rates, and even local goods and services are
linked to traded goods by the opportunity cost of land, labor, and
capital - factors that could earn more in the trade sector will
move there, as circumstances permit. China is not a market econ-
omy in every respect, but prices are largely determined freely, in-
fluenced by the prices of traded goods. These days some argue
that the rmb is “under-valued,” and suggest that it should be ap-
preciated by as much as 25 percent. Such an adjustment, should
it occur, would close only a small portion of the large difference
between the existing exchange rate and the so-called ppp rate. As
noted above, an allowance for appreciation by one percent a year,
28 percent over 25 years, has been assumed in the projection
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used here.

The second problem is practical. China’s ppp exchange rate is
based on fragile US-China price comparisons made in the
mid-1980s for roughly 300 goods and services, some of which in-
volved heroic assumptions to make them comparable. Moreover,
the necessarily arbitrary choice of weights to add up these goods
or services makes a large difference to the final result, by a factor
of three.

For geo-political or geo-economic purposes, market exchange
rates, perhaps smoothed over several years, provide the relevant
basis for comparing market economies. The choice makes a big
difference: China’s economy is already 70 percent larger than
Japan's when calculated at ppp; but only slightly more than one
quarter of Japan at market exchange rates. China’s ability to trade
or invest abroad is determined by market exchange rates, not by
ppp. China demonstrated the importance of market exchange
rates even in the military arena when it purchased military air-
craft and ships from Russia, presumably at Russia’s export prices,
despite a known strong preference for producing military equip-
ment at home. In effect, China indicated that it could not produce
comparable weapons at competitive cost domestically.

A larger China of course has implications for the world
economy. Demand for food, energy, and other resources will be
much higher. By the same token, the supply of manufactures and
other goods and services will be much higher. Of special interest
to Japan, indeed to the world, will be China’s demand for energy,
especially coal (with its tendency to pollute) and oil (with its lim-
ited domestic supply). On the Department of Energy projection,
China’s total demand for energy will grow at 4 percent a year to
2025, as opposed to 1.3 percent in the United States and 0.7 per-
cent in Japan. These projected growth rates allow for continued
increases in energy efficiency, but no major breakthroughs during
the next two decades. By 2025 China will be consuming 14 mil-
lion barrels of oil a day, over twice Japan's consumption, and
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over half that in the United States. Coal consumption, mainly to
generate electricity, will more than double to 2.8 billion tons, with
important implications for air pollution, absent drastic improve-
ments in the way coal is consumed, and for emissions of carbon
dioxide, an important greenhouse gas. These figures imply that
energy efficiency in China remains much lower than in the USA
and especially than in Japan, despite significant improvement.
China will have great demand for infrastructure of all kinds -
power, transport, housing, and urban services as the country be-
comes much more urbanized.

With a further quadrupling of China’s GDP, the composition
of both output and demand will change significantly, the share
agriculture in output and employment will continue to decline,
and that of manufacturing and services, especially, will rise.
Manufacturing will move into more technologically sophisticated
products, as large numbers of trained engineers enter the labor
force. One of the many remarkable features of China in recent
years is a quadrupling of college students over the last decade. I
cannot address, and indeed I'm puzzled about, the quality of the
new graduates; how one can expand the system of higher educa-
tion as rapidly as, in fact, the Chinese have expanded it, and at
the same time maintain quality is something we would all like to
know about. Part of the answer may be that they have not main-
tained quality. We won’t know until a few years time, as these
graduates come into the labor force and are absorbed.

Exports of manufactured goods will continue to rise, although
at a slower rate as Chinese products encounter increasing market
resistance, and as poorer countries compete with increasing suc-
cess at producing at the low skill end, of labor-intensive products.
There will be more intensive competition in the US market, in-
deed in most markets, from Chinese products that require much
labor and assembly, for example household appliances, and
maybe even automobiles. This competition will meet some se-
lective resistance, but in the end, I think, be accepted.
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By 2025 China’s imports will amount to perhaps $1.5 trillion,
far greater than Japan’s but less than half of US imports and
markedly less than imports by the European Union. Thus China
will be a major market for the products of many countries, rough-
ly on the scale of the United States at present.

China’s transition period for full compliance with WTO rules
and the terms of China’s WTO accession will expire at the end of
2006. Compliance is not likely to be complete by then, however,
since many commitments run strongly against well-established
Chinese practices, and Beijing is unable to control the entire coun-
try except on a few issues of the highest priority. But compliance
will gradually take hold in the coming decades, and by 2025
China is likely to be much more transparent and rule-bound, at
least in the arena of commercial activity, than it is now. Foreign
businessmen will play a significant role in that transformation,
and not incidentally will provide an important source of in-
formation to the central government, independent of official chan-
nels, on what is happening around the country.

The age-old problem of the Imperial Court in Beijing, including
the current imperial court, the public bureau of the communist
party, has been how accurate information from the provinces, be-
cause officials have been know to lie in their own interest. In
your country as in mine, the press, as much as I dislike the press,
plays an extremely important role as a source of information, or
misinformation but anyway, to senior officials. For their own rea-
sons, the Chinese are reluctant to encourage a truly free press,
but they will find, at least in the commercial arena, in foreign
businessmen who complain when the rules are not obeyed, a
source of information as to what’s actually happening out there in
the countryside, and will be able to discipline provincial and city
officials if they are deviating too grossly from the rules.

By 2025 completion of the Doha Round of trade negotiations,
at least if Japan can make some serious concessions in agriculture,
will have been in the distant past and the ten-year transition peri-
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od following completion of multilateral trade negotiations will
have concluded, so the trading world of 2025 will be governed by
the outcome of the Doha Round, even though a post-Doha round
of trade negotiations may have been launched. If the aspirations
of APEC of several years ago are realized (the target date was
2020), world trade would be completely free of tariffs and other
restrictions on imports. The discriminatory features of the prefer-
ential trading arrangements, which are currently proliferating rap-
idly, as we were discussing at our table the negotiations between
the United States and Korea over the Free Trade Agreement, al-
though I prefer to call them preferential trading arrangements,
would have been obliterated, or at least greatly attenuated, by
such a development.

China has played a conservative, low-key role in international
economic organizations, and that is likely to continue because the
evolving status quo has served China’s interests well. As noted,
China will provide a huge domestic market for imports, giving
the rest of the world a great interest in China’s trade policy and
practices.

All the above assumes China stays on its current growth path,
which in turns assumes continued peace and prosperity in the
world, so trade can continue to grow unimpeded. Even so,
China’s internal requirements remain formidable. It must grow
the private and township sectors enough to compensate for de-
clining employment in the state-enterprise sector. To close many
loss-making enterprises it must create a social safety net
(unemployment compensation, pensions, health care) for urban
employees. It must deal with rapid growth in demand for water,
waste disposal, and new housing in urban areas. It must greatly
improve agricultural productivity, partly through large and more
efficient irrigation projects, partly through improved seeds and
techniques of farming. And it must address the widening regional
inequalities of growth and income, in part through significant in-
vestments in infrastructure within and to the central and western
parts of the country.
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A team at the RAND Corporation, responding to a request by
the US Defense Department, produced in 2003 a study of various
adverse scenarios, along with estimates of their negative impact
on Chinese growth over the period 2005-2015. The possible adver-
sities cover a socially disruptive increase in unemployment, in-
creased corruption, a major epidemic (focused on AIDS, written
before SARS), failure to solve the emerging shortage of water in
northern China, a major disruption in world oil supplies, a do-
mestic financial crisis, a sharp decline in inward foreign direct in-
vestment, and a military conflict over Taiwan or elsewhere.
Others are imaginable, for example a severe world recession or a
significant reversion to protectionism in Europe and the USA, nei-
ther of which is likely but both are possible. Each scenario has an
adverse impact on China’s growth ranging from 0.3 to 2.2 percent
a year on the assumptions made in the study, lowering China’s
GDP by 3 to 24 percent by 2015 from an unspecified base line.

Continued rapid growth in China requires peace and prosper-
ity in the rest of the world. China thrives on a benign interna-
tional environment, and China’s current leaders understand that
well. Legitimacy of the Chinese Communist Party (CCP) depends
on delivering economic prosperity at home, as does the “peaceful
rise” of China in the society of nations. But China will have at
least two sets of new leaders by 2025. If the leaders of 2025 are
around 60 years in age, they will have been born around 1965
and reached college age in the radically changed environment of
1985. Their parents will have been the victims, or in a few cases
the perpetrators, of the Cultural Revolution.

Political evolution in China is likely to proceed slowly. Current
leaders and their likely successors will remain preoccupied with
maintaining political and social stability, and the political mo-
nopoly of the (admittedly much transformed) Communist Party.
They see opening up to free discourse, e.g. through a truly free
press and contested elections, as potentially unleashing destabiliz-
ing forces. Yet increased “democratization” is part of their
program. They are likely to experiment with a variety of techni-
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ques for holding officials more accountable to the local populace,
and some of this may involve carefully constrained and moni-
tored elections, as in many villages today. If these experiments
are successful, they may be gradually extended in scope. The no-
tional model is likely to be Singapore, where the forms of western
democracy have been introduced, but where in fact a single pater-
nalistic party has governed, with wide public acceptance, for forty
years.

Latent nationalism in China is very high, and indeed is fos-
tered by the educational system. Not only are Chinese taught that
Taiwan (and the South China Sea) have been part of China for
centuries, regardless of the views of the 23 million people who
live there, but they are raised to believe that China suffered terri-
ble humiliations and indignities at the hands of Europeans and
Japanese (with Americans thrown in for good measure) for cen-
tury ending in 1949, when “China stood up.” These are reflected
in middle school textbooks, which still today distort history
through selective omissions (e.g. Chinese students are not told
that North Korea invaded South Korea in June 1950, starting the
Korean War which China later joined in defense of North Korea)
and tendentious, colorful, adjectives (one is the Chinese never had
“meetings” with the British in the 19" century, they only had
“humiliating meetings”). This pattern runs through the Chinese
texts: selective omission of, what I think, are critical facts in com-
prehending a historical event, and colorful adjectives. This is not
educational policy of the 60s or 70s, this is policy for the early
21* century, and I think foreigners need to ask what is going on
here. This could be just a disconnect in Chinese policy; anyone
who knows anything about government knows that disconnects
happen, especially when multiple ministries are involved. Or it
could involve Chinese authorities deliberately playing a different
hand at home than they are playing internationally.

One could imagine scenarios under which internal obstacles
slow Chinese growth and violate high expectations of the Chinese
public, leading to domestic unrest threatening the CCP regime.
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Contemporary leaders may then trump up external factors, per-
haps even provoking them, to arouse the latent nationalism in or-
der to rally support for the regime to stand up to the external
“threats” or “indignities.” Japan and/or the United States are the
most likely targets of such, but it could also involve Russia, de-
pending on how that country and polity evolve in the coming
decades, or even India. Russia and Japan are seen as traditional
adversaries; problems with the USA arise over Taiwan and gen-
eral American influence in the western Pacific. Such a turn of
events would likely damage further China’s economic prospects,
since foreign investment and even foreign markets would be put
at risk. Sensible leaders will thus be very cautious about unleash-
ing Chinese nationalism; but that is no guarantee that it will not
occur. Germany in 1914 and Argentina in 1982, to name only two,
took on external “adversaries” in ways clearly not in each coun-
try’s economic interests.

The fourth of Deng Xiaoping's Four Modernizations was to mod-
ernize the People’s Liberation Army (PLA). Anomalously, the PLA
is still an instrument of the Community Party, and it reports mainly
to the CCP. In the early 1980s the PLA was huge in manpower,
archaic in equipment, doctrine, and training. China has greatly re-
duced its size (although it remains the largest military in the world
in terms of manpower), and plans further reductions. It has ac-
quired more modern weaponry from Russia, especially for the navy
and air force, although with technology of the 1970s that weaponry
is still well behind the frontier of modern weaponry. The primary
task of the PLA is still to preserve internal stability, although that
assignment lies formally now with the People’s Armed Police, not
with the PLA. The PLA, like militaries around the world, has been
a close student of recent military conflicts in the Middle East, Iraq,
and Kosovo. It recognizes a need to change its structure and doc-
trine in order to be able to fight a “high tech war,” but remains
a long distance from achieving the transformation. Presumably by
2025 it will have done so.

China in recent years has settled its numerous border disputes
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with all of its many neighbors, including even the dispute with
India, although that has not been given wide publicity or official
recognition, but I'm told that the deal has been worked out, it’s
just that neither country has been willing yet to put it in front of
its parliament. It still has unresolved territorial disputes at sea
with Japan to the east and with several Southeast Asian countries
in the South China Sea, although it has proposed in the latter
case to exploit potential undersea resources cooperatively without
formally resolving the territorial disputes. Its strategic aim is to
control the seas around China, especially the Strait of Taiwan. Its
military aim is to be able to act quickly if necessary to a provoca-
tion by Taiwan, and to keep the US Seventh Fleet and other
forces at bay with threats from missiles and submarines. None of
this is surprising. Military modernization is thus on the agenda,
and the PLA commands a growing defense budget, but one has
the impression it is not the top priority of the current leaders and
that it is being pursued diligently but without a sense of urgency.

As China grows, its dependence on imported materials will al-
so grow. China has ample coal and is rich in some other miner-
als, but in general China is not a resource-rich country and it has
already become dependent on imports of iron ore to feed its vora-
cious demand for steel, of copper, and especially of oil, where do-
mestic exploration has so far produced only disappointing results.
China is also a large absorber of foreign technology, and so far
has demonstrated only limited capacity to generate new in-
digenous technology. That may change with the large increase in
college graduates, including engineers, combined with greater in-
centives and fewer inhibitions to think creatively than has charac-
terized China in the past - another major challenge to the
Chinese leaders.

Growing dependence on critical imported materials, including
food and feed grains, creates new vulnerabilities for China. The
clearest and most notable concerns oil. On the US Department of
Energy’s baseline projection, China will consume 14 mbd of oil in
2025, up 4.0 percent a year from the 4.8 mbd consumed in 2000.
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China was a small net exporter of oil in the early 1990s; by 2025
it will import over nearly 11 mbd. China also desires to increase
its consumption of natural gas, including liquefied natural gas
(LNG), for environmental reasons - to replace coal in the home
and workplace, and even to generate electricity in places close to
the coast (or gas pipelines) and far from coalmines.

Chinese leaders are of course aware of this growing depend-
ence and vulnerabilities it creates, both to physical and to market
disruption. China has aggressively pursued oil exploration around
the world, with a strong emphasis where possible on equity oil.
China is engaged with Iran and Sudan, and has had discussions
with Russia, Venezuela, Canada, and elsewhere. China’s oil firms
have invested in Canadian tar sands, and are building a pipeline
to the pacific coast. It has expressed an intention to build a pipe-
line from Kazakhstan, and an interest in building one from
Russia, to mitigate its growing dependence on oil imported by
sea, and plans to create a strategic stockpile of oil.

At the end of the day, then, practical considerations of high
dependence on imports of critical materials, especially but not on-
ly oil, combined w1th a navy of limited capacity and no naval tra-
dition since the 15" century, are likely to shape Chinese behavior
in the international arena in a peaceful and even strongly cooper-
ative spirit. Concretely, China has the same interest as Korea and
the United States in a stable Persian Gulf region, from which
most of the world’s incremental oil must come over the next 20
years.

In spite of vigorous programs to build up nuclear energy, hy-
dro power, LNG, and even wind power in inner Mongolia,
Chinese demand for electricity is growing so rapidly that China
expected to build in the next two decades more coal-fired power
plants than United States and Europe put together. So while the
share of coal is going down, the absolute level of consumption is
expected to rise significantly. Anyone interested in either acid
rain, as Korea might well be, or global climate change, has a tre-
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mendous interest in the character of these plants. China is where
the action is, not in Europe, not in Japan, not in the United States
on global climate change. Once these plants are built, they will
last for half a century. It's much easier to build in the capacity to
capture sequester Carbon dioxide, the greenhouse gas, than it is
to retrofit these power plants to do that. So I see a natural area
of cooperation especially between the United States and China,
the US providing the technology and the funding with some help
from other rich countries, and China providing the experimental
field, so to speak, just because it's building so many power
plants. We do not know yet which technique will be the most ef-
fective technically and the economic. A lot of work has been done
in the laboratory, very little in the field when it comes to carbon
sequestration. This seems to be high on the agenda of potential
cooperation.

An alternative scenario is possible but implausible. Like
Germany before 1914 and in 1941 (with the invasion of the Soviet
Union), and Japan in the 1930s, China’s sense of vulnerability re-
garding critical materials might lead to an aggressive policy of
gaining control over such materials. In China’s case, that points
mainly to East Siberia, lightly populated and defended by Russia;
or to acquisition through sponsored political coups in southeast
Asia, leading to governments that are in effect satellites of Beijing
- although absent significant new discoveries the latter course
would not by itself assure sufficient oil for China’s needs. In the
long run, China might attempt to build a blue water navy (and
collateral air support) capable of challenging the US Navy, not
only in the western Pacific but also in the Indian Ocean, as Japan
did with brief but transitory success in the 1930s. But that would
require the expenditure of tens of billions of dollars, and require
several decades of construction and naval training to build a
modern navy.

China is more likely to consider these less attractive alter-
natives; the more hostile is the political environment in which it
must operate. Those who see China as a “threat” and act accord-
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ingly may well be making a self-fulfilling prophecy. Thank you
very much.

Questions & Answers

Q This question is regarding North Korea and China. | am concerned
with the possibility that North Korea is absorbed into China, through
China’s political and economic influence. What should Korea do about
this possibility?

A I'm not sure of the exact implication of the words “absorbed
into” mean in this question, but if it means that North Korea would
effectively become part of China, I have to say that this is the first
I've heard of this suggestion. First I should say, as I don’t have
to tell this group, that this is a highly charged political issue these
days, especially with the missile waiting to be tested in North Korea,
and the North Korean claim to have several nuclear weapons, and
there are many people closer to this issue, and more conversant
with the details than I am, but I will give my impression, which
is informed with conversations with many Chinese on this question,
although it is not necessarily the official view in China. China, con-
cretely, I mean think-tankers in China, (serious people who worry
about defense policy, and the shape of the world, and where China
is going in it), is as seriously baffled and as troubled by the existing
regime in North Korea as the rest of the world is. To be absolutely
candid, they don’t know how to deal with it. China is the major
material supporter, as you probably know, of North Korea, espe-
cially in the area of energy, but also in the area of food, along with
other people, supporting the North Korean regime.

The basic Chinese view, this is me interpreting what I've
heard, is to preserve the status quo ante, the pre-nuclear north
Korea, not because they like it, but because they dislike all of the
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alternatives even more. They are troubled by them. FEither they
don’t like the outcomes, or they’re troubled by the uncertainty of
the dynamics of getting from here to there. So the course of least
resistance for the Chinese authority is, “Let’s just keep the regime
alive, and continue the status quo, and maybe something will
happen later that will improve things.”

Of course a nuclearized North Korea is not a continuation of
the status quo ante. That's why China are tremendously con-
cerned about the possibility of a nuclear test. As you’'ve probably
read, they've also demonstrated their concern, although North
Korea as a country has every right to test rockets, the Chinese
have indicated their very strong concern about rocket testing be-
cause they know that that will increase anxiety levels enormously
in Japan and especially in the United States, if the test is a suc-
cessful one, which I incidentally doubt that it will be, if they test
at all. The puzzling question to everyone, as far as I know, is
why North Korea has chosen this moment to roll their rocket out
and fuel it in a test, is part of the high-stakes game that North
Korea has historically played of trying to maintain enough atten-
tion in the rest of the world to gain the kind of dialog and sup-
port that it wants. But I've heard no suggestion anywhere, and in
my own understanding of China it makes no sense for China to
absorb North Korea regime into China. As I guess I don’t have to
tell this group, there’s already a significant minority of Koreans in
China in what I still call Manchuria, in the three Northeastern
provinces of China, and China is actually uncomfortable with mi-
norities, they have an official status with minorities, but the Han
think of them self a homogenous, culturally homogeneous, not
linguistically, group, and the last they want is another 20 million
destitute North Koreans in their economy.

Q Regarding Taiwan, What is the likelihood of Taiwan remaining
independent? Do you see any possibility of having a multi party system?
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A I think the view in Beijing strongly prefers the stats quo

in Taiwan. Their ultimate goal is a universal recognized “one
China.” The formula that they have used in Hong Kong and
Macao, they've said, is applicable to Taiwan: One China, three or
four systems. That's ok, as long as the sovereignty of China is
recognized, including by the Taiwanese themselves. I think they
have recognized that that is not on in the short run, and therefore
strategic objective is to grow the economy, increase prosperity
and wait for time to solve this problem. China will become suffi-
ciently attractive as a market, and a place of investment and so
forth that the Taiwanese will be so heavily engaged with China
that any alternative of that engagement is inconceivable. They see
the current president of Taiwan and his predecessor as loose
cannons. They’'re not fond of either of them. They worry that the
evolving ruckus, democracy, in Taiwan will result in an overt
move towards independence, which they would regard as ex-
tremely provocative.

This is a sufficiently emotional issue throughout China that I
think the government would be required to act by public opinion,
but it does not want to have to act, because it knows that acting
in an aggressive way particularly in a military way would jeop-
ardize its objectives of growing the economy during the next cou-
ple of decades. So again, strong preference is for the status quo,
an interest that is shared with the United States. President Bush,
who initially sent some very pro-Taiwan signals, has now backed
off into the traditional (for the last thirty years) diplomatic stance
anything you guys, in Taiwan and Beijing, can work out between
you is okay with us, as long as it doesn’t involve military force.
As you know, Bush leaned very hard on Taiwan not to modify
their constitution, recently, in the direction of independence, even
though the existing constitution of the Republic of China is ac-
tually quite anomalous now for the Taiwan today.

So again, China, in this sense, is a conservative power, and wants
to maintain the status quo. In the last two decades, particularly since
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the mid-nineties, China has perused the policy of intimidation of
Taiwan, with the location of what now must be 600 missiles just
across the straights, medium range missiles aimed at Taiwan.

I think there is recognition, among the think-tankers, again,
that intimidation will not accomplish their ultimate objective,
which is unification with Taiwan. So the new team has gone on
a charm offensive, as they have indeed done in Southeast Asia,
Latin America, and Africa. The charm offensive has taken the
form of courting the leadership of the KMT, the opposition party
in Taiwan, trying to isolate politically the current president and
the Democratic Party. It remains to be seen whether it works, but
it seems to me that that is a more promising strategy than just
adding more missile bases across the straits.

Q China has relied very heavily on foreign capital. Some Chinese
are concerned with what they call “Latin-Americanization.” Is your assump-
tion of 7.2 percent are based on a similar kind of foreign firm’s contribution?

A As you know, China has perused a very different develop-
ment strategy from either Japan or Korea, at their corresponding
stage of development when China was poorer, and that is an
open initiation, though not uncontrolled, to foreign firms to invest
in China, initially for export in the special export zones. By ini-
tially I mean back in the early 1980s, and gradually over the
years, the Chinese have extended both the special export zone
privileges, and encouraged foreign investment for sale also in the
Chinese domestic market.

If it wasn’t evident 20 years ago, it is certainly evident by now;
China does not need the capital. The main reason for inviting this
foreign investment is not a shortage capital; in fact Chinese sav-
ings are extraordinarily high. Rather it is the access to technology,
the access to marketing channels, marketing know-how, and the
access to modern management techniques, that are the incentive
for foreign investment in China. One has to say that it has been
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smashingly successful. As was mentioned in the question, about
60% of Chinese exports are from what the Chinese call “foreign
invested firms,” either foreign firms, or joint ventures with for-
eign firms. So that’s the quality control. The management techni-
ques, and the marketing channels have worked very well.

Will this continue? I think my generic answer to that is “yes,”
although the relative importance of foreign firms in China will
decline as more domestic firms- created by a younger generation
of people, sometimes western trained, usually influenced by firms
in the West (I'm using the West here in the generic sense, includ-
ing Japan and Korea, in this regard, because the Korean firms
have been one of the important group in China, and of course
Taiwanese firms). I think their relative influence will decline, as
more and more private Chinese firms become successful in China,
and as state enterprises get sorted out better, there will be some
very successful state enterprises. There already are a few; there
will be more, some will drop by the wayside. So I expect that the
role of foreign firms will continue, I think that it has been a suc-
cess story from a Chinese point of view, and I don’t see them
stopping it, even though the relative importance of foreign firms
may decline over time.

Q Chinese banks have a high rate of non-performing loans.
Will China have a crisis like Korea had in the late 1990s?

A They are now officially down to 8% of assets, that's a big
drop. Street estimates come nowhere close to 8%, and put them
as high 40% still, or generally in the 20s. There was a big surge
of new lending in late 2003-2004 during this big boom in China,
and those loans are relatively new loans, my guess is that many
of those loans will end up being non-performing also.

So the Chinese banking system, by Western accounting stand-
ers, is technically insolvent. Fortunately the Chine public has not
discovered that fact yet. Or if they have, they don’t believe it.
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They believe, at least implicitly, by their behavior, as they con-
tinue to put their savings into the banking system, that at the end
of the day, although these are now technically commercial firms,
that the government will bail them out. My own view is that that
is the correct judgment.

The government has already provided one major injection of
re-capitalization, and more than one for a few of the large banks,
we have not seen the last of that process yet, I think. Fortunately
the Chinese fiscal situation is a relatively sound one, so they have
fiscal scope for making periodic injections of capital into the
banking system. The real problem is to change the behavior of the
banks, so that the banks actually make genuine commercial lend-
ing decisions. This was about a year ago, we had (for China) ex-
traordinary public statement by the new chairman of, I think,
China Construction Bank (I'm not sure), but one of the big
Chinese banks saying that the loan committee in this bank is the
bank’s Communist Party committee: that is completely
unacceptable. It's unacceptable to have the party committee in the
bank be the loan committee. They need to learn how to make
commercial loans. And that involves a change in attitude, a
change in their relationships with local governments, and training
of a cadre of lending officers who actually know how to make
commercial loans. This is a big challenge. The specialists in the
Chinese government and the People’s Bank of China understand
what’s required. As so often in China, as indeed in many coun-
tries, everything is in implementation- in execution. I think this
problem is probably deeper than the Chinese themselves want to
acknowledge, in that it's closely related to the authority structure
within the Communist Party. I'm not talking about the top leader-
ship now, but the middle ranks, and the interactions between ma-
jor (so called) commercial firms, including the banks, and the lo-
cal officials- all of whom are members of the Communist party,
and some of whom no doubt sit on the promotion committees of
others.

I think this is a more issue for the future viability of the
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Chinese economy than any Chinese I've talked to have been will-
ing to acknowledge, until now.

Q What’s your comment on the current account imbalance
between China and the US, China’s financing of the US deficit? What is
likely to be the impact on China-US relations, and the world economy?

A Let me just first say that I don’t focus on bilateral im-
balances at all. We've spend 50 years building a multilateral trad-
ing system and bilateral imbalances are all over the place in a
multilateral system and are of no consequence in and of
themselves. My Australian friends like to remind me that while
China has a huge surplus with the US, Australia has a big sur-
plus with China, and Australia runs a deficit with the US. That's
exactly the kind of trilateral trade one would expect a multilateral
trading system. So I focus on the overall imbalances. As Dr.
SaKong has suggested, I have a somewhat unconventional view
of the current admittedly novel and striking pattern of global im-
balances, with which China is only a bit player. It is a player, but
it is only a bit player.

And my view in a nutshell, I've written a whole paper on it,
which he can make available to you, called “Understanding
Global Imbalances.” The gist of it is that the patterns of im-
balances that we observe today are a natural consequence of what
we call globalization in the financial markets, on the one hand,
and the demographic developments, which I have already alluded
to in Europe and Japan in particular, but coming down the road
on China on the other hand: That countries with rapidly aging so-
cieties should be running excess savings, and they are. Japan has
the largest single national surplus in the world. Germany is sec-
ond, what I call augmented Germany, counting the Netherlands
and Switzerland, two economies closely aligned with the German
economy, has a very big surplus. The OPEC countries these days
of course, have surpluses that are a function of oil prices. And
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China comes in a poor third or fourth in that list of countries
with imbalances in absolute size. This is the counterpart of the US
deficit.

I think that given the demographics, and a notional globalized
economy, it's very natural for aging societies to want to first put
a lot of their savings abroad, because rates of return domestically
in Japan and Germany are relatively low (real returns to capital).
Secondly, if you are going to invest abroad, and you have a great
interest in the security of your investments, I think the United
States is a natural place to invest. It is a robust, vigorous econo-
my; property rights are secure. It has lower returns, but much
more secure returns than many emerging markets. If we didn’t
know that ahead of time, Argentina, Russia, and most recently
Bolivia have reminded us how insecure private capital, partic-
ularly foreign private capital can be in emerging markets. I think
the current pattern of imbalances is actually quite a stable one. I
know there are lots of financial folks that are worried: “Will there
be a collapse of the dollar?” and all that. And I'm not saying
there won’t be, because developments in financial markets are at
least 50%, probably much more, psychological in character than
economic. But what I'm saying is that there is nothing that I see
in the economic fundamentals that suggests that the existing, ad-
mittedly novel, pattern of imbalances cannot exist for another dec-
ade or more. Eventually, of course, it will unwind, as Germans
and Japanese age enough that they will want to cash in their
overseas investments, and their consumption will rise relative to
their incomes. But that will take a decade or more. So I actually
see the current pattern of imbalances to be quite a stable one.
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The Global Scramble for Information
Technology Leadership:
Winners and Losersx*

George Scalise

I appreciate the opportunity to come here and spend some time
talking with you about the Information Technology industry and
what we see today, what we believe will happen as we go for-
ward, and some of the challenges and issues that are out there
ahead of us. These are issues that all of us involved in the industry
are going to have to deal with whether we live in the US, Korea,
Europe or Japan. It doesn’t matter where we live — we will all
be facing these challenges. I think you will see as my discussion
unfolds that the benefits of all the things we're doing in IT have
broad and deep implications for everyone around the world.

I was the chairman of the board of directors of the Federal
Reserve Bank of San Francisco for a number of years. In that ca-
pacity, I was involved in monetary policy and the issues driving
monetary policy. Productivity was one of the very important ma-
trices that we reviewed constantly. The IT industry is a very im-
portant contributor to the productivity improvements that have
taken place for a number of years and will be more critical in the
years ahead.

The title of my talk is The Global Scramble for IT Leadership:
Winners and Losers. We are now in the early stages of a global
scramble for leadership in information technology. While the US

* Transcription of a speech given at the ‘IGE/Samsung Electronics Global
Business Forum’ on Tuesday, April 18, 2006
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has been the undisputed leader in IT for the last 50 years, we're
now in the beginning of a transition from silicon-based semi-
conductors that are the driving force for the IT world to a
Nanoelectronics Era which will really begin to take hold some
10-15 years down the road. This transition will require the use of
new materials, new device structures, and new manufacturing
methods. A whole new area of activity will have to unfold. It will
truly be a revolution in technology, and as we all know, periods
of revolution offer opportunities for new leaders to emerge.

The CMOS scaling era that we've been in for the last 30-40
years is now coming to a close. Current technology will run up
against the limits of physics in about 10-15 years, and the Nano
Era will then take over. The Nanotechnology Era will present
challenges and opportunities for the 50 years that follow.

Many countries around the world have recognized this oppor-
tunity and are now seeking leadership in IT. They are funding
basic research, educating scientists and engineers, creating in-
centives for investment by high technology industries, and nurtur-
ing the development of domestic IT companies. The strategic im-
portance of leadership in IT to countries’ economic growth, pro-
ductivity, standard of living, and national security has become
readily evident to leaders of countries everywhere. IT makes enor-
mous contributions to enhancing productivity of workers, en-
abling them to earn higher wages while producing goods and
services that demand higher prices and provide greater value
throughout the marketplace. IT is the most important contributor
to productivity growth, not only in the US but also in countries
around the world.

In the US, which has led the world in economic growth for
many years, IT industries have accounted for 25 percent of all eco-
nomic growth while making up only 3 percent of the GDP.
Increasing worker productivity will be critically important for
many of the world’s industrialized nations in the years ahead.
We'll soon feel the effects of aging populations. With fewer work-
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ers available to meet the needs of aging citizens, dramatically in-
creased productivity is the only viable solution to deal with that issue.

It will be helpful to examine the evolution of the IT industry
over the past century to provide context for examination of the
coming transition. If we look at the evolution of the IT industry,
starting with the advent of the vacuum tube, the subsequent in-
ventions of the transistor and the integrated circuit, and going
forward to new devices such as carbon tubes and nano-
technology, we can gain insights into the business models and
policies that foster advances in innovation and technology.

The modern era of electronics can be traced to the vacuum
tube in the early 1900s. The vacuum tube, which was essentially
a switch, became the fundamental building block for all electronic
systems for the first 50 years of the last century. But scientists
soon realized that vacuum tube-based technology had practical
limitations of size and power consumption. These limitations had
to be overcome to capitalize on the opportunities lying ahead. So
it was clear that we needed to do something different.

The first digital computer known as ENIAC for Electronic
Numerical Integrator and Computer, graphically demonstrates
why it was essential to find an alternative to the vacuum tube.
This machine was unveiled in 1946, weighed 30 tons, took up
1,800 square feet of space, and consumed 150 kilowatts of power
to operate 17,000 vacuum tubes. It was a marvel for its time, but
it lacked the capability to provide computing power that was
needed. The computing capability of that machine can now be
purchased for about five dollars in one of the hand-held devices
that are now commonplace.

Clearly, there was a need for a new switch that could operate
on lower power and could be scaled to enable more practical
electronic devices. The invention of the transistor at Bell
Laboratories in 1947 launched the era of microelectronics. Bell
Labs continued to serve as a source of innovation until the US
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Government ordered the breakup of AT&T in the 1980s. This was,
in my view, one of the great mistakes made by the legal system
in the US. We are now working to find new ways to replicate the
contributions made by the Bell Labs to the advancement of
Information Technology.

The transistor radio is the most notable symbol of the tran-
sition from vacuum tube to the transistor. The next big break-
through occurred about a decade later with the invention of the
integrated circuit. That invention was jointly credited to Jack
Kilby at Texas Instruments and Bob Noyce at Fairchild
Semiconductor. In 1965, Gordon Moore, then a young engineer at
Fairchild, and later one of the co-founders of Intel, observed the
advances in integrated circuit technology had enabled a doubling
of the number of transistors on a chip every year since the in-
vention of the integrated circuit. That observation, as most of you
know, has come to be known as “Moore’s Law.” The rate of dou-
bling has continued ever since that time, and we believe we will
keep pace with Moore’s Law until we reach the limits of CMOS
technology in 10 to 15 years.

For four decades the semiconductor industry has distinguished
itself by the rapid pace of improvement in products. One metric
that best describes the progress in semiconductors is the rapid
growth in the density of memory chips. Two of the largest and
most successful suppliers of memory chips are Samsung and
Hynix, so many of you know a lot about the progress in memory
technology.

The early DRAM — the first one developed in 1970 — had the
capacity of 1,000 bits of memory. Today’s DRAM can hold
32,000,000,000 bits on about that same piece of real estate. In the
last ten years memory prices have decline by 98%. Today’s most
advanced microchips have about 1,000,000,000 transistors, on a
sliver of silicon that is smaller than a thumbnail.

The applications for powerful circuits with ever-increasing
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functionality are limited only by the human imagination and
creativity. We will be able to continue to make these devices
smaller, faster, and at lower costs until we run up against the
laws of physics with CMOS scaling. The challenge is to continue
to reduce the cost per function by about 25 percent per year and
to use those gains to drive productivity and enhance competitive-
ness of all of our industries around the world.

I read just a few weeks ago that Mr. Oh Sang-Rok of Korea’s
Ministry of Information and Communication announced a person-
al goal to put a robot in every home in Korea by 2010. South
Korea is already the world’s most wired country with 72 percent
of all households having broadband service, so I really believe
that Mr. Oh’s goal will be achieved. He also hopes these robots
will help children learn English, and sing and dance for them
when they get bored. Imagine a babysitter that will entertain your
children while teaching them proper English. I hope that Mr. Rak
has plans to export these robots to the US so our children can
learn Korean and together we will have better communication.

It is instructive to look at the business models that have
evolved and helped drive information technology through the
various transitions in the past 50 years. The business models have
evolved very differently in the US, Europe, Japan, and Asia
Pacific. I believe there is something to learn from these different
evolutionary paths as we think about who will be the leaders go-
ing forward and what will it take to achieve leadership in the
Nano Era.

In the US in the 1950s, six companies were the principal sup-
pliers of vacuum tubes: GE, RCA, Raytheon, Sylvania, Philco, and
Westinghouse. All of these companies were vertically integrated
and had substantial internal demand for their vacuum tube
products. By 1960, when transistors and integrated circuits began
to proliferate, a number of new players entered the competitive
arena, including Texas Instruments, Motorola, and Fairchild. Intel,
which became the world’s largest semiconductor manufacturer in
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1992, was founded in 1968. Intel was one of many startups in the
chip industry during that era, only a few of which survived. By
2004 a new group of players had emerged when the “fabless”
business model came into being. The fabless model is exemplified
by companies like Qualcomm, Broadcomm, Xilinx, Altera, and a
host of others. These companies focused on innovative semi-
conductor designs while relying on independent manufacturing
facilities known as foundries to do the actual silicon processing.

There was one exception to the pattern in the US, and that was
IBM. IBM is notable in that the company has been a leader from
the earliest days of the IT industry. IBM was a leader when the
industry got started back in the 1950s and continues to be a lead-
er today. The company doesn’t show up on these tables only be-
cause IBM only recently began to sell ICs in the “merchant” semi-
conductor market. Up to that time, IBM had consumed all its mi-
crochip production internally.

With the exception of IBM, none of the leaders of 1950 are ma-
jor factors in the IT industry today. The US business model in IT
is based on excellent research universities, the availability of ven-
ture capital to fund startups, and the nimbleness and quickness of
new highly focused companies. These characteristics resulted in
major changes in both industry leadership and in the basic busi-
ness model for the US IT industry.

In Europe, there was a very different pattern for the IT sector.
Three companies dominated the vacuum tube business in Europe
in the 1950s. The transition from tubes to transistors, and later to
integrated circuits, did little to change the order of leading
European companies. In the 1970s, the French and Italian govern-
ments began to recognize the growing strategic importance of mi-
croelectronics, and funded new ventures — Thompson and SGS.
In the 1990s, the Italian and French ventures merged to form ST,
but Phillips and Siemens, the leaders in the vacuum tube era,
were still among the top three European microelectronics
manufacturers. The microelectronics business at Siemens has now
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been spun off into a company now known as Infineon. Otherwise,
the order hasn’t changed much from what it was in the 1950s.

Unlike the evolution of the US microchip industry, startups ha-
ven't played a major role in Europe. Whether this is due to cul-
tural differences, a lack of readily available private venture capi-
tal, or attitudes toward entrepreneurial efforts, the pattern is vast-
ly different and offers room for discussion and speculation.

The evolution of the Japanese business model reflects the
unique culture of Japan. All the leaders of 1950 were vertically
integrated. By the 1960s, a rare startup — Sony — emerged on
the scene as a major player. Sony built its business around con-
sumer electronics, and unlike most of its competitors, the com-
pany was never a member of a keiretsu. Major changes to industry
structure in Japan are relatively recent phenomenon. Elpida
Memory resulted from the combination of the DRAM business of
NEC and Hitachi in 1999, while semiconductor operations of
Hitachi and Mitsubishi merged to create Renesas in 2003.
Japanese industrial policy and the keiretsu system tended to favor
and nurture existing companies as opposed to entrepreneurial
startups. As a result, startups have been rare in Japan, although
we do see some change taking place there today.

The microelectronics industry in rest of Asia-Pacific — Taiwan,
South Korea, Singapore primarily, and now, with China coming
on the scene — emerged a bit later. Samsung, Goldstar, and
Hyundai were the largest IC suppliers in the 1990s. These compa-
nies got started in the late 1980s and became major players in the
1990s. An important development in the 1980s was the fabless
model that became the driving force for the semiconductor foun-
dry industry in Taiwan. In Korea, the major players have been in-
tegrated companies. In the Asia-Pacific region, TSMC and UMC in
Taiwan, and Chartered Semiconductor in Singapore, are leaders in
the foundry business. These are very good technology companies,
and provide an excellent service to the fabless design companies.
We now see in China, the first phases of that same model evolv-
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ing, with SMIC, Grace, Wahong, and others establishing foun-
dries, and we're beginning to see the emergence of fabless compa-
nies based in China. For Korea, the prevailing model is vertical
integration, with companies achieving great success.

The Asian IT industry seems to have borrowed from the expe-
riences of all of the other regions. Clearly, entrepreneurial energy
has played a role in some segments of the Asian market, while
the vertically integrated companies played a part in others. A
combination of the business models of the US, Japan, and to a
lesser degree, Europe has fostered what has taken place thus far
in the Asia-Pacific market. Industrial policy has also played a role
in shaping the microelectronics industry of this region.

The fabless business model now accounts for about 20 percent
of the world’s semiconductor market and is growing all the time.
I do think there is a limitation that it will bump up against at
some stage. I'm not sure exactly where, but if I had to guess, I
would say somewhere in the vicinity of 40 percent of the overall
market.

There are several other evolutionary changes and trends in the
industry that are worth noting.

First, in the earliest days of the IC industry, chip companies of
necessity were horizontally integrated and they did everything.
Over time, specialized firms emerged to supply a vast array of
equipment, materials, and other products, forming an infra-
structure for the industry. This infrastructure is very strong and
important today, and again is resident around the world. Some of
the companies were spin-offs; some were new; and some were di-
visions of old companies, but nonetheless, the infrastructure built
out and made the industry what it is today.

A second phenomenon is the unparalleled globalization of the
semiconductor industry. Globalization resulted in a degree of in-
terdependence that is unmatched in any other industry in the
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world today. I think that is very important as we look at the
Nanoelectronics Era in the years ahead. The innovation ecosystem
is by necessity a regional system. But it also has as a part of it,
a global context. The semiconductor industry’s innovation ecosys-
tem is the driving force for the IT progress that has taken place
for many years. I cannot stress enough how important that eco-
system is. This innovation ecosystem begins with basic research at
our universities, and includes precompetitive research at our com-
panies along with the commercialization, and manufacturing of
new products. In the absence of this innovation ecosystem, the
continuous progress and advances we’'ve achieved would not take
place.

The worldwide web has accelerated the globalization of the
industry. Engineers trained in Korea, Japan, Europe or the US
may find themselves working in a design lab or a manufacturing
facility on a different continent because today they are no longer
relegated to any one geography. There are opportunities around
the world for them. Virtually every company that is a major play-
er in the industry, has major manufacturing capability around the
world. Samsung just announced in the last few days a manu-
facturing facility in Austin, Texas that eventually will be an in-
vestment of some $3,000,000,000. Assembly and test operations are
largely concentrated here in Asia. In fact, I came to Korea the first
time in 1967 to set up an assembly and test operation here for
Motorola. At that stage, one could see there was a lot of promise
here, but there was still a long way to go. Now, some 40 years
later, it is wonderful for me to come back here and see the prog-
ress that has been made in those four decades.

China has become the electronics-manufacturing powerhouse
of the world, with about 30 percent of all the semiconductors
made today being put into systems made in China. China is clear-
ly the largest market and will continue to be for the foreseeable
future. China is also becoming a very large consumer of electronic
products, including the world’s number one purchaser of cell
phones today, and number two or three in PCs, and moving up
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in consumer products like TV and digital cameras. An important
question today is whether China will try to establish standards
that will make it more difficult for the rest of the industry around
the world to participate in those markets as they unfold. One of
the great strengths of this industry has been the evolution of
standards that are very broadly based and have allowed many
players to become important contributors to the industry.

All of these developments have allowed a very large commun-
ity around the world to be players in the global IT arena. It's
very important that this innovation and competition continues in
the future. If you think about it, it's easy to see how an engineer
here in Korea could conceive of a device needed for a PDA and
send the design concept to a company in Europe, which in turn
would design a product to be fabricated by a foundry in Taiwan
or Singapore. The silicon chip would then travel to an assembly
facility in Malaysia, and be inserted into a circuit board in China,
and ultimately sent to a customer in New York. This is the kind
of interdependent globalization that is taking place in this in-
dustry and one of the things that has made it so strong.

One of the factors that have allowed the IT industry to become
so global was the near-universal agreement to eliminate barriers
to international commerce in information technology products.
Clearly, free fair trade is good for consumers and manufacturers
of IT products. The World Trade Organization has long recog-
nized the strategic importance and economic benefits of IT prod-
ucts and sought to eliminate all tariffs on them. Governments
around the world have sought to attract investment in IT. The
speed at which technology transfers across borders promotes col-
laboration between companies in different countries. The process
that I'm talking about here drives technology transfer. As all of
you know well, technology transfers through people, not paper.
Access to world-class engineering schools in the US, Europe,
Japan, and now Korea and other parts of the world are increas-
ingly an important part of the global ecosystem.
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Effective intellectual property protection laws and rigorous en-
forcement of IP rights is another essential element for this in-
dustry to continue to expand and innovate.

Various forms of industrial policies, such as tax holidays, tax
breaks, and subsidies will influence site location and investment
decisions. However, it is my view that such “constructed” com-
parative advantage will have limited success if the companies in-
volved do not emerge as important players, or if the rest of the
competitors around the world take countermeasures to neutralize
industrial policies put in place to distort free-market investment
patterns.

The globalization of the semiconductor industry is likely to
continue as other nations become players, but it will also help
drive other trends in the industry. Research and development is
moving outside of manufacturing companies. There’s a growing
demand for a closer relationship of design and manufacturing as
we continue to shrink dimensions and encounter less predictable
material performance. That is becoming increasingly important as
we go down from the 65-nanometer node to the 45-nanometer
node. The predictability that has been a part of the CMOS scaling
is far less the case at smaller dimensions. The cost of designing
and bringing a product to market is becoming more expensive.
New designs today are costing upwards of $50,000,000, so you
have to be right the first time.

Centers of excellence located around major research uni-
versities will take over the role of Bell Labs. This is an important
paradigm shift, and the way we’re driving technology in the US.

IP royalty is going to be a much more important part of this
business as we move forward. Pure-play IP companies are pop-
ping up all over the place. As a consequence, companies that
need this technology, will contract with IP companies which will
result in a whole new method for implementing new technology.
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I believe that as we go down to the 45- nanometer node, we’ll
see the first indications of how nanotechnology is going to play in
this business over the next 10 years. At that stage we’ll have some
problems that will need the capability that nanotechnology offers.

Going forward it is also clear that we're going to have some
problems with power consumption, and that we will have to
overcome by utilizing nanotechnology.

Cross-border relationships will be increasingly important. New
types of relationships will emerge involving design support, foun-
dry services, and process technology packages. One of the issues
we need to keep in mind as we go through this process, is the
likelihood that foundries will decide that they want to capture
more of the added value that their fabless companies are now
getting, by integrating backwards and becoming a part of the fa-
bless foundry business from both sides. If you talk to the foundry
companies, they will now say that this is not in their plans.

Manufacturing is going to be the easiest problem to solve for
the rest of the CMOS scaling era because it's very tightly aligned
with the process technology. The design part is going to be more
difficult because the way we are doing the design tools, they're
very independent of what the process technology involves. If you
look at the capability of the equipment and process technology, it
is growing rapidly. The EDA tools are progressing a much slower
rate, so the delta between the two is getting larger and is provid-
ing opportunities for more companies to become players in the
EDA world.

Another thing that will emerge as we go forward is the need
for a lot of data warehousing and the movement of that data
around the world rapidly and effectively. That will be a huge
challenge.

I'd like to close by putting forth some questions for you to
think about.
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First, of the business models I've described — the industrial
policy model of Japan, the entrepreneurial model of the US, or
something in between like the model of Europe - which is most
likely to be successful in the scramble for leadership in the nano-
technology era?

Is the entrepreneurial model of the US transplantable? I can't
tell you how many people have come to see me from around the
world and asked how to start a Silicon Valley in their own
country. I don’t think you start a Silicon Valley; I think it starts
on its own because of the universities, entrepreneurs, venture cap-
ital, and other factors. It's not something you can just create.

What is China’s role going forward?

Does it matter if the EU resolves its governance issues in some
of the areas that are unfolding?

What are the essential elements of an innovation ecosystem
that will contribute to a successful IT industry?

Can an innovation ecosystem be global and not just regional?

When will India, Brazil, and Eastern European countries be-
come important factors and what roles will they play in the glob-
al IT industry?

Does it matter how the Middle East issues are resolved, and
who will benefit and who will be burdened? Will energy policy
play a role in the outcome?

How important are cultural differences in contributing to a cli-
mate for innovation?

For as long as I've been involved in this industry — almost 50
years now — we've tracked global sales of semiconductors and the
US has been fortunate to have led this parade for all but a few
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years in the late 1980s when Japan took over. However, Asia-
Pacific is becoming a bigger factor and the question is, who will
give ground to Asia-Pacific as their market share continues to grow?

Major innovations in semiconductors such as the DRAM and
the microprocessor played a major role in ensuring that US mar-
ket share leadership continued. The creation of the Internet was a
logical consequence of the proliferation of all these technological
innovations that came together in the 1990s. But in addition to
that, the advances in the life sciences couldn’t have occurred
without the advances in information technology driven by semi-
conductors, and as a result, people are living much longer and
healthier today.

As Professor Dale Jorgenson, one of Harvard University’s fore-
most economists, has observed, the economics of information
technology begins with a precipitous and continuous fall in semi-
conductor prices. He credits the rapid adoption of IT in the US
for driving substantial economic growth in the US and, as a con-
sequence, the productivity enhancements I alluded to earlier.
Professor Jorgenson goes on to say that since 1995, IT has ac-
counted for 25 percent of overall economic growth while only 3
percent of GDP. The resulting benefits of that technology have
been calculated by the Bureau of Economic Affairs in the US
Government. They looked at local, state, and federal government
purchases of computing capability over the last 10 years. If the
1995 prices had been in effect the entire time, the cost would
have been about $260,000,000,000. As a result of advances in tech-
nology and reduced prices they paid about $80,000,000,000, so
there’s a $180,000,000,000 in savings because of the productivity
enhancements and greater functionality that comes with faster
and more cost-effective computers.

Further advances are on the horizon. For example, I expect
that when the cost of 10 gigabytes of flash memory falls below
$50 for rotating memory applications, flash will replace rotating
memory. Within five years, we’ll have computers that are just
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flash driven.

Over the next 30 years, there will be a dramatic increases the
percentage of the population over 65 years of age in China, and
North and South America. South Korea and Japan face the most
serious challenges of all. By 2050, nearly 40 percent of Korea's
population will be over 65. With fewer workers actively produc-
ing goods and services to support larger numbers of retired
workers who will consume a high proportion of costly services
such as health care, the only practical solution is to drive dramat-
ic increase of productivity among active workers, while applying
technology to control the cost of services.

Historically, there’s been a lag of about 15 years from the be-
ginning of basic research until the first commercial applications of
a new technology. 2020 is less than 15 years away, and by then,
nanotechnology must be a mainstream technology if we are to
continue progress in IT at the historical rate.

The global scramble is now underway. As a consequence, there
is an opportunity for dramatic changes in the world order.
Obviously we in the US have a strong desire to maintain the
leadership we have enjoyed, but the outcome of this scramble is
by no means certain. For our part, we are working to strengthen
our innovation ecosystem on a number of fronts. We're seeking a
significant increase in the funding of basic research in the phys-
ical sciences in American universities to keep them at the fore-
front of basic research. We're working to improve the K-12 educa-
tion systems so we will become less dependent on international
students to become America’s scientists and engineers of
tomorrow. Three quarters of the graduate students in the physical
sciences of US universities today are foreign born.

Finally, we’re working to improve the investment climate for
IT Industries in America while opposing measures that would di-
rect or control the free-flow of capital between nations and open
markets around the world. Our view is that investment decisions
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ought to be based on what makes good business sense, not on
government industrial policy.

The global scramble for leadership is good. Competition is the
greatest driver of progress. While there will be a winner in this
scramble for leadership, there will be no losers. We will all bene-
fit from the progress of IT, and people everywhere will enjoy a
better quality of life as a result of the continuous process that IT
brings to world economy.

Questions & Answers

Q Throughout the process of this device technology break through,
we saw the 1K becoming 4K, 16K, etfc., it became increasingly capital-in-
tensive, and many companies could not keep up with it, and as a result,
companies had to collaborate together to keep up. During that process,
two factors were in play. These two are innovative power of the smaller com-
panies versus the resource and power of the larger companies. And during
that process, Samsung benefited in that it had both the resource of the
large companies combined with innovative capability of small companies.
But we have now reached the stage where it is no longer a question of
whether you have one or the other, but you acquire both because of the
magnitude of the capital requirements.

So to address your question, can the companies do this, or do you
need the industrial policies in back up of the government? | think the
question there has to be answered in various ways. First of all as the scale
of the next stage of development and the capital requirements become
huge, can the economy adjust to specialized sectors so the risk can be
managed? If free enterprise can do this effectively, then the market
economy will triumph.

A I think basically that the key question is whether the in-
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vestment necessary to establish a manufacturing capability in the
industry, which is now at $3,000,000,000, will go much higher as
we go forward? I don't think it will go much above $5,000,000,000
because we’ll run out of time.

If we get to an 18-20 inch wafer, that’s going to be the last
step just because by that time we’ll be down to roughly
10-nanometer technology which will be about the ultimate limit of
scaling with CMOS technology. Is it going to be possible for the
industries to fund this investment, or will it take government
funding for that to happen? I think I agree with the idea that in-
dustry can fund this, and I hope it can fund it. And it will do it
in three different ways. The large integrated device manufacturers
— Samsung, Hynix, Intel, TI, ST and perhaps a few others —
these companies will be able to afford the investment. They’re big
enough, have enough product and demand, and they can do it.
We then have the fabless foundry model, and the foundries are
getting very large, and they’ll be able to fund and afford making
that investment. I think there is a third one that is going to
emerge: there’s a very strong likelihood that a number of the
large fabless companies will band together and decide that they
have enough commonality in their need for technology and man-
ufacturing that they will then establish a manufacturing capability
of their own. So I don’t think we need the government to get in-
volved in that investment process. The only reason they will be
involved is to make sure that investment comes to country “A”
versus country “B”.

Q In the Clinton administration, there was a national information
infrastructure. You mentioned that with the decline of computing prices, it
allows the government to do less with the money, do you think that some
kind of selective control with the Federal Reserve to force the IT or bio-
technology? Since the first of February, the FTA preliminary negotiations
have been going on between the US and Korea, do you think that so far
as the IT industry, what is the merit and demerit for both sides of the FTA?
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A On the FTA, I think it's a great idea. We've been very
strong supporters of eliminating tariffs on IT products for 25
years. When we first went to the US Government in the 1980s we
said we would like to have the tariffs taken off because it just
adds to cost, and it doesn’t help create a market at all. The gov-
ernment was stunned, but they did so. Then we went around to
several other countries and did the same with their governments,
and finally got them to agree that it was only a cost that didn’t
benefit anyone. So I think the FTA is just the next step in that
process, and we strongly endorse them. We want to make certain
that we eliminate all barriers to the flow of commerce, invest-
ment, product, ideas, technology, licenses, and so on. The more
FTAs the more that the competition will decide what the costs
will be and will continue to drive them down and create that ad-
ditional productivity we talked about that we're going to have to
have as the population gets older.

Now in regard to the Federal Reserve, keep in mind, it has
two basic responsibilities. First, to keep inflation under control,
and second, to maintain a steady growth in the economy with full
employment. I don’t expect that that will ever change and con-
sequently I don’t think they will ever get involved with the in-
dustry or technology.

Q How would you evaluate Koread’s IT leadership? What is Korea’s
rank or market share in the world, and prospect for maintaining this posi-
tion in general, and Samsung, LG and KT in particular? Is Korea consid-
ered a big winner or small loser in IT leadership in your view?

A I think in a word, Korea is doing very well. In terms of
market share, Korean semiconductor manufacturers have gone
from 6 percent a few years ago to over 10 percent and their mar-
ket share is continuing to grow. The companies here are very
strong from a technology standpoint. In the areas they’ve con-
centrated on whether it's DRAMs or flash memory, they're doing
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just fine. I think Korea has an important role to play in the rest
of the CMOS era over the next 10-15 years, but I would guess
that they’re also doing the things necessary to develop the nano-
technology capability that will allow them to be a major player
then as well. That is a tougher problem. I will address that now
during this discussion as I wanted some feedback. I think we’ll
have to spend the next three to five years just looking over the
horizon of all the ideas that are out there that would define nano-
technology/biotechnology and how they’re going to be cross-
functional and how to go about that. And then having thought
that through, what are the various ways we can deal with that is-
sue? What materials would be involved, and what device struc-
tures look like, and how would they be manufactured? It is going
to be a very complex set of issues that need to be dealt with to
get started on how to start solving those problems.

One great thing about the semiconductor industry is that we
started the technology road map a long time ago, and later en-
listed the involvement of the industry around the world. There
are about 400 of the best technologists around the world who get
together every year and look at this roadmap to see what issues
lay out ahead of us. We have to do something like this in nano-
technology as well, but it will be far more complicated and hard-
er to define the first steps of that roadmap, let alone 15 years out
as we can do with CMOS scaling today.

So that is going to be the challenge, but I hope it will bring
the industries and countries of the world together to work on this
important technology because it is going to be so critical to so
many aspects of our daily lives. Again, I'll go back to my original
point that driving productivity is so critical to our economies and
welfare of all our elderly people as we go on.

If it wasn’t evident 20 years ago, it is certainly evident by now;
China does not need the capital. The main reason for inviting this
foreign investment is not a shortage capital; in fact Chinese sav-
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ings are extraordinarily high. Rather it is the access to technology,
the access to marketing channels, marketing know-how, and the
access to modern management techniques, that are the incentive
for foreign investment in China. One has to say that it has been
smashingly successful. As was mentioned in the question, about
60% of Chinese exports are from what the Chinese call “foreign
invested firms,” either foreign firms, or joint ventures with for-
eign firms. So that’s the quality control. The management techni-
ques, and the marketing channels have worked very well.

Will this continue? I think my generic answer to that is “yes,”
although the relative importance of foreign firms in China will
decline as more domestic firms- created by a younger generation
of people, sometimes western trained, usually influenced by firms
in the West (I'm using the West here in the generic sense, includ-
ing Japan and Korea, in this regard, because the Korean firms
have been one of the important group in China, and of course
Taiwanese firms). I think their relative influence will decline, as
more and more private Chinese firms become successful in China,
and as state enterprises get sorted out better, there will be some
very successful state enterprises. There already are a few; there
will be more, some will drop by the wayside. So I expect that the
role of foreign firms will continue, I think that it has been a suc-
cess story from a Chinese point of view, and I don’t see them
stopping it, even though the relative importance of foreign firms
may decline over time.

Q As you mentioned, our telecommunications infrastructure is quite
mature, and almost 80 percent of Korean households are connected with
high-speed Internet access capabilities. Coming from KT, our economy in
Korea is quite dependent on the telecom infrastructure and the IT
industry. But the next decades have to become dependent on the com-
bination of IT and other industries, but the problem is that the other in-
dustries are reluctant to merge with IT industries in some respects.
Eventually, we need some convergence, so what are your ideas for the
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good relationship between these industries, and what do you think the
government’s role should be in it?

A I think it's going to start at the universities. I know in the
US, the best research universities have interdisciplinary programs
that deal with the various technology initiatives, but they also
bring into play the business schools. So when you look at how
they’re structuring the physical and academic programs for these
disciplines, they’re locating them in the same general area. There
is a lot of cross-pollination because of the physical location, but
then the course requirements will demand that they have an in-
terdisciplinary approach to their learning process. I think much of
this will occur naturally as these areas play off each other, and
we will involve everyone essential as we do the work. Again I go
back to our roadmap. We'll figure it out as we go along.

The thing that hasn’t happened that I've been pushing for
about five years is that we haven’t yet figured out how to get the
consortia from around the world to come together. There is still
a hesitancy that is getting in the way of real cooperation and the
elimination of duplication that’s out there today. Now duplication
in the early stages is ok because we don’t know the best solution.
I think there is a way for it to come together, and it's a compli-
cated problem, but I think we're beginning to move in that direc-
tion, and I think we’ll get there.

Q What would you say occupies you the most as the president of
the Semiconductor Industry Association? How important is your work in re-
lation to government affairs, for example? And how much time do you
spend with the research communities and universities?

A That's a good question. Our number one priority where I
spend most of my time is on the basic research issue, making cer-
tain that we're doing everything we need to do to make sure we
get the funding for the basic research. Our view is that this is the
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responsibility of the Federal Government, to fund basic research
at our universities. But as you know, all governments have many
demands on them, and if we don’t stay close with that issue and
make certain it happens, there’s always someone else with a pri-
ority that gets in the way. As some of you may know, in the
President’s State of the Union Address, he made a couple months
ago, one of the commitments he made was to address and fund
the American Competitiveness Initiative. We were very strong ad-
vocates for that being put in the address so that we could get the
appropriations and legislation moving this year to get the
funding.

The second issue on which we spend a lot of time on is mak-
ing sure the environmental safety and health that's associated
with our manufacturing operations and the materials we have to
handle is being done in a way that ensures every worker in the
industry is working in a safe and clean environment. This is an
international effort. There is an international symposium every
year to make certain that the workplaces around the world will
be safe and that we are doing the right thing for the environment.

Q How do you advise the President of the US and do you have any
policy recommendations to give to our President?

A I just mentioned the American Competitiveness Initiative,
but one of my responsibilities on the President's Council of
Advisors on Science and Technology was to head up a study
dealing with IT and innovation. I presented that report to the
President about two years ago and we made it clear that it was
something that we had to address. And he did include it in his
address which we are very pleased with. I'm now heading up a
study dealing with the high-end computing and what we must
do to maintain our leadership in that area.
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