_xnnn:.nsy1zooso. | o PAGE 151
g EMBZ' remarks that it was Ris view that it was a :esponsiﬁility.
A; : 3u83 fﬁhather.something derived by their oun.interprétaéionfq; by
",Q?Z/IZHSH gpecific'statﬁtbry lﬁnguage, I can't say, but I interﬁret
3485 hi§ remarks to undarscore tha view within DOE that the§
b 3u8s| should have a significant role in dissemination of
3487 teohnoloéy. o | |
3488 I think tha£ that--which, as I say is already carried in é
! 3u489| the Féderal icqﬁisition Regs, stateﬁent of puﬁpose, is the .
: : 7 _‘3u90 problem I haﬁe; I think that the flow from tha
.1 3491 Government~university-industry :el#tionship must be clear
i 3492 and channeled through thé univarsitf to its licensees, and
; '3u93 those lidensées cannot be subjectad to tha uncertaintiesiand
5 34594 cross—cﬁrrents that arise £:om_kn6ﬁing that the Government
'3H95 ﬁaY; through some.other disttihutidn channel, also ba making
73"96 .the tachnolegy available in sone faShipn,'pazticularly if
3“97 the industrial licensee has iﬂvested significant.iunds'tq-'
3498 davelop it further, and then it looks like the Governmént: 
3499_ might piggy+hack its contractors on all of that eiiorf. |
3500 Mz. Préston'may want to add‘to that.
~.‘3501 Mr. PRESTON. Yes, one of the comments I would 1ike(9q ma’
3502 aﬁout the issue of requésting waivers and giving uaiders;'is 
_ '3503| that the timing in licensing'technblogy is so ecritical that
>k’ 3504 even waiting six months is quite dften‘p;ohibifive in
3505 getting an eifectiue"licgnse deal. o
3506

-"ﬁSL'Pn!+0n /L\rcnnn" Diree For <} ,Q‘.T_
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I will give you an example. Two months ago in the area
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'3507 that we have bheen discussing todéy; I was approached by a
ff - 1508 coupla of faculty members who had come up with an invention

=

L5809 r;latéd to superconductors} a technique for making theg;’

3510] brittle cazamic into ductile wires. We filed for a patent
3511/ less than a month after £hay.came inﬁo,our office, and have
3512| now licensed it to a privata sectbx.thzough a.majoi-ventu:e
3513 cépital £irm who has a craated a companyth éommercialiée
35141 <£his technology; In lass than tuo months, we now have 31
3515 millién'wqrth of private money invested in#o'this -

§ 3516 technology. ﬁe have a company created, and we have a -

3517 1icen§e agréement consumnatad and a patent filed.

3518 I T had to wait Six months or a vear to get DOE waiver in

3519 oxder to move ahééd with this, the venture commuhiﬁy would
3529 probably be tied up-in cther deﬁls and this would slow doun

| 3521 getting the license dona in the first place. |

3522 . Another comment I wanted £q make from the DOE paper that
3523 was submittad was that £he.nox.axpressed considarable pzider
3524 in +he fact that there have been 27 stait-up companias §ve:
3525 the 1a§tuyear from DOE sponsorad:resea;ch, and 200 license
3526{ agreements to major companies to commercialize DOE reseaxrch.
'}</ 3527, ' MIT is perhaps a drop in the bucRat to DOE total--we aze

3528 less tho:E their budget--our numbers are

352¢% comparablé% WHe are crasating about the same'numbe: of new

3530 companies per year, and consummating ahout +he same number

3531 of license agreaemants.

A Do rhwald have BUO”%(S Lua'-m.'uu.-.
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Technology Transfer
Isn’t Working

The campaign to pass on the fruits of the federal
research labs 1o industry could be a lost cause. -

| mma——
by Fred V. Guter!

n just a few years, a major new
chip-manufacturing  technology
called X-ray lithography could well
become the key to survival in the
semiconductor industry. The question
is, who will be the first to develop it?
Japan's Ministry of International
Trade and Industry plans to spend
$700 million on the problem this year.
Among other things, it is funding the
construction of four specialized syn-

. chrotrons for chipmakers to produce

the X rays essential for research into
the new technology.

In the U.S., the Department of En-
ergy recently finished building the na-
tion"s first large-scale synchrotron at
its Brookhaven National Laboratory in
Upton, New York. But it is 4 general-
purpose synchrotron used by about
ninety academic and corporate re-
search groups for a variety of projects.
IBM Corp. is the only company using
the synchrotron for X-ray hithography,
and its researchers often have to wait
in line to use it. “The IBM people are
pretty unhappy with the schedule,”
says Wiliam Marcuse, director of

technology transfer at the lab. “They -

spend a lot of time twiddling their
thumbs.”

The DOE plans to build two more 3

synchrotrons for its labs, but neither
one will be taitored to X-ray lithogra-
phy. And to a growing number of in-
dustry leaders, government officials
and scientists worried about the Unit-
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ed State's flagging competitiveness in
technology, this state of affairs is a viv-
id symbol of the inadequacy of the gov-
ernment’'s program for transferring
R&D to industry. '

The federal research labs constitute
a formidable chunk of the nation’s peol
of talent and equipment. The 700-plus
labs across the country spend more
than $18 billion a year and employ one-
sixth of the nation’s research scientists
and engineers.

By tradition, the labs disseminate
technology to the public and issue L
censes for their published patents to~
anyone who wants them. But Amer-
can companies have used few of the

thousands of new patents filed every
year because they are loath to invest in
a technology their competitors can ob-
tain easily. It was a Japanese firm, for
example, that developed solar cells for
calculators from a National Aeronau-
tics and Space Administration patent.

Since 1980 the Reagan Administra-
tion has been spearheading an ambi-
tious campaign to make the fruits of
the federal research labs available to
private industry. One resuit i new leg-
islation that now allows companies to
license exclusive patents owned by the
labs and encourages cooperative R&D
programs for industry, government
and universities.

BUSINESS MONTH
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These moves have been welcomed.
But no significant technological bene-
“fits have et accrued to industry, and

the obstacles to implementing the
transfer of technology now look so nu-
merous and deeply rooted that it
seems doubtful the government labs
will ever be able to help industry fulfill
its research needs. “The new laws are
no panacea for getting technology into
private industry,” says William Burk-
man, director of physics-at AT&T Bell
Laboratories. “There are a lot of stum-
bling blocks involving the kind of prior-
ities the labs have set up.”

The basic problem is that the whole
notion of working with private indus-
try runs counter to the long-standing
mission of the federal labs to serve the
general public. For the better part of
four decades, they have pursued their

own agendas sheltered from the needs
of the marketplace. Federal research-
ers have deepened the pool of scientif-
ic knowledge and enhanced the na-
tion’s weapons arsenal. Any benefit
derived by industry has been a mere
afterthought. -

The need to keep classified weap-
ons research under wraps has imped-
ed technology transfer in the DOE and
the Defense Department. That be-
comes a formidable barrier consider-
ing that defense will account for 72%
of government R&D spending next
year, up from 51% in 1980, and that

the lion's share of the labs belongs to
those two departments.

The DOE is particularly hostile t
industry-directed research. It has re-
fused to give its labs authorty to l-
cense patents to. companies—a step
that industry considers crucial for
making the technology accessible. The
department’s policy of reviewing ev-
ery application for a patent license
case-by-case, industry complains, i
too much trouble and takes too long
anywhere from six months to several
years—to pass through the labyrinth
of DOE bureaucracy.

-

’:l N his procedure discourages
: companies from using the labs

as a resource. Lee M. Rivers,
who recently left the White House Of-
fice of Science and Technology Policy
to represent the Federal Laboratory
Consortium in Washington, says he is
“up to my eyeballs” trying to get in-
dustry to take the labs seriously. “If a
businessman has to take four months
“to figure out what he needs to do and
then has to go through six layers of bu-
reaucracy in Washington, that's going
" to be tough,” he notes.

'DOE officials insist they are pro-
ceeding with caution only untd they
learn more.about technology transfer
and promise to streamline the waiver
process down to six months or so.
Critics say they are stalling. And Bryan
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" clear  nonproliferation

- withhold patent licenses.

Siebert, DOE director of international
security, admits, “I would err on the
side of reviewing practically ewery-
thing, even if it involves delays.” -
In fact, when Congress passed legis-
lation in 1984 allowing universities and
nonprofit organizations that operat
DOE labs to license patents, the de-
partment tried to nullify the law by
claiming that national secunty and au-
took prece-
dence. Its position led to an executive
order by President Reagan last spring
restricting the DOE's discretion to

Regulations also iimit the amount of
money the DOE laks can spend on re-
search for. outside organizations to
20% of their budgets, with most of that
going to other government labs. And
no company can do research at a DOE
lab if comparable facilities can be ob-
tained elsewhere. Emphasizing the
DOE'’s stand, Antoirette G. Joseph, di-
rector of field operations management,
says, “People argue that there is this
technology sitting on the shelf and that
if you have a uniform technology trans-
fer policy, the government can make it
all available in one fell swoop. Well, it
can't. The national defense mission is
more important than the technology
transfer mission.” '

The Defense Department has its
own bureaucratic problems, but it has
been more flexible in issuing licenses.
For years, the DOD has allowed the
companies it does business with to
commercialize at no cost the patented
technology they devalop. These rela-
tionships, however, have existed pri-
marily within the closs-knit community
of governmerit contractors working on
classified projects. “Everything done
in the labs'is documented and made
available to people with the appropri-
ate clearances,” says Frank Sobieszc-
zyk, chief of the DOD research pro-
gram office. “The lats will call in de-
fense contractors and give them a dog-
and-pony show.” Because of its fear of
leaks, the DOD is reluctant to enter
into cooperative R&D agreements
with other companies.

In addition to the problem of classi-
fied R&D, dentifying promising new
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“technologies for industry to exploit is a
monumental task. Corporate R&D ex-
ecutives have largely ignored what
goes on in the labs, viewing them as ir-
relevant and inaccessible. Reluctant to
deal with the bureaucracy, they are un-
aware of helpful research buried with-
in muitimillion-dollar programs.

At the same time, most federal labs
lack the staff necessary to sift through

ret out the good ideas and target them
for specific industries or companies.
“There's a lot of research going on at
the labs,” savs President A. Sidney Al-
pert of University Patents Inc., which
sells -universitv-owned patents to in-
dusiry. “If they put enough manpower
on it, there could be some good inven-
tions. But vou won't find them the way
the labs are going about it.”

/It does not help that lab researchers
must depend on their technology
transfer specialists to explain their in-
novations to" corporate R&D people.
These specialists are in short supply—
onlv one DOD lab has one, for in-
stance—and they are a harried lot with
responsibility for hundreds of different
\_ projects. '

As intermediaries, they also are one
more roadblock for industry. Hillard
Williams, vice president for technolo-
gv at Monsanto Corp., says that gov-
ernment tech transfer people lack ex-
perience in getting technology out to
industry, John D. Hale, vice president
for research at Kerr-McGee Corp.,
comments: “We have enough trouble
transierring technology out of our own
lab. How are we going to keep up with
the technology coming from the feder-
allabs?" '

ven if industry had free access
Em the technology at the labs,
i raw research requires consid-
erable development before it is appli-
cable to new products, and much more
input from the labs—information about
manufacturing processes, the exper-
tise and judgment of the original re-
searchers, and so forth--is needed by
a company planning to adopt a technol-
ogyv. "The basic research at DOE labs
is one level less practical than the stuff

=t

. the enormous number of projects, fer-

“If the govern-
ment labs move

slowly, they
will become

irrelevant,”

that is done at universities, which isn't
very practical” says University Pat-
ents’ Alpert. .

The labs have limited resources to
devote to the kinds of coooperative
R&D programs that would help indus-
try absorb basic research. And they
have had trouble attracting financial
support_from_industry because they
Jack the authority_to issue patents 51
return for funds. are fowser Frve

Companies are also put off by the
government’s inflexibility in negotiat-
ing cooperative research agreements.

The agreements are often written like

deadlines scheduled years in advance.
Such tight schedules tead to misunder-
standings when the research doesn’t
pan out the way it was originally
planned. “Federal people don't speak
the same language,” says Monsanto's
Williams. “Things get complicated.
and industry tends to just give up.”

Amid this bleak picture, there are 2
few hopeful signs. Payoff from exclu-
sive patenting, form
in Oak Ridge, Tennessee, where a doz-
en of so companies have sprung up to
develop products—heat-resistant die-
sel engines, high-strength cutting tools
and more—based on patent licenses
granted by the DOE lab there.

“A kind of magic has set in,” says
William W. Carpenter, vice president
for technology applications at Martin
Marietta Energy Systems, which runs
the lab for the DOE and aggressively
pushed the patents through its licens-
ing process. “In Oak Ridge, houses are
selling, school enroliment is up for the
first time in twenty years, a new Inis-
sile plant has gone up. A great deal of
that is due to our technology transfer
program.”

Inside the labs as well, there is
some movement afoot to open the

- door. Eugene E. Stark, an engineer at

DOE's Los Alamos National Labora-
tory, is one of a new generation of gov-
ermment researchers who now sees a
unique opportunity to get the labs into
the mainstream of technology.

In his spare time, Stark is chairman
of the Federal Laboratory Consortium
for Technology Transfer, an ad hoc
government and industry group that is
promoting technology sharing. “We
can't wait ten more years to break
down the institutional barriers to tech-
nology transfer,” Stark says. “We're
entering a period of restructuring in
science and technology institutions.
Whatever new relationships develop
as a result of international competition
will take place in the next three-to-five
vears. If the labs move slowly, they
will become irrelevant.”

roundwork also has been laid
for several cooperative agree-
ments between industry and
the labs. The Armyv's Electronics
Technology and Devices Laboratory in
New Jersey is setting up a consortium
with several electronics firms to devel-
op flat-panel display screens. And the
DOE’s Argonne National Laboratory
and the University of Chicago are cur-
rently negotiating with companies to
do superconductor research.
Meanwhile, the Defense Depart-
ment is funding a study on building a
synchrotron devoted exclusively to
semiconductor research. And at the
DOE's conference on superconductiv-
ity last July, President Reagan pro-
posed a government-sponscred “Su-
perconductivity  Initiative,”  which
would include, among other things, in-
creased spending by the labs. In addi-
tion, DOD proposes spending $150
million over three vears to apply su-
perconductivity research to military
ships and weapons.
How all the money is spent—
whether industry gets to set at least
part of the research agenda—may be

.the first real test of the technology

transfer laws and the nation's resolve.
‘ ~with ANNE HOLLYDAY
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SCIENCE AND TECHNOLOGY POLICY

STATE~OWNED PATENTS SPREADING ABROAD
_ .

Tokyo KOGYO GLJUTSU in Japanese Mar 86 pp 44-48

_[Article by Mitsuo ‘Suzuki, director of the Japan Industrial Technology
Assoclation]

{Text] Why Internétional Technology Cocperation Is Now Important

With a turnabout from the first oil crisis, the focus of world technology
development trend has been shifting toward lightness, thinness, shortness,
and smallness [micro] from heaviest, thickest, longest, and biggest [macro].
Countries in the world are fiercely competing for the development of high
technologies, amid the great surge of nmew technologies from the 1970's
toward a peak in the early 2000's.

Emerging as advanced technologies are the technology for utilizing limited
sources of energy on earth, electronics technology for fostering an informa-
tion society, new materials technology for bringing about metamorphic progress
in indusatries, and biotechnology with diverse potential.

The collapsing condition of the Japanese economy after World War II has
achieved a marvelous recovery through the support of technical assistance -
from abroad and the concerted efforts of the people. As a result, Japan has
now established a high technology level worldwide.

While Japan has currently achieved economic growth through active industrial
activities based on high technologies, other countries have increasingly
‘been seeking Japan's technical cooperation. Public opinion is taking root in
that Japan should further promote contributions intellectual to the interna-
tional society through technologies.

Ag raegardsg technologies under such internatiomnal circumstances, the recent
activities concerning technology transfer and popularization of the Japan

Industrial Technology Association (Inc.) (JITA) engaged in activities of i*<?
spreading state—owned patents of the Agency of Industridl Seience and Tech-

nology (AIST) at home and abroad will be outlined (see Figure 1)
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Transfer of state-owned patents
. , "(Pogsessor of industrial
n ALST ownership rights and expertise)

Exclusive rights .
of execution

' ' JITA o (Holds exclusive rights to
66% t)f%_ s grant all industrial ownership
rights and expertise owned by
AIST)
Secrecy contracts Inquiries, royalty nego-
Option contracts tiations, etc., on option
License contracts and license contracts

| Japanese and overseas enterprises | (grahteeé)

Figure 1. Technical Transfer System of AIST's State-Owned Patents

Activities of High Technology Intefchange'ﬁissions

JITA has been sending missions to the various European and American countries
annually since 1983 to introduce AIST's state-owned technologies im support of
AIST and other quarters concermed. The dispatch of the missions is part of
the technology interchange between Japan and the various European and American

" countries, and is also in response to criticism that Japan is not providing
technology exports in comparision with the enthusiasm for exports of manufac-
tured products. Among AIST's state-owned patents, 20 to 30 themes, which have
been applied for industrial use by Japanese companies or those prospective
technologies are selected annually for overseas supply upon approval for tech=-
nical cooperation by the companies involved.

Missions comprising top technicians or leaders concerned in charge of
technical development at such companies visited governmental organizations or
research institutes of major enterprises in the various European and American
countries to ascertain the needs of such countries (possibilities such as
technology transfer and Joint.development). From this side, technical pre-
sentation was provided and at the same time relative discussions pursued.

Institutions visited by year follow:
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1983 'Swaden‘. : (state) STU (Swedish Techmology Development Agency)
o (private) ASEA Co., Volvo Co. T
West Germany (private) Dynamite Nobel Co., Siemens Co.
Franée ' (state) CESTA (Advanced Technology System ngelopment
Center) . .
(private) Toulouse City Chamber of Commerce and
Industry _
1984  United States (state) Raleigh, North Carolina——Research Triangle

Park (research comsortium)
(private) SWRI, IITRI, SRI (all nonprofit think tanks)

Canada (provincial) Montreal Urban Commnnity-(research
) coasortium) :
1985 Sweden  (private) = IDEON (research consortium)
(private) SKAPA (creative techmology exhibit)
Ireland ‘(state) IDA (Irish Natiomal Reseafch and Development
. - Agency)
Britain " (state) BTG (British Technology Group, formerly NRDC)

(private) Berkeley Tech Mart '85

.France _ (state) CESTA _
" (private) Rhone Poulenc Co.

'Wést Germany {private) Bayer Co.

Fortunately, the dispatch of the missions over the past 3 years has resulted
in steadily spreading state-owned technologies abroad due partly to the active

cooperation of domestic licensee companies and various foreign governmental

organizations and overseas companies. Among the themes preseanted, some con-
crete results are beginning to emerge, such as supplying information and
samples, %o Include possibilities for future techmology transfer and joint
development, and the/couclusion of secrecy contracts.

Table 1 shows typical technologies presented by the past three missioms. A
few examples among overseas responses to the missions were the request from
Martin Marietta, a major U.S. enterprise, for a supply of several tens of
kilograms of high-performance electromagnetic wave shield materials on a
gample basis. FKuraray Co. and two other companies are now conducting experi-
ments for practical application of the materials under the guidance of AIST's
Industrial Products Research Institute. General Motors Corp. (GM), a major
U.S. automaker, Alcan Canada Co. of Canada, Hinkley and ICI of Great Britain,
and many other companies have shown interest in reveluticnary fine ceramics
processing technologies, and negotiations for a contract are now underway with
a certain company. The ceramic technologies involved are the ceramics-metal
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Table 1.

Tachnologles Introduced Abroad Through Stata-Owned Patents

Category Titla of technology Tngeltute thet mads discovery Yaar introduced
Heaw High-parformance alactromsgnetic shisld macerial Industrial Products Ressaxch Inscituts 1983 1984
matorials Corguice-watal bonding Osska National Industrial Ressarch - 1984 1985
Cersnics-ceranice bonding Tewcing Tastituce (HIRTI) . .
Zirconia sinter Nagoys NIRTI 1983 1985
Easy-to-sinter alumina " " 1984
Lubricating agenc for dia-casting, forging Osaka NIRTT 198) 1984
Lanchanum~chromats for heacing Daikoahi NIRTI 1983 .
Carbon-ceranics compound Kyushu NIRTI 1984
iligh-performanca pitch carbon fiber " " 1983 1984 1985
Ulerahigh-aolacular polysthylene gel yam Resoarch Institute for Polymars and 1984
Texcilss
Hydraulic injeccion plastic molding " - 1984
High-flux precision fileyscion mexbrans and its system Macional Chemical Lsboratory for 1‘9” 1984 1985
ks fadustxry, Kyushs NIRTI, Osaks NIRTI
Photocrosslinkage polyoar and screen printing Research Inatitute of Polywars sad 1983 1984
Textiles
Gae aoparation using polyimide hollow [iber NHational Chemical Laboratory for Industxy 1985
Ion exchange ftber and xara earth matal aseparation’ ° Ressarch Inscitutes of Polmrs and
. Textiles 1983 1984 1985
. High-perforusnce decdorant National Chemical leorltory!erlnwutruﬂl
Biotach=~ Production of oils and fats by mycosls Natlonal Chemical Laboracory for Induscry 1983 ’
nology Production of gssma linolenic acid by mycosis " 1984 19835
Production of heat-resisting lipass and dissolucion of otll and tal:o Patmentation Resaarch Instituta 1984 1985
High-perforaanca callulase " 1984
Solidificacion of oxygen by ultraline fiber caxvisr Recsarch Tastitute of Polyumers and 1985
Texcilas
Solidificacion of oxygen by phococroselinkable polymar " 1985
Production of Ery feed from alcohol ferwentation wastes Ferzantation Ressarch Inatitute ! -1985
Artificial joints Hechanical Engineering Laboratory 1985
Electronics High-pexformance amorphous silicon solar bactery Eloctrotachnical Laboratory 1984 1985
Semiconductor magnecic sensor and its applications " 1984 1985
Asgagsment of ancrphous silicon manufacturing procees under
CARS aystem " 1985
ICTS syecem for detacting crystal defacte " 1985
. Honvelatila semiconductor memory with [loating gata " 1985
High-gurput GG5 lasar " 1585
Optical disk pickup (SCOOP) bt 1985

Magnecic garnec Film for opcical IC

1983




bonding and ceramics—ceramics bonding where research for practical applica-
tions is being conducted by Sumitomo Cement Co. and Daihen Corp., respectively.
under the guidance of AIST's Osaka Industrial Research Institute. Negotia- _
tions are also underway with (Reuter) Gas Werke Co., a major West German

pitch processing company, concerning technology to manufacture high-performance
carbon f£iber now being developed for practical application by more than 10
companies, including Nippon Carbon Co. Regarding lubricating agents for
forging and die-~casting, Hanano Shoji (Inc.) has completed development of
manufacturing technology, and is now being made practical with a large amourt
of samples being supplied abroad for testing, while Great Britain's (Fuoseco)
is seeking technology tramsfer.

In addition not only enterprises, but also Britain's BTG (R&D agency) and
France's CESTA (advanced technology center) are requesting long-term, delib-
erative cooperative relationships with JITA missions, and are showing an
active stance toward future technology interchange with Japan.

Progress in R&D of those technologies have been conducted by research institu~
tions under AIST's umbrella with the cooperation of private-sector companies.
Behind-the-scene movements concerning technology transfer through various
channels have also been observed, and attention focuses on future developments.

Technoleogical Transfer Based on Trusting Relationship

""The more information is assimilated, the.more its essence is improved," is a
wise statement about data bases by Tokyo University Professor Hiroshi Inose,
last year's Cultural Merit awardee. 1In technology transfer, too, a certain
preparatory period is initially required for the exchange of technologies and
related information and establishment of a relationship of mutual trust
between the provider and the receiver of techmologies. The first problem in
negotiating transfer of state-owned technologles abroad 1is that it takes con-
siderable time to establish such relations of trust. Perseverance is required
as in an extreme case where the party completely lacking information mutually
about the other party begins from scratch. In additiom, based on relations
of trust, the supplier and receiver of technologies must seek terms on con-
ditions which will mutually benefit both sides from a long-term point of view.
Under such circumstances, recent trends for the future technologies or in
exploring new areas such as cross—licensing and other forms are increasing.

Next is the establishment of relations of trust regarding'proteetion of patents.

The state-—owned technologies to be definitely transferred abroad at present

are basically on condition that the techmologies involved are patented in the f#%:
reciplent countries, Accordingly, it is important that such technologies are

fully protected under the recipient countries' patent system and in the opera-
tion thereof. :

-

In the varlous countries visited by JITA's advanced technology exchange missions
in the past 3 years, hardly a problem occurred due to the high rellability of
- the patent protection measures. However, of late, Japan has been strongly
urged to expand techmology transfer to the newly industrialized countries
(NICS) and developing nations. The problem of patent protection in those
countries will therefore be an issue to be resolved in the future.
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Case I

{ AIST, National Research Instituté?——-—-—+——FLicensigg of basic patents |

{ Basic paténts -

 [Foreign

companies |

‘! New processes [

Practical application of
patents jointly with
national research

-—égghgz—ﬁ_Technological transfer |

Institutes ;j - 0 Cross license
Telh deodt o Joint R&D
' cth 2% o Joint ventures
{ Engineering knowhow [—— o Granting licenses
‘o New products } Case 111 Purchasing of new products

for purposes of development
of other technologies

Disclosure of new manufac-~

turing and processing methods
for high-technology products

Figure 2. Technology Transfer of State—Owned Patents

Abroad

Four Cases of Techmeological Transfer and Procedures for Transfer

Transfer of state—owned patents has various backgrounds depending on the tech—?
nologies involved, which is not easy to gemeralize into one format. However,
it can be clagsified roughly into four cases as shown in Figure 2.

Case I 1ig therlicensing of basic patents owned'by the Agency of Industrial
Science and Technology and of patents jointly owned by the natiomal research

institutes and private companies.

Case II involves providing all the infor-

mation necessary for commercialization ranging from basic patents owned by the

AIST to related patents,

facturing know-how and product specifications,

etc,, possessed by the implementing companies—-—in other words, the complete

transfer of technologies.

Depending on circumstances for the suppliers and

the receivers of technologies, Case II can be subdivided into four types,

i.e., cross=licensing mutually between companies, joint development by both
companies for furtherance of technologies involved, establishment of joint
ventures between companies based on mutual agreement and conditions for local
production and sales, and the unilateral supply of all the technologies to the
other country's enterprise in exchange for payment of certain remunerations,
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In Case III foreign companies purchase products of technologies involved from .

~the contract-implementing firms of Japan and use such items as a basis to

develop new processes or new products. In Case IV foreign companies produce
and process products on a contractual production basis, using high techmolo~"
gies developed from basic patents owned by the AIST. For example, one plan
now under negotiation is the contractual production of special parts by a
foreign enterprise using the "ceramics-metal bonding technology."

Table 2. Procedures for Technology Transfer

First stage Providing secret information and samples necessary
Secrecy agreement for assessment of technologies involved
Second stage Technical information including know-how, ete.,
Option agreement data regarding economical phase, and samples or

' - marketable products necessary for feasibility study
Third stage A1l information necessary for practical application
License agreement of technologies

Procedures for granting licensing of state—cwned patents abroad are basically
{dentical to those in Japan. The first stage, as shown in Table 2, is to cope

- with clients when they seek more detailed information and samples to be fur-

nished so as to determine the industrial value concerning the nature of the

-technologies. In such case, if necessary, a secrecy agreement is concluded

before providing them.,

The second stage is for coping with cases where further concrete information
beyond the first stage is sought by the clients such as information about-
economical feasibility, information concerning marketing and technical .
information to determine the industrial applicability of the technologies,
as well as providing samples on a commercial basis, etc. Usually in this
stage, information is furnished under an option agreement on the assumption
that technologies involved will be applied for industrial purposes.

The third stage is the execution of technology transfer under a license
agreement in Which the contract discloses g}l gechnical information necessary
for the application of techmologies and the natire o € patents. _
For the Future |

Japan is a small country in terms of natural resources, energy, and food, but
1s substantially rich in intellectual resources. Using these resources, the
country has accumulated industrial property and other technology assets since
the end of the last war, making itself ome of the leading technology-oriented
countries in the world. Such intellectual assets will continue to serve as a
bargaining power for Japan.
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However, today's accumulation of technology assets has resulted from the intro-
duction of technologies from advanced countries in Europe and America, and
afforts for creative technology development. Moreover, in the background of
facilitating Japan's introduction of technologies from Eurcopean and American
countries is the sense of trust when Japan was furnished technologies, being
accustomed to assessing fair value of new, superior technologies which fur—
thered the understanding of patent protection.

Méanwhile, Japan has been strongly criticized by various countries in Europe
and America for its huge trade surplus stemming from expanding exports of
manufactured products. Of course, free world prosperity lies in orderly
exports and Imports under the free trading system. However, Japan's export
of its abundant intellectual resources, resulting in a surplus in the tech-
nology trade balance, would not create trade frictiom, but would rather con-
tribute to the development and revitalization of the world economy. The con-
ditions to smoothly transfer technologies overseas are as stated above. The
three issues of relations of trust, mutual benefit, and patent protection have
been proposed. BHowever, these problems in the case of NIC's and developing
nations are such that environments are yet to be sufficiently regulated, It
is extremely important that Japan mutually cooperate in resolving these prob-
lems for future internmational cooperation,

20129/9365
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Clash of the tltans

After steel motor cars consumer electronics and cheap micro-
chips, Japan has begun to challenge American pre-eminence in

_the one industrial area the United States has iong cherished as
its own:.high technology. The two are girding up for a trade war in

high-tech that threatens to be bloodier than anything yet.

Nicholas Valéry reports on the strengths and weaknesses of the'
two technologmai superpowers :

The recent movie - *Gung Ho™ gets a ]ot of

. Jaughs out of the many misunderstand-

ings that ensue when a Japanese car firm
moves into a sad little town in Pennsyi-
vanma. Stereotypes abound: dedicated
Japanese managers putting in double
shifts. lazy American loudmouths slowing
down the assemblv line—with the locals
winming a baseball ‘maich between the
two sides only through brute force and
insimidation.

All good clean fun. In real hfe howev-
er. American workers—despite the popu-
lar myth—remain the most productive in
the world (see the feature on the next
page). In terms of real gross domestic
product (GDP) generated per employed
person. the United States outstrips all
major industrial countries. Japan includ-
ed (chart 1). The problem for Americans
is that the rest of the world has been
catching up, In the decade from the first
oil shock to 1983. increases in annual
productivity in ‘the United States had

. been roughly a seventh of those ol' its

" TWE ECONOMIST AUGUST 22 ‘086

major trading partners.

In the 1960s. American companies held
all the technological high cards and domi-
nated the worid’s markets for manufac-
tured goods. The United States supplied

over t_nrec:-qt..jr'.er.s o7 the télevision sets,

- half the motor cars and & quarter of the
stee! used around the world. Yet. 2 mere

two  decades later. Japan hac iaken
America’s place as ih# dominant supplier
of such products.

The agony for Amer
there.
seen: .
® Their share of world trade fall from

21% in 1960 10 14% in 1983.
® The American trade balance go from a
surplus of £2 billion 1n-1960 10 a deficit of
$150 billion last vear. .
e More worrvingly still. the country’s
trade balance in manufactured goods slip
from a healthy surplus of $11 billion as
recently as 1981 to a deficit of $32 billion

cans does not 2nd

last vear—-—approachmg 1% of America's -

total output.
"® The volume of its manufacmnna ex-

ports tumble 32% over the past five

vears=with every $1 billion of. exports
lost costing an estimated 25. OOO Amen-

. cdn-jobs.
Angry and confused busmessmen in

the United States have had to stand by
and watch as “smokestack”

came the unthinkable: if the Japanese

could thrash them in mainstreamn manu- -

facturing. would they give thema maulmg
in high technotogy. too?
By the beginning of the 1980s, it began

to look as if they would. It became clear

that the Mm:strv of International Trade

and Industry (MIT1} in Tokyo had “target-

ed” not just semiconductors and comput-
ers but all of America’s high technology
indystries—{rom aerospace to synthetic
matenals—for a blitzkrieg attack.

Six years on, Japan has scored some

— France

— West
Germany

e Britain
Japan
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- 10 assess the damage

semiconductors
American companies are hearing the

-~
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fanc oftzn a ot harder than™ the Jana—
nese—anc  generalr -proporugnatefy
more wealth I the process. Tne avarage
outpu: ©f Amencan WOTKers iasl vear
was $36.800. The Japanese equivalent
was $52.500 (ar ap average 1985 ex-
change rate of Y220 10 the dollar).

"Bui labour productivity 1s onlv half the

© story. The amoun: of capital apoied 10 a
‘WOTAET 3 €1DOW i cTutizi. 10C. D2 [radi-
nona: defimuon of progusibviiy {output
per hour of ali worners: makes 1 difficult
10 . measurs  these “inputs seperately.
True. the dgefimnon rehiects ali the fac-
-tors that contribute 10 rising output—
from advances in, technoiogy. better
ui wsa.non ol "o‘.udCh\ Improvements in
the way production s orginised @nd
sharper munagement. 10 turaer efforts
by the workers themseives as well as the
impact of changes in the amount of
capital emploved. :

In 1983, the American Bureau of La-
bour Srtatistics iptroduced a vardstick
called multifactor productivity.  This
shows the changes in the amount of
capital as well as labour used in produc-

Fo\ Her fo the. e/oow

&me..-dnc v»on. gvary bit as - hard -as’

tioni. Reworking its data for 1950-83, the
bureau found tha: maitifactor productiv-
itv 1o the United Staizs increased at an
averags annual rate of 1.7% for the
penoa. As ouipui per hour over the
same penod increased by an annual
2.5%. capital procuctivify mcned up by
oniv a modest 0.8% a vear. :

Overall. America’s multifactor pro-
ductvity has shown wo disunet trends
over e nast 23 vears, Up tll the first odl
snock ©f 1573, the country expenenced
an annual 2% muitifactor growth: then
ap ennuzl sverage of oaly 0.1% from
1973 1o 1981, The post-OFET siowdown
seems 10 have resulted from high interest

"rates keeping the brakes on capial
spending. whiie mors people were hav-
ing o work ionger hours 10 hang on to
therr jobs,

How did the Japanese fare" The driv-
ing force behind the Japanese economy
over the past 23 vears has been the high
growth in capital input. Mr Dale Jorgén-
son and his colieagues at Harvard Uni-

" versity reckon it has been roughlv double
that in the United States. Growth rates
in labour productivity have been much

" flexed ns muscies and cuped more effec-

remarkably hke lt

the same for the rwo countrigs. All 10id,
ihe growth 1n Jjapanese progucivity out-
SINpped thal it the United States entil
1574, when producuvity growih began 1o
slow dramaucally in Japan. Thereafter,
with Vietnam beminé © and twod oil
shocks ahead. the American economy

tively, Then the competitive advantage
started 1o move back in America’s
favour.

The mter-“stm‘T thmg is what has hap- -
penad since the last recession. Multifac-
o7 productvity in the United States has

eer TURMnE ai an average of 5% & vear,
whiie the growth in labour productivity is
now averaging nearly 4% a vear. That
means that produanvm of capital em-
pioyed is now growing at wel over §% a
vear.

Could this be the first signs of the
productivity pav-off from the $80 biliion
tha: Detroit spent. on new plant and
equipment over the past half dozen
vears; the combined (additional) $180
billion invested by the airlines since
deregulation, telecommunications firms
since the AT&T consent decree and the
Pentagon since President Reagan's de-
fence build-up began in 1980" It looks

-
FRIN

nogable hits. A group of American econo-
mists and engineers met for three days at
Stanford University. California. last vear
*. Theyv concluded
that Japanese manufacturers were al-
ready ahead in consumer electronics. ad-
vanced materials and robotics. and were
emerging as America's fiercest competi-
tors in such hucrative areas as computers,
telecommunications. home’ and office
automation, biotechnology and medical
instruments. “In other areas in which
Americans still hold the lead. such as
and optoclectronics,

™. commenied
Daniel

footsteps of the Japanese
the Stanford economist  Mr
Okimoto. _

How loud will those footsteps becorne?
American industry may have been deaf in
the past, but it certainly isn't any more.

- And never forget that Americans are a

proud and energetic people. More to the |
point, théy are prone to periodic bouts of
honest self-reflection—as if, throughout

their two centuries of -nationhood, they -~

have been impelled forward by a "'kick up
the backside™ theory of history.

~ Once every couple of decades, Ameri-
ca has received a short and painful blow
to its self-esteem; Péarl Harbour, Sput-

*Syvmposium on Economics and Technology
held at Stanford University, March 17-19 1985,
Now published as “The Positive Sum Strategy:
Harnessing  Technology for.  Economic
Growth™ by National Academy Press, Wash-
inglon. BC.

el

hlgh -tech?

nik, Vietnam are recent examples. What

follows then is usyally a brief and heart-
searching debate along.with a detailed
anaivsis of the probiem. then an awesome

display of industrial muscle coupled with

unexpected consensus between old adver-

saries—most notably between Congress

business and labour. -

With its ceaseless sh:pments of cam-

eras. cars, television sets, video record-
ers, photocopiers, computers and micro-
chips,
latest kick up the broad American but-
tocks. After witnessing Japanese export-
ers almost single-handedly reduce Pitts-
burgh’s steéel industry to a smouldering
heap, drive Detroit into a ditch. butcher
some of the weaker commodity microchip
makers of Silicon Valley, and threaten
America’s remaining bastions of techno-
logical clout—aircraft and computers—
then, and fmally then, American lethdrgy
ceased. -

This survey tries to assess the strengths
and weaknesses of the world’s two tech-

COpycat turns leader?

Japan unwittingly supplied the -

nological superpowers. For if the past

decade has seen some of the ugliest

recrimination between Washington and

Tokyo over trade issues generally, imag-

ine what the coming decade must have in

store. Henceforth, industrial competition
between America and Japan i$ poing to
range fiercely along the high-tech fron-
tier—where both countries take a special
pride in their industrial skills and cherish
sacred beliefs about their innate

abilities. .

The question that ulnmately hae to be
answered is whether America is going 1o
allow the Japanese to carry on nibbiing
away at its industrial base without iet,
hindrance or concession? Or are the
Americans (as some bystanders have be-
gun to suspect) “about to take the Japa-
nese apart™? -

With the gloves now off, whnch of the
two' technological heavyweights should
one put some money on? In the blue
corner, Yankee.ingenuity? In the red,
Japanese producnon savvy"

®

Is Japan still a technological free-loaderwor has it become a pacesetter in

America may still have the largest share
of high technology exports, but Japan is
catchmg up fast. It skipped smartly past
West Germany to become the second
largest supplier of high-tech goods in 1980

(chart 2 on héit page). Only in three

high-tech  industries—communications
and electronics, office automation, and
ordnance—have American companies in-
creased their market share.
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The Japanese kn_ov- thev do riot have a.

chance in fields that are either defence-
related (for example. weapons. aircraft,
satellites and avionics) or 100 dependent

- on imported energy or raw materiais {like

petrochemicals}. Bul they see evervihing
else as up for grabs. Even in lasers,
software and computer-integrated engi-

- neering—where American pre-eminence

was long thought unassailable—the Japa-
nese have begun to make inroads.
Who wouid have thought it possible a
ecade 2go? Of the 500 breakthroughs in
technology considered semina; during the
w0 decades between 1933 and 1973, only
% (some 34 inventions} were made in
Japan compared with 63%: (315 inven-
tions) in the United States. Despite its
large. well-educated population, Japan
has won only four Nobel prizes in science:
American resedrchers have won 138. Tt is
not hard 10 see why fapan has been
imitator  than
innovator. '
Stanford University's Mr Daniel Oki-
moto lists half a dozen reasons for Japan’s
tack of technological onEmalm in the

) pdst

® As an indusirial ]alecomer
ways been trving to catch up.

o The Jdpdnese tendency towards ﬂroup_
conformity has made it difficult to win a

hearing at home for radical ideas.

@ Research in Japanese universities is
bureaucratic. starved of cash and domi-
nated by old men,

® The renture-capital market is almost

non-existent.

& Lifetime emplmmem along with a

rIEId ﬁEnlOl’ll\' system, S[lﬂCS mnoxahon

inside mduslrv
® And the traditional heavy gearing

(high debt-to-equity ratio) of much of

Japanese industry has made firms think

. twice zbout taking risks.
thmus—and more—have’

_All these
been true to some extent in the past; but
all are alvo changing, The deregulation of
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Tokve's finsncial mark#eis. for asiance. 1s

their ieveis of debr (see accompanving
feature on nexi page). Thus. 10 turn. 1s
making tem more adventurous, while a
the same tme haiping ferment @ pumber
of venture-caphial funds.

- Jupan’s “invisibie™ balance of techno-
logical trade (iis receipts CC‘"’]DdeCi with
pavments for paient rovalties. ficences.

etc) which had a rario of 1:47 a couple of

decudes fame’ within 2 whisker of
Deing in ruwignce lasi vear. That said.
Jdnaw stili buvs -1zs high-lech goods and

knowhow nredomindnti_\ in the Wes! and

seiis. them "ndm!\ to the deveiopins
worid.,

In cerain mdusmcs hcmever Japa-
nese manufacturers have aiready started
bumping their heads against the cr:lhng of
current knowhow, Thcre ale ne more
high-tech secrets to be garnered from
abroad in fibre optics for ielecommunica-
tions, gallium arsenide memory chips for
superfast computers. numérically-con-
trolied machine tools and robots. and
computer disk-drives. printers and mag-
netic storage'media. In all these, Japan

. now leads the world. Today. Japanese-

langusge word processors represent the

" cutting edge of high-tech in Japar—tak-

ing over the technological (but hardly

export-leading) role that colour television

plared earlier (chart 3).

Although it is no Ionger quite lhe
technoiogical free-toader it was in the
past. is Japan’s new reputation as a pace-
setter in high-tech justified? A new image
has certainly emerged over the past few

“vears of Japan as an invincible Goliath,

capabie of vanquishing any rival, what-
ever the field. Yesterday. the smokestack

Japanese companes to reduce
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sectors. Today. high technoiogy. Tomor-
L TOW, Services, “Which is the ‘real’
Japan?” asks Mr Okimoto: '
Is it a technological imitator and industrial
over-achiever? Or is Japan an astule tearner

and unbeatable colossus? Will Japan dis-

lodge the United States from its current
position of dominance in high technology as
convincingly as it did in the smokestack
sectors? Or has it reached the limits of its
phenorhenal postwar growth?

Japan is all these thmgs and rnore. And to
understand what the future holds, and
whether America is up against a David or
a Goliath, means looking closely at the
frontiers of modemn electronics. For the
country that commands the three most
crucial technologies of all—semiconduc-
tors, computing and communications—
‘will most assuredly command the mighti-
est industrial bdl‘ldWﬁEOn of the twenty-
first century.

‘Made in the USA

Just as Japan has begun to muscle into high-tech, Ameérica has raised the
technological stakes. The name of the game now is ultra-tech -

' Hmh ‘technology is an American inven-
tion. Despite the near meltdown at Three

Mile .Island, broken helicopters in the
Iranian desert and recent disasters on the
launch pad. Americans remain the su-
preme practitioners of this demanding

-and arcane art. And while the United.

States has racked up large deficits on its
international trading account, it has en-
joyed growing surpluses in its worldwide

sales of high-tech goods. Or, rather, it did
" so until recently. Once agam blame the

Japanese.
Five years ago, Amenca sold the world

$23.6 billion more technological widgets

than it bought. That hundy surplus had
dwindled. says America’s Depanment of
Commerce. to a token $5 billion by 1984

{chart 7 on later page)., Meanwhile, for-

eigners had grabbed three-quarters of the

trade. In the process, Japan has gone
from being a small-time tinkerer in the

world's current $300 billion in high-tech |

1960s to becoming (as in everything else)’
the Avis of high. techno]ogy 10 Amenca s

Hertz.

Even so, _
goods remains a crucial breadwinner for
the United States. Since the mid-1960s,

- high-tech’s share of American manufac-
tured goods sold around the world has
-gone from a little mer a quaner to close
toahalf.. . . Lot b

Office automation is now America's
most competitive high-tech industry as
well as its biggest revenue-earner abroad.
Selling its trading partners compulers,
copiers and word processors brought in
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Crymg all the way to the bank

— o e
One thmz Americans nave"'t?earned is
that having the worid's most productive
labour force does not guzrantes mdustri-

. .al competntiveness. At least three other';
things are needed, The first is 10 keep a
_lid on wages. The second concerns ex-
~ Change_ rates. Tne third involves the
rerurn on capita! employed. All three’
have De=n seer iateiy as spanners in the
American works.

Take wages. During the tep vears

" before 1973, real wages for "American
-workers had. increased sieadil. at an
“‘average rate of 2.6% a vear. But ever

-since the first oil shock. reaf wages in the

United States have siagnated. So Ameri-_

can lahour is becommg more compcu-
tive. ves”?

Unfortunately no. When fringe bene-

- fits are included. hourly compensation

for blue-collar workers in the United |

States has continued fo rise. American

labour has sensibly been taking raises _
less in cash than kind. Total compensa- -

tion for Amenican industrial workers—a
modest $6.30 an hour in -1975—had
“climbed to $9.80 an hour by 1980 and 10
$12.40 by 1983,

COmde’Ed with Japan hourly labour
costs in America went from bema on
average a litiie over $3 more expensive

in 1975 to becoming nearly $6 more so by’

1983 (chart 4). So much for narrowing
the $1.900 gap between making a motor
car in Nagoya compared with Detroit.
Ah. ves. but hasn’1the dollar tumbled
drarnaucally” It has indeed-—from a 1985
high of over Y260 to the dollar 10 a low
this year of Y150 or so. In rrade-weight-
ed terms, that represents a drop for the
dollar of 28% in 15 months. Meanwhile,
the trade-weighted value of the ven has
appreciated by over 40%. _
~ What about differences between
America and Japan in terms of return on
capital? Here things are actually better
than most American husinessmen imag-
ine. True. real rates of return earned by
American manufacturing assets in the

(%} Hourly earnings of workers
~ - in manufaciuring indusiries
inctuding fringe benefits

wrs 3
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1960< were subsiaritialiv higher than in-

- vestments in financial instrumenss. while
things werz briefii the other

way round
during the eariy 1980s ichart 6). On the

ai,'Li'acv: of it, capna! for buving equipment

or buiiding factories seems Twice as ex-
pensive in “Armerica as in Japan.

from Mr Geores Barsonouios of Thermo
Eiecrron Corporation 1 Massachuseres.
Compuring tne cost of (non-financial)
capital 1n the two couniries between 1961
and 1983, Mr Hatsopouios found real
pre-tax rates ranged berween 6% and

.10% for _Japunesc firms and anything
" from 13%

' countETpants.

to 20% fof their American

The com antional e\p anation for this
difierence is that Japanese firms are

benefit because debt generally csts less
deducted from pre-tax profits. while div-

idends come ot of taxed earnings.
Then thare i< Japan’s two-tier interest

by

e “Todav's most cited account comes”

““more highly geared (leveraged) and thus’

" than equitv—interest ‘pavments being

rate siructure. which is carefully regulat-

ed 1o favour business debt at the expénse
of consumer credit. Throw in a banking
svsiem that is bursting as the seams with

ven being squirrelled away by house- -

wives worried about school fees. rainy
dave anc the ever:present threat of their

husband’s earlyv (and often unpensioned)

retirement. All of which, say American
trade officials. adds up 10 a financial
advantage that makes it 1ough for Amer-
ican firms to compelte.

What is studiously ignored in the fi-
nancial folklore about Idpdn Inc is the
fact that. over the past decade, Japanese
manufacturers have been getting out of
debt as {ast as decently possible {see the
survey on corporate finance in The
Economisi. June 7 1986). The most com-
pelling reason right now is because To-
kvo's financial markets have joined the
fashionable trend towards liberalisation.
With old controls over the movement of
'capita! going out of the window. Japa-

&s trade weighted exchange rate
— 1885-82=100
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Andther thing Japanese manufactur-

. ers resent about some of these allegedly

cheap industrial loans are the strings and
hidden costs involved. The most punish-
ing are the so-called “compensating bal-
ancés™ which a borrower has to deposit
(at a_considerably lower interest rate)
with the bank offering -the industrial

loan. And so he has to borrow more -

money—at higher.cost and with greater
restrictions—than he actually needs.

Yet another thing that muddies the
water is the way debt in Japanese bal-
ance sheets is grossly overstated by west-
ern. standards. For one thing. the com-
pensating balances. though they are
actually deposits, are recorded as bor-
rowings, Then there is the habit Jupa-
nese companies have of doing much of
their business on credit. especmll) with
suppliers and subsidiaries. This makes
their accoumis pavable and receivable
twice as large as in
America.

Other factors mﬂann2 debt arnong at
leust the bizger Japanese companiés are
things like non-iaxable reserves for spe-
cial contingencies and (if they pay them)
pensions. The last time figures were
collected in Japan (in 1981). emplovees
in large corporations with established
retirement plans were divvying up 13-
20% of their companies’ capital through
their pension contributions. All of which

 showed up in their COrporate accounts as

debt.

All that said, Japanese compames are
on balance more highly geared than
Amerijcan corporations; and. overall,
the cost of financing industry has been
lower in Japan than in the United States.
But at most onty 2% lower. and nathing

- like the 30% lower claimed by lohb\ms

in America.

less
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SEVEY HIGH TE

How high is the high in high«ech? Diffs-
cul: to say. Mos: economusts ar ieasl
agree that high LeCRndOgY Droaucsts em-
boay ar “above averags coONCEnirALon
of scientific and engineering skills. As far
as the Nationai Science Foundation in
Washingtos is concerned. this means

Technoit)gy s 'top tan

prnduct: manuiactured by iarge conpa-
nies rather than smal; firms.

Thirc. because the gata come of ne-
cessin irom broad industrial categorias,
anomalies crop up—like cuckoo clocks
being labelied high-tech because they fall

SIC codes were lust overhauled 15 1972,

St AT e L i S e R

withuin the erghth-ranking group. proaes- 7
SIOnAL INSITUMeEnts, ’
Fourtn. ang perhaps most darnnmg

the Commerce Depariment’'s definition
15 based on Sianaard incusinal Classifi-
catign {SI1C) codes—many of which have
been rendered itrelevant by technoiogi- -
cal changes tha? have occurred since the

Wi — et e s
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dn\nhmg produced by organisations ¢m-

Table 1: Product range

pioying 25 or more scienusts andé engi-
neers par 1K empiovees and spendlng
over 3.5% of pet sajas on R&D.

Tne Amencan Depariment of Com-.. 2
merce is a bit more scientific. Its defini-
tion of high-tech is derived from input-
output analyses of the total R&D spent on
a spectrum of individual products. Thus
an aircraft gets credit for not only the
R&D done in deveioping the airframe,
but aiso the relevant contribution of the
avionics suppiier and even the tyre mak-
er. Using this definition. high-tech indus-
try is a ranking of the ten most “re-
search-intensive” sectors, where the
tenth has at least double the R&D intensi-
ty of manufacturing generally (tabie 1).

A Jaudable effori. but not without
criticism. First, such a definition focuses

. entirelv on products. ignoring the boom- | -
ing business in high-tech. processes— .
and, increasingly. high-tech services as

“well. Second. it favours systems (that is.
collections of interdependent compo-

b

~ o

.10
© synthetic fibres

HIGH-TECR SECTOR
Missiies ang scacecratt
Electronics and

) %ele"'oms

Aircraft and parts

Office auiomation

Ordnance and accessories

Drugs anc madicines
tnorganic chemicals

Protessionai and scientific
instruments

Engines. turbings and parts

Plastics, rubber and

.Non-military arms, hunllng and spor!mg Tege

- EXAMPLES OF PRODU

Rocee! engines: saelines anz sar's

Teiepnone andtelegraph angaratus. radic and Tv’
receving and oroadcas: ecuoment, leiecoms .
equioment. sonar and othe: mszrumen!s S&mi-
conauctors, lape recorders
Commercial airzraft. fighters. bomber
arrcratt engines, pans

ammunition, blasting and percussion: caps
Vitamins, antibiotics. hormones, vaccmes
Nnronen "sodium hydroxige, rarecases -
moroa"u" pigments, radioactive !solopes and
compounas. special nuciear materials |

Industrial process controis. optical mstruments

and ienses. nawgational instruments, me: lcal
instruments. cholographic eauipment
Generator sets. diesel engines, non- automotlve
petrol'engines, gas turbines, waterlurbgnes,
Various chemicals derived from condensation,
poivcondensation, polyaddition, polymerisation and

ey -

e G

nents) over individual widgets. as well as

) copo!ymertsatucn syntheuc resins and flbres

£20 billion in 1984. Along with aircraft,
ejectronics and professional instruments,
these *'big four™ account for more than
. three-quarters of the United States’ ex-
ports of high technology (wable 2). De-
_spite the popular myth, America exports
only 'modest amounts of missiles and
aerospace products. But fears that for-
eigners may eventually storm even the
high frontier of aerospace keep Washing-
ton officials awake at night.
Of the ten industrial sectors designated

high-tech (see feature above}, America

e

'Generai Electric, Texas Instruments and

a host of brainy technologcal based busi-
nesses scattered around the West Coast,
Rockies, Sunbelt, Mid-Atlantic and New
England

A common’ cry in Washmgton is that
this “narrowing” of America's high-tech
base is one of the most disturbing prob-

lems facing the United States today. Oth-
ers see this trend as more or less inevita-

ble—and perhaps even to be eficouraged.
Trade ministers in- Western Europe, for
instance, only wish they had such “‘prob-

”41-‘{\..»-

.underlung technologies that have come
1o drive the computing. office automation

and communications mdustnes Al three
provide the tools for ha dling informa-

_ tion; and information—its collation, stor-

age, processing, transmission and use
elsewhere—will, quite literally, be the oil
of the twenty-first century (see the survey
‘on information technology,in The Econo-
mist. July 12 1986).

All that noisy jostling aomg on right
now between the IBMs, Xeroxs and AT&Ts
of the corporate world is merely the

has managed to increase its share of the lems™; Japanese bureaucrats are doingall . ==
global marketin only two: office automa-  they can to create similar “problems™ ; In retreat 5
tion and electromics. For which, it should back home. , : 5¢ |; -
thank the likes of 1BM, Hewleti-Packard, The reason is simple. These so-called US trade balances son |! j
Digital Equipment, Xerox, ITT, RCA, “problems’ concern a focusing of all the + I
Table 2: High-tech exports in 1984 ¢ 'i
" High-tech sector ' American exports Others® exports*
3 ' : Value %o of total - value =~ % oftotal
‘ . Office automation $19.7bn 224 - §6.5bn 14.5 - 50
Electronics & telecoms $14.4bn - 22.0. - $53.8bn 294 L. L :
Aircraft and parts - - $13.5bn 207 -7, . $15.4bn 8.4 " mwmn High tachnofogy
Profess'l instruments -$7.2bn -110  _L- . §27.0bn 14,7 . e Manutacturing
Plaslics, rubber, etc $4.4bn 67 . -~ * $26.5bn 14.5 2 Total C di00
Inorganic chemicals - $3.5bn 54 . 7. 5$109bn 60 .. e ol : hedl LI
Engines and turbines $3.2bn 4.9 - $10.7bn 88~ > : r S
- Drugs and medicines 52.7bn 4.1 $10.7bn 59 -
Migsiles and spacecraft - §1.0bn 1.5 $0.6bn 0.3 - ) s
Ordnance $0.8bn 13 50.7bn 04 . vy v g e g e 1_1_! 150 ]
b 1285 70 75 - 80 85 i

"¢ the 14 aher countnes {aoart rom Amprca) exparung Righ-tect: goods, Frarce, West Germany. Japan and Britain accourted
fov teeesgLaners of ©ial irage, .

Source U5 Twoariment of Commaerce
Source” US Desartrien; of Commeica, .
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clatter of these
{each with 1 OWn
manuiacturing. procurement and Custo
“er supporty being forpad together 1 v thelr
underi\'ir‘g technologies into :
ta-lech  acuviry  cabed
semccs. _
Yes. bevond high-tech in the indusirial
specirum Ties ulira- lcch—mda) a mere

mutti-biliion-doliar siripling of & busmess,
tu: Dy the vear 2K poientialiy 2 iibon-
doliar .leviaithan. As such. ulira-tech
alone will come 1¢ dwarf ali manufacrur-
ing sectors before the cenrury i+ out.
America is weli-on the way 1o making thas
happen. A lap or two benind. Japan at

castis getting up speed. Europe is bareiv
in the race.

Chrps with everyth!ng

Gone ave the cays when American semicondugctor firms sho"i -sightedly sold
their hcences and knowhow to Jauanese mlcrocmp rnakers -

America's 'elcctro_ni,cs firms ha\'e main-

tained their giobal leadership in all -

branches of their business save one. They
kissed goodbve to consumer eiectronics
tieievisior., hi-fi. video recorders. eici as
customers across the country voled with
their pockets for shiny boxes with fizshing
lights and labels like Pandsomc Technics,
jvcand Sonv. [’
. The Amencan electronics mdustry
came close to allowing much the same to
happen in mlcroch:ps In 1882. Siiicon
Valley took a caning when the Japanese
started flooding the market with cheap
64k RaMs (random-access memaory chips
capable of storing over 64.000 bits of
computer data). Most beat a hasty retreat
up or out of the market.

From having a dozen mass producers of

dynamic-RAMs in 1980, only five Ameri-

can chip makers were still in the high-
volume memory business by 1983. Today,
there are effectwe]_v, only two or three
with the capacity to produce the latest
generation of memory chips (1 megabit
RAMs)} in anything like economic vol-
umes. Meanwhile. the six Japanese firms
that plunged into the memory-chip busi-

ness back in the early 1970s are stil

around—and now have a 70% share of
the dynamic-RAM market in America.
Microchips have been the engine
powering Japan's drive into high-tech
generally. But before it could join the
micrachip generation, Japan had to find
a way of disseminating this vital Ameri-
can technology throtghout its fledgling
semiconductor  industry. The - trick
adopted was, first, to protect the home

" market, and then to bully abler firms

into joining government-sponsored re-
search schemes—one run by the Japa-
nese ielephone authority NTIT and the
other by the Ministry of International
Trade and Industry—ta develop the
knowhow for making their own very
large-scale integrated (VLSI) circuits,
Next, by “'blessing” VLS as the wave of
the future and crucial to Japan's survival,
the government triggered a scramble
among the country’s electronics firms
(encouraged by their long-term invest-
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ment Danks) 10 build VLS] p.ants Thf.- net

result was massive over-capacn) {first in
64k Rams and then in 256k versions),
zbundan: Jocal suoply for the domestic
consumer electronics makers and an im-
peliing urgency to export (or dump) sur-
pus microchips abroad. ‘

This targeting ploy had been tried be-
fore. Japanese manufacturers found it
worked moderately well with steel. much
better with motorcycles. better still with
consumer etectronics and best of all with
semiconductors. The only requirement
was a steeplv falling “learning curve”
(that is, rapidly reducing unit costs as
production velume builds up and manu-
facturers learn how to squeeze waste out
of the process).

The trick was simply to devise a for-

ward-pricing strategy that allowed Japa-
nese manufacturers to capture all the new
growth that their below-cost pricing cre-
ated in export markets, while underwrit-
ing the negative cashflow by cross-subsi-
dies and higher prices back home.

The Americans finally lost their pa-

.tience when the Japanese tried 1o do a

repeat performance with pricier memory

e

Street n;:ap for a microchip circuit

+

RIGH TECHNOLOGY SURVEY &

chine calied gPrOMS. The price iell from
$17 each when the Japanese first entered
the American marke: with therr EPROM
chips early in 1985 10 less than $4 six
months later. Intel. National Semicon-
ductor and Advanced Micre Devices
prompily filed 2 joint petuon. accesing
the Japanese of dumping EPROMS on the
American market at below their manu-
facturing costs in Japan (then estimated
to be $6.30 apiece). The issue is currently
being used by Washingion as a batiering

_ ram to breach the wali Japan has erected

around its own $& biliion xemxconductor

.. market back home.

~ For America, this get-tough po_licy has
come only just in time. Japan now enjoys
a 27% share (to ‘America’s 64%) of the
world's $42 billion semiconductor mar-

"ket. And while cut-throat competition
may make memor chips a loss-leader,

acquiring the technolog\' for producing
RaMs has given Japan's microcircuit mak-
€rs a leg-up in getting to grips with more
complex semiconductors used in comput-

_er Eraph:cs commumcauons and video -

equipment, - . -
So far, however, it has not helped

Japanese chip makers to loosen thie stran-

gléhold that American semiconductor

firms have on the lucrative microproces- -

sor business. Where 256k RaMs have
become commodity products that selt
wholesale for §1 or so each, 32-bit micro-
processors from the likes of Motorola,
Intel, National Semiconductor, Texas In-
struments, AT&T and Zilog cost hundreds
of dollars apiece. Between them, these six
American chip makers control 90% of the
world market for the latest generation of
microprocessors, leaving just 10% for the
rest of the American semiconductor m-
dustry. Europe and Japan. -

Fortunatc]y for the Americans, micro-
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Py S' ’:’ VIV BIGH TEC
nm:es‘»o'c are no: ifke memon \.ﬁnﬁa‘
Being literaliy a - eompUIEr-On-a-Chip .
they are vastiv more commex and cannoi

~be designed in any rouline manner.

Sweat. insight and inspiranon’ are needed

‘every step of the way. And they have 10.

be designed with their sofrware appiica-
tions in mind.- Americans have heen do- "
ing tiis longer. and are aﬂttcr at it. than

.anyone else. el

More to the point. American firms are
TIot partng with their patenis as readily as.
they did in the past. Hizachi has been
tying {with httle iuck) to persuade Mo-

“torola to sell it a licence for making its

':'Calculus of competmon L

advanced 68020 microprocessor. Mean-
while, Japan's leading electronics firm,
NEC. i$ having to defend izszlf in the
American .courts for iniringing one of
Intel’s MicToprocessor patents.

With America’s new. sinicter copyright
laws making it difficult 10 imitate Amcn-

1o a specific line of products™,

desizns, japanese chir rhakers are

car,
beng st out of all the major marke:s
for microprocessors. Fujtisu. Matsushita.
Mitsubishi and Toshiba are ali gambling
on’'a microprocessor design called TRON
developed at the Universin of Tokvo.

But nobody, least of 2l NEC or Hitachi,

" holds out much hope for the TRON design

winning 2 big enough share of the market
in its own right to be economic—at least, -

-not until the mid-1990s. And. by then,

Silicon V alley wili have upped the Lechno-
logical stakes again.
V\rnen iate at night.
gets down to honne (brass tacks), even”
Japan's ablest microchip wizards despair
at ever matching Silicon Valiev's mix of

entrepreneurial and innovative flair. “Ja-

pan is powerfui in oniv one sub-field of a
single application of semiconductors tied
bemoans
Mr Atsustu Asada of Sharp Corporation.

Aping isx has given Japan's computer makers a toe—hoid in the market—but

iargeiy on Bzg Biue’ sterms T

" America's response 10 Japan's challenge -

in microchips is being repeated in com-
puters. Here, Japan's specialty has been
making workalike copies of IBM's big
office machines {mainframes). The most

.one can say about these “plug-compati-

ble™ computers is that they have managed
to prevent IBM from swamping the Japa-
nese home market compietely. Big Blue
has to put up with being number two in
Japan. Overall, however, Japanese com-

- patibles have had only a marginal impact

. on the $150 billion computer busmcss—_

worldwide.

American manufacturers have cstab-
lished an almost impregnable position in
mainframes - and minicomputers——the -
stuff of corporate sales and accounting
departments. And in the push to put a
microcompuier on every desk, a handful
of Amencan firms {IBM, Compaq, Apple,
Atari and Commodore) have been feed-
ing the market a feast of cleverer, faster
and (in many cases) cheaper machines
that have left Japan’s “iBMulators™ nib-
bling on the leftovers of yesterday's
lunch. In the personal-computer market,
the 18M clone makers having the most
impact come mainly from low-cost South
Korea and Taiwan rather than Japan.

Meanwhile, in developing the pro-
grams that make computers tick, Ameri-
can software engineers have been every
bit as clever as their chip-designing col-
Teagues in Silicon Valley. In the process,
they have increased their share of the
world's software market (worth $40 bil-
liona xear) from under 65% a decade ago

to oiver 75% today.

All this does not mean Japan’s comput-
_er industry is a write-off. Its component
suppliers have quietly established a signif-
jcant position for themselves in the Unir-
ed States and eisewhere. In personal
computers, for instance, lapanese ma-
chines account for less than 2% of the $14
billion annual sales of PCs in America.
But Japapese components and peripher-
als (chips, disk-drives, keyboards, moni-
tors, printers, etc} account for nearly 30%
of the market’s wholesale value. ‘

Most of Japan's computer makers came

a cropper by riding 4 bit toc blindly on

IBM’s coat-tails. Lacking the home-grown
programming skills, Fujitsu, Hitachi and
Mitsubishi made their computers imitate
IBM’s so they couid sell cheaper versions

the con\'ersauon '

i¢ cusiomers who were aiready using [BM
machines eguipped with the necessary
sofiware. That worked well unti the
slumbering giant woke up:

Then. in 197, [8M introduced its 4300
series COMPULETS a1 & price that shook not
jusi mval Japanese makers. bul other

- el

American suppiilers 1oo. Since then. 1BM's , -_

aggressive price-cutting and freguent
model changes have made iife tough for
the plug-compatible trade.

Not only is' IBM aummatino vigorously
“(the company is spending $15 biflion over
" the, next four

but it has aiso begun ﬂ-'-*xmg its techno-
logical muscles. its R&D expenditure is
now runmning at $3.5 billion a vear—more

than all other computer manufaciurers

combined. Though for antitrust reasons it
will never say so publicly. IBm is neverthe-

less determined to trampie the plug-com-

patible makers down—both in thé per-

sonal-computer end of the business as
well as among its mainframe competitors.

One of the dodges being adopied is to
incor porate more ‘microcode” in It§

- computers’ operating systems {the basic

programs that manage a machine’s inter-
nal housekeeping and support the cus-
tomers’ applications software). Used as
an offensive weapon. microcode replaces
parts of the computer’s electrical circuit-
ry. making it possible to change the whole
character of a machine Iong after it has
been installed at a customer’s premises.
The implication is that I8M can then sell
products ‘that can be continuously en-
_hanced-—something customers appreciate
~ and will pay a premium for. :
Starting with its 3081 series in 1981, 1BM

'caught the competition off guard with a

new internal structure called XA (“ex-

tended architecture™) which allows:cus-

tomers to update their machines with

packets of microcode whenever 1BM de- -

crees the marketl needs a shake-up. This

vears to achieve lower -
productlon costs (hanm anyone in Asia), ..
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“tors have long possessed—namely.

nas IRTOWT the plug-compatible makers
orn the aziensive. foroing them (o devote
more of their deveiopmen: resources ihan
they can afford to-imyng ¢ antcpate
eM's next round of operating.System
changes and 10 try to match them with
nurriedly engineered meodifications to
iheir hardware. That invoives digging

_ever deeper into their profit margins.

America’s other computer firms are
also pushing this trend towards replacing
hardware with software wherever possi-
ble, Writing and “debugging” the
grams now accounts for 50-80% of their
budgets for developing new computers.
Two reasons. then, why American com-
puter executives are smiling:
® At a stroke. the trend towards greater
use of software helps neutralise the one
grear advantage their Japanese compeu-
the
abilitv to manufacture well-made me-
chanical components at a modest price.
® And it changes the business of manu-
facturing computers from being heavily
capital-intensive to becoming more brain-
intensive. The large pool of expenenced
programmers and divefse software firms
in the United States puts the advamage
firmly in American hands.

The Japanese response has becn to
launch another government-sponsored
scheme, this time to help the country’s
computer makers invent “intelligent”
machines for tomorrow. The ten-vear
fifth-generation project, based largely on
“dataflow™ concepts pioneered at Mass-
achusetts Institute of Technology, will
have cost $450m by the time it is complet-
edin 1992. The aim is to create compuiers
able to tnfer answers from rough informa-
tion presented to them visually or orally.
Even Japanese scientists working on the
project are not sure whether such goals
are realistic.

The Americans are not Jeaving any-
thing to chance. Congress has been per-
suzded to relax the antitrust rules so that
rival manufacturers can collaborate on
advariced research without running foul
of the law.
research nstitutions to spring up aim to
match any challenge the Japanese might
offer in computing, software and compo-
nents for the 1990s. In one, the Semicon-
ductor Research Corporation, 13 micro-
chip companies have clubbed together to
form a non-profit consortium for support-

ing research on advanced integrated cir-

cuits at American universities. The con-
sortium is now doling out $35m 2 year to

* designers of tomorrow’s microchips.

The other institution, the Microelec-
tronics and Computer TechnOIOgv Cor-
poranon {MCC), is an ineresting expen-
ment in its own right. Set up as a joint

“senture in 1983 by initially ten (now 21)
rival American computer and semicon-
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pro-_

Two of the first collaborative.

dugtor comnznigs, MCC has 250 soenugs
CATTVING Out Tesesrch at 1t heagguariers
in Ausuri. Texas. to the tune of §75m 2
vear. What is for sura. savse Mr Bobby
Inman MCC’s chief executive and former
deputy director of the Cia. “MCC wouldn't

have occurred except for MITL™ - ’

. Burt'the most orcnestrated response of
al} 10 the Jupanese chalienge in comput-
ing comes not from 1M, Silicon Valiey or
coliaporative consorua of American chip
makers and computer firms. Though it is
rargiy in the public headiines. the Penta-
gon has been pouring barrels of cash into
computing. Its Defence Advanced Re-
search Projects Agency { D-‘-\RPA) in
Washington has beer plaving busy mid-
wife to some of the most exotic technol-
ogy of all for computers. communications

‘and ejectronic equipmen: generally. -
Its VHSIC (verv high- cneed integrated

circuit) project alone has pumped $300m

-over the past five vears into advanced

methods for making the superchips need-
ed for radar, missiles. code-breaking and
futuristic computers. Also earmarked for
DARPA is a reported $1 biliion for spon-
soring a range of supercomputers which,
say insiders, “will cutperform anything
the Japanese can develop under  their

" pashers™

HIGH TECHNOLOGY 8u3VEY 13

suner-snesd computing pProiect or their

_Bifth-generauon programme.”

igasy a dozen “‘fifth-generation
have surfaced ac research pro-
lects around the United States, mainly in

university laboratories. i alse in small

siari-up companies founded by dcadem- °-

ics. enireprenzurs and enmneﬂnnv emi-
grés from the mainframe corhputer “indus-
try. The latest supercomputer to go public

_(the prototype was shipped last year 1o

the American navy)is a cluster of boxesa "™

vard square capzble of caiculating over a
billion instructions per second (the Japa-
nese government hopes te have a similar
grevhound of a computer by 1992). The
group that built it spun off mainiy from
nearby Massachusents Institute of Tech-
nology to form their own company,
Thinking Machines. The firm is now
taking orders for a bigger brother with
four times the processing power.

H only & handful of the score or so of

American groups building advanced com-
puters survives, the United States is going
to enlarge its existing technology base in
computing over the next decade by as
much new engineering talent as its rivals

have in totality. And that, not least for’
the Japanese, 15 2

sobering thought.™" ~

Reaoh Out‘a'nd.crush SOmeone

" Even more than breakthroughs in telecommunications technology, America’ s

new deregulated freedom to plug in, switch on and sell an information
serwce 15 breedmg a whole new oeneratuon of infoprensurs

Amencam complam about it, but if lruth
be told they still have the best and cheap-
est telephone system in the world. Japan's
is a good one too--about as good as the
Bell System was in the late 1960s. Which
means it is reliable and cheap when
making calls within the country, but not
particularly good at performing electronic
tricks like automatic call-forwarding, call-
waiting, short-code dialling, credit-card
billing. conference calling—all things Bell
users take for granted today.

Americans also take for gramed the
choice of being able to dial long-distance
numbers using alternative carriers who

- offer cheaper rates. Liberating the phone

system from the stateymonopoly’s clutch-
es-(so customers may“choose what they
want instead of what they are given) has
barely begun in J apan. :

The United States is the world's doml—A

nant supplier as well as its most prolific
user of telephone equipment. The global
market, worth $57 billion in 1982,

[P S




w4502
exnelied 1o grow i
CAMERican mn"lludfal.‘f"r\- ave 42% of 1'
Japanese firms &-%%. Bui ina: has not
prevenied Japan from becoming & major
exporier of telecoms products. It now
selis weii over 81 bilhon wo'rt'n of teie-
phone eguipmen: abroad. a quarnier of i1
even 10 the an:d States. nou dic tnal

‘—\n

“happen? .

“the mighn

The main reason is the size of the
American market itself. Though the
Amencan share of the giobal ieiecotms
businass is five trmes igger than Japan's,
practicaliy zli o it is 21 home. Some 90%
of the domesiic market-is controiled by
‘American Telephone and
Tetegraphk {(*Ma Bell™}. GTE has 10% of
the American market. while ITT has tradi-
tionally sold its telephone equipment al-
most exclusiv eiv abroad. _

Until the dereguiation of the American
phone system in the wake of AT&T's 1982
consent decree, Ma Bell's manufacturing

* arm (Western Eiectric) directed its entire

- copper, optical fibres can carry three-

production effort at meeting_just the
needs of the various Bell phone compa-
nies around the countryv. It got all its
inventions and designs from the legend-
ary Bell Laboratories in New Jersey, and
neither imported nor exponed a single
transistor.

Bell Labs has been responsnble for a
blizzard of inncvations {transistor. laser,
stored-program control. optical fibres,

etc) that have driven down the real cost of

communications ‘and raised the quality
and availability of telephone service
throughout the United States. But be-
cause of AT&T's preoccupation in the past
with just the domestic market, the best of
its technology has had little direct impact

on the rest of the world. The door to

export sales was thiis left ajar for tele-
coms suppliers elsewhere—from Europe
. (Siemens, Ericsson, Thomson, GEC and
Philips), Canada (Northern Telecom ‘and

Mitel} and Japan (NEC. OL1 Fujitsu-and

Hitachi).

American firms retain their dominant
pesition in supplying switching and trans-
mission equipment. But the Japanese
have mounied a serious challenge based
on their growing expertise in transmitting,
messages on the backs of light beams.
Made out of cheap silica instead of costly

times the telephone traffic of convention-
at cables, need few repeater stations to
boast the s:gnals and send them on their
way, are immune to electrical interfer-
ence and do not corrode like metal wires.

The early American lead in fibre op-
tics, built up by Western Electric and
Coming Glass, has been chipped away by
scientists at NEC. Sumitomo and Japan's
telephone authority (NTT). Apart from
learning how to manufacture low-loss

fibres. Japuanese companies have become

suners at making the minute lasers. iight-

emiung diedes and rmunusculs receivers
use¢ for proje cnnc and caiching the
messages.

Hand in glove with fbre optics 1s the
growing tr end towards cngha! tTansmis-
siop—sending spoken oOr piciure mes-
sages coded as the ones and zeros of
computerspeak. The transmission part is
easy. but optical switching has presented
horrendous headaches and the compeu-

" 1ion here is fierce,

Kl Amesrican mdi\ﬂrs have used thetr

knownow 10 betier commercial ends. In

particuiar, digital transmission has been
used 1o speed the growth in data traffic
berween big computer svstems. especially
those owned by airiines. banks. insurance
companies and . financial institutions.
Here . the Federa! Communications Com-
mission bas taken the initiative, by free-
ing America’s telecoramunications net-

works o anvone can plug in, switch on -

and sell an information service. Other
countries—Britain and West Germany
particularlv—have been inexplicably

making life as difficult as possible for -

their own infopreneurs. -

The lesson has not been wasted on
telecommunications mandarins in Japan.
They have seen how getting the govern-
‘memt off the back of the telephone com-
panies in America has spurred a vibrant
free-for-all in *‘value-added networking™,
creating numerous jobs-in information

. services and giving local manufacturers a

headstart in carving out a piece of a brand
new high-tech business for themselves.
This new communications freedom—
even more than the changes in digital
sw1tchmg and new transmission lechnol-

Gettlng smart

oges—iv one
_bﬂn.nc ihe merger betweer computing.

of the key driving forces
office automauon and telecommumca-
tions that is beginmng 10 12K 2 place within
the United States. Last vear. computer
maker IBM absorbed Rolm. a lzading
manufacturer of digita! privatz-branch

exchanges. At the same time. lne tele- ..

phone giant, AT&T. broadened its grow-

“ing base in computing and office equip-

ment by buying 25% of Oliverti in l1aly.
The leader of the office-automation pack,
Xerox. is still suffering from 2 surfeit of
exotic technoiogy drzamed up by engi-
neering wizards ai its PA.RC laboratories in
California.

Japan has no intention of being left
behind. The government in Tokvo is
pressing on with its pian 10 privatise as

- much of its telecommunicatons services

as possibie. And whiie the big names of

the Japanese telecoms business (Fujitsu,

Hitachi, NEC and Oki) may have deficien-
ctes of their own. each is nevertheless a
big name in computing too. And though
smaller, all are more horizomally inte-
grated than AT&T. IBM or Xerox. -

Will Japan close the technological gap

in telecoms with America? Quite possi- .

bly. But only through setting up shop in
the United ‘States. The reason concerns
one missing ingredient. now as essential
in telecoms ‘as in computing: ingenious
software. Just as Motorola and Texas -
Instruments have built semiconductor
factories in Japan to learn the secrets of
quality and cost control, Japanese firms
will have to establish telecoms plants in
the United States if they are to acquire
the necessary software skills. NEC has now
dope so—for preciselv that reason.

Manufacturing is also going high- tech threatening to turn today's dedmated
factories fuli of aulomation into relics of the past

M]crochlps compulers and te]ecoms
equipment will be to the pext quarter

century what oil. steel -and shipbuilding

were to the vears between Hiroshima and
the Yom Kippur war. More than anvthing
else, these three technologies will fuel the
engine ‘of economic growth-in countries
that learn to manage their “smart™ ma-
chinery properly. This will hasten not so
much the trend towards service jobs, but
more the revitalisation of manufacturing

lltself P

Manufac:urmg" ‘That grimy old metal-
bashing business which the more prosper-
ous have been quietly jettisoning for
better-paid office jobs in the service sec-
tor? It is true that manufacturing jobs in
all industrial countries (save Italy and
Japan) have been shed continuously since
1973, In the United States. employment

in manufactunng industry fel] 2 5%
vear toless than 20% of the civilian work-
force.

But looking at ]ObS alone is misleading.
In terms of manufacturing’s contribution
10 GNP, for instance. little has changed. In
fact. manufacturing's share of value add-
ed (at current prices) in America was
22% of GNP in both 1947 and 1984, and
has wavered narrowly within the 20-25%
band for close on 50 years. So much for
de-industrialisation.

Manufacturing still means blE business
in anybody’s book. It currently contrib-
utes $300 billion and 20m jobs to the
American economy: about $350 billion
(at today's exchanoe rate} and 15m jobs
in Japan But manufdcmrmg is really a
matter of how vou define it. Traditional
measures based on Standard Industrial
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impression ihal. mening anyinag
factony 18 peang the same way as smoke-
srack mdusin g"neral',\-—u* I smoke,
Yet software engineenng aione 15 an
expiosive new “manufacturing=-indusiry
tha: pareiv enters the American Treasury

Depantment’s caicuianons of growih. let
alone its wvision o:’ what ~ constitutes
industry. "Il

What is for sure is 1hat the new battle in
manufacturing competitiveness and pro-

duerivity is going 1o be fought in the fields -

»f arozess and design xechno‘;og}'. Here is
~wha: Mr Daniel Roos of Mm;a:'ndsens
Institute of Technelogy has to say:
Ower the next 23 vears. ali over the world,
semi-skilled labour—whether cheap or ex-
pensive—will rapidly give way 1o smart
machinery as the kev elemen: in ompeti-
tiveness, Neither cheap horear fabour nor

" gxpensive American jgbour i our rea

problem. Rather the challenge jizs in rapid-
Iy introducing and perfecung the new gen-
erations of design and process eguipmeni—

~and the complex social svstems that must
accompany thenr. ’

It does not require an MIT professor to

explain why convenrional manufacturing.
is limping out and new computerised
forms of design and fabrication are mus-
cling in. Using the favoured vardstick of

From smokesta‘ck L

al costs bemg in invémory, & “jusi-in-

_time™ delivery s_\_'stem_(nke the Japanese
kanban method for supplving compo-.

nents 10 moror manufaciurers) couid im-
prove the real return on investment by as
much as 15%. -

Gerning manufacturing »olumes right is
trickier. Here high technology is r_nakmg

the whole notion of the special:purpose

factory—with its automated equipment
purring smoothly along as it churns ot

productivity (return on invesiment after, millions of identical parts all made to the

discounting for the current cost of money)”

even back-of-the-enveiope calculations
show only two factors really count. Ener-
gy cosis are irrelevant. being typicaily 3-
4% of factory costs. Much the same is.
true for labour, which now accounts for
only 5-15% of tota) costs.

*The onlv significant. and controllable,
factors are material costs and production
volume™, preaches Dr Bruce Merrifield
of the American Department of Com-
merce. Thus, with roughly 309 oofmaten-

..torobots ...
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‘same high standard of precision—a Telic

of the smokestack past. The marketplace

is much more competitive today. no long-

" er accepting the 10-12 year product life

cycles needed to justify the investment of
such dedicated plants. The pace of tech-

: no]oglcal change is' demandmg that man-

The r”etbollng of Ame'rlﬂca'

HIGH TECr{NOLOGY SJR.ZY 5

ufactured goods be replaced every four or

five years: in consumer electromcs every
two or three vears,

The Japanese factory devoted solely to
turning out 10.000 video recorders a day

_with a handful of operators is the end of
the’ line—not quite vet,

but destined
shortly to become. a magnificent anach-

ronism and epitaph to the age of mass

production. It was a brief and grimy era,
spanning just the single lifetime from
Henry Ford to Soichiro Tovoda. To take
its place, a whole new concept of manu-
facturing is being hustied out of the
laboratory and on to the faciory floor.
This is the final melding of microchips,
computers, software, sensors and tele-
coms to become in themselves the cutting
tools of manufacturing mdustry

Flexible make- -anything factories are begmnlng to sprout across America,
brmgmg back jObS that had slipped oﬁshore :

American engineers call it CiMm, Comput-
er-integrated manufacturing—huiried
into the workplace by a kind of Caesarian
section—has arrived before managers
have had a chance to find out what they

‘really want or are able to handle. The

trouble—and there have been plenty of
teething troubles—is that CIM has. a
grown-up job to do right now. To corpo-
rate America, it is the one remaining way
of usmg the country’s still considerable
clout in high technology to claw back
some of the manufacturing advantage
- Japan has gained through heavy invest-
ment, hard work and scrupulous atten-
tion to detail.

" American companies began pouring
big money into high-tech mapnufacturing
around 1980. All told, firms in the United
States spent less than 37 billion that year
on computerised automation, Today they

are'spending annually $16 billion. mostly

on more sophisticated CIM equipment. By

1990. investment in computer-integrated
manufacturing will have doubled to $30
billion or more, forecasts Dataquest of
San Jose. California. :

Generai Motors has spent no less than
340 billion over the past five -vears on
factories of the future. Even its suppliers
are being hooked into GM’s vast comput-
erised information net, allowing them to
swap data with the giant motor makerasa
first step towards integrating them wholly

“within its CIM environment. 1BM has been

spending $3 billion a year on computeris-
ing ifs manufacturing processes. In so
doing, it has been able to bring numerous -
jobs, previously done offshore, back inte
the United States. Pleased with the re- -
sults so far, 1BM has raised its investment
in 1M to an annual $4 billion.

The heart of a CIM plant is a flexible
manufacturing shop which can run 24

b i v g = o

PR



o v b
-

b ommmr b e e

-

S

- . B ol i SRR B b

12 SURVEY HIGH TECHNOLOGY

hours 2 day. bur which 1 czpabie of peing
retcoied In minules rather than days. and
abie to turn out hundreds of differemt

‘products instead of being dedicated to-

just one iine. The differencesperween the
bes: of wraditional automatios (for exam-
pie. Tovoia's Corolia iine in Nagova) and
the best of new style Cim plants (for

exampie, General Electric’s househoid

appliance centre is Kentucky) is that the
former automates just the flow of maten-
a' through the factory. whiie the latter
automates the wota! fiow of information
needed for maneging the enmigrprise—

" from ordering the materials to paying the

wages and shipping the finished goods out
of the front-door.

The aim of CIM is not simply to reduce
the amount of direct iabour invoived in
manufatturing a product (oniv 3-13% of
the cost). The real savings come instead
from applying strict compuler and com-
munications controls to siash the amount
of waste (typically 30% of the cost)
through having up-to-the-minute infor-
mation on tool wear, while minimising
the handling, management and overhead
charges (rarely less than 40%) by know-

‘ing precisely where items are at any
* instzni during the manufacturing process.

The net resuit is that 2 CiM factory has a
much lower breakeven point than a highty
automated conventional plant, The ma-
jority of the CIM plants now onstream-in
the United States break even at half the
level of a conventional plant (typically 65-
70% of full capacity). And because it

" does not have to operate flat out from the

start to be efficient, a €M plant makes it

~ easier and cheaper to launch new prod-

ucts. That spells shorter life cvcles—and
hence more frequent (and more. attrac-
tive) mode! updates. " ‘
That would be reason enough for enter-
prising high-tech companies to invest in
CIM. But a number of American corpora-
tions are being encouraged for other,
more strategic, reasons to integrate their

‘computerised manufacturing processes. .

The Pentagon sees CIM as a nifty way of
allowing manufacturing capacity to be
sprinkled lightly across the land, insiedd
of being concentrated heavily in targeted
areas along the Ohio Valley, parts of
Illinois and up through Michigan.

“The generals also see CIM plants—with

their rapid response and flexible, make-
anything nature—as handy standby ca-
pacity ready to- be instanuly repro-
grammed to meet the military surge of a
national emergency. Apdrt from its costly

- military stockpiles, the Pentagon has to

underwrite a good deal of redundant and
idle capacity among America's defence
contractors. That is a political luxury it

" ¢an 0o longer afford.

Pressure from other parts of W dShmE'

" ton is also helpmg to usher high- tech

P P Y

manufacturing into American factories.
To government gurus like Dr Bruce Mer-
rifield. the attraction of these flexible
manufdcmnng plants is that they are 1dea.l_

Let the daisies grow

Bureaucratic gwdance is still no match for a fer‘t:le economy where any‘thmg

can take root and ﬂower =

Who then, is better suited to llfe on the

high road of technology—America or
Japan? The answer is complicated by the
way the two industrial superpowers have
honed their separate skills in.- wholly sepa-
rate ways (table 3). American technology
is overwhelming in big systems;, software,
computing and aerospace. But nobody
can touch lapan in the process technol-
ogies that underlie conventional manu-
facturing. Amernican technology reaches
out for the unknown: Japan’s bends down
to tend the commonplace, '

The differences 'in style mirror “ the
differences in ideals that the two peoples
hold dear. The Japanese have a saying:
“The nail that stands up will be ham-
mered flat.” The Americans say: “‘Let the

"daisies grow.” So it is hardly surprising

that American technology is individualis-

Table 3; Balance of forces

. flexible manufacturing centre,

not jus! for industria; giants like General

Eiectric. Westinghouse or 18M. bu: even
more so for the lens of thousands of unv
workshops across the country Whiie Ja-
pan has two-thirds of its industria! output
within the grasp of broad-based kerrersu
manufactunng groups. Amencan indus-
ury by comrast has aiways rehied peavily

“on its 100.000 or so independent subcon-

tracting firms. In mesal working. for in-
stance, 75% of the parts ‘made in the
United States are manufactured by small
independent workshops in batches oi 50
or jess.

The Amencan Corm'nerc:e Departmcm.

sees DO antitrus! reasons why smaller
firms shouid not band together to'share a
making
spindles for washing machines one min-
ute, wheel bearings the nexi. then switch-

ing to precision tmounts for a microscope -
maker, crankshafts for diesel engines,.

microwave cavities for radar equipment,

nose-cones for missiles and so on. This

would reduce the investment risk for the

individual firms, while providing a higher -

return for the Cim plant as a whole. It
could also help rebuild much of the indus-
trial base of rustbow! America.- ,._ ..

R T

uc often erranc and a]ways aconoclasttc '
Japan s, if anything; is pragmatic, geared
primarily to problem-solving and hustied
along by a herd-instinct.

To date, Japan's high-tech success has
been almost exctuswel) with develop-
ments that were predictable—like pack-
ing more and more circuits into dynamic
RAM chips, or making video recorders

‘smarter and smaller. This is a result of

having 10tal masiery of the process tech-
nologies. While all the basic break-

- throughs for making semiconductors—

eiectron beam lithography, ion implanta-
tion. plasma etching. etc—came from the
United States, Japanese firms improved
the ideas step by step until their equip-
ment was a match for an\thma made
abroad. -

By carrymg out developmem commu-r

e el

Japanese strengths

Applied research and development
Incremental improvements
Commercial applications

Process and productlon technology
Components

Hardware -~

Predictable !echnologtes

Quality control

Miniaturisation

Standardised, mass volume

American strengths
Basic research - -
Breakthroughs and inventions
Military applications . -
New product design . -
.... Systemsintegration - :
o oftware . - o
Less predictable 1echnolog|es
New functionalities '
New architecturaf de&gns
Custornisation

o e it M.

l'.““

Source "The Postive Sum Sirategy . Natonal Academy Fress, Washmgron OC, 1386
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nerementa’ stzms finstesd
urn
anese firms

nave néer abis 10 homrars
with & bdTTags of new mc>.3-= z o’l~=r=r-ﬁ vet
neties  vaiue. ouallty  and “Tehizbiin.
americen firms. v coptrast. heve tradi-
nonally maas cosmetic improvemsnis ev-
erv few vears, and then brougnt out
compiete modei overhauis once = decade
or so. That has made their products look
long in the tooth. ther suddenly change
dramatically—often for (r*.i': worss wiiis
dgesign bugs and m'oaucuon wrinkies are
sorted out. .

American Iechnolon\ ngc also tenﬂed
to be gearzd for use mamh a1 home {for
exampie. teiephone svstem§ motor cars]
With 11s smalier domestic market. Jupa-

nese technotogy has been fOfcej i took

farther afield. The Sw.nford economst.
Mr Daniel Okimoto. manesl ihe point that
thoughi Japanese firms have excelied at
technoioges tied ciosely 1o commodities
with huge export marketc (fo. exampie,
iermssuon -con-
trol for motor cars, opmq coatings for
camera lenses). lately they have begun 1o
do well in technologies for domestic use
too. Some exampies include gamma in-
terferon and Imerieukin 11 in pharmaceu-
ticals. digital switching and transmission
in teiecommunications. And with their
breakthroughs in gallium arsenide semi-
conductors, optoelectrOnlg:s supercera-
mics and composite materials, the Japa-
‘nese have shown themselves selectively

capable of innovating at the frontier of

knowledge as well as anvone e

On the whole, however, Japanese firms
have been less successful?with technol-
ogies ‘that are inherently jcomplex, not
particularly predictable and dependent
upon ideas springing from deIC research.
Making jet engines is one such technol-
ogy. Designing air-traffic- conirol radars
is another. Developing computer -aided

design and manufacturing systems is a’

third. And despite MITL's [“targeting”™ of

‘lasers as a technology to be conquered,

little progress has been made here to
date—because not enough;basic research

has been done in the necessary branch of

physics. . |

Such incidents peint to: seridus prob-
lems in Japan's educational system.
While Japanese youngsters out-perform
western school children in!all meaningful
tests of mathematics and! science, their
training stresses rote learning rather than

critical analysm and creative synthesis. At .

university, their skilis in problem -solving
are enhanced at the expense of their
abilities to conceptualise. ;

As faculty members, Japanese academ-
ics are civil servants unable to fraternise

as paid consultants in industry during the |
summer vacation. So Japan has none of
’ . i . .
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custamers

the ecross-fersiizanias berwesn pasic Te-
search and Sommercia’ deyvelopment thal
charactenses MIT and Route 12&. Stan-
ford and Silicon Vailey and a hundred
Ofn-‘-'r campuses across Amenca. Aiso,

cause a&il e ieading universities in

KIGH TECHNOLOGY SURVEY 17

lapan are s:atﬂ-owned and run nigidiv by
& conservauve central bureaucracy, 1t is
difficuls 1o aliocate granis (by peer-re-
view ) to the mos: deserving r*search:rs
ratner than the most senior.

‘In the days when Japan couid storm the

economy of do-it-vourselfers pushing ~
hamburger carts: pain: brushes and iflicit
drugs. Above the conventionai econo-
my. a star-spangied weaith launcher hift-
ed oif three or four vears ago—to take
advaniage of the souring power and
plummeting cost ‘of microchips. the
breakur of the geriatric telephone mo-
nopoly. the chimera of Prestdent Reas
can's spacz shieid and. above all. the
technoiegical coilision of computing,
communications and office aulomation.
Meet America’s exciiing new - airborne
economy.

The first thing to understand is that
nobody is guite surz how well even
America’s conventlional economy is per-

. forming. let aione its underground or
overground components, The only items
reported properly seem to be imports
and unemplovment. The trouble is that
the economy is changing so fast—from
oid-fangled businesses based on metal
bashing and carting things around to
new- fanoled ones that massage, transmit
and memorise scraps of information.
What is for sure, the leading economic
indicators—those -
that send shockwaves around the world's

sectors within the United States.
Because the statistics have not kept

becoming internationalised, computer-
ised and more service-oriented, the pic-
ture the statisticians paint depicts an
economic landscape of a decade or two
ago. Here are some examples of laoglng
statistical response;
° Compames are classified by industrial
seCtoTs using defmmoras last, updaled in
197" -

® Twenty years after compulers swept
manual accounting into the dustbin, the
first price index for computers has just
been introduced—and is stifl incom-
plete. Where America’s computing costs
have been assumed to be fixed. hence-
forth they will be deemed to fall (as they
have actuailly been doing) by at least
14% a year—adding nearly 1% to GNP,
@ An archaic processing system for log-
ging foreign irade, confronted with a
90% increase in imports over the past
decade, is ignoring America’s growth in
foreign sales. A significant proportion
{some say 15-20%) of American exports
now goes unreporied.
® Measures of family income, designed
in an age when welfare was a dirty word,
omit non-cash components such as com-

Lift-off fo_r the airborne economy

Forget about America’s uriderground

_parument of Agriculture). As such, they

timely as the experts would like, .

‘monthly headlines

financial markets—seriously underesti-
mate some of the most important growth

pace with the way American business is -

pany fringe benefits for profess:ondls
(pension rights. deferred income plans.
health and Lz insurance. eto) and in-
kind government eesssiance for the poor
{fooa stamps, rear subsidizs. etc).

® Poverty is still defined by consump-
tion patterns of the mid- 19505, when a
family of three spem a third of its income
on food. The same food basket today

costs a fifth the eaunalent family’s
income.
Don’t snigger. Despne budgetary

cuts, the American. s1atistical system is .
still one of the best'in the world. Its only
real weakness is lha’t————emplmmem fig-
ures aside-—the statistics used for deter-
mining,. say, GNP or growth 1end to be by-
products of non- man_snc.:] agencies (such
as the Iniesrnal Revenue Service, the
Customs Service. Medicare and the De-

are far from being as clean. complete or

Consider some  recent anomalies
caused by the quickening pace of techno-
logical change. With 70% of Americans
being employed in; the service secior,
you might be tempted to categorise the
United States as essentially a service-
based economy, It is. But you would not
think so from the Standard Industrial
Classification (siC) used in generating
the input-output tables for measuring
GNp. This has 140 three-digit codes for
manufacturing firms, only 66 for ser-
vices., Moreover, since the siC sysiem
was last revised in 1972, whole new
business activines {for example, video
rental, computer retailing, software re-
tailing, discount broking. factory-owned
retail outlets) have sprung up, while
others have withered away,

Nuts and bolts. for instagee. are in an
SIC category all of their own, employing a
grand 1otal of fust 46.000 people. Enve-
lope makers. again with their own sSic
category, provide fewer than 25; 000
jobs. Yet one siCicode in the service
sector alone, general medical and surgi-
cal hospitals, now covers some 2.3m
people. Lots of high-tech service busi-
nesses—including computer stores and
software publishers “and manufactur-
ers—do not even qualify for their own
sIC codes yet. : .

There is no reason why ali sic catego-
ries should be the same size. But the
imbalance exaggerates the importance of
traditional manufacturing at the expense
of services in the ‘American economy.
Above all, it allows whole sections of
America'’s ,boommg high-tech economy
to go unreported.
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A plimpse or 1wo ar the futuge wili dispel
any doudrs about Yankes ingenunty as it
propes e iimits of 10morrow’s technol-
“ogy. First. to Silicon Valiey where Mr
Alap Kay, refugee from such technologi-
cal hotbeds as DaRpa, Stanford. Xerox
PaRC and Atari, 15 nouada)s VISiOnary-
ai-large at A.zvple Computer. Building on
the jearning theories of John Dewey “and
Jean Piaget. Mr Kav is trvmg 10 creatz a
“juntasy zmpiifier”—e computer with
enough powag lo outrace the users

Joads Of referance material. and enounh

desire for expioring fantasies with his
innate ability to learn from experiment.
The concept. caled ~Dynabook™,
combines the seductive power of both a
video gume and a graffiti artist’s spray-
can with the cultural resources of a
library. museum, art galiery and concert
hall combined. Difficult to make? You
bet, especially if the whole gizmo has to
fit in a package no bigger than a notepad
and be cheap enough for every schoolkid
10 OWINL < i e - )
Smallzalk is the computer language Mr

‘Back to the future

senses. enoughe-memory 10 store jidrary

clever software to couple man's natural

- T
Kav k-aa developed to aliow  kids 10
comverse with the fantasy ampiifier. The
resi of the ingredients are al! 12cnmologi-
cally imaginable, just prohibiuvely ex-
pensive and unwieldy for the time being.
But a decade ago the first personal:
computer was just being built at consid:
erabiz expense. Its functional eguivalen:
todav costs less than $50. Suii-oniv i his
mid-40s. Mr Kay has.ample time tc put e
Dwvnabook tn the hands of miiiions of
voungsters with open minds and z sense
of wonder siill iniact. .

Nexit. mees Mr Ted Nelson. gadfly,
prophet and self-confessed compuier
crackpot, with .a lifesime's absession
wrapped up in an enormous program
‘calied ({afier Coleridge’s uniinished

poem} Xanadu. Boon or boondoggle,

nobody is quite sure. But the gianl piece
of software for steering one’s own
thought processes (including alternative
paths, mental backtracks and intellectual
leaps) is hardly lacking in ambition or
vision.

Conceived onc'mall\. b\

Mr Nelson |

while a student at Harvard as simply a _ -

note-keeping program for preserving his

‘sonnets o songs—-and pul it Into Aana-

fury is out.

every thought. XNanadu has evolved into
2 10ial blerary process: creatng iaeas:
organising the thoughts. with traces
showing backiracks. alternative v2rsioas
and jumps IC Crose-reierencec OOCU-
menis: manipuiatng the ex:: publisiing
the resuits; ana logging a share of the.s.
rovalties 1o every other author citad.

Every document in Xanadu's database
has links to its intellectual antecedents
ané to olhers covering reiated tonics.
The linked references work iike fooi-
noies. excsp: 1hat Nanadu offers ap
elecrromc window™ through which they
can be accessed thers and then. Because
the whole process works in a non-se-
quential way. the inventor calls the out-
put “hvpertext™, - '

Mr Nelson looks forward to the day
when anvbody can create what he or she
wants—irom recipes to rescarch papers,

du’s database and quote or citz anybody
else. Royalties and sub-royvaliies. moni-
tored automaticdlly by the host comput-
er, would.be paid according to the
amount of time a user was on-line and
reading a specific document. It sounds
pretty wild at the moment, but hvpertext
could be commonplace before 1he cen-

e e

industrial heights with foreign licences,
_homegrown develapment and production

excellence, the inadequacies of'its educa-
tional system. and academic research

- hardly mattered. But such shortcomings

are becommg mcreasmgiy a problem as

" high-tech competition intensifies. i =

Nor can Japan call on its little firms to
provide the invigorating fillip of innova-
tion such enterprises provide in the Unit-
ed States. And with their lifetime employ-
ment practices, Japan's big technology-
based corporations rarely get-a chance 10
attract high-flying talent from outside.
Technological diffusion between small
firms and large corporations, and be-
tween companies generally as engineers
swap jobs, is one-of the more invigorating
forces for innovation in the United States.

Nor. also. is there an adequate way in

Japan for financing risky innovation out- -

m——
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side the big corporanons Smce 1978
American equity’markeéts have raised $8

billion for start-ups in -electronics alone .

-and a further $3.3 billion for new biotech
companies. Over the same period, Ja-
pan’s venture-capital investments in high-
tech have totalled just $100m.

Lacking all these things. the Japanese
have sought a substitute. This is one of
the main reasons for MITI's special em-
phasis on collaborative research pro-
jects—as in VLS! or fifth-generation com-
puters. To Mr Gary Saxonheouse of the
University of Michigan, Japan's lauded
industrial policies are littte more than a

substitute for the ingredients that Ameri- -

can companies enjoy from their \1brant
capital and labour markets. . e

~ As for MITI's infamous mdustna} tar-
geting, many Japanese (as well as foreign-
ers) have long doubted its effectiveness
"and believe it is now wholly inappropriate
anyway. All technologies have started
moving simply too fast t6 wait upon the
whim of bickering bureaucrats. Itis not as
though Japanese civil servants have
shown themselves any better at picking
-industrial winners than officials else-
where; and none has bettered the invisi-
bie hand of the marketplace.

Apart from possessing vastly greater
resources of well-trained brains, more
diverse and flexible forms of finance, and
a bigger and more acquisitive domestic
market. America has one final, decisive
factor moving in its favour—the pace of
innoy ation itself, ‘

i e cn
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High- tech products tend to have two
things in common: they fall -in . price
rapidly as production builds up (they
possess steep learning curves) and they
get replaced fairly frequently (they have
short life cvcles). The trend in high-tech is
towards. things - becoming steeper and
shorter. So the competitive advantage of
being first to market is going increasingly
to cutweigh almost everything else.

This spel]s an end to the traditional
low-risk. low-cost approach that Japanese
companies have used so successfully to
date—coming in second with massive vol-
ume and forward prices after others have
primed the market. Henceforth, Japa-

nese firms are going to have to take the,
" same technological risks—and pav the

same financial penallies—as everyone
clse. And that puts the advantage decid-
edly on the side of Yankee ingenuily
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The Status of the Space'Station'
Under the Technology Transfer Act of 1986

' Cencern has been expressed about the ownership and transfer

of technology that may be created during the use of the Space
Station. In particular, there is a need to find ways to encourage

‘businesses in the United States to commercialize the technology

created during the operation of the Space Station. This commer-
cialization would benefit not only individual firms but the global
competltlveness of the U.S. economy.

Treatment of ‘the Space Station as a government operated federal .
laboratory would make available a mechanism to resolve issues of
ownership of technology created during research aboard that
vehicle. This mechanism would be available if the Space Station
were construed as a federal laboratory within the meaning of
section 11 of the Technology Transfer Act of 1986, (P.L. 99-502),
(the "Act"}. This Act provides rules under which government-
operated federal laboratories, as distinguished from contractor-
operated laboratories, may enter into cooperative arrangements

"with other parties, including state and local governments,

foundations, universities and other nonprofit organizations and

. private firms. Under these agreements employees of the laboratory

and employees of the other party may work together, with ownership
in any resulting inventions being distributed according to a
pre-existing agreement between the parties.

This paper consists of two parts. The first part examines

whether the Space Station might be treated as a federal laboratory

for purposes of section 11 of the Act. The second part discusses
in detail the advantages that recognition as a federal laboratory
might offer to the operation of the Space Station.

Would the Space,Station be a Federal Laboratory Under the Act?

Section 11(d) (2) of the Act defines a government-operated federal
laboratory as "a facility or group of facilities owned, leased,

or otherwise used by a federal agency, a substantial purpose of
which is the performance of research, development, or engineering
by employees of the federal government”. The legislative history
of the Act notes that “"this is a broad definition which is intended
to include the widest possible range of research institutions
operated by the federal government". (Senate Report No. 99-283.)
The Space Station under current plans will almost certainly meet

"this definition and quallfy under section 11 of the Act as a
-federal laboratory.
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The first criteria is that the Space Station must be "owned,
leased, or otherwise used by a federal agency"; that is, as
described in the Act's legislative history, the facility must be
"operated” by the federal government. 1In the case of the Space
Station, the National Aeronautics and Space Administration (NASA),
under current plans, will have borne a major share of the costs of
the development and construction of the facility, and will have
the primary responsibility for operating the facility once it is

-successfully placed in earth orbit. PFurther, NASA will have the

responsibility for providing transportation to and from the Space
Station. NASA and other federal agencies will not only be operating
Space Station, however, they will be making use of it both directly

"and through agreements with private firms and other governments.

Thus, the first c¢riteria under the present concept of the Space
Station will be met.

The second criteria, that the Space Station must have the _
substantial purpose of "the performance of research, development,
or engineering by employees of the Federal Government", is also
met. The exact nature of the activities that will occur aboard
the Space Station cannot be predicted at this time, but "research,
development, or engineering" by federal emplovees will almost
certainly be a major part of those activities. Other activities
may occur on the vehicle, such as the conduct of research by
employees of private businesses or foreign governments, or limited
manufacture of products. As long as research, development, or
engineering by government employees remains a substantial purpose
of the Space Station, however, the aunthorities found in section 11
of the Act would remain available to the Space Statlon, as a

government-operated federal laboratory

 However, if the Space Statlon is placed under international

control, it will not be a federal laboratory. In such an instance,
we would have to assure that any patent rights clauses in any
international agreement would provide maximum rights of

Vcommerc1allzatlon to U.S. industry.

Authorities Available to the Space Station Under the Act

Assuming that the Space Station were deemed a federal laboratory
under the Act, the path would be opened for the transfer of
technology created aboard the vehicle to U.S. firms. These firms
would have the opportunity to commercialize these inventions, thus
benefitting the individual U.S. companies, and indeed the
competitiveness of the entire U.S. economy in the global market
place. : i '

Inventions by Government Fmployees Absent a Cooperative Agreement

Inventions created aboard the SpaCe'Station might'be either the
product of federal employees working alone, or the product of
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federal employees werking together with scientists employed by a
collaborating organization, such as employees of businesses,

universities, state and local governments, or even of foreign

businesses. If the invention were the product solely of federal
employees who are not working under a cooperative agreement with
a non-federal organization, the U.S. government would own any

‘resulting patents, and would be free to license those patents on

an exclusive basis to U.S, firms. In such a situation, section 13
of the Act provides that royalties earned by the invention would

" be retained by the federal agency whose laboratory made the

invention. After payment of 15 percent of those royalties to the
inventors, NASA could give the balance of the royaltles to the
Space Station, but must under any circumstances give it more than
half with the remainder divided among other NASA laboratories.
That is, the Space Station would receive at least the majority
share of any royalties earned from inventions made solely by
federal employees while aboard the Space Station. At the same
time, the technology would have been transferred through the
licensing process to a U.S. firm that would enjoy the benefits of

“its commercialization of the product.

Inventions Made by a Government Employee Under

a Cooperative Agreement

Inventions made aboard the Space Station might also be the product
of a collaborative effort between federal employees and employees
of other organizations, entered into under cooperative research

and development agreements under the Act. The official designated
as "laboratory director" for the Space Station will be authorized
under section 11{(a) (1) of the Act to enter into agreements for the
conduct of cooperative research and development aboard the Space
Station with state and local governments, foreign and domestic
businesses, public and private foundations, nonprofit organizations
including universities, and other persons. As part of these

agreements, under section 1l1l(b} (1} of the Act, the Space Station

would be permitted to accept funds, personnel, services, and
property from collaborating parties, and in turn, to provide

'personnel, services, facilities, equipment or property, but not
.funds, to the collaborating partiesgs. _Further, under section:

11 (b} (2) and (3) of the Act, the director would be permitted to
grant in advance to a collaborating party patent licenses or

‘ownership to any resulting inventions made in whole or part by a

federal employee under the agreement. Under these licenses,

‘royalties would be paid to NASA by the collaborator in accord with

section 13 of the Act. As explained above, the majority share or
more of the royalties would thus return to the Space Station,
where the funds could be used to pay for further research. The
U.S. government, however, would retain a non-exclusive license to
any inventions for its$s own use.  This would provide the
collaborating U.S. organizations the exclu31v1ty needed to
commerc1allze the invention.



In sum, in the context of the Space Station, a wide range of
possible cooperative research activities might occur involving
federal employees and employees of other organizations. For
example, cooperative agreements might cover research aboard the
Space Station between federal employees and employees of a U.s.
corporation, university or other domestic organlzatlon, or research
conducted only by employees of a domestic organization, where the
facilities and/ox equipment were provided by the U.S. government.
By entering into a cooperative agreement under the Act, the U.S.
government could assure that any resulting technoleogy would be
licensed or owned by a U.S. corporation. The U. S. government
could agree to grant a rovalty-bearing license, or ownership, for

' "any inventions made by a federal employee under section 11 (b) (2)

or (3). This would permit the U.S. organization to take commercial

advantage of any patents resulting from inventions made in the

course of the research aboard the Space Station. In this way, the
benefits of the research would go to the U.S. economy. At the
same time, the Space Station would be the recipient of royaltles
earned by the licenses pursuant to section 13 of the Act.

The Act prdvides special rules for those circumstances in which a
federal laboratory might agree to a cooperative research and and

" development venture with a foreign firm or firms, where employees

of those firms would conduct joint research with federal employees

" aboard the Space Station. The Act, in section 11(c) (4} (B),

permits cooperative agreements with foreign firms, but requires
that the laboratories "give preference to business units located

in the United States which agree that products embodying inventions
made under the cooperat1VE research and development agreement.

will be manufactured in the United States".  Further, the Act
requires that the laboratory director, before entering into an
agreement "in the case of any industrial organization or other
person stbject to the control of a foreign company or government,
as appropriate, take into consideration whether or not such

- foreign government permits United States agencies, organizations,

or other persons to enter into cooperative research and development
agreements and licensing agreements”., Should the Space Station

‘decide to enter into cooperative research agreements with a

foreign'corporation it should assure that any patent rights
clause in the agreement provide max1mum rights of commer01allw
zation to U.S. firms. -

;Technlca; Data

For your information the latest draft of the proposed Executive
Crder on technology transfer requires agencies to delegate to its
Federal laboratories the right to negotiate in cooperative
agreements the disposition of intellectual property. As
intellectual property includes technical data, the Space Station
as a Federal laboratory could enter into a cooperative agreement

- leaving ownership or an exclusive llcense to technical data w1th

a non- Federal entity.
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- Conclusions

(a) As Currently envisioned, the Space Station could be
a Federal Laboratory for purposes of the Technology
Transfer Act of 1986, as it falls within the
“laboratory“ cirteria of the Act.

(b} As a Federal laboratory, the Space Statlon could
retain a significant portion of royalties generated by
inventions made by federal employees either under a
cooperative agreement with a non~Federal entity or made
in the laboratory independent of such an agreement.

(c) As a Federal laboratory Space Station, Federal
employees could receive up to 15% of royalties
generated by inventions they made.

(d} The Space Station as a Federal laboratory could
enter into cooperative agreements with non-Federal
entities and provide the non-Federal entity with either
ownership or an exclusive license of any inventions or
~technical data resulting from the agreement.

- (e) - The Space Station as a Federal laboratory permits
- cooperative agreements with foreign firms but requires
preference be given to U.S. firms. Further, before
entering into a cooperative agreement with a foreign firm
the Space Station must determine that the country of the
foreign firm accords equal treatment to U.S. firms
vis—a-vis cooperative R&D agreements, licensing require-
ments, and access to the laboratories of the foreign
country. .
(f) However, if the Space Station is placed under
international control it would not bhe a Federal
labeoratory under the Act. In such an instance the U,S.
should assure that any international agreement contains
intellectual property clauses (patents and technical
data) which provide maximum rights of commer01allzat10n
to U.S,., industry,. -
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Why'Developing'Nations should Protect'lntellectual.Property'

A strong case can be made that protect1on of 1ntellectua1 property

is in the long term interest of developing countries.

number of devel

will eventually

and increase their international competitiveness.
that such count

limiting their

logies. Polic
property creat

Although a
oplng countries currently have policies des1gned
ir technology from developed countries in the
djequate protection is in fact a positive step that
produce their own technological ‘self sufficiency

ries be made to understand that they are in fact
own development by restricting technological
their ability to exapproprpriate foreign techno--
ies of inadequate protection of intellectual.
e a domestic environment that does not provide

either incentives for development of indigenous R&D capability nor

does it provide

incentive for the necessary investment of technical

skills and capi

tal by large multinational research intensive

It is important

‘corporations. The absence of proper protection of intellectual
property often coupled with price controls that do not permit R&D
cost .to be recovered and requirements for technology sharing as a
basis for doing business create an environment in which neither
foreign nor domestic industries can afford to innovate and
~undertake research and development. Such situations actually-
lead to the irony of increased technological dependency on

remain passive in the face of massive increases in counterfeltlng
and the production of inferior quality goods. Specific benefits
of a system of adequate protection for intellectual property
follow: - : E S . ;

. Access to Technology

New products and technology flow . 1nto countries whlch have
adequate protection because the developers of the technology can
proceed w1thout concern for loss of their innovation. - This
produces a more rapidly expanding economic base and enables the
country as a whole to take advantage of and utilize such. techno-

logies with resulting benefits to the economy, including agdgricul-
tural, industrial, and health and environmental benefits. For
" example, countries which.do not allow adeqUate'protectlon or
agricultural chemlcals create ad system in which manufacturers
 simply cannot afford to produce the most modern and effective
pest1c1des 51nce without patent protectlon they cannot hope

to recover thelr lnvestments. : -

_Eggy;dlng a General glimg Qf Trust

- With adedquate protectlon for. 1ntellectual property the opportunl-
ties for potential capital investment and development are enlarged
along all development lines. Growth of "state of the art manufac-
‘turing” facilities and expan51on of the manufacturing base occurs
when companies feel that it is safe for them to manufacture their
newest lines of equlpment w1thout fear of loss of prlor1tary

developed countries which are becoming 1ncrea51ngly unwilling to .~



teChnology.-'

. such a climate also provides the potential for a growth in

partnership and joint ventures activities with developing coun-
tries. This kind of infusion of technology and expertise and
capital simply w111 not occur at an optimal level w1thout adequate'

-~ protection. : : :

Adequate protectlon for new technologles w111 1ncrease and
~encouradge innovation.  Absent such protection it is not possible
to recover R&D and other technology development costs which are
essential to long term growth. Protection of intellectual
property is based on the premise that progress. of science depends
on protection of intellectual property rights which promote
technological advance,‘lnternatlonal competitiveness, and the
- ability to keep pace in the world of rapid technological c¢hange.
" As we continue to experiénce constantly evolving technology,
the ability to attract and develop new technologles leads to new
“products and new manufacturing processes that 1mprove quallty,
increase 1nn0vat10n, and reduce: protectlon costs.

. The ultimate aim of protectlon of intellectual property is to
promote technical, industrial and economic progress. The secrecy
which must surround activities absent property patent protection.

interferes with the free flow of knowledge and technologles '
~essential for the 1nnovat1ve process. -



INTELLBCTUAL PROUERTY AS A TRADE ISSUE

Protectlnc patents, trademarks, and copyrlghts abroad has become
a vital trade policy issue as evidence of product piracy and

‘commercial counterfeiting mounts. - More and more innovators and

jcreators are dlscoverlng their products and technology being

copied and sold in the 1nternatlonal marketplace in competition
with tre legitimate. pvoduct ‘The laws of many countries do not
‘provice means for innovators and creators to acguire rights in

their intellectual creations or to protect the rlghts they have
obtained. The copied products, therefore, interfere with legi-

~timate trade flows., Industry calls such copying "piracy" when it

involves copyriohted works like books, films, records and softhare,
and T"counterfeiting” when a product bearlng g trademark 1is
involved, ?Councerfeltlng also can rean copying labels, graphics,
and trade dress (i.e, the appearance of the nonfunctional features
of a product). Using another's invention, whether by produc1ng a

'product or u51ng a process, is called infringement.

_Intellectual property proeectlon is part1cularly 1mportant for
. the orowth and development of industries producing new. products

that change rapidly because of .intensive research and developrent

. Patents, trademarks, and copyrights provide the economic incentive

that spurs the research and development., They also spur the
ccmpetition among firms within a field. = The ab111ty of inventors,

“authors, and producers to acguire rights in intellectual property

worldwide &and the extent to which they can enforce those rights
have a profound effect on international trade and on investment.

Lack of rights or ineffective enforcement causes problems not

only in a country where the protectlon is lacklng, but ‘in the

home nirket of the innovator or creator and in third countqﬁ
markets, Improved intellectual property protectlon worldwide,

therefore, hhould be a major trade objective of every country.

Hlnterested in 1mprov1ng its 1ndustr1al base.

'The actual revenue losses to 1nnovators and creators caused by

patent infringement, counterfeiting and olracy are impossible to
estimate, Technology itself has made copying of most products in
large guantities simple, Shlpplng goods throughout the world is
easy. Those who copy have no incentive to keep permanent records

“of their activities, What records there are deal with incidents

that are detected and estimates of the total problem are based on

thosé. For example, using answers to guestions on trademark

counterfeiting submitted to U,S. companies, the U.S. International
Trade Cexmission, in a recent report, ectimated that $8 billion
ininccre was lost in 1982 due to counterfeiting., The U.S. Customs

“Service estimates the ennueal loss to U, S, busineeses gs closer to

$20 billicn from tracdenark countoriciting, No govermment estimetes
heve Lzen dore of jztle ent *f*rwhca"ent or plracy.

The cost to 5evelop1ng eooromies also is 1wroc81ble to- evaluate
in strict eccreomic terms. Much of the cost involves that which
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" never happened, i.e., the investment that was not made, the
research and development that did not take place, the university
graduate who did not remain at home to use his knowledge. That
which never happened, however, does mean that a country has fewer:
businesses emoloylng‘feuer'people producing fewer goods. The
country remains dependent on foreign technology rather than
developing its own.  The country's bucsinesses ‘are the followers,

not the leaders in the 1nternat10nal marketplace. = Its exports
- are less competitive in the world market than those of other

countrles‘gnless_they are low priced copies of f0r9101 goods., If
‘the latter is the case, the exports become the subject of trade
restrlctlons in the markets where intellectual property protection
is strong. © Export earnings are less than they might be. Scarce
-capital is used in unpr00uct1ve way s s the. reputatlon of 'the
country suffers and the flow of 1pve53rent capital and technology_
decreases further. Educated nablonals go to other countrles to
use their hard won knowledce.

It is 1mportant both to developed and developing countries to
solve the problems created by the lack of an adequate framework
for the acquisition and protection of rights in intellectual
property. Solving the problem will reguire the ‘combined efforts
of national governments and of 1ndu5try. Governments must enact
effective laws protecting ‘intellectual property rights. The
creators and innovators must use thcse laws. The laws themselves
should be harmonized in order to ensure that, in prov1d1ng for
enforcement of exclusive rights in intellectual property, govern-
ments don't establish barriers to trade in legitimate aoods.
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Maran _ _ Office of the General Counsel

Washington, D.C. 20201

(C DEPARTM ENT OF HEALTH & HUMAN SERVICES _ ~ Office of the Secretary

c/o National Institutes of Health
Westwood Building, Room 5A03
Bethesda, Maryland 20205

{301) 496-7056

January 26, 1984 =

iMs. Dércia Bracken
‘U. S. Department of Commerce
‘Room 4324 -
14th Street and Constitution Ave., N. w
‘Washington, D. C. 20230
Re: Damon Co11ab0rative Agreemeﬁt' S )
Dear Ms. Bracken: |
This is in response to your telephone reduest'for a copy of the collaborative
research agreement betwéen Damon Biotech, Inc., and the National Cancer
Institute. The two exhibits of the Agreement are not enclosed. Attachment A
is OMB Circular A-124. Attachment B contains trade secret ihformatfon.

Sincerely yours,-B

Leroy B. Randa11
Chief, Patent Branch

Enclosure



AGREEMENT
| | BETWEEN
 DAMON BIOTECH,

TRRANOH

PATERT BRING
OGC,DEHS bﬁmau

2

o

NOV 1383

INC. AND THE NATIONAL CAN

WHEREAS Damon Biotech, Inc., 119 Fourth Avenue, Needh
02194, USA, (hereinafter designated as "Damon") has d
sote owner, by virtue of patent rights and ownership

of certain technology directed to the encapsulation o
biological materials and 1iving cells, within semipen
methods  of producing such capsules, and to processes

(which technology as it presently exists and as it sh
by Damon independently of this Agreement, shall herei
"Encapsulation Technology"); and

WHEREAS the National Cancer Institute, a component of
of Health and Human Services (DHHS), through its Divi
at the Frederick Cancer Research Facility, Frederick,
designated as "NCI") engages in cancer research; and

WHEREAS the parties desire to engage'1n'3 Jo1nt'deve1
application of the Encapsulation TechnoTogy to variouy
the area of cancer research;

'NON, THEREFORE, IT IS AGREED BETWEEN DAMON AND NCI AS

1. The activities conducted under this Agreement are
of Attachment A to Office of Management and Budage
which is attached hereto as Exhibit A, and by thi
hereof. With respect to Exhibit A, the term "Con
Biotech, Inc., and the term "Federa] Agency will
Health and Human Serv1ces..

Damon and NCI w111 engage in 301nt nxper1mentat1o
research using the Encapsulation Technology. - Sug
be organized into discrete projects each of which
experimentation with and development of a "NEW-PR
project shall be conducted under the joint direct
representative of each of Damon and NCI. The sco
particular allocation of responsibilities between
“to eazch project will be more particularly specifi
plan to be agreed upon by the parties. The NCI m
tha initial proposal for each such plan after con
the final form thereof shall be sublect to the ap
The first project plan is attached hereto as Exhi
this Agreement signifies the parties' approval of
project plans shall be deemed to have been adopte
written approval thereof by any officer of Damon

.Biological Response Modifiers Program {BRMP)} on b
attached initial plan and all plans which are sub
-modified upon the written approvai of any offxcer

‘ :D1rector BRMP, on benalf of NCE

CER INSTITUTE

-

am Heights, Massachusetts
eveloped and is currently

of proprietary know-how,

f core materials, including
meable membranes, to
employing such capsules

all be developed or acquired
nafter be designated as

the United States Department
sion of Cancer Treatment
MD 21701, (hereinafter

opment program'for the
s experimental projects in

FOLLOWS :

subject to the provisions
t (OMB) Circular A-124,
s reference made a part
tractor" will mean Damon
mean the Department of

n in the area of cancer
h experimentation shall

is directed toward
ODUCT OR PROCESS." Each
ton of an appropriate

pe of each project and

the parties with respect
ed in a written project
ay at its option draft
sultation with Damon and
praval of both parties.
bit 8, and the signing of
that plan. Subsequent
d by the parties upon the
and the Associate Director,
ehalf of the NCI. The ‘
sequently adopted may be -
of Damon and the Associate
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Damon grants to NCI a nonexclusive,_nonassignab]e,_rByalty-free license,
without the right to sublicense, to practice the Encapsulation Technology
only during the term of this Agreement, solely for the purpose of experi-
menting with, developing, and using in preclinical and clinical trials a
NEW PRGDUCT OR PROCESS in accordance with project plans approved and adopted
under Section 2 of this Agreement. The Encapsulation Technology shall at
all times remain under the control of Damon. NCI warrants that it will

use the Encapsulation Technology only as authorized by Damon in this Agree-
ment or as may be subsequently authorized by Damon in writing and agrees
that use for any such unauthorized purpose shall, without limiting Damon's
other rights and remedies therefor, have the effect of terminating th1s
Agreement and all of NCI's r1ghts hereunder.

Noth1ng in this Agreement shall be deemed to grant to DHHS (including NCI)

“or to any licensee of DHHS any rights or interests in any of the "Encapsu-~
“lation Technology,” as defined supra, except as specifically set forth in

this Section 3.

To the extent permitted by the Freedom of Information Act, 5 U.S.C. 552,

NCI agrees to use the Encapsulation Technology only in accordance with this
Agreement and otherwise to treat the Encapsulation Technology, improvements
to it arising from this Agreement and all other information having commercial

~value which pertains to the nature, manufacture, use and market potential of
-a NEW PRODUCT OR PROCESS, to which Damon has, under this Agreement, a first

option to title or-an exclusive license, as confidential trade secret infor-.
mation of Damon for the term of this Agreement plus an additional three (3)
years beyond the term of this Agreement or until it becomes public infor-
mation by virtue of the issuance of a patent, or by lawful disclosure not
emanating from either Damon or NCI, whichever first occurs. Preclinical

and clinical data developed by NCI in the course of testing a NEW PRODUCT -
OR PROCESS that has been developed shall be considered confidential trade
secret information of Damon only if the parties agree that it is essential

to a patentable invention to wh1ch Damon nas a first opt1on to t1t1e or an
exclus1»e license. :

To the extent perm1tted by the Freedom of Information Act, 5 U. S. C. 552, _
NCY will disclose confidential trade secret information only to emp]oyees, )
agents and others under a contract with NCI to comply with HCI's obligations

- hereunder pertaining.to the use and confidentiality of such information
.and to ‘inventions-arising hereunder, With respect to any licensing-agreement

which DHHS enters into pursuant to Paragraph j of Attachment A, to Office of:
Management and Budget (OMB) Circular A-124 (attached hereto as Exh1b1t A},

“NGCI may disclose only so much confidential trade secret information as shall

be requ1red for that purpose, and NCI agrees to inform Damon of what informa- .

‘tion it is disclosing-at least 30 days prior to the disclosure. Notwith-

standing the foregoing, NCI may not disclose to its Tlicensee pursuant to
Paragraph j of Attachment A, to OMB Circular A-124, any of Damon's confi-

“dential trade secret information which is not developed under this Agreement 'i_ﬁ o
or 11cense any of tne “Encaosulat1on Techno1ogj" as defined supra. : '
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If DHHS Freedom of Information 0fficials determine that the Freedom of
Information Act requires disclosure of any of the information identified

in this Section 4, other than disclosure of an invention which Damon or the
DHHS may patent under this Agreement but has not filed therefor, Damon will
be notified in writing fifteen (15) working days prior to the disclosure.
The disclosure notification will include copies of the documents to be
disclosed. If DHHS Frzedom of Information Officials determine that the
Freedom.of Information Act requires disclosure of information which would
identify or be essential to the use of an invention which Damon or the

DHHS may patent under this Agreement, but has not yet filed an application

therefor, such information shall be withheld from disclosure in accordance
with 35 U.5.C. 205 until a patent app11cat1on has been filed.

Damon recognizes that one of the purposes to be ach1eved by_th1s Agreement

is to create useful pubiications in the area of cancer research and agrees

to cooperate with NCI in facilitating such publications so long as they do

not result in the disciosure of Damon's confidential trade secret information.
Authorship shouid be determined by customary procedures related to individual
contributions. Unless a Damon employee coauthor (if any) has otherwise
approved the final text of such a publication, NCI agrees that if NCI or any
employee, agent or consultant of NCI proposes to publish any information
pertaining to the Encapsulation Technology or any activities hereunder or the
results thereof, NCI will cause the proposed publication to be submitted to

‘Damon for review prior to publication. Damon agrees to determine within 30

days if said publication contains confidential trade secret information of
Damon as defined in Section 4, and NCI agrees to delete any such information

“ from the publication. This Agreement does not give Damon the right to delay

or prohibit publication other than as stated above. Notwithstanding the
foregoing, the publication of any preclinical or clinical data developed by
NCI in the course of testing a NEW PRODUCT OR PROCESS will not be prohibited
or delayed unless such publication would, as agreed by the parties, disclose
information essential to a patentable invention. In that event, pubT1Cat1on
of the data will be delayed no longer than is reascnably requ1red aor Damon

s or DHHS to- apply for a patent on such 1nvent10n.‘

Each of Damon and NCI will naintu1n research records fully document1ng its
respective activities hereunder, and will regularly exchange with the other
orally and in writing current information in its possession or under its
control pertinent to the ongoing development of. the NEW PRODUCT OR PROCESS,

- and shall collaborate and use its best efforts to advance development of

the NEW PRODUCT OR PROCESS. Without limitation of the forecoing, each
party will provide the other with a full written report of its activities

_ hereunder no less freguently than quarter.y. Nothing herein will require -

the discliosure to NCI of information in Camon's possession as to which '

Damon is under an obligation of confidentiality to a third party.

“ NCI will in connection with its activities hereunder inform Damon promptly '
of any invention made by NCI's employees, agent or consultants or jointly

by NCI and Damon employees, agents or consultants in performance of work

- hereunder. The party entitied, under this Agreement, lo ho?d tit}e to an
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invention arising hereunder (see Sections 7-9), shall be responsible for
the preparation, filing and prosecution of each patent application relating
thereto, including the costs associated therewith, except as specified in
Section 8 below with respect to certain foreign counterpart patent applica-
tions which Damon may file for and on behalf of the Government., NCI and
DHHS shall cooperate, as requested, in the preparation, filing and prose-

~cution of a patent application by Damon. If DHHS is preparing a patent

app11cation, it will consult close]y with Damon in advance of filing and
g1ve due consideration to Damon's suggest1ons.

DHHS shall have title to an invention arising hereunder if (i) the only
named inventor or inventors are employees of NCI, or (ii) the invention is
a clone and/or the antibody produced therefrom which was produced at NCI
facilities, and the Encapsulation Technology is not claimed as a part

.of the invention,

In order to receive any license under this section Damon must advise NCI

in writing, within 90 days after the date on which DHHS files for a United
States patent, that Damon intends to develop and commercialize the invention
which is the subject of the patent application. If the only named inventor
or inventors of an invention arising hereunder are employees of NCI (see
Section 7(i)), DHHS shall grant and does hereby grant at the time of execution
of this Agreement, an exclusive, worldwide, royalty-free license to Damon

which shall expire on the ear1ier of five {5) years from the date of the
_f1rst commercial sale or use of the invention or eight (8) years from the

issuance date of a United States patent on the invention; provided that,

" following that expiration Damon shall have, and is hereby granted, a world-

wide royalty-free nonexclusive license that will terminate upon the expiration

~of the patent held by the Government claiming such invention. Each exclusive

Ticense granted to Damon shall be subject to the reservation to the Govern-
ment of (1) a right to use the invention for governmental purposes and to’
grant others royalty-free licenses to use the invention for such governmental
purposes, and (2) the march-in and other “Federal Agency" rights set forth |
in Exhibit A. If an.invention arising hereunder is a clone, and/or the
antibody produced therefrom which was produced at NCI facilities and the

~ Encapsulation Technclogy is-not claimed as a part of the invention, (see

Section 7{i1)}), DHHS shall grant and does hereby grant Damecn a nonexclusive,
worldwide, royalty free license for the life of the patent held by the
Government claiming such invention. Each license granted to Damon under

“ this section incorporates a right to sublicense, to make, use and sell the:'
~invention (and the SbbJELt matter of any patent ne]d by the Government

c1a1m1ng such 1nvent1on)

Damon may f11e fore1gn counterpart'patent applications at its own expense. .
for and on benalf of the United States Government, provided that Damon
informs the DHHS Patent Branch as to the countries in which it intends to
seek patent protection, and the foreign counterpart patent applications

are filed within six {6) months after the filing date of the United States
patent application, It is understood and agreed that, with respect to all
foreign counterpart patent appliicetions so filed, Damon shall be solely -
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;respons1b1e for ma1nta1n1ng the fore1gn patent applications and any patents
that may issue thereon, includirig the payment of all fees and annuities,

and that Damon may abandon any such patents and patent applications after
informing the DHHS Patent Branch of its intention to abandon not less than
thirty (30) days prior to the date a response to an official action from
the patent examiner or an annuity payment is due, and offering the DHHS _
the opportunity to assume the prosecution and/or maintenance, Damon agrees
that its use of such patent rights granted to it hereunder will benefit the
public interest. Damon will have control over and bear the costs of any
actions alleging infringement by third parties of such patents and actions
alleging that Damon's use of such patent infringes their rights. NCI and

- DHHS agree to cooperate in Damon's conduct and settlement of any such
~action.

Except.as provided in Section 7(ii), Damon shall have a first option to

_title to a Subject Invention, as defined in Exhibit A, resulting from

the performance of work under this Agreement if the 1nventor was at the
time* of conception or actual reduction to practice of the Subject Invention,
an employee of, agent of, or under contract w1th Damon, as provided in

- Exhibit A.

Except as provided in'Section 7(ii}), DHHS'agrees to execute a written
transter and assignment to Damon of its right of title to each invention,
and to any patent held by DHHS on such an invention, made jointly by
employees of NCI and Damon in performance of work under this agreement.
The title held by Damon under such a transfer and assignment shall be

subject to all the applicable terms and conditions of Exhibit A.

With respect to any invention arising hereunder in which Damon retains
title, DHHS shall have a nonexclusive, nontransferable, irrevocable, paid-
up license to practice, or have practiced, the invention on behaif of the
United States throughout the world. DHHS hereby agrees to execute any
releases, waivers, assignments, or other instruments necessary to perfect
Damon's r‘lghts under Sect1ons %9a. and 9b. of th1s Agreement.

To the extent that title to’ phys1Cq1 materaa]s, 1nc1ud1ng, without Timi--
tation, clones, cultures or substances produced therefrom which result

from the experimentation anduwork to be conducted hereunder, vests in the
United States Government, it is understood and agreed that: (i) the United
States Government shall have the r1ght to use or authorize others to use .
such materials;-and {ii) Damon shall have the nonexclusive right to make,
use and sell such materials for its own account. Provision of mater1a1sr .
by the NCI to Damon for production shall not imply transfer of ownership of
such materials.  Nething in this Section 10 shall be construed to diminish

“the rights of the parties under Sections 7 '8, 9a, 9b and 9c.

-Prys1ca1 mater1als, 1nc1ud1ng but not 11m1ted to clones, cultures or

substances, produced by or for the U.S. Government prior to, or 1ndependent
of this,agreement shall remain the property of the U.S. Government. Speci-
fically, if such an HHS derived clone or its product, even if it is not
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~described as an invention, becomes an integral part of an invention the

title to which accrues to Damon as a result of this Agreement, HHS will
retain unimpaired ability to further develop alternative options with such
clone or product for any other purpose and with any other organization.
Access to such materials by Damon shall be governed by standard Government
regulations for disposition of Government property. Any previous agreements
that the Government has in place relative to title, possession or use of
these materials shall remain in place. NCI agrees to inform Damon in
advance of any restrictions relating to such materials which would limit
Damon's proposed use of the materials.

NCI and Damon warrant that they will conduct their respectﬁve activities
hereunder in strict compliance with this Agreement so that no third party
rights in any invention arising hereunder are created except as described

- herein.

Each party will be respons1b1e for its own compiiance with all laws,

requirements of Government agencies, and use of due care, and will bear
its own expenses in the conduct of experiments hereunder.

NCI's Institutional Review‘Board for clinical research will review all
information related to the safety and efficacy of each product prior to

administration of the product to any patient in the course of this Agreement.

At NCI's request, Damon will provide NCI with analytical, chemical and
other data related to the product provided by Damon hereunder. NCI will
use this data to determine the safety and efficacy of the product for
clinical use. If impurities are present in the product preparation which
are caused by the use of Encapsulation Technology and which prevent the
use of the product in patients, Damon will use its best efforts to remove
such impurities.  If such removal is not accomplished satisfactorily, the
project involved may be discontinued at the option of NCI.

This'Agreement will be binding upon and inure to the benefit of the succes-
sors and assigns of Damon. .NCI may not assign this Agreement or any of
its rights hereunder, or delegate any of its aut1es hereunder, without the

- prior wr1tten consent of Damon.

This Agreement and the 11cense herein granted to NCI shall remain in effect
for one (1) year from the date set forth below and thereafter until either
party terminates it by giving the other no less than thirty {30) days'

prigor written notice of termination. The rights and obiigations of the
parties with respect to maintaining the confidentiality of Damon's trade
secret information, and with respect to patentable discoveries and physical
materials resulting from experiments hereunder commenced prior to termination
of this Agreement, will survive such termination; specifically, NCI may
complete the testing, preclinical and clinical, of such discoveries and
materials, with Damon cooperat1ng as necessary in that Lompiet1cn, and NCI's
and Damon’'s rights to use such discoveries and materials in such preclinical

~and clinical trials as set forth in this Agreement will not be restricted

by such termination,
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Neither this Agreement nor any term or provision hereof may be waived in

‘whole or in part except by a written instrument signed by one of Damon's

officers and the Director, Division of Cancer Treatment, on behalf of NCI,
expressly stating that it is intended to operate as a waiver or modification
of this Agreement. If any term or provision of this Agreement shall be
invalid or unenforceable to any extent or in any application, then the
remainder of this Agreement, and such term or provision, except to such
extent or in such application, shall not be affected thereby, and each and
every term and provision of this Agreement shall be valid and enforced to
the fullest extent and in the broadest application permitted by law.

-

This Agreement is effective as of < .Toh., 15 17472

. NATIONAL CANCER INSTITUTE :-"” o . DAMON BIOTECH, INC.
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Vincent T. DeVita . ig€l I.. Webb

Director : _ President



