most advanced and high-volume ICs re-
sides in automated work stations that
any engineer can use, semiconductor
producers will have to scramble harder
to. earn a buck. To avoid becoming mere
silicon foundries for other’s designs, the
chipmakers are creating thelr own pro-
prietary compilers. Silicon Design Labs
and spA- Systems Inc., a neweomer in
Santa Clara, Calif., offer systems that
enable chip designers to save their best
work as bulldmg -bleck modules within
the company's proprietary compiler. The
chipmaker with the best library of de-
sign modules would presumably secure
an edge over the competition. SDL re-
ports it has already shipped 40 systems
to 17 semiconductor companies, includ-
ing Motorola Ine, and NCR Corp.

producers of so-called standard cells.
These are semicustom chips that contain
small circuit modules—such as those
that do multiplication and keep time—
that can be mixed and malched to pro-
duce an I1¢. Boston’s Technology Re-
search Group Inc. predicts that compil-
ers, which work by assembling much
larger and more flexible “megacell”
building blocks, wili completely displace
standard cells by 1995,

Standard-cell specialists such as LSI
Logic, vist Technology, and Gould’s
Semiconductor Div. are rapidly building

con ' Structures, a startup in Munich,
claims that the semiconductor factory of
the future will fabricate compiler-de-
signed chips to order. So ESs formed an
ailiance with Lattme Logic Inc., a compil-
er company in Edinburgh, Scotland
skepTicism. Compilers have limitations
that draw continued skepticism, howev-
er. The biggest issue is their inability to
incorporate test cireuits into the finished
chips. Semiconductor engineers routinely
inelude test circuits in their 1Cs, but that
is possible only with an intricate knowl-
edge of how the chip works—which is
exactly what the compiler is designed to
eliminate. For that reason, the excite-
ment about compilers is “much adoe
about not much,” declares Gerard H.
Langeler, erecutive vice-president of
. Mentor Graphics Corp., a supplier of
computer-zided engineering systems.
The size of compiler-désigned chips is
the other main criticism of the technol-
ogy. The new tools usually yield chips at
least 10% larger than hand-crafted de-
signs. In the semiconductor industry,
where chip size is measured in square
millimeters, such “waste’ is a sure tick-
et to financial ruin. But Andrew 8. Rap-

What's important to the systeém builders,

he says, is designing better robots or
telephone switching equipment and get-
ting them to market as fast as possible.
In the fastpaced electronics mdustry,
the rule of thumb is that a six-month
delay in getting to market. costs one-
third of potential profits.

The compiler companies are respond-
ing by delving into the realm of artificial
intelligence to fashion programs that
will automatically insert test circuits.
Look for the first “smart” compiler to
arrive within a year. After that, experts

believe the systems will grow progres-
sively smarter, to thée point where an

engineer need only deseribe what he |
"wants a chip to do, and the computer

will take over from ‘there. When that
day comes, compilers will ‘return full
control to the systems engineers, who
used to rule before the electronics indus-
try became dependent on the semicon-
duetor industry’s standard chips.

By Rickard Brandt in San. Francisco,
with Otis Port in New York and bureau
reports :

Hardest hit of the chipmakers will be

RESEARCH

BUILDING BRIDGES -B_E'rw:'!n
PUBLIC AND PRIVATE R&D

CONGRESS WANTS NATIONAL LABS TO SHARE THEIR
TECHNOLOGY WITH INDUSTRY—FOR PROFIT .

their compiler capabilities. European Sili-

paport, president of Technology Re-
search Group, argues that silicon size is
“no longer an issue” for custom chips. -

: or Richard A. Cortese, it’s a dream
F coming true. The president of Al

pha Microsystems has long—and
longingly—admired the Jet Propulsion
Laboratory. After all, that National
Aeronautics & Space Administration lab
in nearby Pasadena, Calif, is a techno-
logieal powerhouse. But even though his
little computer company is just 45 mi.
away in Irvine, Cortese never ﬁgured he

stood much chance of tappmg JPL's tech- |-

nology storehouse.”

But thanks to Rimtech, a non'broﬁt
company that aims to push JPL technol-
ogy into the commercial arena, Alpha
Microsystems and other Southern Cali-
fornia companies are getting a crack at
pulling JPL’s space-age developments
into their businesses. “The JPL expertise
may give us a leg up on the competi-
tion,” says Cortese, who wants to learn
about JPL's techniques for eompressing
computer data. That could boost the ca-
pacity of Alpha’s tape-based storage sys-
tem for personal computers.

Rimtech—which is short for Research
Institute for the Management of Tech-
nology—is a new twist in the way the
counfry’s national labs intéract with in-
dustry. For an entry fee of $25,000, Rim-
tech helps find solutions to specific prob-
wems. It asks a company to list its
echnical hurdles, then checks with JPL
researchers to see if they can help. The
company also markets JPL technology to
likely prospects. “We see ourselves as a
catalyst,” explains -Rimtech President
Steven M. Panzer.

The new program at JPL is the latest
step in an effort to better utilize the
enormous scientific resources of the fed-
erzlly funded labs, In addition to such

venerable mstltutlons as -Los AJamos

Lawrence Livermore, and Brookhaven,
there are 700 more lesser known lights.
Collectively, they spend more than one-
third of the government’s annual re-
search and development budget—$§55 bil-
fion in fiscal 1986. Their work has
produced some important commercial

technologies; clean rooms for the semi-

conductor industry and nuclear magnetic
resonance imaging, to name just two.
That's why Congress toid the national
labs in 1980 to get more bang for the tax
buck by identifying R&D with commer-
cial! potential and passing it on to indus-
try. Most labs, however, stil aren't
adept at spinning off R&D, Technology
transfer has often meant little more
than publishing research results and hir-
ing someone to stage seminars. “It’s
catch-as-catch-can,” admits Ronald W.
Hart, director of the National Center for
Toxmologlcal Research.
SALES INCENTIVES. NASa, for example,
spends $11 million a year'to peddle its
technology to industry. But since it be-
gan charging for technology licenses
only in 1981, it collects a paltry $100,000
a year in royalties. Even lab officials

admit they haven’t been very eflective

at transferring technology. Partly that's
because their researchers have little in-
centive to think along Qoml;nerclal lines,
since they don’t share in patent royal-
ties. Eugene E. Stark, chairman of an

action group called the Federal Labora- ,

tory Consortium for Techno]ogy Trans-
fer, concedes that “at best, we're only at
20% of the optlmum level of transferring
technology.”

But Washington i is about to crack the |

whip again. This month, Congress will

probably send P_res_ident Reagan new
" legislation aimed at fostering even

1
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tighter links between the labs and indus-
try. The ticket to mobilizing the labs in
defense of U. 8. interests, Congress be-

lieves, is to make them more business-

like—and what better way to do that

than to apply the profit motive? A key

provision of the House bill, passed last

December, will give each lab director the

authority to sell licenses to his facility’s

work—and allow the lab to bank the’
royalties, An amendment in the Senate

version would compel the labs to pay at

least 15% of all royalties to the research-

ers who patented the technology.

Some labs are already implementing
new mechanisms for techunology trans-
fer. In New Mexico, both Los Alamos
National Laberatory and Sandia Nation-
al Laboratories have emulated a recent

-university practice and set up “incuba-

tor” operations to nurture entrepre-
neurs. Tennessee’s Oak Ridge National
Laboratory even has its own for-profit
venture capital group. “We've spun off
seven companies in the last year,”
boasts E. Jon Soderstrom, director of
technical applications. And if Rimtech is
successful at JPL, NASA plans to roll out

similar programs at all of its labs.

AN ACTIVE VENDOR. The National Bureau
of Standards has long been .effective at
transferring its technology. That agen-
¢y's secret: encouraging industry to as-
sign researchers to temporary duty in
NBS labs. As many as %00 industry-spon-
sored researchers have augmented the
NBs staff of 1,400 professionals. “Tech-
nology is in the minds of people,” ob-
serves Alfred S. Joseph, chairman and
founder of startup Vitesse Electronics
Corp. in Camarillo, Calif. “You can ef-
ther send your people to the labs, or yon
can bring the federallab people out.”

Industry, however, is hardly without
blame for the poor results of technology
transfer. Many companies are ignorant
of the new openness of federal labs.
Others remain unaware that Washing-
ton has changed the rules governing li-
censes to permit exclusive deals. As a
result, says Robert H. Pry, a technology
consultant who advises Washington,
“you have to do a lot of evangelism just
to get them interested.”

Foreign companies don't need prod-
ding. Overseas businesspeople are flock-
ing to the national labs. 8 me lab offi-
cials confide that the numb - of visitors
from offshore, especially-Japan, is
frightening: They far outnumber the
representatives from U. 8. companies. So
unless more executives like Cortese take
advantage of such programs as Rim-
tech, promising new technologies may
go begging in America, while foreigners
become the first to reap the benefits of
U. 8. tax-supported research,

' By Scott Ticer in Los Angeles :
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Blotechnology in Europe

MARK D. DIBNER

The countries of the European Economic Community
have recently mounted considerable efforts to commer-
cialize biotechnology. Together, these efforts approach
the same number of companies and level of government
spending as those in the United States, In Europe there is
more government emphasis on support for industry-
university collaborations and industrial projects than in

the United States, where basic rescarch is emphasmed,,-—-'-'-"’

Euro efforts are often not easily delines—""
those in the United States; many- A
have extensive U.S, onﬂ"‘“ ' :
have involye—"" -
European: '
those in th / é 7 p }L/ 7
hatli's

ECENT :
Rnology-

industri,
date, few major p <{
place, and strategi
throughout the wa ’1)
commercialization
efforts and governn
are expected to be th
success {1, 2). How
European-based comy -
nology and, although 1 RpY - CO['ISldCer
a major competitor to s OF Iapan, a coordinated
effort in Europe could - «ghly competitive.

The success of European biotechnology will depend on multifac-
cted strategies. Each country has individual programs for govern-
ment funding, education, and targeted arcas of support. Also,
specific programs unite the biotechnological efforts of the European
Economic Community (EEC). Companies have individual strare-
gies for their success which, in turn, affect the overall strength of
European biotechnology. Programs employed by European coun-
tries and companies to gam success in the commercialization of
biotechnology are described in this article and strategies compared
with those in the United States.

Historical Perspective

The new biotechnologies can be related to advances in genetic
research during the past 30 years, mostly in the United States or in
the United Kingdom (3). Recombinant DNA tcchnologm that
evolved from basic discoveries enabled the cngmccnng of cells to
produce protein products with grear commercial importance. The
lure of new products spans many industrics; chemical, agricultural,
pharmaceutical, and cnergy, among others. Although many ad-
vances in “basic research ‘were made in. academic or government
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- not readily available in Fr-—"

laboratories, the commercial applications of these processes were
clear, and new companies were formed to take advantage of the new
opportunities {€). Thus, in the 1970, the biotechnology industry
was formed. Between 1979 and 1983, more than 250 such compa-
nies were founded in the United States alone, bolstered by an
abundance of venture capital (1, 3, 5). Although venture capital was
" "w biotechnology companics were
appearing th-" -
B S e expected o generate immense
ticals and diagnostics made by
upected by some estimates to
wal revenues within the next 5
'DNA products involved in
iomass conversion, oil recov-
ware, tO name just some, a
ltion for recombinant DNA
1 (7). Thus, large corpora-
been prompted to become
trategies to do so (8, 9). In
and development, large
jonships with academic
in order to more quickly
roducts of biotechnolo-
the United Scates and in

/k{f/(/df

-wraure composed of both small

: _ —.sporations. The products of recombinant

.- unot easily gained, however, because of high costs,

development time, competition, and regulation. Recently, many of

the small firms have reduced the sizes of their staffs, and a few have

been bought by large corporations amidst predictions that many

small biotechnology companies will not survive the next 5 years

(13). Thus, the biotechnology industry is changing, and strategies of

governments and individual companies play an important role in the
struggle for commercial success.

Europcan Biotechnology

As in the United States, the 1980° brought the formation of
small companies in Europe to pursue the commercialization of
biotechnology (14). Although the origin of many of these compa-
nics was the same—basic research laboratories—their original

sources of funding were considerably different. In the absence of

significant venture capital, many new European firms were funded

* with money from traditional industrial corporations and financial.

institutions, ot by direct or indirect govi:mmcnt support (1, 14-16)..
In addmon, many large European corporanons initiated major
programs in biotechnology (14).

M. D. Dibner is a neurobiologist in the Central Rescarch and Dcvclopmcm:

ment, E: 1. du Pont de Nemours & Company, Experimental Station E400, Wi

ton, DE-19898, and a scnior fellow in the Management andTochnolog) ngmm of! d1c
Wharton School at the Unwcmtv of Pennsylvania. :
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The actual number of European companies involved in biotech-
nology is an elusive figure because there are many types of involve-
ment. A recent compilation of companies with research, develop-
ment, and production activities in biotechnology contained more
than 250 firms locaved in Europe (Table 1) (16). Because of small
size or improper categorization some companies may have been
omitted (17}. The greatest involvement in biotechnology in Europe
is in the United Kingdom, followed by West Germany and France
(I). With large pharmaceutical companies based in Switzerland, it
also has considerable biotechnology efforts. Because of concerted
government involvernent, the Netherlands and fraly also have
government cfforts related to biotechnology (I, 16, 18).

European compamcs in biotechnology have interests ranging
from food processing to chemicals to pharmaceuticals (I, 3, 16).
Some are pursuing products of their own whereas others perform
contract rescarch employing hybridoma or recombinant DNA tech-
nology. Table- 2 contains the number of companies in selected
European countries listed by specific arcas of concentration. These
areas were provided by the companies, and many companies report-
ed involvement in more than onc area (16). Agriculrare, diagnostics,
and pharmaceuticals are the strongest arcas of concentration, When
normalized as a percentage of total companies, the percentage of
companies in the United Kingdom and Japan working on fermenta-
tion technology is higher than that in the United Staws, possibly
because of the historical involvement of these countries in fermenta-
tion (1, 14).

In addition to the newly formed compamcs, many larger estab-
lished ones have significant involvement in biotechnology (14). Of
the 20 largest pharmaceutical companies worldwide, eight are
European and have major biorechnology programs (11 are in the
Unired States and one is in Japan) (I6, I9). These companies,
Hoechst, Bayer, Ciba-Geigy, Hoffmaan-1a Roche, Sandoz, Boch-
ringer Ingelheim, Glaxo and Imperial Chemical Industeies (from
West Germany, Switzerland, and the United Kingdom), represent
over §13 billion in 1984 pharmaceutical sales (19). The largest
pharmaceutical companies in Belgium, Denmark, France, Italy, the
Netherlands, Norway, and Sweden also have major cfforts in
biotcchnology (16, 19, 20). As with large U.S. pharmaceutical
companies, the target markets for the large European-based compa-

Table Lm biotechnology. The number of companies with biotech-
nology r cfforts in 1985 are listed. For comparison, there were 312
U.S. companies (16).

Counrtry fourrpﬁl;f Representative companics

Austria 4 Biochemie

Belgium 15 Celltarg, Plant Genetic Systems
Denmark 8 Novo Industri
Finland 8 Genesit, Labsystems
France 31 E¥f Aquitaine, G3, Generica,
Lafarge-Coppee, Transgenc
West Germany 18 Applicd Biosystems, Bioferon,
Biosyatech
Greece 1 Biohellas
Hungary 7- .
Ireland 12 Biocon, Bioquest
Israel 16 Interpharm Laboratorics
" Tealy . 16 Erbameont, Sorin Biomedica
Netherlands 12 Gist Brocades
Norway 3
- Spain 5
Sweden 17 Cardo, KabiViaum, Phannacua :
Switzerland - 16 Arcs Applied Rescarch, -
Fermentech,

United Kingdom - 79 . Ce

Microbiat Resources’

Table 2. Involvement in specific arcas of biotechnology. Data are selected tc-
indicate the number of companics working in the indicated areas o
concentration. U.S. and Japancse data are provided for comparison (16, 20).

Arca France Traly West I‘Jmtcd United Japa:
¥ Germany  Kingdom  Srarcs P

Agriculture 5 i 2 15 73 12
Antibiotics 1 2 4 1 4. 8
Chemicals 1 —_ 1 4 37 31
Diagnostics 3 5 6 10 141 15
Fermentation 3 —_ —_ 6 21 13
Food 2 _ 1 12 18 17
Hvbridomas 2 4 4 4 50 13
Pharmaceuticals 2 5 4 5 28 28

Total 31 16 18 79 319 161

nies are not just domestic, but worldwide. In turn, many Europea
biotechnology companies are attempting to address world market:
to be known simply as “biotechnology companies,” not just a
“French” or “British” companies, for exampl¢ (17). '

Larger companies, with their multinational presence and immens:
resources, have access to facilities that transcend national boundaric
{15). One example is the West German chemical and pharmaceutic:
giant Hoechst, which has donated a total of 3100 million t
Harvard University and Massachusetts General Hospital in order
gain access to basic rescarch in molecular biology and to train it
scicndsts (16, 20). Hoechst also has subsidiaries in the United Stat
and France. In addition, Hoechst has formed coventures in biotec!
nology with firms in the United States, the United Kingdom, an
Japan (16). Being able to work on all these fronts enables Hoech-
and other large companics to gain expertise and increase the
chance of commercial success. The smaller European biotechnolog:
companics usually compete without the benefits of access to globa
resources (15).

Government Coordination and Support of
Biotechnology

With the lure of high revenues, governments in some Europe:
countries have sponsored multifaceted programs to achieve succe
in biotechnology. Government strategies include support for ac
demic programs in relevane sciences, support for new companic
entering the industry, support for large corporation-based projec
in biotechnology, and support for industry-industry or industr
academic interactions (21). In contrast, U.S. government support
primarily for basic research with little for the private seon
although the presence of venture capital may obviate this need (1,
5, 16). Further, European government programs are aimed ac lar;
targeted projects or commercial goals, whereas U.S. governmc
programs have less direct focus on commercial success (1, 5, I+
However, recent U.S. funding of a large Center on Biotechnolo
Process Engineering at the Massachusetts Institute of Technolo
and other smaller programs may indicate a broadening of U.
government focus in support of b;otochnology (2, 5).

The combined government support in all European countri
approaches the same level as U.S. government support, but t
focus of support of the largest government programs is qu
different (Table 3) (15). Some individual government programs ¢
described below.

United Kingdom. Support for biotechnology in the United Kn
dom was minimal before 1980, when the Advisory Courcil
Applied Rescarch and Development published their report:

: biotechnology (22}, oulining shortcomings in the ability to devei
b:otcchnology in the United Kingdom and rccomm:ndmg spec
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strategics to counteract them. Particularly encouraged were the
transfer of technology from the public sector to industry and the
enlargement of programs for basic research and innovation (22).
The Brtsh government responded with a broad program of
support {23).

Public funding in the United Kingdom comes from a number of
sources. The Department of Trade and Industry (DTI) funds
training programs, innovative industrial projects, and is establishing
centralized database and cell depository centers (16, 23). The
Science and Engineering Research Council (SERC) is developing a
program to advance nine priority sectors (I5, 23). The Medical
Rescarch Council (MRC) funds extramural programs as well as in-
house research at its various units, including the Laboratory of
Molecular Biology in Cambridge that has been the home of many
Nobel laureates including Francis Crick, Frederick Sanger, James
Watson, Cesar Milstein, and George Kochler (3).

The Bridsh Technology Group (BTG}, a public corporation, was
funded by DTI to assist in the transfer of biotechnology from the
basic research laboratory through commercialization. As such, BTG
is a public source of venture capital. For example, Celltech was
formed in 1980, funded by BTG and four corporations, and given
the first right of refusal for patents related to genetic engineering
and hybridoma technologies that came out of in-house MRC
research (I, 24). Thus far, Celltech has had considerable success,
especially with monoclonal antibody technology and the scale-up
production of custom-made antibodies. In 1984, Celltech’s exclu-
sive access to MRC patents was renegotizted and suspended, leading
to their transition from government control to becoming a public

company (24). This is an excellent example of a government-

coordinated effort to foster the development of technology and,
with its success, allowing private enterprise to take over. Another
example is the transfer of the Centre for Applied Microbiology and
Rescarch (CAMR) to the Porton International Group, a private
investment group with industrial and banking sharcholders (I6).
CAMR. was started as part of the Public Health Laboratory Service
with eight laboratories related to microbiology and biotechnology.

A major focus of the British government’s strategy is to scale up
biotechnological processes. By making an effort to concentrate on
production, the United Kingdom is hoping to attract foreign

Table 3. Government funding of biotechnology (1, 16, 20).

companies to locate manufacturing facilities within the British Isfes
or to gain revenues and employment by contract production. This
strategy is apparently working; at least four foreign pharmaceutical
manufacturers have gone to the United Kingdom for production
(20). However, it is possible thar the United Kingdom and other
European nations cannot be competitive in scale-up production
because of high costs of fermentation nutricnts due to EEC pricing
policies (25).

. West Germany. The Federal Ministry for Rescarch and Technolo-
gy (BMFT) funds biotechnology rescarch in West Germany with
specific goals, such as basic technology development and technology
wransfer from academia and government to industry (1, 26). Espe-
cially supported are projects that address West Germany’s traditional
strength in fermentation processes (I4). The BMFT also funds
grants to institutes (such as the Max Planck Insdture), universities,
and government laboratories. The most notable government re-
scarch center is the Society for Biotechnological Rescarch (GBF),
which has a research staff to perform basic studies and provide

services to the public and private German community. A major -

focus of the GBF is to foster technology transfer to industry (1, 14,
16, 26). The goals of the GBF include bioprocess and scale-up
technologies, joint projects with industry, and interdisciplinary
training. The GBF is now considered one of the best biotechnology
rescarch facilities in Furope (I).

France. Despite a late entry into biotechnological research, the
French government has stated a goal of capturing a 10% share of the
world market for biotechnology by 1995 (I4, 16). Government
funding is provided by the Ministry of Research and Industry and
specific govemment institutes. In an effort to support future com-
mercialization, the major focus of government support is technology
transfer to industry. Research centers, such as the Centre Natonal
de la Recherche Scientifique (CNRS) and the Institut de Ia Santé ec
de la Recherche Médicale (INSERM) have research programs in
molecular biology (27). Despite these efforts, technology transfec
from academia to industry in France has been reported to be far less
than optimal ().

In contrast, a number of institutions with a large percentage of
government support have gained significant strength in biotechnol-
ogy. The Institut Pasteur receives almost half its funding from

Annual
Country Government branch or institute Goals and favored technologics ﬁm%igg
_ (X10°*
France Institut de la Recherche et Mndustric; other biomedical Academic-industry collaboration S100
agencics Commercial processes
Bioprocess scale-up
West Germany Ministry for Research and Technology; Sociery for Academic-industry collaboration 5120
Biotechnological Research Technology transfer
Basic biotechnology
Scale-up
Pharmaceuticals
New compounds
Netherlands Ministry of Science Policy Five-year plan to foster collaborations $30
Scale-u
Switzerland Federal Institute of Technology Uﬁivcrsit}[r)—industry collaboration:
. ] : Biorcactor designs
United Kingdom Department of Trade and Industry; Medical Rescarch Fund industrial projects 580
o Council; Science and Enginecring; Research.Council; Technology transfer to industry
British Technology Group .Scaleup -
) Fermentation '
Downstream processing .
United States National Institutes of Health; National Science Foundanon, Basic rescarch (95%) $750
: Applied generic research (<5%)

departments of Agnallturc, Energy; Defense

 *Daw are approximate for years 1983-1985 (1, 5, 14-16).
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Table 4. European presence in the United Seates. Eurof pharmaceutical
companics with major U.S. operations and their world rank in 1984
pharmaceutical sales (1, 19, 20).

Company Rank

Amersham (United Kingdony)

Bayer {West Germany) 4
Ciba-Geigy (Swirzerland) 5
Glaxo (United Kingdom} ‘ 18
Hocechst (West Genmany) ‘ 3
Hoffmann—La Roche (Switzerland) 11
Imperial Chemical Industries (United ngdom) 20
Rhone-Poulenc (France) 26

Sandoz (Switzetland) : 12
Wellcome Foundation (United Kingdom) 23

Table 5. European companies with U.S, subsidiarics involved in biotechnol-
ogy (16, 19, 20).

Company Subsidiary

Bayer Cutter Labs

Miles Labs

Molecular Diagnostics
Biocon (United Kingdom) Biocon (United States)
Bochringer-Mannheim Bochringer-Mannheim Biochemicals
EIf Aquitaine Ceva Labs
Fisons PLC (United Kingdom) United Diagnostics
Gist Brocades (Netherfands) Gist Brocades (United States)
Hoechst Anwerican Hoechst

" Hoechst-Roussel Pharmaceuticals

Imperial Chemical Industries Stuart Pharmaceuticals

government grants. Insticut Pasteur Production, a private company
joindy owned by the Institur Pasteur and Sanofi (part of EIf

Aquitaine, a nationalized pharmaceutical and chemical corporation) -

receives first right of refusal for discoveries in many areas of research
conducted at the Institur Pasteur (16). Two other large pharmaceu-
tical and chemical companies with substantial biotechnology pro-
grams are owned by the French government: Roussel Udaf (a
subsidiary of Hoechst, 40% owned by the French government) and
Rhone-Poulenc (100% government owned) (1, 16). With the
nationalization of these corporations, the French government is
directly involved in the business of biotechnology and thus plays a
large role in the commercial success of biotechnology in France.

Other countvies. A few other European countries, such as the
Netherlands, Switzerland, Belgium, and Iealy, have government
programs to develop biotechnology. These programs are more
modest than those in the United Kingdom, West Germany, and
France, but the goals are similar—technology transfer to industry
and commercialization. Of course, there are individual approaches.
The Netherlands, for example, has launched a program of support
for biotechnology that includes tax and funding incentives to recruit
biotechnology companies to locate facilities within its borders (16,
2.

Although government intervention in the commercialization of
biotechnology has been predicted to play an important role in
national success, the strength of individual companies also lends to
that success. One company considered a leader in biotechnology in
Europe is Novo Industri, which is based in Denmark, a country
with no major national policy for supporting biotechnology (16).
Novo, in coltaboration with Squibb, has begun marketing its human
tnsulin produced from genetically altered porcine insulin, a potential
challenge o Lilly’s recombinant DNA insulin market (16). Never-
theless, the greatest benefit of European government programs is
likely to come from the transfer of people and ideas between the
university and corporate sectors. This transfer generally does not
occur easily without intervention (135).

Scientific Manpower

Two distinct categories of manpower requirements are necessary

 in biotechnology: For basic research, access to laboratory scientists
- engaged in molecular biology, genetics, and immunology is neces:

sary. For commercialization and scale-up there must be sufficicnt
manpower in bioprocess cngmccnng To achicve success in biotech-

nology, a country must have training programs and trained person-
ncl in both arcas. A few'years ago, there was a projected shortage of

rescarchers-in the United States; trained in molecular biclogy (28).

Although th:s situation has abatcd, thcrc is increasing concern that

1370

only few programs of instruction in bioprocess .engineering are
located in the United States (I, 2, 29). Japan reportedly has an
ample supply of bioprocess enginecrs, which may contribute to their
predicted commercial success (2).

In Europe the availability of trained personnel varies by country.
The United Kingdom has sufficient training of basic research
personne! (1). However, personnel trained in scale-up may be in
short supply, in part due to a low salary scale and leading 10 a “brain
drain” to other countries (1, 14). The outlook is brighter for West -
Germany, which has been training personnel in bioprocess engineer-
ing and in the new basic tcchnologlcs for many yeass (1, 14). In
France, the picture is much less optimistic, with prcdlctcd seripus. -
shortages in both categories of manpower (1). How this situation
affects 2 country’s success in biotechnology should become apparent
within the next few years, as more products reach the marketplace.

European—U.S. Interactions

Many of the companies involved in biotechnology in Europe are
large corporations with a considerable presence in the United States.
Table 4 lists ten European corporations, including some of the
world’s largest multinational chemical and pharmaceutical compa-
nies, that have major U.S. operations (such as research or manufac-
turing facilities). For example, Ciba-Geigy has located its agricultus-
al biotechnology research group in the United States (16). In Table
5 are cight European corporations involved in biotechnology that
own U.S. subsidiaries. The Japanese presence in the United States is
kess obvious (2). With major research and development operations
in the United States, European companies gain immediate access to
trained manpower and proximity to the hundreds of U.S. biotech-
nology companies.

Just as the large U.S. and Japanese corporations work with ULS.
biotechnology companies to gain access to basic research and
development, so, too, do European corporations (2, 8). Joint efforts
berween European companies and 1.8, biotechnology firms involv-
ing pharmaceuticals are shown in Table 6. The list of products
involved is virtually identical to products being developed in
conjunction with Japanese and U.S. corporations (2, 20, 29). Most
of the European corporations listed in Table 4 already have substan-
tial U.S. marketing operations and are well poised to capture 2
substantial U.S. market share for their products.

Many U.S. corporations have significant European subsidiaries or
facilities. Also, many U.S. and Japanesc companics have joimt
ventures with European biotechnology companies. For cxample.
Celltech has joint agreements with Interferon Sciences and Serono -
Laboratories of the U.S., as well as with Sankyo and Sumimoto ot -
Japan (16). Howcvcr thcrc are no clear cxampla of U.S. ﬁ.rms with
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the” majority of their biorechnology research facilities in Europe.

Current drug export laws in the United States do not generally
allow the export, for purposes other than clinical testing, of drugs
that have not received full Food and Drug Administration (FDA)
approval. However, regulatory agencies in some European countries
may approve the release of a compound before approval is complet-
cd in the United States. To gain access to European markets before
FDA approval is granted, many U.S. pharmaccutical companics
have built manufacturing facilities in Europe and other parts of the
world (30). One U.S. biotechnology firm, Centocor, recently built a
manufacturing facility in the Netherlands, at least in part for the
same rcason (31). If the U.S. drug exportation laws are not
modified, this trend will likely continue (18). In addition, with
European labor costs at 40 to 75% of those in the United States, and
with European government programs to artract industry, U.S. firms
have further incentive to locate facilities abroad (22, 32).

'Consolidating European Efforts

Individual European countries have resources and industrial
efforts in biotechnology that are overshadowed by those in the
United States. However, as an aggregate, European biotechnology
is almost as large in number of companies, training, and government
funding. Historically, the unification of European countries has
been difficult, but specific programs are directed at consolidating
blotcchnology cfforts in Europe. '

Realizing that European biotechnology might lag seriously be-
hind programs in the United States and Japan, the Commission of
the European Communities created programs to assist long-term
research and development priorides in Europe (33). The Biomolec-
ular Engineering Program, first proposed in 1976, was initiated in
1982 to support specific research projects (15). This program, due
to end this year, has spent about $15 million on 100 contracts,
yielding highly successful research, especially in the area of plant
molecular blology Another 5-year program, FAST (Forecasting
and Assessment in Science and Technology), was initiated in 1978
to determine futures in science and technology (15, 33). Weaknesses
in European biotechnology were noted, including lack of cohesive-

ness, cmigration of scientists and isolation of individual efforts, thus
preventing the attainment of “critical mass” (33, 34). Steps had to
be taken to allow the European Community 1o create a concerted
effort in biotechnology (34). The Biotechnology Acdon Program
was established, along with the Concertation Unit for Biorechnolo-
gy in Europe (CUBE), to help monitor and coordinate the program
(33, 35). This six-point program was proposed in late 1983 and
included support of research and wraining, concertation of govem-
ment policies .involving biotechnology processes, uniform regula-
tory policies and patent laws, and other special projects (34).
Although not approved unril March 1985 and funded at about 350
million (two-thirds of the requested budget), many reseacch projects
have already received support, especially transnational projects (15,
34). It is, however, too carly to tell whether these programs will
¢nable European biotechnology to coordinate efforts and allow
Europe to catch up with the United Srates or Japan.

One program with funding from the European Commission is the
European Bictechnology Information Project (ERIP), housed in
the Science Reference Library in London. According to its director,
John Leigh, the main purpose of EBIP is to “act as a focus for
biotechnology information within the European Community™ (36).
Toward this end, EBIP conducts seminars in biotechnology infor-
mation since “there is a need for a more cohesive approach o
biotechnology information within the European Community . . . a
federation of countries with different customs and languages, the
EEC lacks the fluid exchange of information which Japan and the
United States do have,” according to Leigh (36).

Anocther group working on coordinating bictechnology in Eu-
rope is the European Federation of Biotechnology. Founded in
1978, this group now has 52 member societics from 17 European
countries. Their goal is to promote the interdisciplinary nature of
biotechnology and its development in Europe through working
parties, conferences, and documentadon (37). In addition, they
organize a European Congress of Biotechnology every 3 ycars, next
scheduled for May 1987 in The Hague {37).

Also serving biotechnology in Europe is the European Molecular
Biology Organization (EMBO), based in West Germany. The
primary functions of EMBQ are to promote transfer of information
about molecular biology and to promote basic rescarch (38). The

Table 6. Joint agreements between ULS. biotechnology companies and European companics. Joint cfforts involving pharmaceutical products between 1982
and 1985, Abbreviations: IFN, interferon; mAb, monoclonal antibedy, KPA, kidncy plasminogen activator; IL-2, interleukin-2; hGH, human growth
hormone; HSA, human scrum albumin; and CSF, colony-stimulating tactor (1, 16, 20).

U.$. company European company Product
Biogen Bioferon (West Germany) IFN
Biogen Burroughs-Wellcome (United Kingdom) Vaccine
Biogen KabiVitrum (Sweden) Factor VIII
Centocor Hoffmann—La Roche (Switzerland) mAb’s
Cetus Roussel Uclaf (France) Vitamin B,;
Collaborative Rescarch Sandoz (Switzerland) KPA
Damon Biotech Hoffmann-La Roche mAb’s
Flow Labs Bioferon IEN
Genentech Gruenenthal GMBH (West Germany) Urokinase
Genentech Hoffmann—La Roche IL-2
Genentech KabiVitrum hGH
Genentech Speywood Labs (Umtocl ngdom) Facror VIII
Genetics Institute Sandoz iL-2
Genetic Systems Currer Labs (Bayer) mADb diagnostics
Genctic Systems Institut Pasteur (France) Diagnostics
Genetic Systems -Miles Labs (Bayer) mAb’s
Genex KabiVitrum HSA
Genex Schering AG (West Germany) Blood protein
Hana Biologics - Recordati S.p.A. (Ialy) mAb diagnostics
Hybritech Bochringer-Mannheim - mAb’s
Immunex Behringwerke (Hoechst) - CSF
Unigene Labs Diagnostics

Sigma-Tau S.p.A. (Italy)
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ﬁ:;t function is aCcompli'shcd by sponsoring workshops, courscs,

" and other educational programs. The second important function is

the basic rescarch taking place in their centralized facilities, the
European Molecular Biology Laboratory (EMBL) in Heidelberg. A
third function is the funding of short-term and long-term fellow-
ships for study in molecular biology totaling about 400 each in
1985 (38). According to its Execurive Secretary, John Tooze,
“EMBO does not sce itself responsible for promoting biotechnology
in Europe as such, but rather for promoting basic molecular biology
in Europe. Of course, the biotechnology programmes and biotech-
nology companices recruit from the academic molecular biologists
who benefit from EMBO’s activities” (38). '
Lastly, with 2 worldwide concern about the safety of molecular
biological processes, the Organization for Economic Cooperation
and Development (OECD) is in the process of creating a uniform
set of guidelines to govern the use of these technologies. Along with

-many ‘EEC countrics, the United States has participated in this

process. By providing a uniform sct of regulations, the OECD
guidelines should facilitate the transfer of biotechnology between
countries and assist the commercialization process. On the other
hand, the QECD guidelines will be in the form of advice rather than
law. Also, it is not certain whether forthcoming U.S. government
guidelines will encompass OECD guidelines and thus place U.S.
firms in a favorable competitive positon in Europe (39).

Conclusions

The term “European biotechnology,” like “U.S. (or Japanese)
biotechnology,” is highly misleading. Clearly, European biotechnol-
ogy is the summation of many efforts in biotechnology; it encom-
passes. the activities of hundreds of companies and many govem-
ments. However, with billions of dollars and thousands of jobs at
stake, if any one of these “entities” can achicve a competitive edge in
biotechnology, considerable reward should follow. What distin-
guishes European biotechnology is that many different nations make
up the aggregate cffort, with their distinct programs, levels of
support, targeted research areas, and so on. There are also strong
individual company cfforts in Europe, such as those by Novo
Industri, Celltech, EIf Aquitaine, Hoechst, Bayer, Transgene, and
others. Govermnment programs in the United Kingdom, West Ger-
many, and Francc appear strong, but, as with most ventures in
biotechnology, the full extent of their success remains to be deter-
mined.

Three key features of European biotechnology bear repeating as
they may lead to the success of the aggregate program. First,
European programs that transcend natonal boundaries should
enhance the aggregate program, Most notable in this category are
the programs of the EEC Commission, which will provide common
resources and foster collaboration, as well as the EMBO programs,
which provide 4 unified source of training. Second, is the common
focus on technology transfer seen in individual government pro-
grams as well as the EEC programs. By supporting academic-
industry joint projects and the wransfer of rescarch from government
laboratories to industry, these programs should facilitate the com-
mercialization process. Although a passive transfer of biotechnology
to industry in all countries noimally exists; there has been livtlé effort
on the part of the U,S. government to assist in this process, possibly
decreasing the future competitive strength of U.S. biotechnology.
Third, the distinction berween U.S. and European biptechnology is
not as fine as that between U.S. and Japanese biotechnology. Many
large European-based companics, such as Bayer, Hoechst, Ciba-
Grigy, Hoffmann—La Roche, Wellcome, and Sandoz, have previ-

-ously pcnctratcd U.S. markets and have U.S. faalmcs for research

B7z

. 35. K. Freeman, Genet. Eng. Nows § (No 3), 3 (1985).

and development. These companics thus have ready access to U.S.-
trained personnel, as well as access to scale up in their home
countries,

The race for success in the commercialization of biotechnology
will have no clear winners for many years. Recent reports have
predicted a close race between the United States and Japan.
European biotechnology, although a dark horse, should not yer be
¢liminated from the running. Already, individual efforts from
European companies are showing the first signs of success. If
cohesiveness and critical mass can be achieved in the aggregate
program, European biotechnology has the porential to become a
strong competitor in the long run.
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BUILDING BRIDGES BETWEEN
PUBLIC AND PRIVATE R&D

CONGRESS WANTS NATIONAL LABS TO SHARE THEIR
TECHNOLOGY WITH INDUSTRY—FOR PROFIT

PID Assistance

For Richard A. Cortese, it's a dream
coming true. The president of Al
pha Microsystems has long—and
longingly-—admired the Jet Propulsion
Laboratory. After all, that National
Aeronautics & Space Administration lab
in nearby Pasadena, Calif., is a techno-

logical powerhouse, But even though his .

little computer company is just 45 mi.
away in Irvine, Cortese never figured he
stood much chance of tapping JPL's tech-
nology storehouse.

But thanks to Rimtech, a nonprofit
company that aims to push JrL technol-
ogy into the commercial arena, Alpha
Microsystems and other Southern Cali-
fornia companies are getting a crack at
pulling JPL's space-age developments
into their businesses. “The JPL expertise
may give us a leg up on the competi-
tion,"” says Cortese, who wants to learn
about JPL’s techniques for compressing
computer data. That could boost the ca-
pacity of Alpha’s tape-based storage sys-
tem for personal computers. -

Rimtech—which is short for Research
Institute for the Management of Tech-

' nology—is a new twist in the way the

country’s national labs interact with in-
dustry. For an entry fee of $25,000, Rim-
tech helps find solutions to specific prob-
lems. It asks a company to list its
technical hurdles, then checks with JPL
researchers to see if they can help. The
company also markets JPL technology to
likely prospects. “We see ourselves as a
catalyst,” explains Rimtech President
Steven M. Panzer.

The new program at JPL is the latest
step in an effort to better utilize the
enormous scientific resources of the fed-
erally funded labs. In addition to such
venerable institutions as Los Alamos,

Lawrence Livermore, and Brookhaven,
there are 700 more lesser-known lights.

Collectively, they spend more than one- |;

third of the government's annual re-
search and development budget—3$55 bil-
lion in fiscal 1986. Their work has
produced some important commercial
technologies: clean rooms for the semi-
conductor industry and nuclear magnetic
resonance imaging, to name just two.
That's why Congress told the national
labs in 1980 to get more bang for the tax
buck by identifying R&D with commer-

cial potential and passing it on to indus- |,

try. Most labs, however, still aren't
adept at spinning off R&D. Technology
transfer has often meant little more
than publishing research results and hir-
ing someone to stage seminars. “It's

catch-as-catch-can,” admits Ronald W. |
Hart, director of the National Center for |

Toxicological Research.

SALES INCENTIVES. NASA, for example,
spends $11 million a year to peddle its
technology to industry. But since it be-
gan charging for technology licenses
only in 1981, it collects a paltry $100,000
a year in royalties. Even lab officials
admit they haven't been very effective
at transferring technalogy. Partly that's
because their researchers have little in-
centive to think along commercial lines,
since they don't share in patent royal-
ties. Eugene E. Stark, chairman of an
action group called the Federal Labora-
tory Consortium for Technology Trans-
fer, concedes that “at best, we're only at
20% of the optimum level of transferring
technology.” -

But Washington is about to crack the
whip again. This month, Congress will
probably send President Reagan new
legislation aimed at fostering even

tighter lin-ks between the labs and indus-

try. The ticket to mobilizing the labs in
defense of U.S. interests, Congress be-
lieves, is to make them more business-
like—and what better way to do that
than to apply the profit motive? A key
provision of the House bill, passed last

December, will give each iab director the |

authority to sell licenses to his facility’s

work—and aliow the lab to bank the ;

royalties. An amendment in the Senate
version would compel the labs to pay at
least 15% of all royalties to the research-
ers who patented the technology.

Some labs are already implementing
new mechanisms for technology trans-
fer. In New Mexico, both Los Alamos

National Laboratory and Sandia Nation- |

al Laboratories have emulated a recent ;

university practice and set up “incuba-

tor” operations to nurture entrepre- :

neurs. Tennessee's Oak Ridge National

Laboratory even has its own for-profit -

venture capital group. “We've spun off
seven companies in the last year,”
boasts E. Jon Soderstrom, director of
technical applications. And if Rimtech is
successful at JpL, NASa plans to roll out
similar programs at all of its labs.

AN acTive venoor. The Natiopat Bu

of §§ngam§ has long been effective at
ransfernng 1ts technology. That agen-

cy’s secret: encouraging industry to as- -

sign researchers to temporary duty in
NBS labs. As many as 900 industry-spon-
sored researchers have augmented the

NBS stafl of 1,400 professionals. “Tech. = -

nology is in the minds of people,” ob- -

serves Alfred S. Joseph, chairman and
founder of startup Vitesse Electronics
Corp. in Camarillo, Calif. “You can ei-
ther send your people to the labs, or you
can bring the federal-lab people out.”
Industry, however, is hardly without
blame for the poor results of technology

transfer. Many companies are ignorant

of the new openness of federal labs.
Others remain unaware that Washing-
ton has changed the rules governing li-
censes to permit exclusive deals. As a
result, says Robert H. Pry, a technology
consultant who advises Washington,
“you have to do a lot of evangelism just
to et them interested."”
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U.S. PATENT PRODUCTIVITY

Analysis Shows a decline in inventive output for the U.S. chemical industry between 1965
and 1980 that may well be represeniative of industry as a whole. :

Stephen . Adler and Herbert H. P Fang

On the basis of trends in patenting activity, one of us

- reported in an earlier study that there was compelling

evidence of a decline in innovative activity in the U.S.
for the period 1965-1975 (1}). During the past decade
or more, other observers have reached the same
conclusion by other methods of measurement or
reasoning (2,3). Since no one has yet proclaimed a
renaissance of innovative activity, we may assume that

" things are still as they were or that they may have

gotten worse. :

The study reported in this article includes data from
the mid-1960s through 1982-83 to get a longer view of
this phenomenon. We have also examined several
variables not studied in the first paper to see if we can
better understand what accounts for the patterns of
patenting activity both by U.S. industry and within
various segments of the industry.

Recognizing that there are year-to-year variations in the
patents issued by the U.S. Patent Office, most of the
data used in this paper are running three-year averages
reported for the second year of the period. The
Smoothed data for 1966-1982 (Figure 1) show that the
total number of patents per year rose from ca. 60,000
in 1966 to ca. 75,000 in the early 1970s (4,5). Since
about 1977, the level of activity has again declined to
ca. 60,(_)00r The data contain an important underlying
Inessage about the nationality of the inventors. Non-
us, nventors have increased their absolute rate of
gencranop from ca. 10,000 to ca. 25,000 patents per
year. -Dl{rmg the same period, U.S. inventors’
Production declined from ca. 50,000 to ca. 35,000

g;::ﬁ:: Svef year. In 1965, about 20 percent of U.S.
ere i :
1983, thas fig1sa=.ue:d 10 non-U.S. inventors (Figure 2); by

Higure had risen about 41 percent, and the
Patent Office reports that for 1985 it was 43,9 percent.

The decline i i i
fund ¢ in U.S. inventive output is the most

‘ amem_ﬂl observation we have made. All of the

Steph e
Eas&,.?é%g ‘; director of Stauffer Chemical Company’s
10 Stauffer o 1'1‘396C6ntel‘ In Dobbs Ferry, New York. He went
from Rooseye] 9. Adler got a Bachelots Degree in 1951
chemistry froni University and M.S. and Ph.D. degrees in
€ has publisheglﬂfthwesgern University in 1953 and 1954.
Mote than 10 11 articles in the field of catalysis and holds
the Phjl,, dClphia; 1.Dpate:nts. In 1980 he received an award from
€ patent sygre %tﬂnt Law Association for an article about
Crbert H, p al:; ig an author who is not a patent attorney.
search Center gf s 4 program manager at the Eastern
Worked since 197 tauffer Chemical Company, where he has
Feceived his py 1 | A chemical engineer by training, he
A BS, from Nap .10/ from the University of Rochester
ational Taiwap University in 1965.

other facts and observations that follow are merely
claborations of this.

In the earlier study we analyzed patent generation and
R&D expenses over a decade for the 12 largest
chemical companies. The R&D expenses were
published figures corrected for inflation. The patent
data were obtained from Information For Industry. A
minor concern in the first study was that not ali of the
patents issued to any one company might have been
counted because of assignments to subsidiaries with
names that might not have been included. In the
present paper, the patent data are those that

were graciously supplied by each of the chemical
companies {6). ‘

The so-called “Big 12 companies can be used to
monitor the activity of the chemical industry because
they account for a large fraction of research
expenditures and patent activity for that industry. For
example, the “Big 12" spent ca. 40 percent of the
industry’s research dollars and got ca. 30 percent of
the patents. Figure 3 shows how the “Big 127 share of
the U.S. patents granted to U.S. inventors has changed
between 1967 and 1980. Since 1974, that share has
been down to a nearly constant 5.1 percent stasting
from ca. 6.5 percent at the beginning of the period.

_ There i3, thus, a double decline to be noted—(a) U.S-

invented patents have declined both in absolute terms
4and as a percent of the total patents, and (b) the
cheimical industry is getting a reduced share of that
smaller pool.

Patent Productivity

_“Patent productivity” is the_ratio Qf patents issyed in

any_year to the money expended on R&D in the same
year. It has units of number of patents/$MM of R&D.
Admittedly, this productivity quotient is simplistic
because it ignores expenditures that do not have
patents as an expected outcome. It also sidesteps the -
question of the time lag between the doing of the
research and the issuance of the patent. Nevertheless,
patent productivity is a concept that is useful for
tracking an industry or a company to spot trends over
a period of time. In this paper, the number of patents
will always be the smoothed average and expenditures
will always be reported as constant 1967 dollars by
correcting actual figures with GNP price deflators (7).

Figures 4, 5 and 6 show the patent productivity for the

“Big 127 as a function of time in groups of four

companies arranged according to sales volume. The

four largest companies (Du Pont, Union Carbide, Dow 29
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and Monsanto) show a similar pattern. The data show
an inverse relationship between patent productivity
and company sales. This fact is examined in more
detail in a following section. The middle group (Allied,
Celanese, American Cyanamid and Hercules) follows a
somewhat different pattern with time, with a more
distin¢t maximum for each curve in the mid-1970s
followed by a steep decline. There is once again the
observation that patent productivity is apparently
larger when sales volume is lower. In the third group,
the curves for Ethyl and Stauffer have the maximum in
the mid-1970s as noted in Figure 6, but Olin and Rohm

"and Haas have very different shapes. Also, one cannot
say for Figure G that there is an obvious correlation
between productivity and company size.

In the view of people who see research as a vital
function of a corporation, sales might be expected to
increase with more research (of the right kind). The
same might be said of patents. That is, more research
should lead to more patents. Figures 7 and 8 show
how patents vary with R&D expenses for the “Big 12"

30 (in constant 1967 dollars). The expected relationship of

more patents with greater research expendxturcs is
readily seen.

When the same analysis is made once more for patent
productivity (number of patents/$mm of R&D), the
picture is entirely different. We plot patent
productivity against sales for two periods, 1971-75 and
197680 (8). Figures 9 and. 10 show that productivity
varies inversely with sales volume. What this says is
that the efficiency of the R&D organization in
producing patents goes down as the size of the parent
corporation in constant 1967 dollars gets bigger. Is
there no efficiency of scale in this process? We will
return to this question again.

Figures 11 and 12 show the relationship of patent
productivity to the percent of sales allocated to R&D.
The two periods are once again 1971-75 and 197680,
respectively. Although some scatter is seen in both
plots, the predominant feature is an inverse
relationship of patent productivity to R&D as a pcrcent
of sales. Both the abscissa and the ordinate refer to
quantities that are the ratio of an output to an input:
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Figure 9.—Patent Productivity V5. Sales
(1971-75 Average). '

Number of patents
R&D expenditure

R&D expenditure
Sales volume

and

It is also possible to sece whether patent productivity
increases with the absolute level of R&ID} expenditure.
This is the most direct way to test the efficiency of the
“process”’ of producing patents. In other words, if
there is efficiency of patent productivity, we should see
it reflected in the absolute size of the R&D organization
and, therefore, in its annual expenditures. Figures 13

and 14 present these data. There is no doubt that, for
both time periods, patent productivit sesias the
absolute level of R&D expenditure increases. It is not at

all clear why patent productivity does not increase
instead. The expected increase in efficiency is simpiy
not there. In fact, larger R&D units become less
efficient in the context of this paper.

One might wonder whether the findings about patent
productivity for the chemical inudstry can be
explained by the position of the “Big 12" relative to
the U.S. as a whole. Table 1 shows the sales, R&D
expenditures, sales volume, patents and patent
productivity of the “Big 12" compared to total U.S.
figures. '

The rable shows that sales, as a fraction of GNP,
increased 17 percent but that R&D expenditures rose

-only about one-sixth as much from the early 1970s to

the late 1970s. During that period the fraction of U.S.
patents assigned to the “Big 12" declined 5 percent.
{The patent statistics of the years 1982-84 show a
modest upturn in the number of patents for the
companies in the "“Big 12" However, the ratio of
patents to constant dollar R&D has continued to
decline to ca. 1.2 for the group.) The large chemical
companies invested more in research and got fewer
patents out of the process. The data, when stated in
terms of patent productivity, show that the “Big 12"
had a decrease in the period studied that was half

32 again as big as the 27 percent reduction experienced

Number of Patents/$MM RO

Sales (1887 . Billions)

Figure 10.—Patent Productivity V5. Sales
(1976-80 Average).

by the entire U.S. That is to say, the “Big 12" (and the
chemical industry by extension) behaved like the
whole country, just more so. '

A comparison of the patent activity of the chemical
industry with other industries is beyond the scope of
this paper although it might lead to some important
conclusions. However, one can choose. representative
companies from other business sectors and look for
similarities in patent productivity. Table 2 presents such
information for a group of companies compared to the
“Big 12" and to Du Pont as a representative of the
chemical group, and for the U.S. on average.

The data in Table 2 show that most of the companies
have had reduced patent productivity and in three
cases a larger reduction than is true for the “Big 12
Only one company in this group, General Electric,
shows an increase of 14 percent. Further, the absolute
level of productivity for the “Big 12" is higher in both
periods than for any of the other companies reported.
The picture that emerges is that most sectors of U.S.
industry were declining in patent productivity over the
decade of the 1970s and that the chemical industry is
not atypical. Thus, if there is an innovation malaise, it
is very widespread, and all sectors of U.S. industry
need to be concerned.

Interpreting the Data
Before proceeding to a detailed examination of U.S.

" patent productivity, we should note that Gilman

described another concept in 1981 which he called
“patent inventivity” (9). This quantity is the ratio of
patents issued to sales volume. He concluded from an
analysis of patent inventivity that the largest companies
were less inventive than smaller ones. This result was
disputed by Jackson et al. who felt that Gilman had
used a sample that led to an incorrect conclusion (10).
Gilman and Siczek subsequently reported on a.
function that is the same as the one that we had
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previously called “patent productivity” (/7). They
looked at a broad range of companies whereas we
looked in detail at the chemical industry. In this paper,
we have examined only a handful of companies in
other industries (Table 2).

In the earlier study, we speculated about the most
likely cause or causes of the slowing in U.S. patent
activity. Among the causes proposed and rejected in
that study were the following:

® Companies are more careful or selective in
choosing patents to file.

® Less R&D money is available because of funds
diverted to meet regulatory requirements,

® There is more reliance on “trade secrets” vs
patents.

® The U.S. market is viewed as not worth the cost of
getting patent protection.

® More stringent criteria are being épplied by the U.S.
Patent Office for allowing patents.

None of the above explanations makes any more sense
today than it did in 1980. The one explanation that
was thought to be most plausible then was that g shift
in R&D orientation had taken place toward low-risk
mmm@%&
These activities are less likely to lead to large numbers
of patenis because they are designed to fine-tune
formulations, discover new uses of a chemical or
improve the process by which the chemical is made.
We can test this hypothesis by looking at the record of
three chemical companies with very different patent
productivities. For each of three companies, Allied, Du
Pont and Stauffer, the patents in each of three years
were examined to find out what fraction were
“composition of matter” as opposed to those with use
or process claims only. It was assumed that larger
numbers of composition of matter patents would
correlate with higher patent productivity. Table 3
shows the results of this analysis. There is no obvious
correlation between the type of claims and the number
of patents per $MM of R&D for all three companies
tzken together. There is, however, an apparent




Table 1—Sales, RGD Expenses and Patent Productivity”

1971-75 avg. 1976~-80 avg. % Change
(Sales)12( GNP)12 1.94% 2.27% 17
(R&Dh2/(R&D)ys 2.76% 2.84% 3
(Patents)z/(Patentsiys . 55% ° 5.2% -5
(Patent Productivity)ys 2.2 1.6 -27
(Patent Productivityhs 4.4 2.9 —33

*Number of patents per million of 1967 dollars spent on R&D.

" Table 2—Patent Productivity in Various Industries

Patent Productivity (# Pat/$MM R&D)

71-75 avg. 76—80 avg. % Change

“Big 12" (Chemical companies) 4.4 2.9 =33
Du Pont {Chemical) : 2.8 1.9 -30
AT&T (Communications) 3.0 1.0 -67
Hewlett-Packard (Electronics) 1.2 0.6 —49
General Electric {Elecrrical) . 2.4 2.8 +14
Eastman Kodak (Photography) 2.7 1.2 -57
Merck (Pharmaceuticals) 1.9 1.8 —~8
Motoroia (Semiconductors) 3.0 2.6 -13
U.S. Average 2.22 1.61 -27

Table 3—Relationsbip of Patent Productivity To Type of Patent Claims

% of Patents with

Patent Productivity

No. of Comp. of Matter No. of Patents/$MM
Company Patents Studied * Claims _ . R&D
Stauffer —1970 71 51 6.6
1975 127 60 9.0
1980 99 50 . " 5.4
Allied —1970 39 26 . 9.7
1975 = 43 19 107
1980 38. 11 4.0
Du Pont—1970 162 31 2.8
1975 112 -39 | 2.6
1980 . 63 46 . 1.5

correlation for each company by itself (Figure 15).
Because of the few data plotted, it would be desirable
to extend this analysis 10 other companies over more
years to see if our observation is more than a
coincidence. '

It is undeniable that chemical and other companies
have experienced a steady decline in both the number
of patents granted and in patent productivity. The latter
is a crude measure of the return on research
investment. One can find a variety of explanations.
Abernathy pointed the finger at management (2),
whereas Kline indicated that we are about to enter a
new age in chemistry (3). However, it is also possible
that we are experiencing an effect in research that is
analogous to the finding that “new oil is harder to find
than old oil”" Any resource that must be mined out

- 34 Dbecomes progressively more expensive because the

“All of Stauffer's patents were examined in the three years; one-third of Du Pont's and Allied’s patents were examined.

most easily reached deposits are taken first. Is there
such a phenomenon in industrial research? If there is,
we should find that the money will increase that must
be spent on R&D to achieve a fixed amount of

progress. This should lead to the observations reported

here.

Among the factors making research progressively more
expensive is that the infrastructure required to do
research in the 1970s and 1980s is increasingly
sophisticated and expensive, For example, most
research laboratories of any significance have analytical
facilities that include NMR spectrometers, HPLCs,
ESCA-Auger spectrometers, SEMs and the like. This
equipment is typically run by highly skilled specialists.
In an earlier time, analyses were thought to be
adequate or acceptable with much simpler, less elegant
and far less costly techniques. Also, the laboratory of
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today is equipped with a full range of sophisticated
computers and database searching facilities. These are
only two examples that can be cited. No wonder R&D
costs are escalating. Furthermore, this is a factor that
affects the larger companies more than the smalier
ones. The large companies are the ones most likely to
feel the need for highly sophisticated facilities to maich
the technological demands of their research areas.

if one now adds the economic criteria attendant to
new research, the picture of high costs becomes even
more pronounced. The chemical industry has seen a
steady decline in profitability in the last two decades,
and new research must face far more hard-nosed
criteria of profitability and return on investment than
ever before. New chemicals that might have been
considered acceptable in an earlier time may now be
thought to be too unprofitable to develop, This leads
to R&D that has fewer commercial successes as a
fraction of the numbers of areas explored.

Finally, we should address the question of the
adequacy of R&D funding in the U.S, Between 1964

It is possible that we are
experiencing an effect in
research that is analogous
to the finding that ‘‘new
oil is harder to fmd than
old oil.”’

and 1978 the level of R&D funding as a fraction of
GNP dropped 25 percent, from 2.96 percent of GNP to

' 2.22 percent. By 1985, however, it had moved back up

to an estimated 2.7 percent. Increased spending on
R&D cannot of itself guarantee greater innovation, and
there is probably no “right” level to ensure a
revitalized atmosphere of innovation. Nevertheless we
are encouraged by this dramatic turnaround. Now it
remains to be seen whether the U.S. patent output as z
measure of innovation also turns around and heads
back up. ®
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Clash of the titans

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 strsngths and weaknesses of the

two technologncai superpowers

"The recent movie “Gung Ho™ gets a lot of

laughs out of the manyv misunderstand-
ings that ensue when a Japanese car firm
moves into & sad little town in Pennsyl-
vania. Stereotypes abound: dedicated
Japuanese managers putting in double
shifts. lazy American loudmouths slowing
down the assembly line—with the Jocals
winning a baseball match between the
two sides only through brule force and
intimidation. '

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 ali
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 roughiv a seventh of those of its
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major trading partners.

In the 1960s. American companties held
ali the technological high cards and domi-
nated the world's markets for manufac-

. tured goods, The United States supplied

OLOGY

over nTee-guariers of the elevision sets,
half 1he motor curs and & quarter of the
steel used around the world. Yet. a mere
twoe  decades iater. Japan had aken
Amenca’s place as the dominant supplier
of such products.

The agony for American: does not end

- there. Over the past 25 szers they have

seen:
® Their share of world trade fall from
21% in 1960 1o 14% in 1985.

& The American trade balance go from a
surplus of £3 billion in 1960 1o a deficit of
$150 billion last vear.

& More worrvinghv still. the countrnv’'s
trade balance in manufactured goods slip
from a healthy surplus of $11 billion as
recently as 1981 1o a deficit of $32 billion
last vear——approachmg 1% of America’ s‘
total output.

® The volume of its marmfacmnmT ex-
ports tumbie 32% over the past five
vears—with every 31 billion of exports
lost costing an estimated 25. 000 "Ameri-
can jabs.

Angry and confused, busmessmen in
the United States have had to stand by
and waich as “smokestack™ industry all -
around them has been snuffed.out. Then
came the unthinkable: if the Japanese

could thrash them in mainstream manu--

facturing. would-they give them a maulmg
in high technology. to0?

By the beginning of the 1980s, it began‘
to look as if they would. It became clear
that the Ministry of International Trade
and Industry (MIT1} in Tokyo had “‘target-
ed” not just semiconductors and comput-
ers but all of America’s high technology .
industries—{rom aerospace to svnthetic
materials—for a blitzkrieg attack,

Six- years on, Japan has scored some

weer Britain

Japan

l Staying ahead... ...but falling behind
i Real GDP per worker relative to Real GDP per worker
i the US Avarage annual % growth.1973-83
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4 SURVIY HIGH TECHNOLOGY

e

FPower to the elbow

Amencans work everv bit as hiard -as
(and often a lot harder thant the lapa-
nese—~gnd  geperats  proporuonaiely
more wealth 1 the process. The average
outpu: ©f Amencan workers iast year
was $30.80C. The Japanese equivaient
was 322,500 rar an average 1985 ex-
change rate of Y220 1o the doliar]. ’

But Iabour productivity is only half the
storn. The amoun: of capiial applied 10 a
worker's elbow is cruciz:. toc. The tradi-
tiona: definiuon of proguctiviry (ourput
per hour of all workeTs; makes it dgifficult
to measurs these inpurs sepurately.
True. the definivon rehects ali the fac-
-tors that contribute 10 Fising output—
from advances in techinciogv. bertter
utiiisation of capaciny . Improvements in
the wayv producuion i3 organisec and
sharper managemeni. 16 harder efforts
by the workers themselves as well as the
impact of changes in the amount of
capital emploved.

In 1983, the American Bureau of La-
bour Statistics introduced a wvardstick
called multifacior prodvctivity. This
shows the changes tn the amoumt of
capital as well as labour used in produc-

1ton. Reworking its data for 1950-83, the
bureaw found that multifactor productiv-
ity in the United Stawes increased at an
average annual raie of 1.7% for the
period. As ouipui per hour over the
same period increased by an annual
2.5%. capual productviiy mcned up by
oniy 2 modest (1.8% & vear.

Overall. America’s multifactor pro-
ductivizy has shown two disunct trends
over the past 25 vears. Up till the first oil
shock of 197_, the country expenenced
an annual 2% muitfactor growth: then
an anoual averags of 0'1!3 0.1% from
1973 tc 1981, The posr-OPEC slowdown

_ seems to have resulted from high interest
rates keeping the brakes on capital
spending. while more people were hav-
ing o work jonger hours to hdncr on to
therr jobs.

How did the Japanese fare"’ The driv-
ing force behind the Japanese economy
over the past 25 vears has been the high
growth in capital input. Mr Dale Jorgen-
son &nd his colleagues at Harvard Uni-

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

fence build-up began in 19807 It ooks

the same for the rwo countries. All told.
the growth in Japanese prodoctivity out-
sinppec iha: in the United Siawes until
1970, when productivity growth began 1o
slow dramatcally in Japan. Thereafter,
with Vieinam behunc it and two oil
shocks ahead. the American economy
flaxed its muscies and coped more effec-
tively. Then the competitive advantage
staried to move back in America’s
favour. )

The interesting thmg 18 what has hap-
pened since the last recession, Multifac-
o7 productivity in the United States has
been running a1 an average of 3% a vear,
while the growth in labour productivity is
now averzging nearly 4% a vear. That
means thai productivity of capital em-
ployed is now growing at well aver 6% a
vear. '

Could this be the first signs oi the
productiviry pav-off from the $88 hillion
that Detroit spent on new plant and
equipment over the past half dozen
vears; the combined (additional} 3180
billon invested by the airlines since
deregulation, telecommunications firms
since the AT&T consent decree and the
Pentagon since President Reagan's de-

.

Ie marl\ably ilke ]I B

notable hits. A group of American econo-
mists and engineers met for three days at
Stanford University. California. last vear
10 assess the damage”. They concluded
that Jupanese manufacturers were al-
ready ahead in consumer electronics, ad-
vanced materials and robotics, and were
emerging as Amenca's flercest competi-
tors in such Jucrative areas as computers,
telecommunications, home and office
automation, biotechnology and medical
instruments. “In other areas in which
Americans still hoid the lead., such as
semiconductors  and  optoeliectronmics,
American companies are hearing the
footsteps of the Japanese”, commented
the Stanford economist Mr Daniel
Okimoto.

How loud will those footsteps become"
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, they are prone to periodic bouts of
honest self-reflection—as if, throughout

their two centuries of nationhood, they -~

Copycat turns leader?

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; Pear] Harbour, Sput-

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

_hlgh—tech'o’ : oy

nik, Vietnam are recent examples. What |

follows then is usually a brief and heart-
searching debale along.with a detaiied
anaivsis of the problem. then an awesome

display of industrial muscle coupled with

unexpected consensus between old adver-
saries—most notably between Congress
business and labour.- -2 . oiosl

With its ceaseless shrpments 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 steel industry to a smoujdering
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 f1nally then, Amertcan lethdrgy
ceased. ~ -

This survey tries to assess the strenoths
and weaknesses of the world s two lech-

Japan unwittingly supplied the’

notogical 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 is going to-

range fercely along the high-tech fron-
tier—where both countries take a special
" pride in their industrial skills and cherish
sacred Tbeliefs about their innate
abilities. . - - -

The question that ulttmate]y has to be
answered is whether America is going 1o
allow the Japanese to carry on nibbling
away at its industrial base without let,
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, which of the
two technological heavyweights should
one put some money on? In the blue
corner, Yankee.ingenuity? In the red,
Japanese productlon sawy"

Is Japan still a technoioglcal free Ioader—or has it become a pacesetter m

Amenca 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 next page). Orrly in three. -

high-tech  industries—communications
and electronics, office automation, and
ordnance—have Ainerican companies in-
creased their market share.
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The Japanese know thev do not have a
chance in fields that are either defence-
related (for example. weapons. aircraft,
satellites and avionics) or 1oo dependent
on imported energy or raw materials (like
petrochemicals). But 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 would have thought it pessible a
decade 2go? Of the 500 breakthroughs in
technology considared seminal during the
two 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 researchers have won 158. 1t is
not hard to see why Japan has been
considered more an imitator  than
innovator.

Stanford University’s Mr Daniel Oki-
moto lists half a dozen reasons for Japan's
lack of technological originality in the
past:
® As an industrial latecomer,
ways been trying to catch up.
® The Japanese tendency towards group
conformity has made 1t difficult to win a
hearing at home for radical ideas.

# Research in Japanese universities is
bureaucratic. starved of cash and domi-
naled by old men.

e The venture-capital market is almost
non-existent.

e Lifetime employment, along with a
rigid seniority system, stifles innovation
inside industry.

@ And the traditional heavy gearing
(high debt-to-equity ratio) of much of
Japanese industry has made firms think
twice about taking risks. o

ANl these things—and more—have
been true to some extent in the past; but
af] are also changing. The deregulation of

it has al-
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Tokve's financiai markets, for insiance. is
forcing Japanese compames 1o reduce
their levels of debt {see accompanving
feature on next pagel. This. in turn. s
making them more adventurous. whiie at
the same ume heiping ferment a number
of venture-capital funds.

Japan’s “invisibie™ batance of techno-
logical trade (i receipls compared with
pavments for patent rovaliies. licences.
etc) whick bad a ratio of 1:47 a couple of
decades arce cames witiun & whisker of
being in taiance lasi vear. That sad,
Japan sull buvs 1ts hign-tech goods and
knowhow predominantly in the West and
selle  them mdml\ to the deveioping
worid.

In certain industries. hou;ver poa-
nese manufacturers have already started
burnping their heads against the ceiling of
current knowhow. There are no more
high-tech secrets to be garnered from

- abroad in fibre optics for telecommunica-

tions, gallium arsenide memory chips for
superfast computers, numericallv-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-
languuage word processors represent the
cuiting edge of high-tech in Japan—tak-
ing over the technological {(but hardly
expon leading} roie that colour television
played earlier (chart 3).

Although it is no longer quite the
technologlca! ifree-loader 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.
capable of vanquishing any rival, what-
ever the field. Yesterday. the smokestack
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sectors. Today. high technology. Tomor-

row, services. , . “Which is the ‘real’

Japan? asks Mr Okimoto:
Is it a technological imitator and industrial
over-achiever? Or is Japan an astule learner
and unbeatable colossus? Will Japan dis-
lodge the United States {rom its curreat
posttion of dominance in high technology as
convincingly as it did ip the smokestack
sectors? Or has it reached the limits of its
phenomenal postwar 0r0wth"

Iapan is all these thmgs and more. 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 modem electronics. For the

country that commands the three most
crucial technologies of all—semiconduc-
tors, computing and communicalions—
will most assuredly command the mighti-
est industrial bdndwagon of the twenty-
first century. MEE :

Made in the USA

Just as Japan has begun to muscle inte high-tech, America has raised the
technological siakes. The name of the game now is ultra-tech - -

High technology is an American inven-
tion. Despite the near melidown at Three
Miie 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 again, blame the
Japanese.

Five years ago, Amenca sold the world
$23.6 billion more technological widgets
than it bought. That handy surplus had
dwindled. says America’s Department of
Commerce. 10 a token $5 billion by 1984
(chart 7 on later page). Meanwhile, for-

eigners had grabbed three-quarters of the
world's current $300 billion in high-tech
trade. In the process, Japan has gone
from being a small-time tinkerer in the
1960s 10 becoming (as in everything else)
the Avis of hxgh techno]ogy to Amenca s
Hertz.
Even so, trade in h1gh tcchno]o

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 over a quarler to c]osc
toahatf: . - La -

Ofﬁce automation is now Amencas
most competitive high-tech industry as
well as its biggest revenue-earner abroad.
Selling its trading partners compuiers,
copiers and word processors brought in

e e
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How high is the high in high-tech? Diffi-
cult 10 sav. Most economists at ieast
agree that high leconoiogy proaucts er-
pody ar “"above average” CONCSOTALon
of scientific and engineering skills. As far
as the National Science Foundalion in
Washington is concerned. this means

Technology s top ten

products manufacrured by large compa-
nies rather than smali firms:

Third. because the dataz come of ne-
‘cessity from proad indusinal categories, .
anomalies crop up—like cuckoo “clocks
bemc labelied mgh tech because they fall

within the eighth-ranking group. profes-
S]U]'ldi mnsituments.

Fourtn. and perhaps most damning.
the Commerce Department’s definition
is based on Swndard Indusinal Ciassifi-
cation {81C) codes—many of which have
been rendered irrelevant by technologi-.
cal changes that have occurred since the
SIC codes were last overhauted in 1972,

.

anvthing produced by organisations em-

Table 1: Product range

ploytng 23 or more scienusis and engi-
neers per 1.{KK empiovees and spending
over 2.5% of pet sales on R&D.

The amercan Deparument of Com-.-. 2
merce is & bit more scientific. Its defini-
tion of high-tech 15 derived from inpui-
ourput analyses of the 10tal RaD spent on

Py

try is a ranking of the ten most “re-
search-iniensive’” sectors, where the 7
tenth has af least doukle the R&D intensi-
ty of manufacturing generaliy (table 1),

A laudable effori. but not withour 8
criticism. First. such a definition focuses
entirely on products. ignoring the boom- g
ing business in high-lech processes—
and, increasingly. high-tech services as 10

well. Second, it favours systems (that is,
coliections of interdependent compo-

a spectrum of individual products. Thus 3
an ajreraft gets credit for not onh the
R&D done in deveioping the airframe, 9
but also the relevan: contribution of the
avionics supplier and even the tyre mak- 5
er. Using this definition. high-tech indus- 6

HIGH-TECH SECTOR
Missiies ang spacecratt
Elecironics and

_ telecoms

i -

_ Aircraft and parts
Office automatioh

Ordnance and accessories

Drugs anc medicines
Inorganic chemicals

Proiessionai and scientific
instrumertts

Engines. turbines and parts

Plastics, rubber and
synthetic fibres

-EXAMPLES OF PRODUCTS

. Vitamins, antibiotics, hormones, vaccines

Fiocke: enginesg; saielines anc paris

Telephone andtelegraph apparatus. radic and v
receiving and proadcas: eguipmerl, leiecoms
equipment. sonar and other nstruments, semi-
conductors, lape recorders . . ~

Commercial aircrafi. fighters. bombers. hel:f‘omers
aircraft enqines, pars

Computers, inpui-outdut devices, storage cewces
desk calculalors. gupiicating machines, parts )
Non-military arms, hunting and sporting - =~ -
ammunition, blasting and percussion caps

Nitrogen, sodium hydroxide, rare gases,” -~ & .
inorganic pigments, radioactive isofopes and
compounae, specal nuciear materials .

Industrial process conirois. opticai instruments

ang lenses, nawgational instruments, med:cal
insiruments. photographic equipment <
Generator sels. diesel engines, non-automotive
petrot engines, gas turkines, water turbines

Various chemicals derived from condensation;
polvcondensation, polyaddition, polymerisation and .
copolymerisation: synthetic resins and fibres

nents) over individual widgets, as well as

$20 billion in 1984, Along with aircraft,

electronics and professional instruments,
these “big four™ account for more than
three-quarters of the United States’ ex-
ports of high technology (table 2}. De-
spite the popular myth, Amenca exports
only modest amounts of missiles and
aerospace products. But fears that for-
eigners may eventually storm even the
high frontier of acrospace keep Washing-
ton officials awake at night.

Of the ien industrial sectors designated
high-tech (see feature above}, Amernca
has managed to increase its share of the
global market in only two: office automa-
tion and electronics. For which, it should
thank the likes of 1BM, Hewiett-Packard,
Digital Equipment, Xerox, ITT, RCA,

Table 2: High-tech exp'orts in 1984

™ . L

Genera! Electnc Texas Instrumcnts and

a host of brainy technological-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 Amenca's high-tech

base 1s 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 encouraged.
Trade ministers in Western Europe, for
instance, only wish they had such “prob-
lems"; Japanese bureaucrats are doing all
they can to create similar “'problems”
back home.

The reason is 51mp]c These so-called
“problems™ concern a focusing of all the

High-tech sector

American exports ~ - 7

Others’ exports*

Value % of total - - Value % of total
Office automation $18.7bn $6.5bn ~ -
Electronics & telecoms $14.4bn - $53.8bn -
Aircraft and parts - $13.5bn $15.4bn
Profess’l instruments §7.2bn $27.0bn
Plastics, rubber, etc $4.4bn $26.5bn -
Inorganic chemicals $3.5bn $10.9bn
Engtnes and turbines $3.2bn $10.7bn
Drugs and medicines $2.7bn $10.7bn
Missiles and spacecraft - $1.0bn 30.6bn
QOrdnance $0.8bn $3.7bn 0.4

O the 34 glher counlries (apart from Amernica) e xporting high-tech goods, France, West Germany Japan and Britain accounted

for three-guariers of 10!l trage.
Source’ US Departmen: of Commerce.

S A SR

underlvmg technologles thaI have come
to drive the computing. office automation
and communications industries. All three
provide ‘the toois for handling informa-

_ tion; and information—its collation, stor-

age, processing, iransmission and use

elsewhere~—will, quite literally, be the oil "~ "~

~of the twenty-first century (see the survey
on information technology i n The Econo-
mist. July 12 1986)

All that noisy jostling going on right
now between the iBMs, Xeroxs and AT&Ts
of the corporate world 1s merely the
}

J in retreat , i
50
US trade balances Son

" wm High technotogy
- Manufacturing

= —— Total ) ‘ \\-—1(}0_
Posr v bov e vt r ety 150
1963 7o 75 80 85

Souvrce US Departmen of Commerce
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Crymg a![ the e way to the bank |

= S R T A

One thing Amarh.ans have learnen is

that havmt7 the worid's Most Droaucuve
labour force doss not guaranie= jndustri-
. -al competmniveness. Al least three other
things are needed. The first is 10 keep a
lid on wages. The second concerns ex-
~thange rates. The third involves the
Tetumn’ on capita! emploved. All three ™
have been seen iaiely a2t spanners in the
American works.
Take wages. Durmng the ten vears
before '1973. real weges for American
_ workers had increased steadily at an

Taverage rate of 2.6% a year, But ever
-since the first oil shock. real wages in the - _,
United States have siagnated. So Ameri- |

can labour is becommg more compen-
tive. ves?

_Unfortunately no. When fringe bene-.
~fits are included. hourly compensation
for blue-collar workers in the United |
States has continved to rise. American =~
“labour has sensiblv been taking raises
less in cash than kind. Total compensa-
_ tion for American industrial workers—-a

modest $6.30 an hour in 1975—had

. ~climbed to $9.80 an hour by 1980 and to

512.40 by 1983,

Compdred with Japan, hOur]} labour
costs in America went from being on
average a little over §3 more expensive
in 1975 10 becoming nearly 3¢ more so by
1983 (chart 4). So much for narrowing
the $1.900 gap berween making a motor
car in Nagoya compared with Detroit.

Ah. yes. but hasn't the dollar tumbled
dramatically? It has indeed-—from a 1985
high of over Y260 to the dollar to a low
this year of Y150 or so. In trade-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  hetween
America and Japan in 1erms of return on
capital? Here things are actually betier
than most American businessmen imag-
ine. True, real rates of return earned by
American manufacturing assets in the

{3} Hourly earnings of workers
- in manufaciuring industries k-1
inciuding fringe benefits

L 197s | 12
1 1980
o FR 1005

| F 8
g

- 5 _5;
;
£
H
K 3

ot

Bmain

Uruted WGermany France
ates
Source US De-nartnemdhaboul BureauMLabou Satistics. 1684

19605 were subs anual‘} higher than in-

vestmenss in financial instruments, while
things were briefly the other way round

. during the early 148Us ichart 6). On the
‘*m‘face of it. cannai for buving equipment-

or buiiding factories seems twice as ex-
pensive in "America as in Japan.

“%=Todav'§ most cited account comes

from Mr Geaorgs Hatsopoulos of Thermo
Elecrron Corporanorn it Massachusetts,
Comparing the cosi of (non-financial)
capital 1t the rwo countries between 1961
and 1983, Mr Hatsopouios found real
pre-tax rates ranged between 6% and
10% ior japanese firms and anything

frem 13% to 20% for their Amencan
" counerparts.

The com 2ntional explanation for this
difierence is -that Japanese firms are

benefli because debt generally cbsts less
than equitv—interest payments being
deducted from pre-iax profits. while div-
idends come out of taxed earnings.

Then thers is Japan’s two-tier interest

Ty

““more highlv geared (leveraged) and thus”

rate siructure. which is carefully regulai-
ed 1o favour business debt at the expense

of consumer credit. Throw in a banking
system that is bursting at the seams with
ven being squirrelled away by house:
wives worried about school fees, rainy
davs and the ever-present threat of their
husband’s early {(and often unpensioned}
retirement. All of which. sav American
trade officials, adds up to a financial
advantage that makes it tough for Amer-
ican firms to compete.

What is srediously ignored in the fi-
nancial folklore about Japan Inc is the
fact that. over the past decade. Japanese
manufacturers have been getting out of
debt as fast as decently possibie (see the
survey on corporate finance in The
Economist, June 7 1986). The most com-
pelling reason right now is because To-
kyo's financial markets have joined the
fashionable trend towards liberalisation.
With old controls over the movement of
capital going out of the window. Japa-

& $ trade-weighted exchange rate
— 1980-82= 100

1865 70 75 80 . &5

Source. DRI

LIRS B

1963 .
Sowrce- OECD

"nese interest rates are destined to be.™>™

come more volatiie. So who wants 10 be
highly peare¢ when ime*esx rates are
rising  Or  {wOrse) wmmn less
prcdlctable" SEE

EQ United States:

raal rate ot refyrn on
manutaciuring assetd

ny r
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Another thing Japanese manufactur-
ers resent about some of these allegedly
cheap industrial toans are the strings and
hidden costs involved. The most punish-
ing are the so-calied “compensating bal-
ances” which a borrower has to deposit
(at a considerably lower interest rate)
with the bapk offering the industrial
loan. And so be 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
acwaally deposits, are recorded as bor-
rowings. Then there is the habit Japa-
nese companies have of deing much of
their business on credit. especially with
suppliers and subsidiaries. This makes
their accounts pavable and receivable
look huge—in fact, twice as large as in
America. .

Other factors inflating debt among at
least the bigger Japanese companies are
things like non-taxable reserves for spe-
cizl contingencies and (if they pay them)
pensions. The last time figures were
coliected in lapan (in 1981). emplovees
in Jarge corporations with established
retirement plans were divvying up 15-
20% of their companies’ capital through
their pension contributions. All of which
showed up in their corporate accounts as
debt. -

All that said. Japanese cornpames are
on balance more highly geared than
American corporations: and, overall,
the cost of financing industry has been
lower in Japan than in the United States.
But at most only 20% lower. and nothing
like the 50% Jower claimed by lobbx ists
in America.

R T S P
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of thess ihres ingusirial <eriers

cianer

C{each WL 1t OWL aisnnciive sivie of

manufactunng. procurement ang cusiom-
er suppertj being forged togather by thetr

underiving technologies into z single. uk
tra-iech  acuwity  calieé  Informauon
services.

Yes. bevond nigh-tech in the industrial
specirum lies uura tech—toda) a mere

A

multi-hiliton-doliar striniing of a business.
bui by the vear 2000 potennialiv 2 irilion-
dallar leviathan. As such. ulira-tech
alone wili come to dwarf all manufaciur-
ing sectors before the century is out,

America is weli on the way o making that

huppen. A lap or two behind. Japan at

least i getting up spced Europe 15 barely _
in the race.

Chips with everythmg e

Gone are the days when American semiconguctor firms shor‘l aghtedly sold )
their licences and mowhow io Japanese mlCI'OCﬂIp makers o

Amen'ca's electronics firms have main-
tained their global leadership in all
branches of their business save one. They
kissed goodbve 10 consumer electronics
tteievision. hi-fi. video recorgers. eic) as
customers across the couniry vored with
their pockets for shiny boxes with fiashing
lights and labels like Panasonic, Technics,

Jvcand Sony.

The American electronics industry

"came close tc allowing much the same to

happen in microchips. In 1982, Sijicon
Valley took a caning when the Japanese
started flooding the market with cheap
64k RaMs (random-access memory chips
capable of storing over 64 000 bits of
compuler data). Most beat a hasty retreat
up or out of the market.

From having a dozen mass producers of

dynamic-RAaMs in 1980, only five Ameri-.

can chip makers were still in the high-
volume memory business by 1983. Today,
there are effectively 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 still
around--and now have a 70% share of
the dvnamic-RAM market in America.
Microchips have been the engine
powering Japan's drive into high-tech
generally. But before it could join the
microchip generation, Japan had to find
a way of disseminating this vital Ameri-
can technology throughout 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 teiephone authority NTF and the
other by the Ministry of International
Trade and Industry—to develop the
knowhow for making their own very
large-scale integrated (VLSI) circuits.
Next, by “‘blessing™ VLSl as the wave of
the future and crucial to Japan’s survival,
the government tripgered a scramble
among the country's electronics firms
{encouraged by their long-ierm invest-

THE ECONDIAIST AUGUST 23 1986

ment banks) 1o bmld VL) p.ants The net

result was massive over-capacity (first in
f4k RaMs and then in 256k versions),
abundant Joca! supplv for the domestic
consumer electronics makers and an im-
peliing urgency io export (or dump) sur-
plus microchips abroad.

This targeting ploy had been tried be-
fore. Japanese manufacturers found it
worked moderately well with steel, much
better with moiorcvcles. better still with
consumer elecironics and best of all with
semiconductors. The oaly requirement
was a steeply falling “learning curve”
(that is, rapidly reducing unit costs as
production volume 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 to do a
repeat performance with pricier memory

T
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chips calied EpPrOMs. The price iell from
$17 each when the Japanese first entered
the American market with their EPROM
chips early 1n 1985 1o less than $4 six
months later. Intel. National Semicon-
ductor and Advanced Micre Devices .
prompily filed 2z joint petition. accesing
the Japanese of dumping EPROMS on the
Amencan market at below their manu-
facturing costs in Japan (then estmarted

i to be §6.30 apiece). The issue is currently
_ being used by Washingion as a batiering

ram to breach the wall Japan has erected
around its own §& billion semsconductor

. market back home.

For America, this get- touch policy has
come only just in time. Jdodn now enjoys

_a 27% share (to America’s 64%) of the

world’s $42 billion semiconductor mar-
ket. And while cur-threat competition
may make memory chips z loss-leader,
acquiring the technology for producing
RAMS has given Japan’s microcircuit mak-
ers a leg-up in getting to grips with more
complex semiconductors used in comput-

. €r graphics, commumcatlons and video

equipment. ©~ . s -5

So far, however, it has not’ helped
Japanese chip makers to loosen the stran- -
glehold that American semiconductor
firms have on the lucrative microproces-
sor business. Where 256k RAMs have
become commodity products that sell
wholesale for $1 or so each, 32-bit micro-
processors from the kikes 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 sem:conductor in-
dustry, Europe and Japan. . L

Fortunarely for the Americans, micro-
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DIOCesseTs are nol [ks MEMmor Chips.
Being luerally & “compuer-on-a-chip™,
they are vastiv more compiex and cannos
be designed in anv routineé manner.
Sweat. insight and inspiranon are needed

every siep of the wav. And they have 10

be designed with their soitware appiica-

4. -anyone else. s

More 1o the point, American firms are
noi parting with their paients as readily as
they did in the past. Hitachi has been
_ trying (with littie iuck} w persuade Mo-

advanced 68020 microprocessor. Mean-
while, Japan's leading electronics firm,
NEC. is having to defend itself in the
American .courts for infringing ome of
Intel’s microprocessor patents.

With America’s new, stricter copyright

office machines {mainframes). The most
- one can say about these “plug-compati-

bie™ computers is that they have managed

to prevent IBM from swamping the Japa-
nese home market completely. Big Blue
T has to put up with being number two in
Japan. QOverall, however, Japanese com-
patibles have had only a marginal impact
IR on the $150 billion computer business
: worldwide.
American manufacturers have estab-

mainframes and minicomputers—the
stuff of corporate sales and accounting
departments. And in the push to put a
A microcomputer on every desk, a handful
of American firms (IBM, Compaq, Apple,
Atan 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 IBM 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-
l can software engineers have been every
|

bit as clever as their chip-designing col-

leagues in Silicon Valley. In the process,
if| they have increased their share of the
world’s software market (worth $40 bil-
lion a year) from under 65% a decade ago
to over 75% today.

" tions in mind.-Americans have been do-~
ing this ionger. and are better at 1t. man ’

torola to sell it a licence for making its.

{7 laws making it difficult to imitate Ameri-

L ‘Calculus of competltlon

Aping 18 has given Japan s computer makers a toe hold in the market—but
Iargeiy on Big Biue' sterms. . i

i America’s response to Japan’s challenge -

i in microchips is being repeated in com-~ _
puters. Here, Japan's specialty has been”
making workalike copies of IBM's big’

lished an almost impregnable position in’

b

car designs. Japapese chip makers are
being shut our of all the malor markets
for microprocessors. Fujitsu. Marsushita,
Mirsubishi and Toshiba are all gambling
on a microprocessor design called TRON
developed at the Universty of Tokvo.
But nobody, least of ali NEC or Hitachi.
holds out much hope for the TRON design
winning 2 big enough share of the market
in its own right 1o be economic—at least,
- not until the mid-1990s. And, by then,
Silicon Valiey will have upped thc 1echno-
logical stakes again.

Vmen, iaie at night, the conversatlon
gets down fo 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 powerful in onlv one sub-field of a
single application of semiconduciors tied
(10 a specific itne of products”™. bemoans
Mr Atsush1 Asada of Sharp Corporanon

All this does not mean J apan’s comput-_

er industry is a write-off. lts component
suppliers have quietly established a signif-

icant position for themselves in the Unit-
_ed States and elsewhere. In personal

computers, for instance, Japanese ma-
chines account for less than 2% of the $14

billion annual sales of PCs in America.

But Japanese 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 a bit too blindly on
. IBM’s coat-tails. Lacking the home-grown

programming skills, Fujitsu, Hitachi and

Mitsubishi made their computers imitate -

IBM’s so they could sell cheaper versions

10 cusiomers who were aircady using IBM
machines eguipped with ine necessary
sofrware. That worked well until the
slumbering giant woke up.

Then. in 197¢. 18M introduced its 4300

series computers at a price that shook not
just mival lapanese makers, bul other

American suppliers 100. Since then, IBM’s _ »

aggressive pnce-cutting and frequent
model changes have made life tough for
the plug-compatibie trade.

Not only is 18M automating vigorously

’ (the company is spending $15 billion over

" the next four

-production costs than anyone in Asia}, . ..

. will never say so publicly. IBM is neverthe- .

vears to achieve lower

but it has aiso begun flexing its techno-
logical muscles. Its R&D expenditure is
now running at $3.5 billion a year-~more
than all other computer manufaciurers
combined. Though for antitrust rezsons it

less determined to trample the plug-com-
patible makers down—both in thé per-

_ sonal-computer end of fhe business as
" well as among its mainframe competitors. ~

One of the dodpes being adopted is to
incorporate more ‘“‘microcode™ in its
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 long after it has

been installed at a customer’s premises.

The implication is that 1BM can then sell
products ‘that can.be continuously en-
hanced—something custormers appreciate
and will pay a premium for.

Starting with its 3081 series in 1981, 1BM

Acaught 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 18M de--

crees the market needs a shake-up. This
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T4 SURVIY HIGH TECHNDLOGY
axpected 1o orow (0 385 bilion D 1957,
Amencan manufacivrers have 42% of iu
japanese firms 59%%. Bui nat has not
preventec Japan from becoming & major
exporier of telecoms products. li now
seliv well over $1 -billion worth of 1leie-
phone eguipmen: abroad, & guaner of it
even 1o the Dnued Statea How did mat
happen? . "7

The main reason is the size of the
American market itself. Though the
Armencan share of the giobai teiecoms
tusinass is five Umes pigger han Japan's,
pracuczliv all of it is 2t home. Some $0%
of the domesiic market is controlied by
the mighty American Telep‘none and
Telegraph {"Ma Bell”). GTE has 10% of
the American market, whue FFT bas tradi-
tionaily sold 1ts ielephons equrpmen' al-
most exciusively abroad.
~ Until the deregu.atlon of the American
phone system in the wake of AT&T's 1982
consent decree, Mz Bell's manufacturing
arm (Western Electric) directed its entire
production effort at meeting_just the
needs of the various Bell phene compa-
nies around the country. It got all its
inventions and designs from the legend-
ary Bell Laboratories in New Jersey, and
neither imported nor emorted a smole
transistor.

Bell Labs has been responsible for a
blizzard of innovanions {iransistor, laser,
stored-program control, optical fibres,
e1c) 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 thus left ajar for tele-
coms suppliers elsewhere—from Europe
{Siemens, Ericsson, Thomson, GEC and
Philips), Canada (Northern Telecom and

Mitel) and Japan (NEC, om Fujitsu and

Hitachi).

Amernican firms retain their dominant
position in supplying switching and trans-
mission equipment. But the Japanese
have mounted a serious chalienge based
on their growing expertise int transmitting

messages on the backs of light beams."

Made out of cheap silica instead of costly

copper, optical fibres can carry three

times the telephone traffic of convention-
al cables, need few repeater stations to
boost the signals 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
Corning 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, Japanese companies have become

suparD al making ihe minute asers. light-
emiitng dodes and mnuscule receivers

-use¢ for projecting and catching the

meassages.

Hand in glove with fbre optics 1s the
growing tr end towards digite! transmis-
sion—sending spoken Or 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 compen-
tion here Is fierce.

But American makers ha\e used the1r

knowhow 1o better commercial ends. In

particular, digital transmission has been
used to speed the growth in data traffic
between big compuier svstems, especially
those owned by airlines. banks. insurance
companies and financial institutions.
Here. the Federal Communications Com-
mission has taken ihe initiative, by free-

ing America’s telecommunications net- .

works so anyone cah piug in, switch on
and sell .an information service. QOther
countries—Britain and West Germany
particularlv—have been inexplicably
making life as difficult as possible for
their own infoprengurs.

The lesson has not been wasted on
telecommunications mandarins in Japan.
They have seen how getting the govern-
ment 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 informazion
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
swnchmn and new transmlssmn technol—

Gettmg smart

oges—is one of the keyv driving forces
befund ihe merger between Compuung.
office automation and telecommunica-
tions that is bepinnIng 10 1ake place within
the United States. Last vear. computer
mzker IBM absorbed Roim. 2 Itading
manufacturer of digita! private-branch
exchanges. At the same ume the tele- .

‘'phone giant, AT&T. broadened its grow-

ing base in computing and office equip-
ment by buying 25% of Oliveti in ltaly.

The leader of the office-auiomanon pack,
Xerox. is stil! suffering from a surfeit of
exotic lechnology drzamed up by eng-
neering wizards 4t its PARC laboralones in
California.

Japan has po inention of being left
behind. The government in Tokvo is
pressing on with its pian 10 privatise as
much of its ielecommunications services
as possible. And while the big names of

. the Japanese telecoms business {Fujitsu,

Hitachi, NEC and Oki) may have deficien-
cies of their own, each is nevertheless a
big name in computing too. And though
smaller, all are more horizontally 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 rcason 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 Jearn 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 necessarv software skills. NEC has now
done so—for precisely that reason.

Manufacturing is also going high-tech, threatening to turn'today's dedlcated
factories full of automation into relics of the past

Microchips, computers and telecoms
equipment will be to the next quarter
century what oil. stee! and shipbuilding
were ta the vears between Hiroshima and
the Yom Kippur war. More than anyvthing
else, these three technoclogies 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 revnal]sanon of manufactunng
itsetf. , = <. :

Manufacturing? 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 Jtaly and
Japan) have been shed continuously since
1973. In the United States, employment

in manufacturing industry fell 2.5% last
vear to less than 20% of the civilian work-
force.

But looking at jobs alone is misleading.
In terms of manufacturing's contribution
to 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 big busmess
in anybody’s book. It currently contrib-
utes $300 billion and 20m jobs to the
American economy; about $350 billion
(at today's exchange rate) and 15m jobs
in Japan. But manufacturing is really a
matier of how you define it. Traditional
measures based on Standard Industrial
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has IGTOWER The plug-compaiibie makers
or the dziensive. forcing them 1o devote
more of their development resourees ihan
they can afford 10 tryving 1c anicipate
1BM’s next round of operating svstem
changes and 1o trv to match them with
hurnediv engineered modifications to
iheir hardware. That invoives digging
ever deeper into their profi: margins.

America’s other computer firms are
2lso pushing this trend towards replacing
hardware with sofrware wherever possi-
bije. Writing and “debugging™ tne pro-
grams now accouns for 3(-80% of their
budgets for déveloping new computers.
Two reasons. then. why American com-
puter executives are smiling:

@ At a stroke. the trend towards greater
use of sofiware helps neutrzlise the one
grear advanidge their Japanes¢ competi-
tors have 10nv possessed—namely, the
ability to manufacture well-made me-
chanical components at 2 modest price.

& And it changes the business of manu-
facturing computers from being beavily
capital-intensive 10 becoming more brain-
intensive. The largs pool of expenenced
programmers and diverse software firms
m the United States puts the advantage
firmly in American hands.

The Japanese response has been to
launch another government-sponsored
scheme, this time to help the country’s
computer makers invent “intelligent”
machines for tomorrow. The ten-year
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-
ed in 1992. The aim is to cTeate compuiers
able 1o infer answers from rough informa-
tion presented to them visually or orally.
Even Japanese scientists working on the
project are not sure whether such ooals
are realistic.

The Americans are not leaving any-
thing to chance. Congress has been per-
suaded to relax the antitrust rules so that
rival manufacturers can collaborate on
advanced research without running foul

of the law. Two of the first collaborative.

research institutions to spring up aim 1o
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 Microeiec-
tronics and Computer Technology Cor-
poration (MCC), is an interesting experi-
ment in its own right. Set up as a joint
venture in 1983 by initially ten {(now 21)
nval American computer and semicon-

THE ECONOMIST AUGUST 23 1986

T T e T T T ARy e A T Y T Tyt e . T S R S s =

CATTVINZ Oul

ductor compantes. MCC has 230 saenusis
resgarch al Iis NEdaqguariers
in Austin. Texas. to the tung of 373m &
vear. What is for sure. savs Mr Bobby
Inman. MCC's chief executive and former
deputy director of the Cia. “MCC wouldn't
have occurred except for MIT1.”

Bu: the mos! orchesirated response of

all 1o the Japanese challenge in comput--

ing comes not from 1BM. Silicon Valley or
coliaborative consortia of American chip
makers and computer firms, Thougk it is
raréiy in ths pqu headiines. the Penta-
gon has been pouring barrels of cash inte
computing. Iis Defence Advanced Re-
search Projects Agency (DARPA} in
Washington has bezn plaving busy mid-
wife to some of the most exotic technol-
ogv of all for compurers. communications
and electronic equipment generally. -

Tis vHSIC (verv high-speed 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 far
DARPa is a reported $1 billion for spon-
soring a range of supercomputers which,
say insiders, “'will outperform anything
the Japanese can develop under their

Y

HIGH TECHNOLOGY 3LAVEY 13
supsr-spesd COMpPUting proleci of their
fifth-generavon programme.”

Al least @ dozen “fifth-generation
bashers” bave surfaced as research pro-
jects around the United States. mainly in
university laboratories. byt alsc in small

stari-up compamss founded by academ- 3
icS. eNiTEPIENeurs and engineering emi-

grés from the mainframe computer ‘indus-
try. The latest supercomputer 1o go public

‘(the prototype was shipped last year to
the American navy)is a cluster of boxes a

vard square capable of caiculating over a
billion instructions per second (the Japa-
nese government ltopes 10 have a similar
grevhound of a computer by 1992). The
group that built it spun off mainly from
nearby Massachuseus Institute of Tech-
nology” te form their own company,
Thinking Machines. The firm is now
taking orders for 2 bigger brother with
four times the processing power.

If only a 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 nexr decade by as
much new engineering talent as its rivals

have in totality. And that, not least for’

the Japanese, is 2 sobering thought. ™~

Reach out and crush someone
Even more than breakthroughs in telecommunications technology, America’s

new deregulated freedom to plug in, swiich on and sell an information
serwce is breedmg a whoie new oeneration of infopreneurs '

Americans complam about it, but if truth
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 také for grant.ed-the
choice of being able to dial long-distance

numbers using alternative carriers who
- offer cheaper rates. Liberating the phone

system from the statqmonopoly s clutch-
es {so customers may>choose what they
want instead of what they are gwen) has

barely bégun in Japan. =+ L Hllo

The United States is the world’s domi-

nant supplier as well as its most prolific
user of telephone equipment. The global
market, worth $57 billion in 1982, i
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Ciassification codss connnee 10 give the
impression ihar making anvilung In a2
faclory 15 goang the same Wav as smoke-
stack indusiny generzliv—up In smoke.
Yet sofrware engineermg aione 1z an
explosive new "'manufacturing” jndusiry
that bareiy enters the American Treasury

Department’s caleniaiions of growin. let
alone its ~vision _what consmutes
industry. -

What is for sure is that the new battla in
manufacturing competitiveness and pro-
ductivity it going to be fought in the fields

f orocess and design technoiogy. Here is
what Mr Dantel Roos of Meassachusetts
Instizute of Technology has 10 say?

QOver the next 25 vears, ali over the worid,
semi-skilled labour—whether cheap or ex-
pensive—will rapidlv give way 10 smart
machinery as the kev eiemeni i¢ competi-
tiveness. Neither cheap Korear lubour nor

expensive American labour i our real

probiem. Rather the challenge li=s in rapid-
lv introducing and perfecting the new gen-
grations of design and process equipment—
~and the complex social systems that must
. accompany them.
It does not Tequire an MIT professor to
explain why conventional manufacturing.
is limping out and new computerised
forms of design and fabrication are mus-

. ¢ling in. Using the favoured vardstick of

productivity (return on investment after
discounting for the current cost of money)”

even back-of-the-envelope calculations © |
~ 1s much more competitive today, no long-
er accepting the 10-12 year product life

show only two factors really count. Ener-

gy costs are irrelevant, being typically 3-

4% of factory costs. Much the same’is.
true for labour, which now accounts for

only 5-15% of total costs.

“The only significant, and controllable,
factors are material costs and praduction
volume™, preaches Dr Bruce Merrifield
of the Amencan Department of Com-
merce. Thus, with roughly 30% of maten-

.torobots...
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Froem smokestack

al costs being in inventory, a ‘“‘just-in-
time™ delivery sysiem (like the Japanese
kanban methed for supplving compo-
pents 10 motor manufacivrers) could im-
prove the real return on investment by as
much as.15%.

Getting manufacturing volurnﬂ nght is
trickier, Here high technology is making

the whole notion of the special-purpose
factory—with its automated equipment”

purring smoothly along as it churns out
millions of identical parts all made to the
same high standard of precision—a relic
of the smokestack past. The marketplace

cycles needed to justify the investment of
such dedicated plants. The pace of tech-
nological change is demanding that man-

'the line—not quiie vet,

ufactured goods be replaced every four or

five years; in copsumer elecironics, every
two or three vears. _

The Japanese factory devoted solely 1o
turning out 10.000 video recorders a day
with a handful of gperators is the end of
but destined
shortly 10 become, a magnificent anach-
ronism and epitaph to the age of mass

spanning just’ the single lifetime from
Henry Ford to Soichiro Tovoda. To take
its place, a whole new concept of manu-
facturing is being hustled out of the
laboratory and on to the faciory floor.
This is the final melding of microchips,
computers, software, sensors and tele-

IR

production. It was a brief and grimy era,

coms to become in themselves the cutting

too]s of manufacturing mdustry

The retoclmg of Amerlca

Flexible make- -anything factories are begmmng to sprout across America,
br:ngmg back JObS that had S|lpped oﬁshore :

American engmeers call it CIM. Comput-
er-integrated
into the workplace by & 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 using 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-

_non to detail.

American companies beaan pounng
big money into high-tech manufactunng
around 1980. All told, firms in the United
States spent less than $7 billion that year
on computerised automation. Today they
are spending annually $16 billion, mostly

manufacturing—hurried

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. . -

General Motors has spent no less than
$40 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 maker as a
first step towards intégrating them wholly
within its CImM environment. 1BM has been
spending 33 billion a year on computeris-
ing its manufacturing processes. In- so

doing, it has been able to bring numerous

jobs, previous]y done offshore, back into
the United States. Pleased with the re-
sults 5o far, 1BM has raised its investment
in CIM to an annuatl 34 biflion.

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

T 2
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hours & day . but which 1« czpabie of being
retooied in minutss rather than davs. and
abie to turn ou: huncreds of different
products insiead of bemg dedicated to
just one line. The dlﬁcrence perween the
bes: of radinional aviomation {ior exam-
pie. Tovota's Corolia iine in Nagova} and
the best of mew style CIM pianmis (for
exampie, General Electric’s household:
appliance centre in Keniucky) is that the
former automates just the flow of mateni-
al through the factory. white the latter
automates the towal flow of information
needed for managing the enlerprise—

" from ordering the materials to paving the

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

The aim of ¢ is not simply to reduce
the.amouni of direct jabour involved in
manufaciuring z product (only 3-15% of
the cost). The real savings come instead
from applving strict computer and com-
munications controls to siash the amount
of waste (typically 30% of the cost)
through having up-to-the-mipute 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
insiant during the manufacturing process.
‘The net resuii is that a CIM factory has a
much lower breakeven point than a highly
auiomated 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 CIM plant makes it

easier and cheaper to launch new prod-
ucts. That spells shorter life cycles—and

hence more frequem (and more attrac—‘

tive) model 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 (o integrate their

“computerised manufacturing processes.
"The Pentagon sees CiM as a nifty way of

allowing manufacturing capacity to be
sprinkled lightly across the land, insiead
of being concentrated heavily in targeted
areas along the Ohio Valley, parts of
Hlinois 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 instantly repro-
grammed to meet the military surge of 4
national emergency. Apart from its costly
military stockpiles, the Pentagon has 1o
underwrite a good deal of redundant and
idle capacity among America’s defence
contractors. That is a political luxury it
can no longer afford.

Pressure from other parts of W&shmg-
ton is also helping to usher high-tech

[
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manufacturing into American factories.
To government gurus like Dr Bruce Mer-
rifield, the altraction of these flexible
manufactunng plants is that they are ldcal

Letthe dansxes grow

ute, wheel bearings the next. then
_Ing to precision mounts for a
maker, crankshafis for diesel engines, -

L 4

noi just for industrial giants ltke General
Electric. Westinghouse o7 1BM. but gven
more so for the tens of thousands of uny
workshops across the country. While Ja-
pan has two-thirds of its industrial oetput
witnin the grasp of broad-based kerrersu
manuiaCiuring groups. AmMencan indus-

wy by contrast hag ah\avs reied neavily

tracting firms. In metal working, for in-
siance, 75% .of the parts made in the
United States are manufactured bv small
independent workshops In Datcies of 50
or iess.

The American Commerce Departmcnt

sees Do antitrus! reasons why smaller
firms should not band 1ogether to share a
flexible manufacturing centre, making
spindies for washing machines one min-
switch-
microscope

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 rustbowl America.

2T

Bureaucratic guidance is stnll no match for a femle economy where anythmg

Vs 28

\Vho then is bettcr suned to life 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 Japan in the process technol-

ogies that underlie conventional manu-
facturing. American technology reaches

out for the unknown: Japan’s bends down
to tend the commonpldce

The differences in style mirror the
differences in ideals that the two peoples
hojd 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

tic, often erratic and always lconoclastlc
Japan s, if anything, is pragmatic, geared
primarily to problem-solving and hustled
along by a berd-instinct. -

To date, Japan’s high-tech success has
been almost excluswely 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 total masiery of the process tech-
nologies. While all the basic break-
throughs for making semiconductors—

electron 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 anvthmg made
abroad.

By carrymg out deveiopmem contmu--

Japanese strengths .

Applied research and development
Ingremental improvements -
Commercial applications :
Process and produchon technobgy
Components

Hardware -+~

Predictable technologies

Quality control

Miniaturisation .
Standardised, mass volume

American strengths

Basic research - ’ -
Breakthroughs and |nvenhons )
Military applications . i s

_ New product design * R
... . Systems lntegrahon - oo
ST goftware . T el @

Less predictable technologies
New functipnalities

New architectural designs
Cuslomisation

Source: "'The Positive Sum Strategy ", Nationat Academy Press, Washington DC, 1986
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1n smal incremental sleps Oinstead
AmMmerican way 0f £rEai QUanTUm
deczde o7 so. Jupanese firms

nave Deen abie 1o bombard
wiih = barrage of new modeis offering vet
petier vams. ouabity and  reiiadil
American firms. Dy coptrast. have trad:
nonaliy Ma0s COSMIZC IMPravemants ev.
erv few_vears, and then brought out
complete - mode} overhauls once & decade
or so. That has made their products ook
long in the 1o001h. thern suddenly change
dramaticaliy—ofien for the worse whiie
design bugs and oroaucnon \armkles are

sorted out. . ] :

Amerncan techno]oc'\ has a}r.o tended
10 be gear=d for use mainly at home (for
example. telephone svstems. MOLOT Cars).
With 115 smatler domestic market, Japa-
nese technelogy has been forced w iook
farther afield. The Stanford economust,
Mr Daniel Okimoto. makes the point that
though Japanese firms have excelied at
iechnoiogies tied closely to commodities
with huge export markets {for example,

oush
of the
jeans SvVery

' continuous casiing in stesl. emission-con-

trol for motor cars, oprcal coatings for
camera lenses). lately they have begun to
do well in technologies for domestic use
too. Some examples include gamma in-
terferon and Interienkin II in pharmacen-
ticals. digital switching and transmission
in telecommunications. And with their
breakthroughs in gallium arsenide semi-
conductors, optoelectronics, supercera-
mics and composite materials, the Japa-
nese have shown themselves selectively
capable of innovating at the frontier of
knowledge as well as anyone., —~~:-

On the whole, however, Japanese ﬁrms
have been less successful with technol-
ogies that are inherently complex, not
particularly predictable and dependent
upon ideas springing from basic research.
Making jet engines is one such technol-
ogy. Designing air-traffic-control radars
is another. Developing computer-aided
design and manufacturing systems is a
third. And despite MITI's “1argeting” 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 point to serious 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 analysis and creative synthesis. At
university, their skills 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
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the cross-fertiiization berween basic
search and commercia: deveiopment
charactenses MIT and Rowme 128, Sian-
ford and Silicon Vailey and & hundred
other campuses across AMmerica. Aiso,
because all ihe leading unmiversiues in
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Japan are siate-owned and run rigidiv by
& conservauve ceniral bureaucracy, it is
diffrcult 16 aliocate grants (by peer-re-
view) to the most deserving researchers
ratner than te most senior.

In the days when Japan could storm the

Forge! about Amenca s undervround
economy of do-it-vourseifers pushvng
hamburger carts. pain: brushes and illicit
drugs, Above the conventional econo-
my. a star-spangled wealth launcher lift-
ed off three or four vears ago—to take

plummeting cost of microchips. the
breakur of the geriatric telephone mo-
nopoly. the chimera of Presigent Rea-
gan’s space sheld and. above all. the
technological coilision of computing,
commumcations and office automation.
Meet America’s exciiing new airborne
ECONOmY.

The first thing 10 undemand is that
nobody s qm:e sure how well even
Amerjca’s conventional economy is per-
forming. let alone its underground or
overground components. The only items
reported properly seem to be imports
and unemployment. The trouble is that
the economy is changing so fast—from
old-fangled businesses based on metal
bashing and carting things around to
new-fangled 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
financial markets—seriously underesti-
mate some of the most important growth
sectors within the United States.

Because the statistics have not kept
pace with the way American business 1s
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 lagging
statistica) response:
¢ Companies are classified by indusirial
Sectors using defmmcms last updaled in
1972. b
& Twenty years after computers swept
manual accounting into the dustbin, the
first price index for computers has just
been introduced—and is still incom-
pleté. Where America’s computing costs
have been assumed to be fixed, hence-
forth they will be deemed 10 fall (as they
have actually been doing) by at least
14% a year—adding nearly 1% to GNP.
® An archaic processing system for Jog-
ging foreign trade, confronted with a
90% increase in imports over the past
decade, is ignoring America’s growth in
foreign sales. A significanl proportion
(some say 15-20%) of American exporis
now goes unreported.

o Measures of family income, designed
mn an age when welfare was a dirty word,
omit non-cash components such as com-

Lift- off for the a:rbome economy

advantage of the souring power and,

monthly ‘headlines

pany fringe benefits for professionals
" {pension nghts. deferred income plans,
healtb and liiz insurance. etc) and in-
kind governmen: zssistance for the poor
{food stamps, rent subsidies. e1c).

& Poverty is silt defined by consump-
tion patterns of the mid-1450s, when a
family of three spent a third of its income
on food. The same food basker today

costs a fifth the cuu:\.diem family's
income.
Don't snigger. Despne budgetary

cuts, the American statsticat system 15
still one of the best in the world. Iis only
real weakness is that—employmen? fig-
ures aside-—the statistics used for deter-
mining. say, GNP or growth tend to be by-
products of non-statistical agencies (such
as the Internal Revenue Service, the
Customs Service, Medicare and the De-
_partment of Agriculwure). As such, they
are far from being as clean, complete or
timely as the experts would like. -

Consider some recent anomalies
caused by the quickening pace of techno-
logical change. With 70% of Americans
being employed in the service sector,
you might be tempted to categorise the
United States as essentially a service-
based economy. It is. But you wouid not
think so from the Standard Industrial
Ciassification (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 system
was last revised in 1972, whole new
business activities (for example, video
rental, computer retailing, software re-
tailing, discount broking, factory-owned
retail outlets) have sprunmg up, whllc
others have withered away.

Nuts and bolts, for instapce, are in an
sIC category all of their own, employing 2
grand 1otal of just 46,000 people. Enve-
lope makers, again with their own siC
category, provide fewer than 25,000
jobs. Yet one SiC code 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 all 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 booming high-tech economy
to go unreported.
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Back to the fuz‘ure

A .qhmnse or two ar the future u:l' dispel

any doudis about Yankee rﬂgenum as 1t
probes the iimits of tomorrow’s s lechnol-
ogy. First, 1o Siiicon Valley where Mr
Alan Kay. refugee from such technoiogi-
cal hotbeds as DaRPA, Stanford. Nerox
PARC and Aiari, is nowadays visionary-
ai-laree at Apple Computer. Buiiding on

Jeun Piager. Mr Kay is trying 10 creat= a
“fantasy amplifier’ —& compuler with
enough poweg 1o oulrace ‘the user's
senses. enough-memory Lo stors livrary
- loads of reference material. and enough
clever software to couple man’s natural
desire for exploring fantasies with his
innate ability to tearn from experiment.
The concept, calied “Dynabook™,
combines the seductive power of both a
video game and a graffiti arust’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 OWIL ™2 5 i
Smalltaik is the c0mputer language Mr

the iearning theornes of John Deweyv “and -

. e - «—u_m@n». .
hat. developed to aliow kids 10

converse with the fantasy amolifier. The
rest of ihe ingredients are all technologi-
cally imaginable, just prohibitively ex-
pensive and unwieldy for the time being,
But. a decade ago the first personal -
compu[er was just being built at consid-

erabie expense. Tts functional eguivalent
today costs less than 350. Stiil oniv in his
mid-30s. Mr Kay has ample time ¢ put a
Dvpabook in the hands of miihons of
voungsiers with open minds and a sense
of wonder still intact.

Next. meet Mr Ted T\Je]fson ‘gadfly.
prophet and self-confessed computer
crackpot, with .a lifetime’s obsession
wrapped up i an enormous program
calied (afier Coleridge’s uniinished

poem) Xapadu. Boon or boondoggle,”

nobody s quite sure. But the giant piece
of sofrware for steering one’s own
thought processes (including alternative
paths, mental backtracks and intellectual”
leaps) is hardly lacking in dmbmon or
vision. '
Ccmce:ved originally b} Mr Nelson

while a student at Harvard as simply a

note-keeping program for preserving his

every thought. Xanzdu has evolved into
a total inerary process; creaung ideas:
organising the thoughts. with traces
showing backiracks. aliernative versions
and jumps [0 cross-reizrenced dogu-
ments: manipuiaung the texi; publishing

-the results; and logging a share of the &

rovalties 1o every other author cited.
Every gocument in Xanadu's database

has links to its intellectual antecedents

and 10 others covering relatsd opics.

The linked references work iike foot-

notes. excepr et xanadu ofiers an
eiectronic “window’ through winch they
can be accessed there and then. Because
the whole process works in z non-se-
quennal way. the mvemor calls the out-
put hvpertext :

Mr Nelson looks fom ard 1o the day
when anvbody can creaie what he or she
wants—irom recipes 10 rescarch papers,

“SOnRELs to songs—»and Put it into Xana-

du’s database and quote or cite anvhody
else. Royalties and sub-rovalties. mont-
tored automaticdliv by the host comput-
er, would be pa:d according to the
amount of time a user was on-line and
reading a specific document. It sounds
pretty wild at the moment, but hypertext
could be commonplace before the cen-
tury is out.

el s e WA e s T R

industrial heights with foreign licences,
homegrown development and production
excellence, the inadequacies of its educa-

tional system and academic research

hardly mattered. But such shortcomings

are becoming increasingly a problem as
_ high-tech competition intensifies: i

Nor can Japan call on its little frms 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 to
attract high-flying talent from outside.
Technolegical 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- -

B

g 1 M - it
side the big corporatlons Smce 1978,
American equity markéts have raised 38
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 vLS1 or fifth-generation com-
puters. To Mr Gary Saxonhouse of the
University of Michigan, Japan’s lauded

industrial policies are little 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 mdusmal 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 io wait upon the
whim of bickering bureaucrats. It is 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-
ble 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—ihe pace of
innovation itself.

e E

Hwh Iech pr{)ducts Iend to have two
lhmgs in common: they fall .in price
rapidly as production builds up (they
possess steep learning curves) and they
get replaced fairly frequently (they have
shart life cycles). 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 outweigh almost everything else.

This spells an end to the traditional

" low-tisk, low-cost approach that Japanese

companies have used so successfully fo

" 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 pay the
same financial penalties—as everyone
else. And that puts the advantage decid-
edly on the side of Yankee ingenuity.

T

s




S

e

s

NEWS FOCUS

~ Intellectual Property:
- Foreign Pirates Worry U.S. Flrms

Overseas compa'nies are increasingly infringing patents, trademarks, '
other intellectual property of U.S. drug and agrochemical firms; better

Earl V. Andersen, CAEN New York.

Rohm & Haas has a Brazilian patent on its ac1fiu0ren :

herbicide, Blazer. When a Brazilian company started

producing the product, not only couldn’t Rohm & -

Haas collect royalties, it couldn’t even get the permits

needed to export its own patented product to Brazil. A .

$5 million market was closed to Rohm & Haas,

Pirate companies in Taiwan are selling Bristol- -Myers’
antibiotics amikacin and cefadroxil. Since Bristo] in-
troduced amikacin in Taiwan in 1976, five other com-
panies have started marketing imported amikacin and
account for more than 40% of amikacin sales. Six
firms sell cefadroxil and command about 70% of the
market. Bristol won't even try to enforce its patents in
Taiwan because there’s not much chance of success,

Different companies. Different products. Different

Industn fepresentatives I:sten to comments of Department of Commerce
foreign nation experts at meetmg onintellectual property rights

aptha
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protection is now high-priority item in Washington

countries. But the underlying problem is the same.
Overseas pirates are stealing the intellectual property
of U.S. companies.

Increasingly, U.S. companies are finding it more

difficult to stem the abuse of their intellectual proper-
ty rights in many other countries. Most of the abuse
occurs in developing countries, where patent and trade-
mark laws are weak or don't exist at all. Ten develop-
ing nations have been identified as the major problem
areas: Taiwan, South Korea, Thailand, Singapore,
Malaysia, Indonesia, the Philippines, Mexxco Brazil,
and India.

But the intellectual property problem does not end
at those countries’ borders. It extends to many other
countries, including some in the industrialized, west-
ern world.

Stories of fake designer.jeans, bogus watches, and
illegal copies of books, records, and
movies are well known. Not so
well known is that pirate opera-
tors abroad skirt the intellectual
property rights of many U.S. com-
panies to crank out-computer soft-
ware and chips, automotive and
airplane parts, machine parts, elec-
tronic equipment, and even sophis-
ticated medical equipment.

Quite a few chemicals can be

fumes, and some rubber and plas-
tics parts have been pirated. But
particularly hard-hit have been
agrochemicals and pharmaceuti-

. cals. “"We find ourself with some
strange bedfellows on this one,”
savs Edmund T. Pratt, chairman
and chief executive officer of
Pfizer.

lar f:gure on the amount of sales

added to that list. Toiletries, per-

It’s difficult to put a precise dol-‘

AT
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Congressional hoppers are full of inteliectual property legislation

Better international protection tor the
intellectual property rights of U.S. com-
panies has become a popular cause
in official Washington. Literally doz-
ens of bliis dealing with the issue now
swalt Congressional action. Hete's &
sampiing (the legisiator Infroducing the
bili and the Initial committes referral
are in brackets):

+ HR. 1068, Process Patent Amend-
ment Moorhead (R.-Calif.), Judiciary].
Amends copyright law t make i an
Infringament of a pasem fo use, seli,
or impart into the U.S. & prochuct pro-

wbyspazenteﬁprocesswm_\

the authorlty of the patenthoider.

« HR. 3246, Pateni Cooperstion
Treaty Auﬁror%zaﬂqn,:{i(astenmeler_'
O.-Wis.}, Judiclery]. impisfents Chap-

¢ tar B 6t the Patent Cooperation Treaty

imported into the U:8., and makes it
uniawful to seli or transporl such goods
in the U.S.

« HR. 3776, Intellectual Property
Rights Protection & Enforcement Act
[Mocrhead (R.-Calit,), Judiciary].
Amends patent faw to prohibit sale,
use, or kmport of products trough
unauthorized use of & patentsd pro-
cess; removes . the “injury”: @.ﬁrg_—_
ments in section 337 cases {unfal i

" end withodzes $ha Ratent & Trade-

mark OFfcs 10 bocome &n Indernation-
JWWAMM

-+ 19868, Lnfakr Foreigr Tr&der

{Paas# 4D -Ohia), "Ways -8 Means]. -

D.-Tex), several committees]. Basl- -

s 5. 1543, Process Patent Amend-
ment [Mathias (R.-Md.), Judiclary]. Sim-
flar to H.R. 1068, It amends copyright
law t0 make i & patert infringement
to uss, sell, or import into the U.S. a
product produced by @ paten’ted pro-

Economic Policy Reform Act [wm e m

EGOOSE

..-MakesJt unlawfil %o pell or distribute - tion 337 of the Tarit! Act of 1830 and . Fishes & oW BNToH Siry
- oounterfelt goods i sountries outside ' Implemants several other reforms de- - the Offios of he BS
the U8, requires tointerieh goods 0. mwmm&mus mtloatual - sentative, and dncc .

,ﬂbs,*uyandmlbgsﬁtwym -Property fights. ..
ook . safasmsanonl s ienmsdlAA

that U.S. companies lose to foreign intellectual prop-
erty pirates. Like crime, intellectual property abuse is
too shadowy and too widespread to come up with
solid numbers. Even the definition of “intellectual
property” is inexact, although it generally refers to
such things as patents, trademarks, copyright, trade
secrets, and industrial designs. For agrochemical and
pharmaceutical companies, patent infringement is by
far the biggest headache, although they have had
their share of trademark problems, too.

In 1982 the International Trade Commission esti-
mated that intellectual property infringement cost U.S.
industries $5.5 billion per year in sales and cost the
nation 131,000 lJost jobs. And that was only in five
industries. Assuming that figure is -accurate, it un-
doubtedly would be higher todav. Intellectual proper-
tv pirates have become much more active since then
and they certainly affect more than five U.S. indus-
tries.

In a report it submitted last year to the Office of .

the U.S. Trade Representative (USTR), the National
Agricultural Chemicals Association (NACA) came up
With some estimates for the agrochemical industry.
Working with 1983 data, NACA estimates that the
US. agrochemical industry probably lost $123 mil-
lion to $246 million that year to pirate operations.

Losses uncovered in spec1f1c company case studies

P

in only nine problem countries added up to a hefty
$230 million—a reasonable check on NACA’s esti-
mate.

Applying a simple 6% annual growth rate to the
world agrochemical market, NACA pegs possible pi-
racy losses last year at $138 million to $277 million.
But this assumes that pirates maintained the same
“operating rate” that they had in 1983. If instead the
U.S. is “on the front edge of an epidemic of piracy,” as
NACA puts it, then the association’s estimates are also
vastly understated.

NACA speculates, for instance, what might happen
if pirates took over the entire agrochemical market in
Brazil. In view of recent developments in the comput-
er industry in Brazil, that is not too farfetched. If
Brazil permitted only local production of all ag chem-
icals, NACA says that U.S. producers would lose more
than $200 million in that country alone.

As serious as these dollar losses may be, the conse-
quences.of intellectual property abuse extend beyond
economics. Shoddv pirated products are health and
safety hazards. Cases of paper-thin brake linings, faulty
medical equipment, and dangerously off-specification
drugs have been documented. Bogus pesticides have
ruined entire crops.

For good reason, then, protection of intellectual
property overseas has blossomed into a major trade

o an
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policy issue in Washington, D.C. “We've pushed it
high up on the priority list,” says Pratt.

Actually, the piracy problem has been around for
years. “We knew they were stealing our know-how,”
Pratt recalls, “but we lived with it.”” James R. Enyart,
Monsanto’s director of international and government
affairs, says that Monsanto started feeling the pirates’
sting in the late 1970s. While discussing the problem
with some European counterparts, he too was told
that he would just have to live with it.

Barry MacTaggart, president of Pfizer International,
says that until recently many top managers didn't
take the problem seriously. “All too often, ! hear that
countries with strong intellectual property laws ac-
count for 80% of our [the drug industry] market,” he
says. The inference, according to MacTaggart, is that
the remainder of the world market, where pirates
tend to operate, is not worth worrying about.

As losses to pirates mounted, that passive attitude

evaporated. Monsanto’s Enyart; for one, washot ready

“to live with 1t.” He drafted a long-term program to
improve the protection of Monsanto’s intellectual prop-
erty. A big part of that program is to make the issue
more understandable: Educate the public and the gov-
ernment. Make them realize just how costly a prob-
lem #really is.

Many other companies and their trade associations
have joined the battle. In the chemical industry, NACA
has emerged as the lead spokesman for better protec-
tion of intellectual property. The Pharmaceutical Man-
ufacturers Association (PMA) is carrying the ball for
proprietary drug companies.

Many broad-based associations have become involved
in the issue. The International Anticounterfeiting Co-
alition (IACC), for instance, unites about 150 private
sector groups to fight for better intellectual property
protection. The coalition lobbies for better laws, holds
educational events, and provides its members with
legal advice. ;

10__.Seplember 1., 1986 CEEN

osed measures approved by President. Yeutter {center):
put rest of world on notice. Pratt: protection high up on priority list

Baldrige (left): prop

s

IACC, unti] recently based in San Francisco, has just
moved its headquarters closer to the action in
Washington, D.C. It also has hired a new executive
director—Richard M. Brennan, an old international
trade hand since his days with Union Carbide.

Also involved is the International Intellectual Prop-
erty Alliance, whose members come from the publish-
ing, recording, film, and software industries. In addi-
tion, several major business groups—among them the
U.S. Chamber of Commerce, the National Association
of Manufacturers (NAM), and the influential Business
Roundtable—have put intellectual property issues on
their priority lists.

Brendan F. Somerville, NAM's director of innova-
tion, technology, and science policy, says that much
of what these groups have been doing is to “raise the
consciousness level” about the intellectual property
problem. This is particularly true, he adds, among the
“movers and shakers” in government.

Apparently, they have been successful. Last year,
the President’s Commission on Industrial Competi-
tiveness issued a special report on intellectual proper-
ty rights. And earlier this year, a task force on intel-
lectual property completed its report for the Advisory
Committee for Trade Negotiations. Within the laby-
rinth of private-sector advisory groups established to
funnel advice on trade policy into USTR, a new one
has just been established—the Industrial Functional
Advisory Committee on Intellectual Property Rights
for Trade Policy Matters.

“Literally dozens of bills have been introduced in
Congress recently dealing with some aspect of intel-
lectual property. Some are process patent bills, de-
signed to prevent imports of products that are pro-
duced by the unauthorized use of a patented process.

Others would strengthen section 337 of the Tariff
Act of 1930. Section 337 provides for relief from un-
fair import practices and, although weak, has been

~one of the few tools U.S. companies have had to fight




pirated imports. Section 337 cases require proof of
injury. The new bills would remove the injury re-
quirement. Some would speed up the review investi-
gation process at the International Trade Commission.

There are patent term restoration bills for agricul-
tural chemicals, designed to add back the time that
.S, patent holders lose as their products go through
an arduous and lengthy registration process. This is a
major legisliative goal of NACA. A law passed in 1984
did the same thing for pharmaceuticals.

The Trade & Tariff Act of 1984 hinges generalized
system of preferences (GSP) treatment for developing
countries to intellectual property rights. Under GSP,
imports from a2 qualifying developmg country enter
the U.5. duty-free. The 1984 act requires the President
to consider whether those countries are provxdmg
adequate protection for U.S. intellectual property in
all of his or her GSP decisions.

The major omnibus trade bills—H.R. 4800 recently
passed by the House and S. 1860 now being consid-
ered in the Senate—contain several intellectual prop-
erty provisions. And other legislative proposals have
been introduced to plug leaks in the Freedom of
Information Act.

The Department of Commerce has been active in
the intellectual property issue. Country specialists in
its International Trade Administration and experts
from the Patent & Trademark Office have been meet-
ing with and holding seminars for officials in devel-
oping couniries. The goal: Advise them how their
intellectual property laws can be improved.

That's one of the carrot approaches. A good exam-
ple of how the U.S. government can wield the stick is
the 301 case’” that it conciuded in July with South
Korea Last fall, rather than wait for a complaint from
industry, as is typically the case, USTR self-initiated
an unfair business practices case under section 301 of
the 1974 Trade Act. After eight months of negotia-
tions, South Korea agreed, among other things, to
provide comprehensive protection for patents, copy-
rights, and trademarks. Had agreement not been
reached, President Reagan could have hit South Korea
with retaliatory trade measures. Pfizer's Pratt consid-
ers the Korean 301 case “tremendously important.”

In April, the Reagan Administration also unveiled
its own package of measures to improve protection of
U.5. intellectual property rights. The program, says
Secretary of Commerce Malcolm Baldrige, was rec-
ommended by the President’s trade strike farce, en-
dorsed by the Economic Policy Council, and approved

by the President. The package includes a legislative :

proposal (the Intellectual Property Rights Improve-

ment Act of 1986), the threat of additional section 301

investigations, and possible denial of GSP privileges.

U.S. trade representative Clayton Yeutter says that the

package “will put the rest of the world on notice that

the U.S. will not tolerate the piracy that has emerged
.in recent years.”

The outlook for the Administration’s 1egxslat1ve pro-
posal is cloudy. Some sections, such as strengthening
section 337 (unfair import practices), process patent
prbtection, and extending the patent term for

Smfarﬂ mhor lndustrlal property '
agroements also tall under WIPO,

No intemational laws spell out ex-
plicit rules to protsct intellsctual
property, Nor do international agres-
ments establish rights. Instsad, they
attampt to harmonize divergent nation-
al laws.

The two primary agreements under
WIPO are the Paris Union for industrial
property and the Berne Gonvention for
Copyright. The U.S. does not belong to
the Berne Convention.

The Paris Union covers a wide range
ot Industrial inteliectual property—

WMWM\-

A

inciuding:

marks).

Treaty.

P

+ Madrid Agreement {false or de-
ceptive souwrce of goods),
+ Madrid Agreement (registraﬁon of

+ Hague Agreement.

* Nice Agresment.

+ Lisbon Agreement. !

+ Imemational Convention for Pro-
tecting New Varieties of Plants.

+ Locarno Agreement.

* Patent Cooperation Treaty.

+ Intfemational Patent Classification

' Agreement covers the communist
countries of Eastern Europs. There are
several others.

Similarly, there are no spec!ﬂc in-
ternational laws for copyright protec-
tion. That, too, iz based on national
iaws that apply only in & particular
country. In arddition to the Berne Con-
vention, several other copyright agree-
meants fall under WIPO—the Rome Con-
vention, the Geneva Convention, the
Brussels Convention, and the Madrid
Muttilateral Convention.

Also, there are about & half-dozen
other internationa! copyright agree-
ments outside WIPQO.
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Horror stories abound of how intellectual property pirates overseas victimize U.S. firms

m&wm\dwomemica!coﬁma-
nles can spih Incredible—-but true—=
yams of how they have been ripped
off by intellectial property pirates over-
854S, Fouwhg just & fow: - .4

agrochemicals, stand a good chance of passing—if not
in the Administration bill in one of the many pieces
of duplicate legislation floating around Congress. Oth-
er proposals, tying licensing arrangements to antitrust
considerations, are more doubtful.

But by far the most important part of the Adminis-
tration’s package concerns the proposed new round of
multilateral trade negotiations under the General
Agreement on Tariffs & Trade (GATT). This is noth-
ing new. Ever since the U.S. proposed the new round
of trade talks, it has wanted to negotiate a multilateral
code or agreement covering all forms of intellectual
property.

According to Pratt, getting intellectual property
rights included on the GATT agenda is virtually a
“must” from industry’s point of view. The consensus
seems to be that, without it, there should be no new
round of trade talks,

Obviously, U.5. companies and their trade associa-
tions have managed to get Washington’s attention on
the intellectual property issue. “For the first time, we
have the political will in the U.S. government to do
something about it,” says MacTaggart.

But why now, after so many years of trying? One
big reason is the devastating trade deficits the U.S.
has been racking up in recent years. Last vear, the
deficit hit $132 billion on a customs basis and a
whopping $148 billion on a cost, insurance, and freight
basis. :

plrates produce an imitation product,
cranking out aimost B0O tons annual-
ly. At the tarm, fevel, matrepraeentsa
$10 million pear-year loss In sales,

exporied in & singie year, perhaps more
il the material shipped under faise
labelslatnclwed.

in 1880, Plizer was polsed to kvtro-

TuseTaImprodumaisoaxpm ducehsnewmﬂarﬁﬂﬂc&mpm_

Even the country’s vaunted chemical trade surplus
slipped to $7.2 billion last year. It was more than $12
billion in 1980.

The usual explanations for the country’s dismal trade
performance focus on such things as a strong dollar, a
strong domestic economy that sucks in imports, and
weak economies overseas that demand less US. ex-
ports. All of these are less important than they were
only a short time ago.

But there’s another reason that’s more important
than it was only a short time ago. U.S. industries have
been losing their competitive edge in the internation-
al marketplace. And, as the President’s Commission
on Industrial Competitiveness points out, U.S. indus-
trial competitiveness—both at home and abroad—
depends increasingly on innovation. It may be the
one comparative advantage that the U.S. has left, and

it should be protected.

Innovation, of course, smacks of research and de-
velopment, technological breakthroughs, and know-
how—all the things that make up intellectual proper-
tv. And, as the commission also points out, “We have
sometimes lost sight of what it is we are protecting,
and how we can best protect it.”

The “best way to protect it” certainly hasnt been by
relying on the many existing international agreements
that cover intellectual property rights. There are about
30 such major agreements, but they don’t really offer
much protection.

e
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=, Ient, and the agreement, of course,

There are no international laws covering intellectu-
al property, only national laws. The national laws, of
course, are valid only in a particular country. And if a
country’s laws are weak or nonexistent, as they often
are, then U.S. companies can’t expect much in the way
of intellectual property protection. All the interna-
tional agreements do is attempt to harmonize the
national laws. The effort leaves a lot to be desired.

As a result, patent standards vary widely from coun-
try to country. Some countries, indeed, have no pat-
ent laws at all or place unjustified restrictions on their
coverage. Indonesia, for instance, has no patent law.
Mexico has no patent coverage for chemicals and phar-
maceuticals. Brazil, Argentina, and Colombia offer no
patents for selected industries. Costa Rica reserves the
right to nullify patents if the country thinks it's in the
national interest.

Often patent terms are inadequate, particularly in

developing countries. India allows seven years from
filing date or five years from the time the patent is
granted, whichever is shorter. Costa Rica has only one
year for food, agrochemical, and drug patents.

Compulsory licensing requirements are common-
place. These require a company to “work” its patent
in the country within a short period of time. If it
doesri't, the company may be forced to license the
patent to a domestic firm, usually at well below true
market value. Sometimes a company can lose its pat-
ent entirely. Compulsory licensing requirements such
as these exist even in industrialized countries—for
instance, France and Canada.

Procedures for obtaining patents may differ and
those differences can create problems. The U.S., for
example, uses a “first to invent” rule. Some other
countries use the “first to file” rule. An awesome
array of procedural roadblocks are available in some
countries to delay, possibly for many years, the granting
of a patent to a foreign company.

In addition to patented products, patented processes
are a headache, particularly to U.S.
drug and agrochemical companies.
In many countries, only the pro-
cess, and not the product, is patent-
able. Often, that process protec-
tion is paper-thin. By making very
minor and meaningless changes
in the process, a domesti¢c compa-
ny in another country can legally
skirt the process patent laws.

It's very hard, and often impos-
sible, for a U.S. company to prove
Process patent infringement in an-
other country. The U.S. company
has the burden of proof, but has
NO access to a competitor's plant
to come up with the proof.

Meanwhile, there are many oth-
€T drawbacks to the international
agreements on intellectual prop-
€Tty rights. In most cases, too few
COuntries are party to the agree-

doesn’t apply in nonsigning countries. The agree-
ments have no power of enforcement and no mecha-
nisin to settle disputes. Despite their number, the
scope of existing agreements is far too limited. Many
crucial areas remain unprotected. Computer chips and
developments in biotechnology are good examples. In
short, such international agreements have just not
kept pace with technology.

Thus it’s not surprising that these shortcomings
have hurt the U.S. agrochemical and drug industries
particularly hard. Both sectors spend heavily on R&D.
Health and safety testing, registration, and market
development are expensive. NACA estimates that it
may take up to 10 years to develop a single new
pesticide and cost more than $40 million just to devel-
op and register it. PMA goes one better—about $80
million to discover, test, and secure marketing ap-
proval for a drug in the U.5!

Patents are the commercial lifeblood of these
research-based industries. To get an adequate return
on their extensive R&D outlays, agrochem and drug
companies naturally depend on patent protection—
both in the U.S. and abroad. They rely on the time
during which an effective patent system gives them
an exclusive market position.

Because both industries are so internationally ori-
ented, foreign as well as U.S. intellectual property
protection is vital. Without it, foreign pirate compa-
nies that have invested nothing in R&D or develop-
ment costs and have taken no risks can easily and
cheaply reproduce a U.S. product. They rush into the
market at cut-rate prices, cut into a U.S. company’s
sales volume and profit margin, and threaten its re-
turn on investment. According to NACA, pirate sales
in a foreign country can easily cut a U.S. company’s
profit margins on a pesticide 20 to 40%.

Agrochemicals and pharmaceuticals are particularly
susceptible to overseas pirating, because foreign pi-
rate operators are naturally attracted to the high,

Michael Kirk described improved protection
seminar in Indonesia eatlier this year
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research-based selling prices that these products com-
mand. Once the hard job of nursing the products
through the research labs and developing the markets
is out of the way, they are relatively easy to produce.
Companies in any country with a reasonably devel-
oped fine chemical industry can do the trick. Newly
emerging countries such as Taiwan and South Korea
fall into that category.

What’s more, many of the emerging countries are
precisely the ones that have weak intellectual proper-
ty laws. Thus, it's difficult—and often impossible—
for U.S. companies to prevent foreign locals from
duplicating and selling an imitation product. Initiaily,
the pirates flood their local market, where it is diffi-
cult for the U.S. originator to stop them. Later, they
may even export, usually to other developing coun-
tries that also have only weak patent protection. Bo-
gus material may even find its way into industrialized
countries where the original product is patented. But,
because the pirates ship through a web of middlemen,
they are difficult to catch and prosecute.

There have been instances in which a US. company
has lost a foreign market completely. A country, for
instance, can shut out a U.S. export by denying an
import license, or by slapping an ultrahigh duty on
the product. If the U.S. company wants to produce its
product in the country, local officials may claim that
local pirate capacity is “sufficient for the needs of the
country” and deny permission. US. agrochem and
drug companies have run into just such problems in
Brazil, South Korea, and Mexico.

Another problem that U.S. research-intensive com-
panies face is compulsory licensing. More than a few
countries, primarily developing countries, are quick
on the compulsory licensing trigger, forcing U.S. com-
Ppanies to license local companies long before they are
ready or willing to do so.

Compulsory licensing is embedded in the Paris Con-
vention. It's there to compensate countries in case a
foreign patent holder doesn’t “work” the patent in
that country. The problem is that some countries don't
consider imports as “working” the patent. Yet, it makes
no economic sense to build sophisticated and expen-
sive chemical plants in each country merely to satisfy
the “working” requirement.

Several years ago, the so-called Group of 77 devel-
oping countries, along with a few industrialized na-
tions, including Canada, suggested some amendments
to the international patent agreements administered
by the World Intellectual Property Organization
(WIPO}. Among the suggestions: that compulsory li-
censes automatically be granted for only 30 months
if a patent holder doesn’t produce its product in the
country. Those compulsory licenses may be exclusive;
that is, the licensee may have the exclusive rights to
use the patent in a particular country. Meanwhile, the
original patentee would be denied use of its own
patent for two and a half years. The patent holder
would forfeit the patent entirely if it did not “work”
the patent in the country for five years.

Fortunately for U.S. companies, these proposals have

not been adopted yet. But they still are pending in

- . R .

WIPQ. According to some experts on intellectual prop-
erty, the proposed compulsory licensing amendments
to the Paris Convention may have been the last straw
for U.S. technology-based companies, the develop-
ment that put them in a fighting mood. But those
companies that gauge the issue with economics alone
are shortsighted.

Like so many other important issues, economic or
political, adequate protection of intellectual property
boils down to a squabble between developing and
developed countries. It is another in a long line of
so-called “‘north-south” confrontations—the haves vs.
the have-nots.

Philosophical differences lurk behind many of the
disputes over intellectual property rights. Many, if
not most, developing countries think that technology
developed in the industrialized world is prohibitive-
ly, even unjustly, expensive. They argue that owners
of patents and other intellectual property, say, in the
U.S., use their rights to nurture monopolies. Then,
they contend, those companies charge unreasonably
high prices for that knowledge, either as costly prod-
ucts or high-priced licensing arrangements. They of-
ten place very severe restrictions on technology use.

To developing countries, such actions are just an-
other in a long list of reasons why they can’t crawl out
of their own poverty and modernize their industries.
They maintain that demand for better intellectual
property protection merely perpetuates the north-south
dispute,

Some developing nations go so far as to say that
knowledge, including that covered under intellectual
property rights, is the “common heritage of man-
kind” and should be made available to everyone at
little or no cost. If that phrase sounds familiar, it’s
because it is exactly the same one that the developing
world used in the United Nations Law of the Sea
Conference as they tried to gain access to the poten-
tially valuable manganese nodules on the seabed.

U.S. companies naturally don’t buy those arguments.
But those arguments are likely to play a pivotal role in
determining whether intellectual property will be on
the GATT agenda for its upcoming round of trade
talks. Hardline developing countries, led by Brazil
and India, have been battling the U.S. and other in-
dustrialized nations over this for some time.

Later this month, when GATT ministers meet at
Punta del Este, Uruguay, to decide the fate of a new
multilateral trade negotiation, these hardline coun-
tries are expected to submit their own draft ministeri-

.al declaration. Conspicuously absent from that decla-

ration will be the so-called “nontraditional” GATT
issues—intellectual property rights, foreign invest-
ment guidelines, and trade in services—that the U.5.
wants on the agenda.

So what Pratt says that U.S. industry wants most on
the trade agenda, that is, intellectual property rights,
is far from a fait accompli. If intellectual property
does not make it, it will be interesting to see how
strenuously U.S. business will demand no trade talks
at all. It also will be interesting to see if the Adminis-

- tration has the political courage to heed the advice. D
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By Groke GILDER

Iy thie Tate 13608, Jean-Jacques Servan-
Sehreiber alerted the world to the Amerd-
con Challeage, Le Defi Americain, in a
book that becane a world-wide bestseller.
As the L'Express editor saw it, the U.8.
L was launching a glgantic, new world indus-
trial empire, spearheaded by multinational
corporations, government research labs
and Pentagon contractors, all gulded and
subsidized by Washington. To compete,
Burope would have to create a similar mil-
ftary-Ilndustrial complex led by govern-
nent on the frontlers of high technology.
. Soon, Europe resoinded with appeals
§ for new Industrial policies. But nothing
happened as Mr, Servan-Schreiber antlei-
pited, The parts of Europe where his poli-
cies were adopted suffered the worst
slump of the post-World War I} era. Since
the publication of his book, no net new jobs
have been created on the continent. Eu-
i rope felt ever further behind in the very in-
formation technologies that were targeted
| by national industrial policles,
The U.S. followed totally different poli-
i eles. It deregulated finance, telecommuni-
cations, and alr and ground transportation,
The Reapan administration drastieally
lowered tax rates across the board and In
1985 proposed a new top rate of 35%.

Dire Predictions Misread Impact

These policles, beginning in 1978, led to
. 4 massive upsurge of entrepreneurship and
. innovation. Small-business starts nearly
doubled, to 640,000 In 1985 from 270,000 in
1978, Some 15 million new jobs resulted.
Now a new tax reform will bring the top
rate to 28% on individuals and smaller
businesses and to 3i% on larger corpora-
- tlons. Rather than Increase benefits for
conventional capital formatlon, the new
bill removes the investment tax credit.
: Many Amerlcans are predlcting dire re-
¢ sults. Operating from the same assump-
§ tions as Mr. Servan-Schreiber, they expect
the American economy to become less
competitive, In partlcular, they declare
that the new technologles demand more
government guldance rather thin less.
All these prophesies drastically misread
the tmipact, meaning and prospects of the
rew information age. Contrary to some
analyses, the pace of progress in com-
puters is on the verge of a drastic acceler-
3 ation, through the convergence of three

i g - S A e sy

The first is artificlal intelligence. In the
past several years, scores of firms in the
U.S. have Introduced computer products
that man{pulate symbols, deal with uncer-
tafnty, use rules and inferences to solve
practleal problems, and simulate human
modes of intelligence in expert systems, A
second major hreakthrough is the silicon
complier, This allows the complete deslgn
of integrated circuits on a computer. Now
any computer-lterate person with a §50,0060
work-station can author a major new inte-
grated circuit adapted to hls needs, The
third key breakthrough is massively para)-
lel processing, i which many computer
operations occur simulianeously.

Any one of these breakthroughs alone '

would not bring the radical advances now

The New Amei‘ican Challengé

In the past, the domination of particular
reglons of the world imparted great politl-
cal and economic power. Today not only
are the natural resources under the ground
rapidly declining in value, but the compa-
nies and capital above the ground can rap-
idly leave. Capital markets are now
global; funds can move around the world,
rush down fiber-optic cables and bounce
off satellites at near the speed of Hght.
People can leave at the speed of a Boelng
747 or a Concorde. Companies can move in
weeks. Control of particular territories

‘tonfers virtually no advantage In the pres-

nt era,

¢ These changes collectively explain the
fallure of the policles and predictions of
Mr, Servan-Schreiber, The balance of

The state can expropriate the means of production.
But when it does, it will find mostly sand. For the
producers, the entrepreneurs, tun for the light of liberty.

In prospect. But all together they will in-
crease computer efficlency by a factor of
thousands, Carver Mead of California In-
stitute of Technology, perhaps the indus-
try's most penetrating analyst; predicts a
10,000-fold advance in the cost effective-
ness of Informatlon technology over the
next 10 years. The use of silicon compilers
to create massively parallel chips to per-
form feats of artiflcial intelligence will
transform the computer Industry and the
world economy,

The chief effect of these converging
technologles can be summed up In a stm-
ple maxim, a hoary cliche. Knowledge is

power. Today, lowever. knowledge {s not

‘simply o sonree of power. IH g, supremely,

the source of pawer.

The most important immediate effect,
already evident, is a drastic decline in the
value of natural resources, A computer
chip is made of sand, one of the most com-
mon substances, While pets and pans are
80% raw materials and automoblles $0%
raw materials, an integrated circuit Is less
than 2% raw matertals, Within five years,
a few _pounds of fiber-optic cable, also
made essentially of sand, will carry as
much tnformation as a ton of copper. In-
deed, a single satellite now displaces many

“preneurs and small companies,

power in the world has shifted massively
ag&wmmysmh di-
vidial. The three great breakthroughs in
computers, for example, all favor entre-

gzt s —

¢« Artificial intelllgence is simply a new
form of software, which Is chiefly a cre-
ation of individuals or small groups and re-
quires virtually no capital. The silicon

- compller moves control over the microchip
. from large capital-intensive flrms to any

designer with a salable Idea. In conjunc:
tion with other gains, paralle] processing
allows tremendous advances of computa-
tional power at small cost and without ex-
penslvely stretching the state of the art in
manufacturing processes, Al allow entre-
breneurs to use the power of knowledge to
economize on capital and enhance its effi-
claney—mixing sand and ideas o generate
néw_weallh and power.
The good new

reneurs, how-

ever, is bad news for socialism. The state

can dig fron or pump ofl, mobilize man-
power and manipulate currencles, tax and
spend, The state can expropriate the
means of production. But when it does, it
will find mostly sand. For the men of pro-
duction, the entrepreneurs, run for the
Jtghitof liberty. One way of andihier, most

“leal to the success of American high tech '«

L

money with them or sk
always they take thelr min._
edge is their crucial power, .

The new Defi Americain 1s the.
form lowering the {op federal rate o~
on all individuals and small businesséy.:,
Make o mistake, this bill poses a devas- .
tating threat to all high-tax economles, As -
the Briiish prime minister, Margaret .
Thatcher, says, “With a top rate lower -.
than Britain’s bottom rate, the U.S. willat- .~
tract still more of Britain's most produc- . |
tive scientists and entrepreneurs."

The price of government {s summed up ...
1n its tax rates, Governments compete for -,
a share of the global tax base. They have ..;
to compete for that ellte of productive and |
inventive men and women who contribute -
most to the global economy and tax base. -,
These key producers are disproportion-
ately British, and British accents ring out .,
all over Silicon Valley today. But entrepre- . .
neurs from all high-taxed countries are In- .
creasingly wiiling to shop around for the |
most favorable places to make thelr taxa- ..
ble contributions, With the jetliner and dis- ..«
count fares, they do not even have t0 sepa-
rate themselves from their homes and’ *
familtes,

Immigrants Critical to Success

Government has become a commaodity,
and !f you took arcund you wilt find that it
Is not exactly scarce or underpriced. In-
creasingly, in the epoch of global capital
markets and rapid travel, workers and en- -,
trepreneurs will purchase thelr govern- -
ment services and abuses at the lowest -
possible price, -

Immlgrants are already absolutely crit- .,

nelogy. Investors are already sending thelr .
finds to the U.8. {n great volumes. But you -
haven't seen anything yet. In the next dec- .
ade, America will be a mecca for all the ,
world's entrepreneurs and investors. -

Under this pressure, countries every: .-
where will begin lowering thelr tax ratesto. .
compete. The result will be an overwhelm-
ing surge of global growth. We are moving ..
toward 2 general triumph of capitalism. - -

Mr. Gilder is the author of "“"Wealth and .
Poverty" and *"The Spirit of Enlerprise,"
This is adapled from arecent speech to the -
London Conference on Taxes and Growth, .
held jolntly by the Adam Smith Institutes—"




A _____INSIGHTS

&

Engineering research and
international competltlveness

by Roland W. Schmitt

Senior Vice-President, Corporate R&D

Genersal Electric

undamental scientific knowledge

is one of America's most effective
forms of foreign aid. Unfortunately,
it's foreign aid for our strongest rivals.
The Japanese, for example, appreciate
our research efforts so much that their
industries spend two and a half times
as much money funding university and
nonprofit research laboratonies out-
side their own nation—mainly in the
U.S.—as they spend on such labora-
tories at home. And Japan pays us
nearly ten times as much on patent
licenses and other forms of technology
imports as we pay them. That favor-

able balance of trade in intellectual-

property more than doubled in the
1970s, the decade when all other bal-
ance-of-payments figures with Japan
were moving in the opposite direction.

These numbers challenge the as-
sumption that doing more of our own
research will improve our internation-
al competitiveness. Japan's experience
shows that it is possible to succeed
technologically while relying on others
for fundamental knowledge and new
ideas. But instead of rushing off to
blindly imitate Japanese methods, we
might formulate better ways of direct-
ing and using our own research.

Perhaps we're doing the right kinds
of basic research, but making it too
easy for our international rivais to get
their hands on the results. The appar-
ent cure would be to put controls on the
movement of our basic research resuits
across international boundaries. But

~such a policy would be shortsighted.
Any conceivable method of slowing
down the flow of fundamental ideas
between us and our competitors would
severely damage our own creativity.

A second possibility is that our gov-
ernment might be overinvesting in
basic research and underinvesting in
applied research. The cure would then
be to adjust the focus of our national

research effort. This would also be
shortsighted. Government must not
turn from & job it does well (supporting
basic research) to one it does poorly
(trying to anticipate markets in areas
where it is neither a consumer nor a
producer).

1 believe that a third conclusion is
most appropriate. We must build upon,
rather than abandon, one of our great-
est strengths: our fundamental re-
search capability. But we must also
make sure that we put our scientific
knowledge to use more quickly than
others do. We've got to increase our
efforts in engineering research—the
link between fundamental scientific
research and application.

The middle ground between science
and engineering, where the leading
edge of research meets the cutting
edge of application, is becoming more
critical than ever before. In fields
such as computer-integrated manu-
facturing, communications systems,
very-large-scale integrated circuits,
advanced engineering materials, arti-
ficial intelligence, supercomputers,
and biotechnology—where interna-
tional competition is beginning-—the
strengths of engineering researchers
will especially be needed.

But although we need stronger and
wider bridges between the people do-
ing engineering in industry and the
people teaching engineering and doing
research in universities, we have not
paid enough attention to designing and
building those bridges. Engineering re-
searchers have traditionally come to
their trade with little encouragement
from the government, and few emerge
directly from the graduate schools.

In some ways, engineering research-
ers resemble the Shakers—the reli-
gious sect renowned for its fine furni-
ture and practical inventions—who
thought procreation a sin. Engineering

researchers similarly fail to regener-
ate themselves, although more as a
matter of circumstance than of moral-
ity. Young engineers are typica.lly
trained in conventional engineering
programs, and even those headed for
careers in engineering research are
rarely exposed in school to the kinds of
working conditions or professional re-
lations they will later encounter. In
contrast, scientists are usually trained
in laboratories very much like those in
which they will later work.

So there is not only a gap between
the generation of knowledge and the
application of knowledge but also a gap
between the apprenticeships of poten-
tial engineering researchers and the
roles they will eventually fill.

In the past, we have relied on chance
to produce engineering researchers,
and have made no concerted effort to
create institutions that focus on engi-
neering research. We are now design-
ing such institutions at our univer-
sities, of which the Engineering Re-
search Centers are noteworthy exam-
ples. These centers, to be established
initially at six universities, will focus
on areas of technology—such as robot-
ics, microelectronics, telecommunica-
tions, composite materials, artificial
intelligence, biotechnology, and com-
puter-integrated manufacturing—
that are crucial to the future of US.
industry. They will be supported by the
National Science Foundation, which
will provide $94.5 million in funding
over the next five years.

We often hear that these centers will
be distinguished by three principal fea-
tures: industrial support, interdiscic
plinary scope, and research aimed at
utility. These descriptions are correct,
as far as they go, but they miss the
essence. “'Industry support”—the
bridge established between universi-
ties and industry—should carry much
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YOUR SHARE
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SUCCESS |

awaits in High Technology's Classi-
fied Section. Here you'll reach both
technical and management types
whose innovation and action put
them at the top of today’s hottest in-
dustry. And whose budgets and buy-
ing patierns can put them at the lop
of your sales jist.

High Technology's Classifieds of-
fer a variety of categories 1o effec-
tively position your ad. At cost effi-
cient rates that prompt frequent
insertion,

It you're ready 10 claim your share
of the high technology bonanza,
claim a spot in the High Technology
Classified Section. For further
information, contact Sally Ahern,
High Technology, Suite 1228, 342
Madison Ave., New York, NY 10173
(212) 687-6715.

And then
there were

The list of already extinct animals
grows . . . the great auk, the Texas gray
wolf, the Badlands bighorn, the sea mink,
the passenger pigeon . ..

What hapf)ens if civilization
continues to s owly)choke out wildlife
species by species:

Man cannot live on a planet unfit for
animals.

Join an organization that's doing
something about preserving our
endangered species. Get involved. Write
the Mational Wiidlife Federation,
Department 105, 1412 16th
Street, NW. Washington,

DC 20036.
It's not too late.
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‘more than dollars. As one university

spresident put it: “Don’t just send us

‘your money, send us your critical prob-
lems and people who understand
them.” And sending problems does not
mean sending mpplied research prob-
lems. The idea is not to create job shops
for industry but to do fundamental
research in the areas of engineering
practice being taken on by industry.
The centers should not be building
factory robots, for example, but gener-
ating new understanding of the funda-
mentals of robotic vision, touch, and
control; not programming expert sys-
tems for use in diagnostics or repair,
but acquiring new understanding of
knowledge representation and devel-
oping the fundamentals of artificial
intelligence; not building biotechnolo-
gy production facilities, but devising
new unit-operations concepts for bio-
logical processes.

The goal of industry—university in-
teraction should be a two-way flow of
information. From industry to univer-
sities should flow understanding of the
barrier problems that practice is run-
ning into. From universities to in-
dustry should flow the knowledge and
talent needed to overcome the funda-
mental problems. The main point is
not to drive universities away from
fundamental research but to orient
them toward the areas of fundamental
research that are most needed by
industry.

The second important feature of the
Engineering Research Centers is their
cross-disciplinary nature. But let -us
strenuously avoid creating just anoth-
er interdisciplinary program, which
more often than not simply means a
collection of specialists in different dis-
ciplines sharing a roof or a secretary.
We need organizations whose shape is
dictated by the problem to be solved or
the type of result needed, not by the
disciplines involved.

I'm under no illusions about the dif-
ficulty of realizing such a goal. The
problem-solving culture of engineering
practice is coming up against the disci-
plinary culture of engineering science.
There will be mutual suspicion and
resistance to change, just as there al-
ways is when cultures clash. But this
interaction of cultures can actually
strengthen the disciplinary base. Pro-
grams that transcend disciplines can
enhance the excellence of disciplinary
research both by revitalizing estab-
lished fields and by creating new ones.

Finally, and most difficult of a1, let’s
not take too narrow a view of the
connections between engineering re-
gearch and innovation. We must em-
bed engineering research in the total
process of innovation—from identify-
ing the market all the way through
production, quality control, mainte-
nance, and improvement of the first
product into 8 commercial success.

Moreover, these parts of the innova-
tion process can't be separated into
watertight compartments. The separa-
tion of marketing and engineering has
killed many promising innovations in
their early stages. Typically, the mar-
keting people don’t know enough
about the future possibilities of the
technology to ask the right questions of
the users, and the technologists don’t
know enough about the users to make
the right demands of the technology.
For similar reasons, the separation of
engineering and manufacturing can be
just as fatal.

Buﬂding this total process aware-
ness into the work of the new insti-
tutions should reflect the spirit of the
late George Low, president of Rensse-
laer Polytechnic Institute and a pio-
neer of the Engineering Research Cen-
ter concept. To train engineers, he
believed, it wasn't enough just to put
them to work in the classrcom and the
laboratory. They alse had to experi-
ence the frustration and the excite-
ment of putting advanced technology
towork. In a program at RPI involving
composite materials, for example, the
students conceived of a product con-
cept—a glider made of new compos- -
ites—and immersed themselves in all
the difficulties involved in getting a
product out the door. As the final
exam, they were required to test-fly
the glider themselves! The glider flew,
and so should the philosophy behind it.
The Engineering Research Centers
should get students used to the idea
that the engineer does research in or-
der to do, not merely to know.

Let’s create a golden .age for engi-
neering research by designing such
centers to forge links with industry
that carry not only money but also the
practical barrier problems that inspire
research; to be not merely interdisci-
plinary but problem-oriented in a way
that transcends disciplines; and to im-
bue students with an understanding of
the place of research in the entire pro-
cess of innovation. O

|
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'BleLL]AM.I.BROAD' o
- : OME‘. scientists and legal experts are begimiing to
r..__._....J_ ) argue that fear of safety-related Htigation is hold---;

Does the Fear
. ,;Of Litigation

| ' Dampen the Dr1ve
> To Innovate? |

ing back technical innovatlon in a variéty of . -
fields. = = -~ : :
Although the dimensions of the problem are unknown - .
and probably unknowable, experts say the blizzardof li- . |
. ability suits in the past decade has sent a chill through =" - k
" fields as diverse as computer scxence, food processlng
and nuclear, englneering. .
.. “The legal system's current message to selentists and - -
engineers is: Don’t innovate, don’t experiment, don’t be - .
venturesome, don't go.out on a limb,” said Peter-W. ~~
Huber, an attorney and engmeer who has wr tten about
~ the problem c-
- However, some groups conoemed with conshmer issues
questmn the severity of the problem saying: iits new vis- PO
: ibility ' seems.. part--of . . °
. — campaign to| weaken: li-~ -
.‘ y_ . -t ability laws so corpora- -
It S becommg- - tions will have to worry

| dlfflcult tOget *  and be abie to make:
venture capital - ™Sy cebatensatsup,
for new 1deas, ) ﬁ%&ﬁﬁ:ﬁﬁ:ﬁm ;
,saJd one. e Moregone’

innovations —are by na-

'physmlst | ture. difioult 0 docu
. ment. | The; National
Academy of Engineer-

‘ ing, a branch of the Governmem-chartered prlvate Na-- -
tional Academy of Sciences in Washington, D.C., recently - . .
held a symposium on the subject, and the Rand Corpora— e
tion in California is organizing a large study. ‘ .

“There's clearly a chilling effect,” said Stephen M.
~Matthews, a physicist at the Lawrence Livermore Na-
tional Laboratory in California who has worked on estab-

_ lishing new commercial ventures, “It’s becoming difficult .
to get venture capital for new ideas. People are afraid of |
potential Hability.” >

Experts have long agreed that. risky products and dan-
gerous procedures should be banned from the market- |
place. Recently, however, some have begun to argue that
increased technical regulation and litigation designed to

[ Contmuedon Page C9
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_/0es the Fear of L1t1gat1on Inhibit Innovatlon?
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-promote safety can have hidden costs

in the form of stifled creativity and
abandoned ideas. The upshot, these
experts- say, is that products, pro-
cesses and large-scale technologies
may fail to be made as good, cheap
and safe as possible, They say innova-
tion can be deterred when either in-

ventors or developers have inordi- -

nate fears of being sued over new
produtets and technologies.

“A lot of people are interested in -

the phenomenon; but no one has hard
data on its exient,” said Deborah R.

Hensler, research director of Rand's,

Institute for Civil Justice. One exam-

" ple involves researchers who are

- state-of-the-art applications are mot"

slowing efforts to test and market
computers with artificial intelligence
because of potential lawsuits, Their
-fear is that new types. of liability will

emerge for computers that diagnose. -

patients, run factories, and perform
other complex tasks. “Some of the

going forward,” she said,
-~ Dr. Matthews of the Livermore lab
‘daid one of his own efforts to develop
an invention with commercial poten-
tial had recently failed at least in part
because of fears of liability suits.”
‘His. idea centered on & powerful

: six feet long. Lwermore uses a simi-

lar device for developing beam weap-
cns, Dr. Matthews proposed modify-
ing the accelerator so it coyld irradi-
ate food products killing insects, lar-

" yae and parasites that infest freshly

harvested fruit and vegetables. Such
irradiation could replace the chemi-
cals used on many crops, thus elimi-
nating the chance that' poisonous
fumigants might cling to produce.

But lawyers told potential investors
its development was too risky, he
said. “‘One of the factors they cited
was liability,” Dr, Matthews recalled. !
“It was too new, with no precedent to:

~ follow in a broad area of technology.

They were afraid we might build in a
liability that no one was aware of.” In
this case, liability concern was only
one factor; the more general contro-
versy over food irradiation, for exam-
ple, also played a role.. ..

Worry for Universities .
‘A different kind of chill has been
felt in universities across the country;

" according to Howard W, Bremer, pat--

ent counsel for the University of Wis-
consin at Madison, which last year
devoted about $230 million in private
and Federal funds to scientific re-
search. The fear, he said, focuses on
small businesses that want to buy li-
censes to university patents, If such -

 particle accelerator that is only about companies should be sued, plaintiffs

——

might tirn to the "deep pockets” of
the university that spawned the idea..
Mr. Bremer said such fears were
causing universities to shy away

from licensing patentsto small com- -

panies. The trend is especially trou-

blesome, he said, since small busi- ¥

nesses are usually befter than large,
ones at nurturing innovation.
_ “There’ s some sincere questlonmg

Product liability' has

_forced companies to

be more careful,
| Ralph Nader .says_; =

“of whether we should lxcense to small .

businesses at alt,’" he saidi -
Yet another prnblem can. oceur,

some experts assert, when pubhc_

safety repulations create incentives
to keep bad technologies in the mar-
* ketplace, hindering innovation. The

reason for this, they say, is that the .
adoption of a new, safer technology.

implicitly involves acknowledgment
that the previous technology was not
as safe as possible,

Nuclear reactors provide an exam-

' ple of “encouraged inferiority,” some .

- experts assert. For instance, engi-
' neers at the University of Texas in-
' vented a simple and effective solution

: for the problem of leaky welds in the

pipes of some reactors. It involved a

rected into steel pipes that abut one

another, fusing them with extremely: number of jury awards has risen over:

strong and uniform seams.

i But the idea, little known outside of

i engineering circles, has been ignored
{ by the industry in the three. or so
. years since it was developed.”

Pt you admit you have a solution,

then the regulatory agencies might.

force you to go back and retrofit,”
said an engineer familiar with the
new technique, who spoke on condi-
tion that his name not beused

Judging Technology

. According to Dr. Huber, who holds-
a doctorate in engineering from- the-

Massachusetts Institute of Tech-
‘nology and a degree from Harvard

University Law School, the current:

clash of law and science boils down to
a fight- between technologicar opti~
mists and pessimists.

*The technical community usually
judges that new technologies are
‘safer, cheaper and better for the con-

ssumer,” he said: “But when you shift -

‘into Federal regulation and the law,

you get suspicion of change, of inno-.
, vation, of departures from the status’
_quo. Lawyeérs tend to see risks; not!
" benefits. The law is basically hostile’

to change and infovation.”

Dr Huber, a fellow of the Manhat—.'

tan Institute for Policy Research in’
New York, a non-profit, private group  §
that conducts economic research, |
told the conference of the National:
Academy of Engineering that the|
clash had been engendered by new in-
terpretations of liability Jaw and new |
regulatory statutes over the past two |
decades.  “Under the old reg:me,l
- which prevailed ih this country for
about & hundred years, the regula-i

_ tor’s charter was that of an exorcist,”
Dr. Huber said. “He identified estab-:

lished hazards and rooted them out.
Now the repuiator acts as gatekeep- |,

" er, charged with blocking new tech- |

nologles not known to be safe and

-with protecting us from the ominous

technological unknown.” -
- To many public-interest groups and :
dctivists, this new role for regulators

“is good since the technological risks -
‘of modern life are seen as greater

than in the past. Almost everywhere, |

-they say, lurk invisible killers, from.:
radiation to asbestos. They say trage- .

dies ‘such the chemical disaster -at
Bhopal, India, and nuclear reactor
fire at Chemobyl in the Sov:et Umon i
must be avoided. e

Rise in Liability Suits.

-“It's clearly in the: corporate inter- i
est to limit liability,” said Mike John-
son, an:analyist for Public Citizen, a ;
comsummer rights organization in
Washington, D.C., founded by Ralph
Nader, “The prmc:pal impact of
product liability has been to force

-companies to be more careful in their’

products, not to limit innovation.”
Indeed, the number of product li-

- -abilit filed in Federal courts, |
new welding technique ‘in . which A PIY casos o AePpririis.

powerful bursts of electricity are di-.

for instance, has risen. to 13,554 .in |
1985 from 1,579 in 1975. Althnugh most .
cases are settled before trial, the

the past decade, and the- cost of lxabll-

. ity insurance has surged.

Experts have dxffermg ideas about
what steps, if any, should be taken to
solve the problem. Consumer: advo- |.
cates say that the current system.
should be kept largely intact, with the
pos51ble addition- of special regula-
tory incentives to help move safety:

“refated innovations into the market-
. place:

Dr. Huber suggested that Federal
regulatory agencies, not the courts,
were the right place to weigh risks }
and benefits of new technologies: |
“And these. agencies: should be en:
couraged to exercise this responsibil- |
ity through §ood hindsight, rather |
than through bad foresight,” he said. " {
David G. Owen, professor of law at'{
the University of South Carolina, told'
the National Academy of Engineer-
ing that one issue will linger no mat- |
ter what changes take place. ‘“The en-
gineer must now and hereafter give |
proper respect to safety,” he said. |
*The -current problems of product ii-
ability law and insurance will in the:
long run prove manageable for engi-
neers and enterprises -who freat/|

. safety.not as a nuisance, but as an im- §
-portant engineering goal.”™ ' ;

“——. " . -
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OWNERSHIP

OF

Growing computer software sales
are forcing universities to rethink
their copyright and patent policies

By IVARS PETERSON

Item: As a course assignment and using a
university's sophisticated computer
graphics system, three students create a
short animated film. The film wins a pres-
tigious international award, and the stu-
dents receive lucrative offers from various
movie companies. But the question of who
holds the film's copyright — the students
or the university—stalls possible deals.

Item: A computer science professor de-
velops a clever computer program that a
French company wants to use for research
purposes. University officials claim that
the professor has no right to sell or even
give the software to the company without
permission from the university.

Item: A graduate student writes a com-
puter prograin as part of a large, ongoing
research project. He copyrights the pro-
gram and refuses to let other researchers
in the department run the software until
they agree to pay him a fee for its use.

Item: A team of faculty members and staff
programmers puts together a computer
program for handling library loans and
other functions. The program is so suc-
cessful that several dozen copies are sold
to other libraries. Thousands of dollars
accumulate in a bank account while the
university tries to establish a policy for
handling the twin questions of computer
software ownership and the division of
royalties.

Py

These incidents, all of which have ac-
tually occurred at universities in the
United States, reflect some of the sticky
copyright issues now befuddling univer-
sity administrators, faculty, staff and stu-
dents. Universities are starting to review
their “intellectual-property” policies,
covering everything from copyrighted
textbooks to patented inventions; to see
where computer software fits in.

The real issue is money. Traditionally,
universities have allowed faculty mem-
bers who write books and create works of
art to hold the copyright and keep any
money earned from sales. On the other
hand, most universities already enforce
patent policies that call for a share of in-
come from inventions.

The debate stems from a 1980 federal
law that says computer software should be
protected by copyright rather than by pat-
ent. Many university administrators, not-
ing the increasing potential commercial
value of software developed at univer-
sities, want to treat computer programs
like inventions. In opposition, some pro-
fessors argue that software, like any other
copyrightable material, should belong to
the creator.

Most universities don't yet have a com-
prehensive copyright policy, says Brian L.
Hawkins of Drexel University in Philadel-
phia. “From the university's perspective,
there’s been money in patent policy,” he
says. "But copyrights, until software
emerged as & copyrightable entity, didn't
matter. Historically, there wasnt much
money in them.”

Now, universities are scrambling to
catch up with technology. The issues sur-
faced early at places like Stanford Univer-
sity, the California Institute of Technology
in Pasadena, Carnegie-Mellon University
(CMU) in Pittsburgh and the University of
Illinois at Urbana-Champaign, where
software development has a Jong history.
These and a few other institutions already
have policies in place or are about to im-
plement new policies. In many cases, the
policies took years to develop. Bitter ar-
guments often punctuated discussions.

One of the more contentious issues is
the concept of “work for hire.” Employees
of a business usually must agree as a con-
dition of employment to assign to the
company all copyrights and patents. Even
without a signed agreement, companies
automatically own the copyright if the
work is done on company time and with
COMPpANnY resources.

‘The response of universities to this
issue has been mixed. Some university of-
ficials argue that everything that takes
place at a university is properly “work for
hire" and really beiongs to the institution.
At a few universities, officials see the
software copyright debate as a chance to
gain greater control over everything tﬁat

. faculty and staff produce.

Others contend that umvertitx&s are not
like businesses. They say that a univer-

sity’s mission is the generation and dis-

semination of knowledge A greedy admin-
istration and an overly restrictive

copyright or patent policy can impede this
function. It can also poison the atmo-
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sphere on a university campus.

Several universities are -actually head-
ing completely away from the work-for-
hire concept. Some policies allow not only
faculty but even staff hired to write spe-
cific computer programs to collect as
much as 60 percent of the: income from
marketed- software, although the univer-
sity holds the copyright.

“There are arguments on both sides of
that issue,” says Thomas K. Wunderliich,
associate dean of research at Brown Uni-
versity in Providence, Rl “We're leaning
toward a nondiscriminatory policy that
says we'll treat faculty, staff and students
alike. If there's going to be money made,
then there will be sharing whether within
the computer science department or
within the computer center itself.”

“This is a new form of incentive within
the academic institution,” says Hawkins,
“where 2 different sense of community can
be created.”

Most university software policies, how-
ever, don’t go this far. More often, if faculty
or staff are hired or assigned time to write
a program for a specific purpose, then the
university holds the copyright and the
creators involved usually don't share in
any income from marketing the software.

But establishing ownership can get
complicated. “There are so many different
scenarios under which creators can de-
velop something,” says CM(P’s Richard M.
Stern. The CMU document includes an in-

tricate flowchart showing all the different.

possibilities.

Software itself also covers a broad spec-
trum of creations — from “computer
courseware,” which is often little more
than a video textbook, to programs that
run scientific instruments and collect
data. Also included are operating systems
for computers and microcode, which con-
verts commands in a programming lan-
guage into instructions in a mi-
croprocessor chip. Some universities have
chosen to divide software into two or
more categories, depending on whether
the software is more iike a book or a pat-
entable invention.

Another sticking point is the definition
of “substantial use of university re-
sources” in deciding whether a university
holds a copyright. Brown University, in its
proposed policy, takes a liberal approach.
In general, unless the university’s large
“mainframe” computer is used exten-
sively, the programmer holds the
copyright. Exceptions would occur when
research is sponsored by a government
agency, industry or foundation and the
contract specifically requires the univer-
sity to claim ownership of any software
produced for the project.

“There are concerns about use of uni-
versity facilities,” says Wunderlich, “but
you can't police everything.” The task be-
comes overwhelming with the prolifera-
tion of computers on campuses. “People
use computers the way they would tumn on
a light switch," says Henry A. Scarton, a
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mechanical engineer at Rensselaer B8

Polytechnic Institute in Troy, N.Y. “Using a
computer is like having a pencil.”
Nevertheless, CMU, in a quest for preci-
sion, is one university that has tried to put
a dollar figure on “substantial use” In
CMU's policy, “extensive” use of university

facilities means that the programmer

would have had to spend more than $5,000
to buy or lease equipment and services
similar to those used at the university.

Wary of potential accounting problems,
other schools have included a “substantial
use” clause but have chosen to leave it
undefined. At the Virginia Polytechnic In-
stitute and State University (VFPI} in
Blacksburg, a special committee settles
the matter.

Another touchy issue concerns the role
of graduate and undergraduate students.
At places like Ohio State University (OSU)
in Columbus, the school has strongly
championed students’ rights by encourag-
ing students to copyright their work, in-
cluding class assignments and disserta-
tions. In general, a student’s work belongs
to the student, unless the student has been
hired for a specific project or makes ex-
tensive use of university facilities.

Not all universities follow this ap-
proach, partly because of differences in
state laws governing contracts and related
matters. VP lawyers recently studied the
question as it applies in Virginia and con-
cluded that a submitted class assignment,
for instance, becomes the property of the
professor involved. Students also cannot
claim a share in any university software
they helped to develop uniess the profes-
sor, in a written agreement, decides to give
them a percentage of any royalties.

The ownership of work done by stu-
dents is a tricky question, says OSU's Gary
L. Xinzel, who discussed the problem at
a recent meeting in Boston on computers
in engineering. “Students rarely work on
a significant piece of software without
major supervision from a faculty
member,” he says, “although the faculty
member may or may not actually write
part of the code.”

in his paper, Kinzel gives an example of
what could happen: "An adviser works
with a student for severa! years and pro-
vides many of the ideas for a software
package. The adviser may also arrange for
computer support, financial support
through a teaching assistantship and ad-
vice on the program development. At the
end of the project, the student may decide
he would like to start a company based on
the program. He can then copyright the
program and deny the university access to
the source code. Technically, the student
is within his rights because he alone did
most of the actual programming.”

OI course, because a copyright covers
only the expression of an idea and not the
idea itself, the prolessor is free to work
with another student to redo the program
from scratch. “However, with research
that is highly associated with computer

190

Three students at Ohio State University lastyear won several top international awards for
their three-minute, computer-animated film “Snoot and Muttly.” However, determining
who owns the software that generated the images and who benefits from any proceeds
from its sale turns out to be a very difficult question to resolve. Now OSU has a copyright
policy that in the future may help setile such disputes.

programming,” says Kinzel, “the inability
to be assured access to programs for fu-
ture development has a significant damp-
ing effect.”

Several new and proposed intel-
lectual-property policies now try to cir-
cumvent such problems. At lllinois, for
example, users, to get access to major uni-
versity facilities, in effect agree to give the
university a royalty-free license to use,
within the university, any software devel-
oped using the facilities.

However, the best way to overcome
these and other potential copyright prob-
lems is to come to some agreement belore
a project starts. “Contrary to all the good
old academic traditions,” says Dillon E.
Mapother, associate vice chancellor for
research at lllinois, “there are certain
areas where you've got to put things in
writing if you want to avoid trouble.” .~

“Potential conflicts can be avoided if
reasonable written agreements are made
with students prior to any software devel-
opment effort,” says Kinzel. “Presumably,
an important aspect of any such agree-
ment would be that the university should
have use of any software developed and
this use should include the right to modify
the source code.”

More and more faculty members are
taking this approach, not only with stu-
dents but also in dealing with a univer-
sity’s administration. The CMU policy, in
fact, states that because "it is frequently
difficult to meaningfully assess risks, re-
sources and potential rewards, negotiated
agreements are to be encouraged
whenever possible.”

“The purpose of a policy is to establish
the ground rules and to set the defaults —
in a sense, the starting point for negotia-
tions,” says CMU's Stern. “We never really
attempted to consider every possible

scenario in detail.” He adds, *] think it
would be foolish to try to do something
like that.”

Although a few universities have intel-
lectual-property policies that include
computer software, most are just starting
to wrestle with the problem. And new is-
sues keep coming up.

“I don't think the debate on this is over,”
says Scarton. “lf anything, it's only begin-

ning.” Rensselaer Polytechnic Institute

started debating the issue severa! years
ago but still has no policy. Now, a faculty
committee has proposed that a modified
version of CMU's policy be implemented.
“CMU did 2 very nice job,” says Scarton,
“but their pelicy is a little bulky. We tried to
streamline it a little bit.”

Although policies like those at CMU and
Stanford University are being used as
models, the issues are complicated
enough that universities are generally tak-
ing somewhat different approaches.
“There's not a right way or a wrong way,”
says Brown's Wunderlich. You need tolook
for “a path of least resistance™ to get a
policy through at any particular university,

_he says. .

Even universities that have policies see
that changes are needed. Both the Mas-
sachusetts Institute of Technology and
Stanford, which have had patent and
copyright policies for years, are tinkering
with their schemes. Commenting on OSU's
recently adopted “interim policy.” James
B. Wilkens of O3U's patent and copyright

office says, “This field is sufficiently com- *

plex that in two years we probably will find
that we want to make a few changes.”
“The main point is that if you adopt a
policy that alienates the original authors
|of a copyrightable piece of work],” says
Mapother, “the property that you ciaim is
largely without vatue.” 0
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Germany’s 75 Years of
Free Enterprise Science

The Max-Planck-Society has celebrated its 75th bzrthday wzrh
its third Nobel Prize in 3 years and bright prospects, but

tensions vemain over its velationship to German universities

Munich
THE core 1dca of the modern research
university—that teaching and re-
search thrive best if carried out in
close proximity—was conceived by the Ger-
man scientist Wilhelm von Humboldt in the
early 19th century. It is therefore ironic that
Germany’s foremost organization for the
support of basic research, the Max-Planck-
" Society {MPG), was created deliberately to
free scientists from the heavy burden of
teaching and administration that the pursuit
of Humboldt’s ideals had imposed on uni-
versities.

Currently’ celebrating its 75th birthday,
the Max Planck’s network of independent
research institutes remains the envy of scien-
tists throughout the world. Although the
society has been contending with serious
budget difficulties and tensions in its rela-
tions with German universities in recent
years, it enjoys what research instirutions in
few other countries have been able to
achieve: substantial public funding with al-
most complete scientific and administrative
autonomy.

The society’s scientific reputation was re-
confirmed last month by the award of the
Nobel Prize in physics—shared with Gerd
Binnig and Heinrich Rohrer of IBM—to
Ernst Ruska, the 79-year-old inventor of the

electron microscope and formerly the direc-

tor of MP(s Fritz- Haber-Insticute in Ber-
lin. Ruska is the MPG’s 23rd Nobel prize-

winner since its foundation, and the thlrd in

three SUCCCSS]\G vears.

The publicity that has surrounded both

this string of successes and the current birth-
tay celebrations will, it is hoped, help break
s funding deadlock that has held the Max-
Planck-Society’s budget constant at about
3500 million a year for more than a decade.

At the beginning of October, the linder
{state) governments, which provide almost:

half the public financing, agreed to support
a real budget increasc of 3.5% next year.
However, the MPG had been hoping for an
increase of 5%, as well as an additional $10
million over the next 5 years for scientific
equipment.

14 NOVEMBER 1986

The Max-Planck-Society did not get its
present name (suggested by British scientist
Sir Henry Dale) until 1948. It began in
Betlin in 1911 as the Kaiser-Wilhelm-Ge-
sellschaft, and originated from a joint pro-
posal by a group of scientists and industrial-
ists who argued that advanced research was

_sufficiently important to receive public fund-

ing but to remain separate from the con-
straints of the university world.

Despite the many changes that have taken
place in the world of science over the past 75
years, the philosophy of the Max-Planck-
Society is largely unchanged. As a result, it
remains an essentially elivist and conserva-
tive (some even- use the word “fendal”)
organization, wedded to the idea that a
nation’s industry can prosper through the
careful nurtaring of basic science, but run
with the tradirional German emphasis on
organizational efficiency and discipline.

The scientific activities of its 60 research
institutes and project groups cover topics
from nuclear physics through molecular ge-

Max Ptanck. Presided over the Kaiser- -+

- Wilkelm-Gesellschaft in the 1930°% and
immediately after World War I, The

organization was named after him in 1948,

Culver Piclures, Inc.

netics and coal research to the study of
patent law. In size, they range from the
1000 scientists and technicians employed in

the Max Planck Institute for Plasma Physics

at Garching near Munich, to others—such
as the new mathematics institute in Bonn—
with no more than a dozen people on the
staff. -

‘Whatever an institute’s size, its scientific

" autonomy is jealously guarded. The 200
.- scientific directors who are responsible for

the individual rescarch programs are each
carefully selected. Once appointed, howey-
er, they are free to appoint their own staff and
choose their own research topics. But they
have to rejustify their support every 7 years.

Accountability is primarily scientific.
Each institute is regularly scrutinized by an
international team of visiting scientists, who
report directly to the Max-Planck-Society
president. The reports perform a double
function, not merely checking on the quality-
of the work being performed, but also, says
one administrator, makmg us l:rustwon:hy'
on the political scene.”

According to the current premdcnt chem-

. ist Heinz Staab of the Max Planck Institute

for Medical Research in Heidelberg, this-
independence has been made possible be-
cause the society’s support has always come
from two separate sources, each of which
has tended to neutralize the influence of the

" other, leaving the MPG free to determine its

own policies. -

“There has always been a balance of pow-
er,” says Staab. Initially it was berween
government and private sponsorship; now it
is between the federal and state govern-
ments, “The research has never been depen-
dent on just one of these groups,” he adds.

_In addition, Max Planck scientists work in
an environment that reflects what one offi-
cial describes as the “higher bourgeois” val-
ues of the early years of the century. This
means, for example, that there has never
been much reluctance to engage in research
of explicit value to the private sector (pro-
vided individual topics remain set by the
scientists themselves). _

At the same time, it also means that there
has been a conscious effort to isolate the-
content of research from political debates.

~ During World War II, this led to some

murky dealings with the Nazi regime, which
later prompted the United States to propose
that all the research institutes be disbanded
(they were saved aftcr intervention by the
British). '

In principle, however, the rcsult has been

. to create a protected system of free enter-

prise science that is unique in the industrial-
ized world. Scientists with a proven track
record are provided considerable flexibilicy
and freedom to innovate. “It is very effi-
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- Bill Alms to Ease Transfer of Technology
FromF ederal Laboratories to Businesses - |

"By Tivotny Ko SwrTH
Staff Reporter of THE WALL STREET JOURNAL

Clifford Hesselline's experience as a
U.8. government scientist was classic. He
did some research on toxins. published re-
sults that caught the eve of industrialists
with a problem, and won a government ci-
tation for saving an industry.

The citation was'the Thir@ Order of the
Rising Sun, bestowed on behalf of the Em-
peror of Japan, in recognition of Mr. Hes-
seltine’'s service to0 .}apar's s0y-sauce
brewing industry.

The iaxpayer-funded research done in
the 700 or so federal laboratories should be
8 rich mine of ideas that U.S. businesses
can develop into new technologies. But it
hasn't worked that way. Most American
companies shup the laberatories. and the
technology that ‘comes out of them usu-
a!ly goes to foreign countries,

ously looking for new technology™ at the
federal laboratories. savs Clifford Lan-
ham, executive secretarv of the Federal
Laboratory Consortium for Technology
Transfer, an umbrella group.

Problems on Both Ends
The transfer of technology from the

with problems on both epds. Finding and
developing basic research at companies
rarely commands a priority as high as
quarterly profits. And at the government
laboratories, red tape and legal obstacles
prevent most inventions with commercial
potential from ever getting out the door.

“The labs spend about $1& billion a
year™ ob research. savs Bruce Merrifield,
the Comimerce Department's assistant sec-
retary for productivity. technology and in-
novation. "1 would say that about 95% of
4 (their work! has not been beer available

for commercial development.”

But that may soon change. A House-
Senate conference panel vesierdav com-
pleted negotiations on a bill that would
make it easier for companies to exploit
governmment research, primarily by remov-
ing administrative hurdles and giving labo-
‘ratories incentives to commercialize their
ideas. The legislation now goes to the
House and the Senate for final votes. and
sources on Capitol Hill say its chances for
passage are good.

"“We see this as landmark legislation,”
Mr. Mertrifield says. ‘It seems 50 obvious
and so much in the nationa' interest.”

He and other proponents of the bill ar-

“Private companies do not take seri-

U.S. government to corporations is rife

gue that one reason the Amencan tech-
nological edge has been slipping is that un-
like other countries, the U.S. has been un-
able to narrow the gap between basic and
applied research. That, they say, is why
the U.S. still wins plenty of Nobel prizes
but no longer seems able 1o build a decent
automnobile.

Congressional Action

Prodded by Congress, federal labora- -

tories have been trying to promote their
inventions in recent years, with varying
degrees of enthusiasm and success. A 1980

- law required the laboratories to appoint

part-time officers to encourage technology
transfer. Another law passed the same
year permitted some laboratories—but not

¢ “]ESEEthisas
landmark
legislation,’ says a
Commerce Department
official. ‘It seems so

obvious and so much in

tk -ational interest.’

all-to do cooperative research with out-
side entities such as universities and small
businesses. And legislation in recent years
aliows federal laboratories to get exclusive

- rights to inventions and license them-

keeping some of the revenue.

Still, the bureaucracy remains night-
marish, and progress has been slow. Glenn
Kuswa, technelogy transfer manager at
the Department of Energy's Sandia Na-
tional Laboratories in Albuquergue, N.M.,
describes the arduous journey an invention
takes from his laboratory to the market.
“1t's checked for classification, and if it's
not classified, it's sent to the local DOE of-
fice to see if a search for lcensing should
be made. Then it goes o Washington for
evaluation, and if it looks promising, we
write a disclosure, and it goes to a patent
attorney and gets seni off to the patent of-

fice. The end result is a patent that is .

owned by DOE. If the inventor wants 1o, he
can ask for license rights.” Mr. Kuswa
adds that from the time the inventor asks
for a license until the product is ‘developed
is usually more than a year.

s b e s b oy oS

And that's Just one 1aborataxy owned

by one agency; rules and procedures differ

at laboratories owned by the Defense De-
partment, NASA, the National Institutes of
Health and other branches of the govern-
ment. "It's going to take a while to turn
this dinosaur around,” Mr. Lanham says.

The new bill would grant blanket au-
thority to all federal laboratories to set up
cooperative research-and-development
agreements with businesses. It would pro-
vide money to expand a communications
system linking federal laboratories, giving
businesses centralized access to 2 smor-

- gasbord of government research. It would

raise the status of technology transfer offi-
cers and make their positions full-time.
Perhaps most important, it would reward
government researchers whose inventions
are licensed, requiring the laboratories to
give them either 15% of license revenue or
a fixed minimum payment.
Optimism at Labs .
Officials at the laboratories are optimis-
tic about the bill. “There has been a slow
change, but now it almost locks like we
might be on an exponential change curve."
Mr. Lanham says.

But there are some problems that the-

bill can’t address. There is, for instance,
the basic difference in thé cultures of sei-
entists and businessmen, Scientists geper-
ally disseminate their findings as widely as
possible; businessmen keep information
secret to make money. “There is a feeling
that the growth of science takes place by a
vigorous exchange of information among
scientists, and anything that inhibits that
exchange is detrimental,” says James
Wyckoff, liaison officer for state and local
governmental affairs at the National Bu-
reau.of Standards in Gaithersburg, Md.
And some of the agencies running fed-
era] laboratories fear that injecting a dose
of entrepreneurship could divert re
searchers’ attention from larger national
goals and cause laboratories to compete
with one another. “‘The question is: What
is the mission of the labs? Is it to de-
velop near-term technologies for develop-

ment. or to focus on long-term research,

national security and so forth?” says Vid

" Beldavs, executive director of the Technol-

ogy Transfer Society, Indianapolis.
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of the 1973-74 Arab oil embargo and with

41.7% in 1977, the previous. peak.

The rate of increase this year may mod-
erate slightly from last year, when there
was: considerable inventory-building by
U.5. refiners. Even so, industry estimates
of 1987 import volumes range between 6.5
million. and seven million barrels a day, as
demand increases and there is amr acceler-
ating decline in domestic production.
Turnabout in Demand ‘

U.8. petroleum demand began increas-
ing last year after falling for several
years. According to industry estimates, pe-
troleum demand averaged stightly under
16.2 million barrels a day in 1986, up nearly
3% from the 1385 Ievel. Oil economists ex-
pect that, barring a recession, demand wilt
rise again this year, perhaps at a lower
rate of increase. A 2% gain in 1987, the
generally anticipated increase, would add
an additional 300,000 barrels a day to im-
port requirements,

But even if demand were to remain flat
this year, imports still would have to in-
crease because of falling domestic produc-
tion. After holding steady or rising for four
years, domestic oil cutput began dropping
shortly after prices collapsed in early 1986
as U.S. producers began closing marginal
wells. Lately, the declines have begun to
snowball as a result of severe cutbacks in
exploration and development spending by
the oil companies.

Last year, as oi] prices plunged, the
American Petroleum Institute estimated
that $15 oi] would wipe out domestic pro-
duction of 900,000 barrels a day within a
year’s time. But in just nine months, a de-
cline of 800,000 barrels a day already has
occurred, says Edward H, Murphy, API's
director of statistics, .

For all of 1986, domestic crude-oil pro-
duction averaged 8.7 million barrels a day,
down 300,000 barrels & day from the 1985
average. Natural gas hqulds which can be
T acceuntpd
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Dzsputes Over Exports of Strategw Coods

By EpuarDC LACHICA
Staff Reporter of THE WALL STREET JOURNAL

WASHINGTON — The Commerce De-
partment is seeking the reactivation of a
cabinet-level pane! to help unsnar] bureau-
cratic disputes over the extent to which the
U.S. should control exports of strategie
goods.

Bruce Smart, undersecretary of com-
merce for international trade, said the de-
partment urged the White House to recon-
stitute the Export Administration Review
Board to avert delays and inaction on ex-
port-licensing issues. The; problems, a
source of frustration to U.S. exporters, re-
sult from disagreements between the Pen-
tagon—which generally takes a hard-line
approach to export-licensing issues—and
the Commerce Department, which puts
relatively greater emphasis on prometing
exports.

The Export Administration Review

Board was created by President Kennedy

in 1961, but it “*hasn’t been used effectively
in recent years,” Mr. Smart said. During
the past two years, Commerce Départment:
aides argued, the Pentagon- oftéh’stalled’

voard action on export:conirol matteys; | 2

But they said other agencies, fearing they®

lacked stremgth - io. persuade the’ White:

House to set aside Pentagon ohiections.
were Treluctant to take their case~ tosithe
president.

Under the rew Commerce Bepartmeﬁt};a :

proposal, the Pentagon or any other dis-
senter from a board decision would have to
bear the burden of proof in appealing a de-
cision to the White House.

Move to Restore ‘Balance’

The board is led by the secretary of |

commerce and made up of the secretaries.
of defense, state and. energy.

~ In another move to restore *‘balance’ to
the panel's decision-making, the Com-
merce Department proposal would rein-
state the treasury secretary as a member
of the board. The treasury seat was elimi-

" nated during a Carter administration reor-

ganization. The Commerce Department
contends it should be restored because of
the profound impact export controls have
on the U.S. trade balance.

A revived board could také up a num-
ber of export-control revisions that the
Commerce Department proposed last year.
These include a proposal to eliminate ex-
port controls on foreign products contain-
ing U.S. components if the value of those
parts doesn't exceed 20% of the value of
the entire products, Another such proposal
that has languished since last year was
to waive licensing requirements for foreign
buyers whose reliability can be certified.
Skepticism Over Plan

Some U.S. exporters were skeptical that
the Commerce Department's plan to resur-.
rect the board would help. “If the Com-
merce Department and the Pentagon can't
resolve their differences head-to-head, I
don't know how bringing in a roomful of
other people will help,” said Eric Hirsh-

horn, a former Commerce Department
lawyer who now represenis technology-ex- i
porting companies.

The board could operate alongside an-
other dispute-resolving mechanism that
the White House established in 1984, Mr.
Srnart said. This system provides for arbi-

tration of interagency disputes by the Na- | [\

tional Security Council. A National Acad-
emy of Sciences study released last week
advised the Reagan administration to
strengthen this process.
U.S. to Seek Allied Help

Mr. Smart said the administration is de-
termined to remove unnecessary burdens
on U.8. exporters. He said the administra-
tion plans to seek greater cooperation on
export-control issues between the U.S. and
its allies. He also said the U.S. will iry ata
meeting next month of the Coordinating
Committee on Multilateral Export Controls
to enlist allied help in urging nonaligned
nations to cooperate more fully in export .
controls. Cocom; as the: Faris-based body

 is called, is made up .of.the U.S., Japan

and 15 North Atlantié Treaty Orgamzatlon.
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'Lessons of the VCR Revolution
How U.S. Industry Failed to Make American Ingenuity Pay Off

|

Secapd of a series

'B_v Bovce Rensherger

Wostmigion Brost Sttt Yeroe

The videocassette recorder 1s an
American invention, conceived in
the 19605 by Ampex and RCA. The
first VCR for home use to reach the
U.S. marker. in 1971, was the
American-made Cartri-Vision. '

By the mid-1970s, however, ev-
ery American manufacturer had
judged the VCR a fion and had left
the business.

‘Todav not one American compa-
ny makes VCRs. Ali of the 13.2 mil-
iron units sold in the United States
iast vear—36.000 everv day for 5
total of 83.9 bilhiori—were made
Japan or Rore:. .

Even RCA, once a proud, patens-
holding poneer of the new technoi-

ogy. i+ now simplv a middleman,

buying japanese ¥ CRs and reselling
them under 1ts own label.

The story of the VCR, according
to many experts, illustrates some of
the reasons why American industry
5 losing 1ts globai compertitiveness,

v ¢halienges the popiiar fiotion that

a loss o) nnovatve capacity hes at

RUDE AWAKENINGS

THE CHALLENGE OF THE GLOBAL ECONOMY

the heart of this country's eroding
economic position. While there i
evidence that American innovation
may have lost some vigor and that
otfter nations are gaining fast, many
experts believe the United Btates is
still the world leader m scientific
and technological innovation.
“The prablem is not so much with
- American innovation,” said Harvey
Brooks, a specialist in technology
and public policy at Harvard Uni-
versity. "Our scientists and engi-
neers still lead the world in the

_origination of new ideas, The prob-
" lem 1= ‘what happens after that

point. Where we're falling behind is

in the ability to develop new ideas
into products and to manufacture
them to the high standards that
we've come to expect from the Jap-
anese.” :

The VCR is an example.

In the early '70s several compa-
nies in the United States, Holland
and japan unveiled VCR prototypes

with great fanfare. Industrial-sized |

video recorders were aiready com-
mon in television studios, and the
key to the home market seemed to
be scaling down size, cost and com-
plexitvy of operation. Most of the
problems seemed near solution
when the prototypes were dermon-
strated. ‘

One hitch, it developed, was that
the cassette would record only one

hour of program. Market research .

showed that people wanted to get
two hours on a tape, enough to
record a movie. Cartri-Vision,
named when cassettes were cart-
ridges, was a one-hour machine that
industry analysts say failed for that
reason and because the recorder
came built into a 253-inch TV set.
Despite the Japanese and Dutch

acuvity n VCR development, the |
Anterican’ firms "did “not ‘think of |

See COMPETE, A0, Col. 1




It iz dlummatmg to eompare{he ol - )
' cumstances that attend the growth of _-eion 1o wage war on cancer. -
new associations between universities - My purpose in citing this recordis -

" attended the growth of the new (at the " dured large effects more orless .

1 sities and their government patrons. It smaller effects equally well without
is illuminating be¢ause the contrastis - thought. On the contrary. what1-::
so sharp as to be shocking. One will © " intend by the comparison isto demon-
© search the record in vain from ¥45t0 . .strate that we appear 1o havelearned
| about 1463 for evidence of the kind of _ . - 'something. The experience withgov- -

ment patronage that is represented by~ ‘tune frequently carries dangerinits

! the Palaru Dunec meeting [Cahforma - wake, has led to anattentivenessto

March 27, 1882]. by tens of other meet-  the risks of new relatlonshlps T.hat

ings. and b\ the carioad of published ... - :
material on the subject of unn er=1 ec
_and business,

Can it be that association w 1fhm-

dustry either threatens or promises
greater change in universities or in sci
ence than was occasioned by govern-
ment’s role” To ask the question is as
good asto answerit. It isimprobabl
. . . that anything coming out of indus-
trial sponsorship can approach the fun

damental transformation of American
universities and American science t.hat
began with World War I1 and con-
tinued with the peacetune growth of
federal programs. - .

Canit be, then, that dea]mg with
business presents greater dangerto
important academic and scientific val-
ues than did dealing with government?
Is the prospect of profit, inother
words, a greater inducement tocom-
promise than were the benefite—per-
sonal and institutional—that came
.with government money? Well. per-
.haps for some people that is the case, should eneouxage our behef m t.he abl.l-
but it is hard toimagine aset of chal- - - ity of people tolearn from experience. .

those that grew out of the conditions . -about the dangers of business involve-
attached to government funding. " ment inuniversity-based research -
| The secrecy imposed by classified .. have béen raised by Congress, the The:
| research was more complete, more .. " dia and the facuities, admmistrators
constraining and more long-iastmg -and trustees of universities. .
than am-thmg that is likely to flow : ‘
from proprietary considerations, and
ordering of the research agenda was -_
| surely influenced in important Ways
| priorities. derived from outside the
Tlogic of science itself. One could cite
many examples, but the one closest to
current concerns about the commer-
} eialization of biology would probably
‘bethe effecton research pmgramsm

_ing faculty consulting, conflicts of in- -
terest, patents and hcensmg, secrecy’
n research and d variety of other top--
cs raised by contracts with business

There is an unprecedented amount of.
hought being devoted to the poli

time) relationships between univer- -~ thoughtlessly, we can endure probably the noti

concern about the impact of govern- " ernment, the know ledge that good for-

lenges to long-held values greaterthan . Difficult and searching questions

f'ﬁ-undertaken reviews of pohc:es govern-

s of the@e new associa-

s of policy ina society
pluralism and that rejects

‘heaven—are looking for solutlons that

“make sense for them. -

- Let me be careful to say e\cacth
~what I meantosay. I emphatlcall\ do

" not mean to say that the possibilitv—I

“would personall\ say, the proba-
 ‘bility—of fooljshness and error has

_ been removed. It has surely been re-
-duced, but no one has yet d:scovered

inany activity mvolvmg human

"’_bemgs, the way to eliminate bad deci-
glons. Whatldomeantosay:sthat
“never in my memory have the condi-

tions been more propitious for the de-

velopment of sound institutional

pohcles about such nnportant issues.
_There is room for improvement,;

“there alwaysis. In this case, one

needed improvement is in the national

-capacity to gather and disseminate in-
‘formation about a wide variety of de-

velopments at 2 large number of

-institutions. Good policy making rests
. on good information, and we can im-
'jpmtheqnahtyandquanhtyofmfor-
. mation available for institutions. -

!lheAssocmmnof American Um-

“versities, in cooperation with other

concerned nationa! organizations,

‘hopes to start an information clearing-
-house that will distribute widely the
-experience of institutions and business

as they come to terms with one an-

- -other: If the clearinghouse succeeds, it

‘will bring assistance to where it is

-.most needed, namely to the univer-

sities and businesses that will be grap-

_pling with the policies that should
~govern then- rnutual reiauonshxps [ ]

sequ
ons And what is most encouraging is
‘that individual institutions—the
| and industrial patrons withthosethat _sureh not to suggest that since ween- '

hat there is only oneroad to

":Robert M Rosenzwelz. who orgamzed

Pajaro Dunes for Stanford University, is
w pres:dent of the Assocmtlon of

tM. Rosenzweng “The

APﬂJaro Dy ""t'dnference in Partners in

sed_ W lth permisslon of the University of
nnsyh ania Press. To order. contact
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By Ed Rogers

THE WASHINGTON TIMES

Prestigious scientists and
scholars who support President
Reagan's policies expressed shock
vesterday that Dixy Lee Ray. former
Atomic Energy Commwswn
CHE AN, TR i i i gt

The su o:ntisis
Larned that Al
wTVed on
Feray
srate of Washingilon, gize heing
edved ol by Dr Robert 0. Hunter

irid
Fay, 71.
the Neztiona!

who has
Science
dation ond as governor of the

Jan. 39 & San Digeo resesreh eveeyn-
Ve

“He probsbly is @ worthy voung
msan. but 1 do not believe that heisin
the same league with Dr. Dixy Lee
Ray” Frederick Seitz, president of
the National Academy of Sciences
from 1962 1¢ 1969, said in an inter-
view,
“] was a Imlc 3 “ncrd \\"nen I

,f

Lo 1."‘.::'.
o on palit-
cal gr wunds rait om seivnuific
grou-ds”

“.':.-_:n Tutti S Thsne per-
soviey direcion \m::. s<hed zbowt
the scicntist’s suspicion that & polid-
cal deal was underway, had & one-
word comment: “Pripostereus!”

“Wo decision kas heen mede; I ex-
pect one will be made shorthy” Mo
Tuttle said in a telephone interview
He would not discess the maner fur-
ther.

The White House znnonced ves-
terday that asirophysicist Richard
Johneon will serve as interim direc-
1rGf the White Bouse scicnce office
until a new permanent science agd-
viser is chesen. Mr Johnson, S8, is
currently assistant direcior for
space science end technolugy in the
White Bouvse science office.

My Seiiz said he, Edward Teller
bIwnwn &f the fat! bomb,

tather of the B}

B VA R M e b -

P W e T O
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she may not ge g.g@gé,

and Miro Todorovich. execotive di-
rector of Scientists ang Enginesrs
for Secure Epergy,
mended Miss Rev for the science ag-
viser pest months ago.

Commenting on speculation that
Mr. Hunter is being favored for the
job. Mr. Seiiz said, “I wouid ceriainiy
like to be further enlighienec as 10
what guality he possesszs, besides

perhaps {riendship among Repobli-
can paliticians. that would make him
2 superior candidate o a woman of
such recognized scientific
achievement, who has had exper-
ience in government.”

Mr. Teller wes in the Midezs! and
could not be reached for comment.

“I guess whal we are afraid of is
having another unknown who
spends three vears learning the
post” Mr. Seitz said. “He might be a
splendid person, but there’s a
chance he might be new to the Wash-
ington scene and new 1¢ the scienti-
fic communilv as a whole”

There was some crivicism  of
teceran 4 Kevworth, who resigned
as the president’s science adviser
.becauseof hisinexperience.
said he used the appoiniment
o m-the-job training fur Ris pri-

ngl
TE SaTLCen

He haz formed ¢ con-
suliing firm that will advise busi-
nesses on how to ablish
inteliigence-gathering systems.

New York University professor
emeritus Sidney Hook, who gave the
prestigions Jeflerson Lecture be-
fore the Natipnal Endowrment for the
Humanities two vears ago, also ex-
pressed concern about Miss Ray be-
ing bypassed.

"My asionishment is due to the
fact that Dr. Ray is being pasced over
without any public evidence that the
persen who seems 10 have the inside
track to thic post has scientific and
adminisirative merils,” Mr. Hook
said.

“1s Mr. Tunide a Republican trying
belp another R*pubhwv from San
Divgo”™ he asked. “The interest of

had recom-

the country transcends the inierest
of San Diego Republicans. I'm sur-
prised. I dont think the presidentis
aware of this situaton”

AMr Hook, wigely known in the sci-
entific commanity, aliboughk his
field is philesophy. was asked i7 any
sciennists appese the seiecton of
Miiss Ray for the job.

“Any scientist might on e
cunds. Peaple who dont i
mintsiration Gan't like Repu
ike atomic energy”

gra
ad

cans and don’t
Mr. Hook said.

Ernest W Lefever, presideni of
the Ethics and Public Policy Center
and a friend of Miss Ray, said”she
recently toid him that the position of
presidential science adviser is the
only one that would*bring her back
10 Washingron.

“She's proud 1w announce that
she’s 71 vears old and says, ‘I'm w0
old to change my hones‘, plain
American ways, " Mr Lefever said.

“She thinks the president would
be well served by having & fearless,
courageous honest person. and joval
person, next 1o him, and thsts why
she's interested in this position.” he
said.

Mr. Lefever said he persenally he-
lieves the job reguires maturity and
& brosd range of experience.

“That's my #nswer to puliing in
these youngsters,” Mr. Lefever said.

Lt. Gen. Daniel O. Graham. direc-
tor of High Frontier — a privaic or-
ganization that promoles Presiden:
Reagans proposed Sirawegic De-
fense Initiative — said ¢ither Miss
Rayv or Mr. Hunter would be accem-
able 1o him.

“Dixy Lee is an old [riend” he
said. “She 1s a great supparier of
SDI. But I know that Hunier hes s
head screwed on right, e Robert
Hunter is also a supporier of SD1. se
from my point of view theyv're siill
getting a good guy.

“What 1 was worried aboul was
getling & non-supporier of SDI in
there”
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g
spotred the team’s new coach,
" KevinLoughery, decked out in a
bright pink sweater and betting
with “both fists” Tuesday night at

Rosecroft Raceway. They won-

dress the Cardinal Mindszenty
Foundation conference on Satur- -
day in Chevy Chase. His topicis -
“Deace is the Work of Justice,” an
important theme to Cardinal

Mindszenty that recurs in major, L

papers issued by the Roman

Catholic Church, An aide to Mr, - =%

Rowney said the ambassador .
would speak about his belief that

“we cannot avmd the grim real-
ities of the world. Peace can only
be maintained by effective deter-
rents while we negotiate™

peczaz preuucnnal adwser for g
arms control, is scheduled toad- "~

So, sue me

President Reagan said it made
him feel better 10 see so many law-
vers present when he signed the
proclamation of Law Day vester-
day. * You make me feel very good

~ in case Mr. Qaddafi brings legal
action against me”

dered if he shouldn’t be holed up
somewhere reviewing films for
. ‘the upcoming playoff series with
“the Philadelphia 76ers.
But their concern was assuaged
‘somewhat as the rumor spread
that Mr. Loughery was just getting
used to betting on the long shot. .

#ain’t us

Mergers, acguisitions and di-
. vestitures are not without! conse-
- gquences. Standard Ol Company o

Ohio (SOHIQ) learned some of th

hazards when it bought Gulf sta- |

tions in Florida and seven
Southeastern states. *We've had
bomb threats, people cutting up

. their credit cards and-sending
them back, one siall bomb that

i went off in a station in Kentucky” {.

‘said SOHIO spokesman David
Franasiak: The problem? As part,
of the deal, SOHIO retained the -
Guif logo ori the stanons

The Gulf jogo’ made them a tar i

get of grass-ros‘ts anger at Chev-

~ details of the ways in which televi-

. thought he'd help out. “We're
' .ing to give YO A Baptistwelcom

grm “I just hope you brmg me
agplt T e R I

hqend

an
erng ‘3084

(A

jary schools; 409 preschool

general

higher learning; 105 special secon-”
dary schools, vocation and tech--
nical schools; 4,275 public librar-
ies, clubs, people’s theaters,
‘cultural and rest gardens and mu-
seums are taking part in the athe-
ist educatig, :

Ve
' Kennedy immersion

Sen. Ted Kennedy has joined
the Senate Judiciary Subcommit- ~
tee on Patents, Copynghts and 7 -
‘Tradeinarks. There is no training ~
éourse for membership, and Mr.
Kennedy found himself listening ™ - .
to the complex and arcane inside .

sion stations pay fer the music -
they play, a subject on which hi
kad no previous knowlege :
onstrated interest. .

Sen. Charles McC. Mathias,

senator” he intoned. “Total imme
. sion.” Replied Mr. Kennedy with a

ments; 10 insttutions of. ~ '}

By John McCaslin

_HE WASHINGTON TIMES

Assistant Attorne
Herrington said vest
had hoped to keep a
to New York’s sleaz;
trict of Times Square
But since she wat
; Ursula Meese, wi
General Edwin Mees¢
ker\wife of Treast
Jamey Baker; and E
wife of\Education Sec
Bennett, the New Yo
ent insiste

prosgutes :
y of them r
e doorways i
steady rainf
alks of Time

panel gn child safety, v
centeyed on 42nd St

: e city’s “street
- wgys numbered in t
. the panel was told b

‘who said some of thi

. peddle drugs were 1

By Mark Tapscott

THE WASHINGTON TIMES

A strategist advising Sen. Robert |
Dole on how 1o win the 1988 Repub-
lican presidential nomination says
the Kansas Republican is about 10 -
percent more conservative than his .
strongest competitor, Vice Pres-

ident Géorge Bush.
Mr. - Dale,

tion for a long-haul campaign de-
signed to outshine competitors who
spurt and fall in the polls.

“In terms of Bush and Dole, it
looks like Dole is about 10 percent
more conservative” said Donald J.
Devine, & veteran conservative cam-
paign strategist who spent four
years working in the Keagan admin-
istration.

“The normal perceptual map peo-
ple have of where the candidates are
<an be inaccurate and ... what this
shows is that Dole should be accept-
able 1o conservatives” Mr Devine
said.

Last week, at a Juncheon at The

4 Washmgton T1mes Mr Dole ex-

7 the Senate Majority . e
Leader, is laying a careful founda-

pressed frustration that his voting
record has not received more ca.t‘e-

Mr.‘Dole said. *I just want people 10
Jdookat it. It's been there for 20 years,
-Bush hasn't. had a vote since 1979,

_look carefully at what Mr. Btish
“stood for as a congressman. ;..

“If people are going to measure A,
B and C, they ought t© measure
against -omethmg other than what

someone says they will do,” said Mr. -

Dole, who was elected to the House
in 1960 and won a Senate seat m
1968.

A spokesman for the vice pres-
ident, whe served in the House for
two terms but lost a 1970 bid for the
Senate, said voting record compari-
sons “prove once and for all that
Bush has z-conservative voting re-
cord? -

Alock at the vining records of the
twomen during the time they shared
in Congre:,s shiow

uanons, the ACA tally shows that Mr
" Dole vioted for & pro-busing measure -
" ‘while Mr. Bush ook the ACA. pos1—l &

WS agregment on

most” ‘issnes, but mcludes dlffer
ences that will likely be magmﬁed

go_t a 75 percent: ratmg s
‘But, ‘despite “the “Similar

tion and voted against it. .
Mr. Dole joined with the 'ACA m ‘

votmg to uphold then-President Nix- -
‘on’s veto of an appropriations bill

funding the Health, Education and -
Welfare Department while Mr Bush o
voted to override the veto. - @ -

Or a third vote, Mr. Dole qup- ’
ported the ACA posidon in uphold-
ing the veto of a bill calling for in-
creazed hospital construction while
Mr. Bash voted against the veto.

Over the 1967 to 1970 period, the
ACA rating said Mr. Dole voted right

" 82 percent of the i

. 'Bush got a 72 percent

The U.S.:Chamber

~also showed that Mr. i
““-a 10 percent conserva
© Mr. Bush during the 1§

Dole got an 80 percer
Mr. Bush got a 70 per
:A rating compiled
sional Quarterly of s

ecnv of American
cratic Actmn a libs
group, Mr. Dole and !
peared closer philosop
. While Mr. Dole rece

‘rating of 10 and Mr. By
- 7,they parted compa:y
. tant antd-busing vote.

- The ADA backed M

“ o remove amil-busing
“from the Labor-HEW a
-bilk
- amendments.

Mr. Bush op

The two men also par

" on the Nixon administ

adelphia Plan that es:at
hiring quotas in the cor
dustry, with Mr. Dole
plan and Mr. Bush join
in supnort of it...




July—August 1985

' Pfeparea by Willis H. Shapley, Albert

H. Teich, Stephen D. Nelson, and June
Wiaz, Research & Development, FY
1986 reports that the total amount
recommended for R&D in FY 1986is -
$60.3 biilion. Of this, 72 percent is for
national defense R&D and 28 percent
is for non-defense R&D, Defense R&D
would increase 22.6 percent over FY
1985; non-defense R&D would remain
almost exactly the same, in total, in
current dollars. In constant dollar
terms, based on the Administration’s
forecast of about 4 percent inflation in
FY 1986, defense R&D would have
“real growth” of 17.8 percent, while
non-defense R&D, in total, would
decline about 4.4 percent.

However, projections through FY
1990 show that while defense R&D
should continue growing by about 12
percent per year (in current dollars),
non-defense R&D shows a decrease
averaging over 7 percent per year. The
report observes that while some
people believe funds could readily be
found for necessary non-defense R&D
by capping the increases in defense
R&D spending, this approach “will
have to contend with the strong
policy support for the defense build-
up the administration has repeatedly
demonstrated and the fact that so
many other non-defense programs, as
well as deficit reduction, will be
powerful competitors for any ‘savings’
in defense.”

For example, nine Stanford University
professors, including three Nobel
laureates, have warned the Senate and
House appropriations subcommittees
that the Adrninistration’s budget cuts
will place the U.S. in a non-
competitive position in fields
dependent on sophisticated new
instrumentation. In urging Congress to
restore support for NIH biomedical
research technology to the level
originally mandated by Congress, they
wtote that, “especially alarming are the
disproportionate and selective cuts in

. instrymentation programs.”

JUL 1 1985

S report, as well as the nine
Jumes in the series and other
f the AAAS Budget and Policy
e available from the AAAS
ice, 1515 Massachusetts Ave.,
wshington, DC 20003.

® One-third of ali U.S. engineers and
scientists are involved in military
projects, while there is a shortage in
the commercial sector, especiaily of
computer specialists.

Insisting that there is not much spin
off to the commercial sector from
military R&D, Gov. Lamm warned that
this imbalance will have “profound
consequences’ for the future of the

American eccnomy, which he sees as
already deteriorating seriously. The
growth in military R&D spending will
further disrupt our economy, bringing
on larger trade deficits, slower growth
and personnel shortages, he asserted.

Militatry R&D Spending
Hit As Excessive

The U.S. “is overspending on rnilitary
R&D and underspending in civilian
R&D,"” Colorado’s Governor Richard
D. Lamm told the Industrial Research
Institute’s Annual Meeting in May.
While acknowledging the importance
of a strong defense, Gov. Lamm
observed that 70 percent of all U.S.
government R&D funds now go to the
development of destructive weapons,
Spending for civilian research is 1.9
percent of GNP, compared with 2.6
percent for West Germany and 2.5
percent for Japan.

In voicing his concern, the admittedly
outspoken Governor was also
reflecting a recent study by the Center
for Defense Information in )
Washington, D.C. That study,
authored by Brian McCartan, found
that military research produces few
profitable payoffs for civilian R&D. It
warned that the current emphasis. on
military research is diverting attention
from commercial technology, where
the U.S. world lead is narrowing.

In his keynote address to the IRI
meeting, Gov. Lamm illustrated this
issue with the following examples:

@ The Air Force spends more on
nuclear missile R&D than the entire
research budget of General Motors, the
largest corporate R&D spender.

® In 1983 the Defense Department
spent more on B-1 bomber R&D than
the total research budget for the U.S.
steel industry.

® A 90 percent increase in military
R&D spending is anticipated between
1983 and 1987.

® Military funds spent on ‘‘the
technology base”—the area of greatest
commercial application—grew only 34
percent from 1980 to 1984, while
R&D on strategic nuclear weapons
increased over 350 percent.

4K

| Improving Access To
ederal Technologies

A major new source of federally-
funded technology may open to
private development if two new bills
introduced by Senator Robert Dole
(R-Kan.) become law. 5. 64 would
allow large company contractors as
well as university and small business
contractors to retain title to federally-
funded inventions. 5. 65 is aimed at
federally owned and operated
laboratories such as the National
Institutes of Health, the National
Bureau of Standards, and hundreds of
other laboratories on which the
Government currently expends
something on the order of $13 billion
a year for research.

Federal agencies have authority to
grant exclusive licenses in inventions
after publication of notice in the
Federal Register, There is, however,
uncertainty over the authority of
agencies to enter into collaborative
research arrangements with industry
and to agree, in advance, to license or
assign rights to the industrial partner in
inventions that might emerge from the
collaboration. S. 65 would remove this
uncertainty and specifically authorize
such Government-industry
arrangements. :

Other features of 5. 65 are designed to
Create positive incentives for
government operated laboratories to
pursue industrial support and
colaboration. The incentives include
retention of income by the
laboratories and payment of royalties
to the inventor. (Currently, all
revenues are returned to the Treasury.)
Since many of these labs are not set
up or authorized to carry their
research beyond the basic or applied
stages, there is a real potential for
industrial firms to collaborate in areas
of interest to them and then to move
inventions from Federal laboratories to

—————
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News and Views of the Current
Research Management Scene
M. F. Wolff, Editor

Companies To Spend 9%
More on R&D in 1986 ...

The National Science Foundation
estimates that company-funded R&D
expenditures will reach $58 billion in
1986, a 9 percent increase over 1985.
This estimate is based on information
from 74 corporate R&D officials
queried in the spring of 1985. Their
firms account for an estimated 53~
percent of all company-funded R&D
expenditures, and include 17 of the
top 20 R&D spenders.

More than in previous years, the
company officials who were surveyed
expressed considerable uncertainty
about the economic outlook for 1986.
Although they considered R&D )
spending necessary to protect profits
and market share, they were hesjtant’
about forecasting a final figure for
1986 R&D> expenditures because sales
and other economic variables were
showing no clear direction in'
mid-1985.

12 percent growth (in current doliars)
in 1985. This decrease mirrors the
drop int R&D spending growth forecast
in the IRI's R&D trends survey forr
1986 (Research Management, January-
. February 1986, pp. 12-13).
Respondents to the NSF survey
attributed it to expectations of lower
profit growth and budget constraints.

According to the annual NSF survey,
companies spent almost $48 million of
their own funds on R&D projects in
1984, the most recent year that actual
NSF survey data are available.

-Between 1974 and 1984 the average
annual percentage increase in R&D
expenditures in constant dollars was
5.3 percent. Company R&D officials
predict a slightly higher average annual
constant-dollar growth rate of 5.9
percent for the period 1984 to 1986
with greater growth in 1985 than in

2 1986.

The 1986 projection compares with a- -

R&D spokesmen attributed the 1985
increase in R&D spending to a strong
commitment 1o R&D as a means of
protecting profits and market share,
and an increased focus on process-’
ariented R&D to improve productivity
and competitiveness. There is also
increased emphasis on the rapid
Im%f—n:m@from the
labs to the operafing units on
“effective Tésearch project management.
Lllecllve research project managem

. Each of the six major R&D-performing

industries projects increases through
1986, averaging annually from 14
percent in machinery to 8 percent in
professional and scientific instruments.

® The machinery industry increase is

fueled by z 14-percent average annual

increase in the computer segment, NSF
reports. This reflects increases in .
computer R&D of almost 16 percent in
1985 and 12 percent in 1986. The-
industry as a whole is dominated by
the computer segment’s 70-percent
share of machinery R&D and
tentatively expects increases of almost
15 percent in 1985 and 11 percent in
1986.

R&D directors in machine tool. farm
equipment, and robotic companies
blamed poor sales—especially overseas
where the dollar remains strong—for
the limits on their R&D budgets. A
typical explanation: “'Due to the
pressure of imports on both sales and
margins on our product lines, we were
forced to make two budger reductions.

... The ppporunity for new and
improved manufacturing equipment is

_great, but the risks 1oday are even

greater becausg__@_f_t_ng_gx_mg dollar.”

® The dircraft indusiry projects
increases in company-funded spending
of 11 percent in 1985 and 10 percent
in 1986. These increases are in sharp
contrast 10 the 11-percent decrease in
company-funded R&D in 1983 which
followed the 1982 decline in sales and
profits in the aircraft industry. R&D
directors anticipate a continuation of
the current recovery in wordwide
sales through 1986.

® The electrical equipment industry
projects R&D spending increases of
almost 12 percent in 1985 and 8
percent in 1986. The communications
sector is leading the industry with a
14-percent increase in 1985 and an
8-percemnt increase in 1986, spurred by
developmerts in computer
technology, photonic transmission of
information, and new opportunities as
a result of the deregulation of the
communications indusiry.

® The chemicals industry predicts
R&D spending increases of 10 percent

in both 1985 and 1986. Drugs and
medicines companies lead the
increases, predicting 12-percent
growth in 1985 and an additional 13
percent in 1986 as they work on virus
treatments, biotechnology and projects
thar affect areas as diverse as
agriculture, livestock, energy, and the
environment. SOme companies are
purchasing licenses to duplicate
processes of other firms and are using
the technology to quicken the pace of
their own R&D. From 1984 1o 1986,

the average annual increase of almost

13 percent by drugs and medicines
companies is lower than the previous
growth rate of 17 percent from 1980
to 1984, as the availability of funds
from sales and profits for R&D is
constrained by the strength of the
dollar, NSF finds.

®  The motor vebicles industry
expects 1o increase its R&D outlays
almost 9 percemt in 1985 and 7
percent in 1986. R&D officials in this
industry believe that economic times
are better for them now vis-a-vis two
or three vears ago and that the
removal of import restraints is the
driving force cet quality
and product goals. Two other reasons
given for increased R&D spending
were domestic competition and
attempts to improve profitability by
diversifyving into fields such as
robotics, automation, and aerospace.

® The instruments industry projects
increases in R&D spending of 8
percent in both 1985 and 1986. These
estimates are well below the 17
percent predicted a year ago as
companies now have lower
expectations of domestic and foreign
sales. Medical equipment companies
have modified their R&D spending
plans since hospital administrators
have cut budgets for major equipment
purchases.

ERTA’s Influence

In response to a question on how the
tax credit or its impending termination
affected their spending plans for 1985
and 1986, 30 percent of the
companies in this year’s survey
(compared with 1984’s 33 percent and
1983%'s 37 percent) reported that the
temporary tax credit had favorably
influenced their R&D budgets. Among
the companies increasing their R&D as
a result of the tax credit, officials

R&D projects in their 1985 budgets f
deliberately to use the tax credits /
before they expire. !

pad b o

I

mentioned that they financed certain / 4
/
/
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About 10 percent of the R&D directors
said that they expected the termination
of the tax credn 1o decrease the funds
that wouid have been available for
their 1986 budgets. Many R&D
officials recommended extending or
making permanent the tax credit for
incremental increases in R&D so that a
credit couid be used to best advantage
in long-range budget planning. Several
R&I) directors mentioned that because
of the short-term nature of the credit,
there was no incentive for their
companies to develop an accounting
mechanism to channel directly back to
the R&D department the moneys
saved on taxes as a result of the R&D
credit,

. . - While Total Spending
May Reach $117 Billion

Batielle’s annual forecast sees
expenditures in calendar year 1986 for
U.S. R&D reaching $116.8 billion. This
represents a 9.5 percent increase over
the $106.6 billion NSF estimates was
to be actually spemt for R&D in 1985.

While part of the increase wiil be
absorbed by continued inflazion
{estimated at 4.9 percent for R&D in
1986), Barttelle forecasts a real increase
in R&D expenditures of 4.4 percent.
This is slightly higher than the ten-vear
average rate of 4.0 percent in real
R&D effon experienced since 1975.

Industrial funding for R&D will
account for 49.8 percent of the toal.
Industrial support is forecast to be
£58.2 billion, up 9.3 percent from
1985.

Battelle sees an increase of 9.6 percent
in federal support for R&D, with
funding expected 1o be $54.5 billion.
This is 46.7 percent of 1ol
expenditures for 1986.

Funding by academic institutions is
expected to be 2.2 percent of the
total, while other nonprofit
organizations will account for 1.3
percent.

The report notes that during the past
decade real industrial R&D support
has increased at an average
compounded rate of § percent per
year, while federal support has
increased at 3 percent on average.
Prior to 1979 government supporied
more R&D than industry did.

Performers of Research

As far as actval performance of R&D
goes, Battelle reports that industry will
remain dominant in 1986, with
performance expected to rise to more
than $85 billion, or 73 percent of all

research performed This compares
with §14 hillion {12 pereent each for
the federal government and for
academic institutions. and almost 3
percent for other nonprofit
Organizations.

The Battelle forecast, prepared by Jules
J. Duga and W', Halder Fisher of the
Columbus (Chio) Division, also
estimates that overall costs for all R&D
will increase 4.9 percent this year.
Government will experience a 3.1
percent increase, industry 4.6 percent,
colleges and universities, 9.2 percent,
and other nonprofits, 6.5 percent.
From 1972--1985, costs of all R&D, as
an average, are estimated to have risen
by 163.2 percent.

The report concludes that over the
past few years, federa! support tended
to shift toward more “development”
and less basic and applied “research.””
However, within the category of basic
and applied research, there is a small—
but perhaps significant—continuing
trend toward increasing the basic
research component.

In addition, industrial support of basic
research is expected to increase,
largely through cooperative programs
between universities and consortia of
industries.

5P &

Ask $1 Billion To

" Bolster Universities

The best way for the Federal
government to enhance the nation’s
ability to compete in the international
marketplace is to increase its support
of university research and education,
Roland W. Schmirtt, General Electric
senior vice president for corporate
research and development, told the
New York Science Policy Association
recently.

That observation by GE’s research
director, who is currently chairman of
the National Science Board, came in a
speech calling for a reallocation of
some $1 billion in existing Federal
R&D monies for that purpose, Citing
statistics that indicate a serious decline
in the resources available 1o
universities, Schmitt called for a
reallocation of Federal funds to help
universities overcome the major

probiems they face in the areas of
“equipment, facilities, and attracting
and keeping cutstanding faculty
members.”

“The first-rate minds in our
universitics represent one of our
nation’'s most valuable resources,”
Schmitt pointed out. “By
strengthening that resource, we
strengthen the generation of
knowledge and make our nation’s
industries more competitive,” he
continued.

Schmitt warned that the Federal R&D
system ‘‘is not providing an adequate
science and engineering base for
international competitiveness. There
was a time when all the United States
needed to do to win victories in the
international marketplace was to show
up. That time is long past—as we have
learned in such fields as consumer
electronics, compact automobiles,
machine tools, and steel, and as we are
learning now in the integrated circuit
business. There are a lot of reasons
other than technology explaining the
poor showing of the U.S. in these
fields, but technology’s role is crucial
in correcting it,”” he stated.

A main source of science and
technology is our university research
and education systemn,’” Schmitt
pointed out. "'But that sysiem is under
more strain today than at any time
since World War II. In the past, there
would have been an easy answer to
this problem—apply more money. But
today that strain coincides with an era
of enormous deficits and tightening
budgets. We cannot depend on
increased spending to strengthen our
R&D system. Instead, we have to
reorder priorities within the national
R&D effort,” he said.

Among the statistics Schmitt c¢ited in
presenting his case for shifting more
R&D funding 10 university research
were the following:

® A recent National Science
Foundation study found that only
about one-sixth of academic research
equipment could be called state-of-the-
art, while about one-fifth of it was
obsolete and about one-third of it was
more than ten vears old.

® Studies estimate that berween $5
billion and #20 billion will be needed
during the next decade just 10 upgrade
university facilities for science and
engineering—that is, buildings and
fixed equipment.

® Ph.D. production is not keeping .
pace with the nation’s needs. 1).5.
universities annually award about
3,000 Ph.D. degrees in engineering—




some 500 fewer than they did back in
1972. Meanwhile, the share of those
engineering Ph.D.s going to foreign
nationais has increased from one-
quarter in 1970 to more than half
today.

@ In 1984, 590 persons received
Ph.D.s in elecirical and electronic
engineering in the U.S., compared
with 787 in 1973, Forty percent of
them were foreigners on temporary
visas.

® The American Society for
Engineering Education estimates
university engineering faculties are in
total more than 20 percent below the
number needed to get student-faculty
ratios back to where they were in the
19G0s.

® Only 7 percent of U.S.
undergraduates major in engineering,
compared with 17 percent in Japan,

Schmitt said that current Federal R&D
policies fall far short of meeting the
pressing needs of universities. He
called for a reallocation of §1 billion
within the package of Federal
spending for science and technology
from applied R&D 10 the support of
university research and education.
“This sum would begin t0 make 2
dent in those growing facilities,
equipment, and faculty problems,”
he said.

The GE executive said such monies
could also be used 10 accelerate and
extend initiatives such as the National
Science Foundation’s Engineering
Research Center Program, which will
fund new interdisciplinary programs in
engineering research and education at
various universities throughourt the
country.

Schmitt suggested that this is more
than a matter of merely directing
money at universities. “'Funding of
university efforts will be coupled with
some reshaping of the way many
university scientists and engineers
choose research targets and train their
students,”” he said. Research on topics
important for industrial competitiveness
can be as intellectually exciting as
other research, he pointed our.
Reshaping research priorities simply
means widening the sphere of research

with special emphasis on those
problems that combine fundamenial
significance with payoff 1o society, he
said.

Seek To Amend
Stevenson-Wydler Act

Amending the Stevenson-Wydler
Technology Innovation Act of 1980 is
one of 11 legislative initiatives the
Republican Task Force on High
Technology Initiatives intends 10
pursue during this session of Congress
in order 10 make U.S. industries more
competitive in world markets. The
Task Force wants 1o amend the Act
“to streamline and make uniform the
procedures used by federai and
national laboratories for entering ino
cooperative R&D agreements with
private and local government entities.
and provide greater monetary
incentives for laboraiorics and their
emplovees 1o transfer their
technologies 10 the private sector.”

The Task Force's recommendations
were released at a recent press
conference as part of a 25-page repoti
on industrial competitiveness.

“American workers and companies
face an enormous competitive
challenge today,”’ said Task Force
chairman Rep. Ed Zschau {(R-CA), a
former Silicon Valley entrepreneur.
“Rather than using protectionism to
run from the competition, we believe
that America should rise up and meet
the competitive challenge. We can be
the best if government provides a
sound economic environment for
innovation and endrepreneurship.”

Five of the 11 recommendations are

Taken from the 1985 report of the

President’s Commission on Industrial
Competitiveness. The initiatives
address a broad range of issues
including tax reform, science policy,
worker retraining, the Freedom of
Information Act, and trade law reform.
Ong minative is to make the R&D tax
credit permanent and broaden its
applicability to cover computer
software and start-up companies.

Warn Against Talent-
Draining ‘““Megaprojects”
The United States’ R&D enterprise is in

danger of becoming overloaded by
“megaprojects” like the Strategic
Defense Initiative which require
significant amounts of scientific and
engineering talent, Edward E. David,
Jjr. warned the annual meeting of the
Nationat Conference on the
Advancement of Research last fall.

David, a former Presidential Science
Adviser and former president of Exxon
Research, szid in his kevnote address
that such megaprojecis represent ~'an
opporiunity, a tempiation and an
intoxicating elixir.” They draw
scientific and rechnological talent away
from other endeavors, without prior
assessment being made of the
consequences 1o the programs which
lose the talent; often, they draw away
the brightest and the best, David said.
He suggested that the government has
a responsibility to sustain the R&D
enterprise so that it can meet the de-
mands which the nation places on it

Subsequent speakers and discussants
presented differemt views on three
emerging rends affecting the
management of R&D: Large
government R&D initiatives such as
SDI; Federal emphasis on the support
of basic research; and improving U.S.
international technological
competitiveness through cooperation
among different secrors.

For example, it was observed that
while the U.S. is at the fronticrs of
basic science, the development of
processes and products from U5
inventions is often left 1o others. with
the result that the commercial
advantage goes to odr trading
competitors. In lght of this,
participanis questioned whether, if
there is a limit on available funding.
the LS. should continue o strengthen
what it is best at—namely, basic
scientific research—or whether it
should reprogram resources into areas
where our effors appear lacking, such
as developing more process
technelogy and improving technology
transfer to U.S. industry.

There was sharp disagreement as 1o
whether or not there is a shortage of
R&D manpower in the U.S. Some
thought that there is 2 distribution
problem, with not enough engineers
in some fields and an over-supply in
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others; others felt there was an
absolute shortage of U.S. engineers
and scientists. However, there was a
consensus about the need for more,
higher quality manpower in all
categories and at all levels of training.

There was agreement that the
university infrastructure for scientific
R&D is in bad shape. If the
government wishes academic research
and training facilities to be available to
meet pressing national needs, then
prompt and positive action must be
taken to remedy the years of neglect
of the universities physical facilities.

David challenged the meeting "‘to
foster closer connections berween
basic research and commercial
technotogy, in the interest of higher
praductivity, greater competitiveness,
and more jobs."”

Top Computer Scientists
Debate Need For
Supercomputers

Not all scientists are enamored with
the new supercomputers. Questions
concerning the need for
supercomputer technology arose at a
recent roundiable discussion held at
the University of Maryland among
three top computer scientists. MIT
professor Joseph Weizenbaum, who
has been building and designing
computers since 1930 and was a
member of the General Electric team
that built the first computer banking
system, dispuied the views held by
supercomputer supporters Kenneth
Wilson, professor of physical science
at Cornell University and recipient of
the 1982 Nobel Prize in physics, and

Joan Centrella, associate professor of

phyvsics at Drexe] University and guest
scientist at Cray Research, Inc.

The three scientists discussed the need
for supercomputers at a $ymposium
sponsored by the Scientisis’ Institute
for Public Information (SIPI), the
American Association for the
Advancement of Science, and the
Association of American Universities.

Both Wilson and Centrella staunchly
defended continued development and

use of supercomputers. poiNtng o its
praciicat use in the fields of
meteorology. hvdrodynamics. and
refativity. Centrefla siressed the
imporiance of the computers in the
understanding of scientific theory.
“"Supercomputers ¢an help us
understand the relationship of theory
1o experimental data and the use of
experimental data to put limits on the
theoretical models.”” she explained.
She described how supercomputer
simulations have helped scientists
understand how wind shears develop.

Wilson emphasized the revolutionary
impact supercomputers will have in
the field of engineering. He is director
of the supercomputer program at
Cornell University, one of four
university centers selected by the
National Science Foundation 1o share
$200 million over the next five years
on supercompulier research.
Supercomputers will also help the U.S.
economy expand, he pointed out, by
making possible the development of
new materials.

While he agreed with Wilson and
Centrella that supercomputers could
greatly accelerate scientific research,
Weizenbaum asked., “What's the rush?
The discoveries we would make with
supercompiters we would make
anyway; it would just take longer.” He
raised objections 10 the vast amount of
money being spent on supercomputers,
at 2 time when resources are §O scarce.

BRIEFS

“Supercomputers will be used to
simulate nuclear events,” he said, “'and
this is 2 mistaken priority. Is it science
we're worried about or our economy?
Do we really need new products, or
do we just want them?"

Meanwhile, the vast computational
power offered by such machines as
the CRAY-1] is arousing interest in the
industrial research community (see
“Improving R&D Effectiveness Via
Computers,” Research Management,
July-August 1985, pp. 19-21). In June,
the Industrial Research Institute and
Lawrence Livermore Laboratory will
hold a two-day workshop for research
executives 1o explore what such
computing power may mean for the
chemical, aerospace, materials and
other industries. Observing that it’s
easy 10 fall behind in such a fast-
moving technology, Harry Paxton, a2
professor at Carnegie-Mellon
University and one of the workshop
organizers, warned that it’s time our
own industries become familiar with
the options that will exist for them
with supercompurers.

A transcript of the SIPI roundtable
discussion can be obtained from Jayne
F. Cerone. Scientist’s Institute for
Public Information, Dept. NR, 355
Lexington Ave., New York, NY 10017,

Board on Mathematical Sciences Education has been established by the
National Research Council 1o assess math instruction in the U.S. and serve as 2
resource to state and local school districts. In helping to implement
improvements, it will work with federal, state and local agencies, and business
and industry. The new board was formed in response to numerous national
studies which revealed declines in 1est scores on standardized exams, lowered
graduauon requirernents in math, and severe shortages of qualified math teachers

in some siates.

Aerospace engineering departments on many campuses are facing faculry
shortages, uncertain research support, and inadequate funding to operate and
maintain their research support, according to a National Research Council
committee. The committee asks NASA to increase its support of campus research
efforts that address “long-term fundamental problems whose solutions are likely

1o have tasting impact.”

No dramatic increase in demand for technical employees was expected for
the next couple of months in a vear-end report by the consulting firm of
Deutsch, Shea and Evans. The firm's High Technology Recruitment Index stood
at 99 for November, 1983, the lowest single month level in 2% years.

Applications are being accepted for the June 1986 class of MIT's
Management of Techniology Program. Contact Jane Morse, MIT Sloan School, 50
Memorial Drive, Cambridge, MA 02139,
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Jemocrats Plot Course
Party Told to End Its ‘Vietnam Syndrome’

report intended to serve not as for-
mal party platform but-as a state-
ment of values and policy goals.

In a foreign policy speech to the
panel today, Sen. Joseph R. Biden
Jr. (D-Del.) called on his party to
find a “common-sense” middle
ground between “the ideological
demons of both the right and the
left.”

“The right is mobilized by sim-
plicity, but the left is immobilized by
complexity,” Biden said, “There are
people in our own party ... who
see a potential Vietnam in every hot
spot in the Third World, and their
doctrinaire prescription is that the
consequences of action are always

By Paul Taylor -

Wawshivglon Post Staff Writey

ATLANTA, May 3—The Dem-
ocratic Policy Commission com-
pleted a harmonious two-day ses-
sion here today, listening to its
leaders call for the party to rid itself
of “the paralysis of the Vietnam

syndrome” abroad and to adopt an
industrial policy at  home. bt
around federally funded regiopal
research-and-development centers,

“Thepanel also rwleara proposals
for more federal funding for day
care, Head Start, college loans and
other programs for families with
children. _

The  year-old - commission,
chaired by former Utah governor
Scott M, Matheson, is made up of
100 elected officials, most of them
at the state and local level, Next

month, it will present to the Dem-
- ocratic National Committee a final

quences of inaction.” .

Biden said the test of whether
the United Stafes should resort to
the use of force should be based not
on ideology, but on two questions:
“Is it right, and will it work?”

" minority member on the Armed
_Services Committee, said the in-

* (D-0Kla.), called on Democrats to

more undesirable than the conse-

{ Tue Wasneveron Posy

Sen; Sam Nusn (D-Ga.), ranking:

crease in terrorism has made fund-
ing for U.S, intelligence activities a
top priority. Rep. Dave McCurdy

support continued adherence to the
unratified SALT II treaty and to
back the mobile, lightweight, sin-
gle-warhead Minuteman missile as
a solittion to the wvulperability of
land-based nuclear weapons, W
n.the domestic front, Gov. Mi- |
chael'S. Dukakis of Massachdsetts
called for the federal government to
put up seed money to create 15 to
20 regiona! Centers of Technolog-
ical Excellence, where local indus-
try, academic and research institu- |
tions ¢ould develop ways to improve .
regiotial economies. He also urged
creation of federal Economic De-
velopment Block Grants that would | |
be tdrgeted to economically dis.-_m,J o
tresséd regions, s .
In ;addition, Dukakis called on|, ©
Demacrats to make an issue of tax .
evasion, saying the federal govern-: .
ment should follow the example of
Massachusetts and other states and
crack down on tax cheats.
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they going to say, ‘I don't want to get radi-
ated. 'm taking off’?"”

Before the Chernobyl accident, Massa-
chusetts Gov. Michael Dukakis and Sea-
brook officials had appeared close to a
compromise that would have addressed the
governor's major concern-—evacuating
nearby beaches. The proposed compro-
mise: Shut the plant in the summer until
bunkers would be built in the sand. But
now the governor has pulled back, saying
he wants to study the implications of the
Chernoby! accident.

Ovster Creek also has a beach problem,
in part because the prevailing winds would
probably blow a radioactive cloud directly
over some 20,000 sunbathers. But rather
than the use of bankers, the current plan
is to keep the main bridge open npo matier
what. Emergency sirens would joli sup-
bzthers ¢ altenticn. State police wouid
prevent pedcple outSide the 10-mile evacua-
tion radijus from leaving until the others,
had been evacuated. Stalled cars wouid
pushed off the bridge into the water.

Much depends on a timely forecastfof
where radioactivity released by an afci-

has cut to 15 minutes from 25 the
needed to project the direction of a

hired an airline industry consult
stall “'‘cockpit team training,’

smoothly during an emergency.

“Even a technically compet
can screw it up if he lacks Jeadership
skills,”” Mr. Sullivan says. Asa esult, con-

screened to avoid those with personality
traits that could prove dangegrous in an
emergency, such as inability tp get along
with others and boisterousnesy.
Occasionglly, the emergericy drills
themselves are hazardous. During an exer-

Bureay of Radmlogma‘ Health sqijrted a
TVA employee—playing an ixjured
farmer—with technetium, a radicdctive
hquid. “Apparently this was his idea oNp-
jecting some realism into the drill,” sa
Joseph Gillitand, a spokesman for the
NRC, which subsequently reprimanded the
Alabama agency. 8ix people were contami-

nated, but no one suffered lasting injury.

o - P, . Al
]’”i" Ou'ﬁm o OT R T wis of time.
Alexander Ly d—>im0 the prefnier of the
Ukraine, told the reporters that 84,000 peo-
ple have beer evacuated from areas
around the four-unit Chernobyl plant and
that people living from six to 18 miles

Tax Measure’s Impact
On Industries Varies;

Some May Be Hurt

Continued From Page 3

countant who hkas been working with 2
group of investors in San Antonio, Texas.

*If this bill is passed, we are sure it will
be amended in a period of two years after
75% of the entire construction industry is
out of work,” said John Barron, executive
vice president of Trump Organization, the
giant New York-based developer.

Uncertainty in real estate could have

" gerious ramifications for troubled thrifts,

“This doesn't bode wel! for the thrifts. And
if it's bad for the thrifts, it is certainly bad
for the Federal Savings and Loan Insur-
ance Corp..” said Kenneth Leventhal, a
managing partner of Kenneth Lexemhal
an accourtmg
a1d. “*This is very very S"-‘I'l

hture Capital Firms
Venture capital firms are alsc Xjght-
ened that the proposed tax overhau] Wil
wipe out much of the investment in ne
companies, because capital gains would no
Jonger be favored by a huge break under
current tax Iaw. Long-termn gains are now
taxed at a top rate of 20%, compared with
the top rate of 509 for crdinary income.
The Senate panel’s bill would treat all
individual income the same, and there
would be even less incentive to take risks
because the top individual tax rate would

fall to 27%, reducing the tax benefits in the |

event of losses.:

“They're going to do away with capital
formation . The newer industries.
which aren't paving dividends, won't be
able to get capital. That's what happened
in the '70s. It seems we've got 1o relearn
these lessons every 10 years,” said Kevin
C. Landry, managing partner at TA Asso-
ciates,- a Boston-based venture cspizl
firm. _

Stanley E. Pratt, chairman of Venture
Economics Inc.. a Wellesley, Mass.-based
consulting firm and publisher of Venture
Capital Journal, says he is worried that the
bill will discourage new -entrepreneurs,
most of whom come from large corpora-
tions. He says their employers are trying
to discourage them from starting their own
venture. Now the pew tax plan “kilts in-
centive to 8o out and be irnovative and do
anything,” he says.

However. high-technology corapanjes
are split over Lhe proposal. They would
benefit from the lower tax rates and
wouldn't lose heavily from the repeal of
the investment tax credit. They also would
keep their favorite tax preference ~the re-
search and development credit,

Individual Retirf-ment Accounts

Cwahoan

allefT UV 3 et acuating some
reas for lang p-iv7is or undergoing mas-
sive cleanup efforts,

The Livermore computer model, which
attempts to reconstruct the injtial mo-
ments of the accident. estimates that 40%
of the lichter elements in the reacter, in-
cluding cesium and jodine, blew skyward
in a very hot fireball afier the plant ex-
ploded shorily after midnight April 26.

Heat carried the plume of debris up to
20,000 feet and then the cesium, iodine apd
other noxicus contaminants were carried
to the northwest over Byelorussia, Poland,
Lithuania and Latvia toward Sweden in the
form of a “‘fine aerosol,” Mr. Knox said.
‘Kiev Was Very Fortunate’

“Kiev was very fortunate,” said Mr.
Knox, because the initial direction of the
wind carried the bulk of the debris from
the reactor away from the city—the third-
largest in the Soviet Union. An additional
10% of the lighter, noxious elements of the
reactor, he said, has been distributed by
the continued smoldering of the reactor
and some of that, Mr. Knox estimates, has
blown southward over Kiev.

Soviet authorities, he said, may have to
develop plans to wash down buildings and
streets in entire villages before they are
safe for long-term habitation.

In its statement yesterday, the U.S.
task force monitoring the Soviet accident

id it was ‘‘plausibie’ that Jarge amounts
of ymolten uranium fuel may be lying on

e Floor of the reactor.

The problem posed by the molten reac-
tor fuel has been dubbed the “China syn-
drome" by nuclear engineers because of
disputes over how far the mass of glowing
etal would burn into the ground.
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Preliminary List of Attendees:

Donald Allen, University of Washington

Gary R. Argue, Arizona State University

Stephen H. Atkinson, Harvard Medical School

David C. Auth, Biophysics International

Donald R. Baldwin, University of Washington

Jim Barrett, University of Washington

Fred H. Bennett, University of Victoria

Spencet L. Blaylock, Iowa State University Research Foundation, Inc.
Larry Bonar, Harvard Medical School

Allen C. Braemer, Syntex (US.A)), Inc.

Henry E. Bredeck, Michigan State University

Howard W. Bremer, Wisconsin Alumni Research Foundation

A. Terry Brix, Temar Ltd.

Bill Brown, Portland State University

Norman A. Brown, University of Utah

Shirley M. Brown, Rutgers Research and Educational Foundation
Beatrice Bryan-Dietrick, University of California

Kathleen Byington, Colorado State University Research Foundation

- Donald Chisum, University of Washington
‘Sunny T. Christensen, University of Illinois

Robert Compratt, University of Illinois at Chicago
C. Thomas Cross, University of Cincinnati

Michael D. DeLellis, Health Research, Inc.

Nathan B. Dinces, Dartmouth College

Crystal L. Dingler, University of Washington
Lynne K. Downs, BCM Technologies, Inc.

F. Philip Dufour, University of Maine at Orono
Bernard J. Downey, Villanova University
Valentin D. Fikovsky, University of California
Jean Garber, University of Washington

Herbert 5. Goldberg, University of Missouri
Roberti Goldsmith, Research Corporation

Peter Gray, University of Washingion

Floyd Grolle, Stanford University

Marvin C. Guthrie, Massachuseits General Hospital
Al Halluin, Cetus Corporation '
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Patricia Harsche, Fox Chase Cancer Center

Joseph J. Hauth, Battelie Northwest Laboratories

William Hostetler, Washington State University

Lester T. Jones, 3M

Frederick W. Kellogg, Mayo Foundation

Herb Kierulff, Seattie University

Katherine Ku, Stanford University

Norman Latker, Department of Commerce

Alan J. Lemin, The Upjohn Company

Clive 5. Liston, Stanford University

Richard L. Louth, New York University

A. Riley Macon, Western 111inois University

David Maki, Patent Attorney with Seed and Berry

Fujio Matsuda, Research Corporation of the University of Hawaii
Dee Meyer, University of Washington

Charles F. Miller, Lawrence Livermore National Laboratory
Charles F. Murphy, Massachusetts General Hospital
Emmett J Murtha, 1BM Corporation

Carel Niccolls, University of Washington

R. Norman Orava, South Dakota School of Mines and Technology
Richard 5. Perry, Oregon State System of Higher Education
Janis Parsiey, University of Washington

Joan B. Pinck, Beth israel Hospital

C. Kenneth Proefrock, Medical College of Ohio

James 3. Quirk, Memorial Sloan-Kettering Cancer ‘Center
William A Ragan, Columbia University

Leroy Randall, National institutes of Health

Edmund 6. Regina, Beth Israel Hospital

Carol Rush, University of Washington

John M Rusin, Battielle Pacific Northwest Laboratories
John R. 5chade, Washington State University

Dorin Schurnacher, Northern i1linois University

Gary Schweikard, ZymoGenetics, Inc.

Joel Searies, University of Washington

Sandra Shotwell, Stanford University

Larry E. 53il1, Northern 11linois University

Kim R. Smith, Oregon State University

Ray Snyder, Patent Licensing Consultant

E. Ray Stinson, University of Texas Medical Branch at Galveston
Scott Stoelting, Merrell Dow Pharmaceuticals
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Patrick Y. Tam, Washington Research Foundation

John F. Thuenie, University of Minnesota

H. William Trease, University of Iowa Research Foundation
Charles D. Waring, Virginia Tech.

Lamar Washington, The Research Foundation of SUNY
Robert B. Whittemore, Baylor College of Medicine

Mel Witner, Eastman Kodak

Anne Woolf, University of Washingion

Walter C. Zacharias, Jr., University of Texas at Dailas

This list will be updated and copies inserted in the packets at the meeting.
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Washmgton sees outpomng
of studies and hearmgs on-
amovatlon policy; rethinking
of federal role in diffusing

know-how to industry urged

Ideas about the federal role in devel- -~
opment of.a national innovation . .
policy continue to simmer like a . .
pot of stew. In the economic policy. .
field, there still may be some idle’
remnants of a '{eaganomms,” but "
what is lacking is a “Reagatechnics”

that would involve the govemment
as a partner with- industry in diffus-

ing important, fundamental tech- -

nology throughout industry.

“There is little uhammlt)," de-"_f -

clares IBM Chlef scientist Lewis M,
Branscomb, “on the effect of cur-
rent R&D policies and activities, and

even less on what kinds of federal

actions will actually help. Few peo-
ple in government have either the

information or the management en-

vironment required to operate a pro-

gram of technology development for

commercial use.”

Lately Washington has seen a
fresh outpouring of studies, con-
ferences, and hearings cn technolo-
gy policy int an advanced economy
and a competitive world. .One of
the leading generators of ideas on
the subject is Congress’ Office of
Technology Assessment. In one of
its unofficial staff memorandums
just completed by senior analyst
John Alic for the House Committee
on Banking, Finance & Urban Af-
fairs, OTA has sounded a call for a
rethinking of the government role

in diffusing technological know-

how tobusiness and industry.

The market target would not be

the consumer, for OTA agrees with

is industri’s role In stead,” the t

the Reagan Admm trahon £h

get would, be mdustneq themselvea

through the ¢oncept known as ge-',
neric technology, a term’ coined -
some years ago at the National Bu- '
reau of Standards. and ‘urged on Con-

gx ass by the Carter' Administration.

American industry,” OTA says.
To begin, OTA suggests remov-

.ing engineering research from the-

mainstream of National Science

Foundation dlrectorates to form a.
separate entity inside or outside the+

agency. As justification, it says in-

. dustrial technology * “has no home’
within the federal government,” and '
that only 10% of NSF’s budget is

applied to engineering résearch.

And that amount has only remote:
relevance to the development of tech-
“nologies geared toward solving im-

mediate problems fating industry..

/&é% L

_ The U.S. Constitution has estab-
lished, at least in principle, the idea

of .generic technologies, under the
 concept of “Internal Improvements.”
' These have included public projects
.like roads, canals, dams, waterway

avigability, and beach erosion
ontrol. Without them, the country

re- and post- -Civil War industrial
revolutlon ‘More lately, Internal Im-

. provements came to include funding

or ‘sewage treatment plants, air pol-
T control, atomic energy, and
‘drug. deveiopment and testing.’

the new thinking, Internal Im-

‘i_provements would include buttress-

g ‘the ‘development of engineering
iples that the totality. of indus-
Ty needs to regain parity with Ja-
Yan’s technoiogu:al dynam*sm

Tibcomm tee on Econor‘uc Stabi-

“lization,: ‘have floated a bill, H.R.
4361,  the Advanced Technology
Foundation Act. The bill, ‘opposed
by the Administration, was just sént
to,the House Committee on Banking,
-~Finance & Urban:Affairsafter hear-
" “Generic technology development‘i-'
~and technology diffusion to U.S.
~ firms are primary. needs for strength- -
~ ening the international position of

ings held last month. Under this

- proposed legislation, A’ FF wolld be

an independent ‘agency. like "NSF

and would establish; throughiloans
.and grants, centers for the develop-
ment of these “generic: technolo-

gies.” The bill doesn't specify What
these technologies would be, but
examples, according to OTA, would
include digital systems design, ap-
plied: research on .microélectronic
devices; auto engme combustion
processes, automobile safety tech-
nology, control system: models for

_robot arms, eng1n~-ermg design,
tubrication, -weay, and structural

1ntegnty
Some generic technology centers,
privately supported, do already exist.
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ould hardly have embarked on its




" Government

Semiconductor Research Corp. is
one; Microelectronics & Computer
Technology Corp. is another. And,
of course, there is what might be
called an “invisible college” of ge-
neric technologists, including engi-
neers employed by the National Bu-
reau of Standards, the private Ameri-
can National Standards Institute,
academic engineering departments,
and the many testing laboratories
around the country.

Not to be ignored is the role of
the state universities in providing,
on the agricultural model, techno-
logical extension services to small
and large businesses in their states.
NSF, rather quietly, has established
a number of cooperative research
centers and small business innova-
tion centers housed in universities,
Under these programs, the agency
provides modest startup funds for
these centers on the condition that
industry will come in and keep them
going.

What exists then, is a more or less

unorganized smattering of technol- -

ogy transfer activities around the
country, all in search of a guiding
principle. H.R. 4361 is an effort to
establish such a principle. The bill
would authorize $500 million over

the first four years to fund such '

centers through ATF and would es-
tablish a Federal Industrial Exten-
sion Service that would provide
grants and loans to states for tech-
nology transfer programs. The most
obvious model for this activity
would be the 125-year-old Agricul-

tural Extension Service and land-

grant research system,

What seems to be needed, OTA
indicates, is a more cohesive sense
of what these centers, whoever sup-
ports them, should be doing. “Be-

cause technical know-how is em- -

bodied in people,” the OTA memo-
randum says, “a company may not
even know that it is missing a piece
of the puzzle: No one with the
needed perspective can be found
within the organization. The need
is generally to bring the right kind

of knowledge to a given problem. -

The important role of government
would be to coordinate and link
the network of centers already doing

this sort of thing, while providing

partial funding for these centers.”
_WH Lepkowski, Washington
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‘ber, primary sponisor,
_ ,m:ttee(s) to. whzch referred

o SENATE

- dividends recelved from the ac_quired cor- "

8. 2448—~Specler (R-Pa) Makes unlawful}

-.securlty-or the offer is a cash offe
- the outstanding shares ot the eq
. -referred to Banking. H
L 1alrs

Energy S. 2358——-Proxmire o
7 hibits U, S Synthetlc Fuels Cor
* ing ‘any'new financial assistance
A comprehenslve ‘strategy!
“7_ dfawn:up and .approved- b

g fairs

_ ‘._.Envlronmeni S. 2407--Pr
i 'Ensures that federalty- ow
;-7 hazarddus waste sites comply
£ requirements of the Superfund Is
¥to Envlronment FA Publlc Warks

.. Department ‘of Transportation’ before- any
-7 truck carrying high-levet nuclear: wastes can:
: be routed through a standard’ metropolrtan ;

a HOUSE

* tax““treating a’company's’ woridwlde na

ryant. : .
person Beiling a hazardous waste sita to tell
.. the purchaser the type and amount of waste
~’ “that has been treated and dispesedofonthe -
/7 rland, - the dates_when these! ‘activities: oo~ - .

- :",curred any closure, removal; or remedial .
" action that has been taken; referred to En~
y ergy & Commerce o

Bus!ness S 2447--Spacter (R Pa. ) Limlts'-
the deductions a corporate shareholder that .

acquires another corporation can take for the. . H N 531 4—-Waxman D: »Callf X Requlres 10 .

million ton reduction in suifur dioxide-emis-
. .slonin the gontinental U.8;, places aféaon -
- génerated - electricity, requires ‘expedited”
" control of hazardous air pollutants; reierrad_i
'10 Energy & Commerce :

poration referred to Flnance

for any-person 1o 'make an oifer for more_,
than 20%. of an equity class of a company s

stock tinless the offeref is the Issuer. of-the’ H R 5370~—-—Udall (D -Ariz) Calls for re-'l B

- guctions of 11 ‘million’tons per yearin sulfur
dioxide ‘emission In’ 31 eastern’ states by .
1996, prohibits further increase in 80z and -
T NOy emrssions aﬂer‘1996 referredtoEnergy -

h. H:'J. Res: 514—-—Vento D. -Minn)'v","
Expresses the sense ol Congress-that all-.*
Workers;:not just those In manufacturing In-: -
- dustrios; have a fundamental:*right 1o know"

ferred to Benkkng, Housing y hen they are hendling or exposed. to hez-'.-

Wis.). Places me title $o any inventions to the

- gontractors: who  conducted “the federally. . -
L sponsored R&D whloh 1ed 10 them allows the " *
- government 1o itilize the’ invamion ‘royaity .
free eferred to, Judlclaly !

'S 2421—~Specter(R-Pa) ‘me_nds upe r-

S HR _5003--Fuqua (D -Fla) Establlshes a
" uniform  fedéral. systam for; management,
protectlon ‘and: ‘utllization af the results: of -
federally ‘sponsored. sclentific and techno-" -
/ referred 10 Judlciary, Sclence-

of. underground storage tan
Envlronment & Publlc Works

‘ment be filed and'glven due w'eight"t')y the

Peslicldes. H R. 4939—Waxman {D: -Cailf Yoo
~Authorizes EPA's admlmstrator torevoke an’ -
area; referred to Environmem & Publlo:' " axemption and set a tolerance level for,any. .
Works. : T : ey * pesticide that poses an imminent hazard 10,
'pubilc health referred to Energy & Com— -
~-merce. ‘ B

Research .8, 2525——Quayle (R -!nd) T
Clarifies the status of fundamental engl-
neering research within NSF, makes. engl-
neering- education. an-agency. priorlty. re-‘
ferred to Labor & Human Hesource SR

Research. H.R 4501——Rodlno (D N.J).
< Codifles the application of the rule of reason -
“in‘all antitrust’ cases involving joint R&D " -
. ventures, fimits the potentlal damage expo-- -
. sure of such a’joint veritura to actual darmn-
" ages f e venture has: been. groperly-re-.
ported to the antltrust agenclea, referred to
-Judiciary L

Buslness. HR. 4940——Wyden :
Eliminates states’ ability to h'npose a unltary T

: f.'H R 5093——Torrioell! (D.-N J.)._Requlres the |

come as a single unit and takinga share'of. " | _
the whole unit's income. rather. than; the o= :Nationa! Libraryof Madicine to‘make. avall- -

publlshed researoh results establishment of
& committes to conducta full-text: Irterature_ :

.Involving the use of live animals to prevent ' -
" duplicative. research referred Ao Energy &

able o all ‘medical; Iibraries the-full:text of -~

search prior fo the funding of grant proposals -
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