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Science's Next Wave 
Editor: John Benditt 

EDITORIAL 
Research Pays Off 

W h e n  it is budget-cutting time, among the  usual early casualties are all forms of research. Yet 
the  history of government-supported research shows that basic research supplies the  raw 
materials from which useful applications can be fashioned, and applied research pays for itself 
many times over in the  production of tax revenues, jobs, exports, and vital improvements in  
national security. In  this essay, I consider national security to  include not  only military readi- 
ness but also a strong and growlng economy and positive participation in  global commerce. 

Researchers take rlsks when they explore unknown territory. Some paths may lead to 
dead ends, others to unexnected and bountiful oavoffs, but it is seldom nossible to tell ahead 
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of time what the  result will be. Indeed, if there were n o  research "failures," one  would be 
justified in concluding that the  work was not  really research at all. T o  achieve a high payoff, 
~t is often necessary to take a comparable amount of risk; and failure to  conduct adequate 
research can have d~sastrous national securlty and business consequences. 

W h e n  the  Advanced Research Projects Agency (ARPA)  was formed in the  late 1950s, 
its general charter was to help the  nation avoid technological surprises such as Sputnik. It has 
since produced a cornucopia of technological results that have benefited U.S. national secu- 
rity in  myriad ways, both directly in lnilitarlly relevant results and indirectly through expan- 
sion of the  country's technology base, upon which industry has drawn to produce new ~ L I S I -  

nesses, oroducts, and services not  sossible before. I believe that this is also true of the  other 
governlnent agencles that support basic and applied research. 

Some cr i t~cs  believe that all or most amlied research should be f i~nded bv industrv. 
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T h e  trouble with this view is that a great deal of risky applied research simply cannot be 
funded 111 the  context of Wall Street's thirst for quarterly prof~ts.  Publicly held corporations 
often have difficulty in justifying hlgh-r~sk research that may not  pay off for years or possibly 
not at all, yet sustained funding for preconlpetitive technology research and development is 
frequently the  only way to  uncover productive technical opportunities. A R P A  provlded 
f ~ ~ n d s  for research 111 data networking when convent~onal  wisdom said that packet switching 
was impractical and, some thought, downright crazy. T h e  same may be said for high-perfor- 
inance parallel computing, for network-based chip design, and Inore recently for 
microelectrolnechallical systems, in which computation is merged with sensing and actua- 
tion at a microscopic level, enabling entirely new classes of applications. 

ARPA's efforts to make tts results aridelv known and read~lv shared have oaid off in  
new product developments, paid for by industry k d  based o n  freely ivailable reseaich results, 
prototypes, source software, and the  like. Many of the  research efforts sponsored by A R P A  
have had 100 percent or more matching funding from industry, which afterwards puts in  
vastlv more fundine than  that to create new oroducts and services. Colnsal l~es  that could not 
justifb the  risks a lo ie  can do  so in  conjunct;on with A R P A  and in  othkr industry consortia 
cooperating with the  government. T h e  Internet's skyrocketing growth has been leveraged 
through industry investment hundreds of times larger than the  small but persistent base of 
support from various U.S. government agencies, originating with the  ARPANET project in 
1969. ARPANET spawned packet r a d ~ o  and packet satellite research efforts, which were 
linked together to  forin the  first three networks of the  Internet. My colleague Bob Kahn 
started this research program at A R P A  in  1973, and together we developed the  basic 
Internet architecture and srotocols (TCPIIP).  U.S. government research agencies urovided 
sustained support for this work, first ;o develop the  t&hnology until it became corn~~erc ia l ly  
available in the  1980s and then to support the  standards work needed for Internet evolution. 
Today, the  Internet is a global multibillion-dollar business. Government investment in  the  
research over a 25-year perlod has probably atnounted to  less than $250 million. 

T h e  U.S. knowledge and technology base is second to  none. Keepmg it that way has 
paid and will continue to pay off in lnult~ple dimensions. Support for quality applied and 
basic research is one of the  most highlv leveraged investments the  government can make. I 
hope that the  inernbers of congress yvill take t i k e  to  cons~der  this asYthey s t r~~gg le  to produce 
a fiscally responsible budget. 

Vinton G. Cerf 

The author is Senior Vice President for Data Architecture at MCI Telecommunications in Reston. 
Virginia. He served at ARPA from 1976 to 1982 in the Information Processing Techniques Office. 
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