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EDITORIAL 
Computing in Science 

Computers have changed our lives; their effect on science has been profound. They enable us 
to analyze and solve problems too complex to be treated analytically; they allow us to exam- 
ine and process huge amounts of data; they make it possible to control complicated instru- 
ments; they facilitate communication. In this issue of Science we explore some of the con- 
tinuing excitement and developments in computers and computing. W e  present four news 
articles, three perspectives, and three general articles. Because the field has so much depth 
and changes so fast, we can only taste a little, but we have tried to choose some aspects of the 
field that will have a rapid impact on the practice of science and will affect many of us. 
Computers and computing represent a wonderf~~l integration of fundamental science and 
technology with almost instantaneous application to important problems in the real world. 
While this is not a good model for all of scientific activity, it certainly is impressive, to  say 
nothing of being fun to watch. 

Baskett and Hennessy analyze microprocessor technology and its impact on comput- 
ing. They point out three major challenges in creation of high-performance, cost-effective 
computers: microprocessor performance, parallel computer architecture, and software that 
can take advantage of these advances. They discuss the first two of these areas. Their analysis 
also addresses economic issues of microprocessor-based computing and the economic impact 
of rapid technology improvement. 

Hillis and Boghosian discuss an issue which for many of us appeared to be a major 
problem-programming parallel computers for scientific computation. Their analysis shows 
that many problems lend themselves naturally to parallel computing and that ultra-special- 
ized algorithms and software are not required. For example, many scientific problems are 
naturally parallel by virtue of the physical laws that govern them. Interestingly, apparently 
sequential problems can be made parallel by use of a different algorithm. Thus, taking advan- 
tage of improvements in hardware and architecture will be easier than expected. 

Forrest discusses genetic algorithms-computer programs that evolve solutions 
through natural selection. That is, they are modified by some random process (equivalent to 
mutation or crossover), and then those programs that are most fit are selected or reproduced 
whereas the least fit ones are discarded. Intriguing intellectually and potentially powerful 
computationally, this approach is clearly well adapted to take advantage of new technology 
and seems likely to have a significant impact on the solutions to a variety of important 
problems. 

Our three perspectives address some of these same issues of performance, architec- 
ture, and software. Thorndyke and Riganati discuss packaging and integration in massively 
parallel systems. Buzbee discusses workstation clusters and their use in scientific computing. 
Wulf deals with networking and our ability to take advantage of advances in computa- 
tion and communication between scientists in different locations so we can benefit from 
collaborations. 

The  news articles address important applications of computing in the scientific arena. 
One of the major intellectual changes in science has been the ability to accumulate, access, 
and utilize large databases. This challenge has changed to a substantial extent the kinds of 
problems that we can solve and the ways we have of thinking about them. Pool, Freedman, 
Marshall, and Clery all address various aspects of these critical problems froin electronic 
databases, to  analysis of the database, to dealing with overloads of information. As comput- 
ing becomes faster and more powerful, the complexity of problems we can solve increases. 
Object-oriented programming is revolutionizing the way computer codes are written; Waldrop 
tells us about the area, what is new, and what some of the future is likely to bring. 

As much of science grows and matures, it becomes progressively arcane and daunting, 
both financially and intellectually to its practitioners. Computing, interestingly enough, contin- 
ues to become less expensive and more user friendly. It is hard to imagine where science would 
be without computers. It may be even harder to imagine where it's going to be in the future. 

John I. Brauman 
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