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It is very difficult to make 
predictions - especially about 

the future! 
    - Confucius? 
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HOW DO WE FIND OUT WHAT THE 

FUTURE WILL BE? 

 

• Guess? Dream? 
 

• Study the past? Do what others have done? 
 
• Solve an equation? Run a program? 
 
• Is it even possible? 
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ELEMENTS OF “FUTURISTIC” COMPUTING  

 
 

• Where did some of the computing elements we 
have today come from? 

• Hundreds of critical ideas and developments led 
to what we have today. 

• Are some more important than others? 

• Who were the people that did the work? 

• How did they do it? 

• Is there something common in the way they 
worked that might guide us to the future? 
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OUTLINE 

• Stories of how the “computing future” we know 
today came to be (or, not to be). 
 
• What can we learn from these stories? 

 
• What will the future bring? 
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 SHORT STORIES 

THE INTERNET 
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THE INTERNET 
 

• Who developed the Internet? 
 

• J.C.R. Licklider, Len Kleinrock, Bob Kahn, Vint Cerf, 
Paul Baran, and many more were responsible for 
what we use today. 

 
• What were their objectives? 

 
• How did they do their work? 

 
• Consider Paul Baran, one of the very first and most 

important. 
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PAUL BARAN 

 

 

 

 

1926 - 2011 
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WHAT DID BARAN DO? 

• In 1959 he went to work as an engineer for the 
RAND corporation, focused on national problems. 
 

• He became interested in a possible future problem: 
the survivability of communication networks in the 
event of a nuclear attack. 
 

• His original idea: Network redundancy and the use 
of computers for communication transmission to 
improve communications survivability. 
 

• He proposed distributed networks and packet 
switching. 
 

• He developed extensive technical studies to prove 
his idea, in spite of others. 
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 SHORT STORIES 

SUPERCOMPUTERS 
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SUPERCOMPUTERS 

• What is a supercomputer? 

• A supercomputer is simply a computer that is at 
the leading edge of technology. 

• By the mid-1980s, supercomputers were usually 
designed by teams and relied on a high-degree of 
parallelism. 

• This shifted the focus of designs away from the 
processor architecture to other issues such as 
inter-processor communication.  

• But from ~1960 to ~1985, the focus was on the 
main processor and the fastest supercomputers 
were all designed by Seymour Cray. 

 



  
Seymour Cray  

 

 

 

 

 

 

 
1925-1996 
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WHAT DID CRAY DO? 

• He found innovative ways to maximize the 
performance of state-of-the-art technology. 

• He focused on the design of the processor and the 
overall system design; he did not believe in highly-
parallel architectures. 

• He did not push the underlying technology 
forward, but focused on removing heat and 
preventing skew.  

• When he did use a technology beyond the state-of-
the-art (gallium arsenide chips), he ran into trouble.   

• He carefully protected his ability to design 
computers as he saw fit, without interference from 
any organization. 
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 SHORT STORIES 

INTERNET SEARCH 
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SEARCH 
 

• Search is an old problem in computer science (CS) that 
keeps expanding in scope and depth. It is highly practical 
but must be based on theory. 

• As the Internet developed, search quickly became an 
essential tool.  How to organize information also grew in 
importance. 

• NSF funded a variety of basic research projects in the early 
1990’s in the area of digital media. A project at Stanford 
University was investigating digital libraries.   

• Graduate students Larry Page and Sergey Brin worked on 
the project, became interested in online search, and 
developed a new search algorithm.  (Robin Li, founder of 
Baidu, developed a similar algorithm about the same time). 



  
Larry Page and Sergey Brin 
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WHAT DID PAGE and BRIN DO? 
• They were looking for a Ph.D. thesis project. Page became 

interested in the mathematical properties of the web, 
especially its linkage structure. 

• Page’s advisor encouraged him to follow his interest; 
developed an early version of the page rank algorithm.  

• Started to develop a web crawler, unaware of the 
magnitude of the job.  His friend Brin became interested 
and joined the project.   

• They realized they had a powerful search engine. 

• Initially tried to sell their idea; set up a company when no 
buyers interested; resisted advertising. 

• Started with strong interest in research, developed new 
approach, commercialized it over time. 
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 SHORT STORIES 

PDAs,  
SMART PHONES, 

TABLET COMPUTERS,… 
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SMART, PERSONAL DEVICES 
 

• PCs, laptops, smart phones and tablets all share 
some similar characteristics: small, designed for 
use by one person at a time, portable. 

• Each has a slightly different history, but all owe 
an intellectual history to the ideas of a small 
number of pioneers. 

• In various ways Vannevar Bush (1945), Gordon 
Bell (~1962), Alan Kay (~1969), and many others 
contributed ideas and innovations. 

• Alan Kay developed the ideas of the Dynabook, 
which closely resembles today’s tablets, and 
many of the software ideas central to PCs, smart 
phones, etc. 

 

 

 



  Alan Kay 

 

 

 

 

 

 

 

 
and prototype of the Dynabook 
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WHAT DID ALAN KAY DO? 

• He had a wide-ranging curiosity, and studied math, 
microbiology, music, CS, and engineering. 
 

• Was an early reader, developing a strong desire to 
learn things for himself, didn’t just accept “received 
wisdom.” 
 

• Studied under and was inspired by Ivan Sutherland, 
developer of first computer graphics (Sketchpad) 
 

• Ph.D. thesis described Dynabook. 
 

• Developed window interfaces, object-oriented 
programming, helped develop prototypes of 
networked workstations, etc. 
 

• Innovative, curious, focused on personal usage 
(largely for education). 
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A COUNTER EXAMPLE 

MASSIVE  SOFTWARE 
SYSTEMS 
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MASSIVE SOFTWARE SYSTEMS 
 

• Like supercomputers, the definition of “massive” 
keeps changing. 

• First recognition of the problem of creating, 
maintaining, and evolving large (massive) 
software systems came in mid-1960s. 

• Automatic code generators, high-level languages, 
various programming styles, and other ideas 
were tried and are still being explored. 

• The concept of software engineering (SE) was 
seen very early as the “solution” to the problem of 
massive software systems. 

• Alan Perlis was one of several leaders trying to 
establish SE as a discipline. 



  
Alan J. Perlis  

 

 

 

 

 

 

 
1922-1990 
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WHAT DID PERLIS DO? 

• He developed languages (Algol) and compilers; he is 
considered one of the “fathers” of CS. 

• He was one of the very first to “do” SE by making the 
construction of compilers and code generators routine. 
 

• In 1968 he gave the keynote address at a small conference 
that was trying to establish SE. 
 

• He did not work on developing SE himself, but many 
others did. 
 

• His ideas and those of others have developed a body of 
knowledge about SE that does provide a more systematic 
way to develop massive software. 
 

• Yet, today, no one would say the vision of the early 
founders has been achieved.  Why? 
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AN EXCEPTIONAL 
EXAMPLE 
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STEVE JOBS  

 

• Was not an engineer, but understood what 
technology could do. 
 

• Was not a researcher, but used the results of research. 
 

• Was not a designer, but had a great sense of design. 
 
• Was one of the greatest innovators in the modern era. 
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WHAT DID HE DO? 

• Revolutionized the personal computer. 
 

• Revolutionized mobile phones. 
 

• Revolutionized the music business. 
 

• Revolutionized movies (Pixar). 
 

• Set a new standard for the design of retail businesses. 
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HOW DID HE DO IT? 

• Had an exceptional mind and wide interests in 
diverse subjects; felt unconstrained by “received 
dogma” in any field. 

• Was interested in and understood many non-technical 
subjects - human behavior, esthetics, design, mysticism, 
religion, . . . 

• Had the ability to totally – even brutally – focus on 
what he was trying to achieve. 

• Had the ability to envision objects and services never 
seen before. 

• Operated with almost total lack of regard for 
conventional wisdom, what others wanted him to do, or 
the feelings and ideas of others if they disagreed. 

• Never gave up. 
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WHAT CAN WE LEARN  

FROM THESE STORIES? 
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WHAT CAN WE LEARN FROM THE 

SOFTWARE EXAMPLE? 

• No single person or small group of pioneers has yet 
found a technological or work-process answer to the 
problem of creating massive software systems. 

• There is a lack of consistency in understanding what 
the problem is. 

• There is no underlying, comprehensive physical or 
mathematical reality. 

• Software can be seen as a notation for describing a very 
broad range of behaviors, concepts, processes, etc.   

• It may be too broad a problem to “solve.” 
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WHAT IS COMMON TO THE 

SUCCESSFUL STORIES? 

• Great curiosity. 

• A desire to make a difference. 

• Little or no regard for money. 

• The ability to focus on an objective and not give 
up. 

• Working in an environment that rewarded, or at 
least permitted, thinking out of the box. 

• Some created new ideas, some very basic, but all 
used the results of research of others in one way 
or another. 
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WHAT CAN WE LEARN FROM THE 

EXCEPTIONAL EXAMPLE? 

• All of the elements of the other successful 
examples were present, plus… 

• An uncommon, visionary mind. 

• A lack of mental and social constraints. 

• An interest in, understanding of, and 
appreciation for subjects besides technology, 
which Jobs used in his work. 

• A personal history that was always outside the 
mainstream culture. 
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WHAT DOES THE FUTURE 
HOLD? 
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THE FUTURE 

•  We would all like to know what it holds. 

•  What can we learn from these pioneers? 

-  Different approaches 

-  Different objectives 

-  Different results 

-  Different people 

• But, all helped create the “future” that we are now 
living and experiencing. 

• There is one overriding lesson! 
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The best way to predict 

the future is to create it! 
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AS PROMISED:  A few predictions 
• Change in the basic nature of our technology will come 

about more slowly than we think, but in the end will be 
much greater than we can imagine. 

• The way we do science in many fields will be 
profoundly changed. This will change what we know 
and what we can do in many ways. 

• Computation as we know it now – done in discrete 
boxes in specific places – will disappear and be replaced 
by a computational/communicational “fabric” that 
permeates everything. 

• The “software problem” that is still not solved today, 
will go away only if we are able to develop a true 
science of software on which we can base an 
engineering discipline. 
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THANK YOU! 

  


