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Many New Appllcations Will Emerge 
In 1947, thebq idea (perhaps ofd h e )  was the stodpro- 
gram computer that was soon to opmte. In the game F, 

thctrdstor,asccsondandcqudybig 
ida,was h t u i  Eythe mid l%Os,a 

transistors on silicon substrates was 
inMltedarSdia~ 

The dcpelopmcnt of the micropro- 
cessor in 1971 d the evoluth of 
computing would continue in a very 
focused fashion. The next 15-25 yara 

lmk squallybrigh The only form of inttlligenee more as- 
ity, cheaply, and rapidiy fabrimtd is h e  human brain, &- 
mated to have a processing poHAcfof around 1,ooO million 
million opds (one pctaopr), with a memory of 10 tcmbyta 
[-me, 19961. 

F o r f i v c ~ , ~ h a s a t i m u l a t e d t h e e r o l u t i o a  
of computer phiforms of various p c r f o ~ m c t ,  sizc, cost, 

, wayoffabrimingrrndinttrconnacting 

form, and applications, from watches and pacemakers to 
m4unframcs. It is safe to predict computers in 2047 will be at 
least 100,ooO times more powaful. If hardware continua to 
evolve at tbt m u d  factor of 1.6 m know as Moore's Law 
[Moore, 19961, computers that ate 10 billion times more 
powafdwillexiat! ~&-scoragedensityandfibcr-optic 
datamusmkh rates- mIved at tbc 60% rate (a dou- 
b h g  every 18 montbs, or 100 tima p a  dede) ,  too. 

It is also l i l y  hat,  siace imprav;emcnts io algorithms 
and mabodsoh occur at the aame rate aa h hardwarr, any 
future p d  is W y  to be rtllthed in half the timt one would 
predict h a d  on hardware alone. I don't belicw the homely 
eomputcr, built as a s h p k  V d r n e m o r y - s k u c h m ,  will 
take on a very different look, but rather will continue on 
an evolutionary path of only slightly more parallelism of 
inmuctiou -cution. For the past decade, real application 
performma (RAP) of micropraccsrors haa divagcd from 

Law. This lmld will contillucl 
the peatrannounead (PAP) tbptfollowsMom's 

Figure 1 shows pasthanhue evolution md a 50-year 

ductor pmgrw, are most IiWy to follow tbia trmd. Mkr 
tbattimt,tbcfigurcshowsadiwrgingrangedofi~. 

What Forms Wlll the Future ComputerTh? 

ofthe future. Tbt next 15 mW M d - n -  

AU intellectual property and cwrything bitable will be in 

find new placea, Bitability comes from the hardware and 
sofware interfacer (UO) that the computer haw acquired, 
meatal, or evolved to dowit to c o m m a  with people 

and the ~bvsical world. We eventually emtct 

+-. Wlth w, tbe spced limit is our ability to 

spec&, id&, and p t u r e  in- foliowab by 
having computers &at anticipate. Surely, we 
can expect a "do what I saf metaphor within a 
dacadt, sina it bpr been a dream for so long. 

Direct body interfaces ovc inaeosingly im- 
portant, including touch, direct nerve stimulus. 
and artificial organs, cylcs, ears, aud limbs. 1 don't 
expect computers will interface by taat and rmd. 
For achieving the mobility and navigation in the 
physidHporldthatwouldenable~rdmts,the 
b~ inwitions alrcpdy exist today as dcmonstra- 
tiom, with video recognition, global-pmitioning 
systtms (GPS), laser mdng, single-chip phased- 
array radar,and sonor.Theyha~toevlolw to low- 

1947 1967 1987 2007 2027 a 7  cost components and become fast enough. By 

ries wili haw ascful robots that do not require 

New computer classes b a d  on price will 

2 O 4 7 , I e ~ p ~ ~ t h o w ~ , e 0 m m c r d a l ~ ~ 1 d ~ -  flv 1. 
and bandwm inaaasing rapMly througllwt the 
servative case (dashed lines), there will 
Iswrce: tordon Be#, 1996) 

pjedonr Mid liner) show w g  power, memay, 
-- 

ermnous imprwementr in the future. 
5o -. Erpen in 

trainin%. 
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continue to bt determined by 
a p p k t h u a n d t h c i r r d t i n g  
m&tatQJetkwiththreefse- 
tors: hardware platform tech- 
nology (&&, redconductorr, 
magneth,anddisplays);bPrd- 
d * i n a t o c o l l -  
ntct with the phyaicd world, 
indudiug Psople; and nctwod 
in- (e.g., &e Inw- 
net and evmtwlly home and 
w---w. 

My thmy of computer 
~ s w m r t i a p l , b p s c d ~ o n  
wing w t  aomponentr 
and d k n t  formi of uw to 
stimulate new atructurc~, ac- 
counted for the emerging of 
minicwnprrters (19704, d- 
s t a h S a n d ~ a l # x n p u t -  
= ( 1 9 8 W , d ~ ~ -  
n h r r .  The World Wide Web 
h#8limukd *=w- 
c l w  to merge, including 
network amputers, ttlaeom- 
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