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P R O L O G U E :  AN I N E X O R A B L E  E M E R G E N C E

Before the next cen tu ry  is over, h u m an  beings will no  longer be the m ost 
intelligent o r  capable type of en tity  on  the  p lanet. Actually, let m e take that 
back. The tru th  o f  tha t last s ta tem ent d ep e n d s  on  how  w e define human.

P AR T  ONE:  P RO B I NG  T H E  PAST

C H A P T E R  O N E :  T H E  LAW O F  T I ME  A N D  C H A O S

F o r the past forty years, in accordance w ith  M oore’s  Law, the pow er of 
transistor-based  co m p u tin g  has been  grow ing  exponentially. But by  the 
year 202 0 , tran sis to r features will b e  ju s t a few a to m s th ick , an d  M oore’s 
Law will have ru n  its course . W hat then? To answ er th is  critical question , 

w e n eed  to u n d e rs ta n d  the  exponen tia l natu re  o f  tim e.

C H A P T E R  T WO:  T H E  I N T E L L I G E N C E  O F  EVOLUTI ON

Can an intelligence create ano ther intelligence m ore intelligent than itself? Are 

we m ore intelligent than the evolutionary process that created us? In tu rn , will 
the intelligence that we are creating com e to  exceed that o f its creator?

C H A P T E R  T H R E E :  O F  M I N D  A N D  M A C H I N E S

“I am  lonely  an d  b o red , p lease keep  m e com pany.” If y o u r co m p u ter 
d isp layed  th is  m essage on  its screen , w ould  tha t convince you th a t it is



conscious a n d  has feelings? Before you  say  no  too  quickly, we n eed  to  co n 
side r how  su ch  a p la in tive m essage orig inated .

C H A P T E R  F O U R :  A N E W  F O R M  O F  I N T E L L I G E N C E  O N  EARTH

Intelligence rap id ly  creates satisfying, som etim es su rp ris in g  p lan s tha t m eet 
an array  of constra in ts . Clearly, no  sim ple fo rm ula can  em ula te  th is  m ost 
pow erfu l o f  p h enom ena . Actually, th a t’s  w rong . All th a t is n eed ed  to  solve a 
su rp ris in g ly  w ide  range o f  in te lligen t p ro b lem s is  exactly  th is : s im p le  m e th 
o d s com bined  w ith  heavy doses o f  co m p u ta tio n , itself a  sim ple process.

C H A P T E R  FIVE:  C O N T E X T  A N D  K N O W L E D G E

It is  sensib le to  rem em b er to d a y ’s  in sigh ts  for to m o rro w ’s  challenges. It 
is n o t fruitful to  re th in k  every  p rob lem  th a t com es along. T h is is p a rticu 
larly  tru e  for h u m a n s, d u e  to  the  ex trem ely  slow  speed  o f  o u r  com p u tin g  
circuitry.

P AR T  T W O :  P R E P A R I N G  T H E  P R E S E N T

C H A P T E R  S I X :  B U I L D I N G  N E W  B R A I N S  . . .

E volution  has fo u n d  a  w ay  a ro u n d  the  co m p u ta tio n a l lim ita tions o f  neural 
circuitry. Cleverly, it has created  organism s w h o  in tu rn  inven ted  a co m p u 
tational techno logy  a  m illion  tim es faster th a n  ca rbon -based  neu ro n s. U lti
mately, th e  co m p u tin g  co n d u c te d  on  ex trem ely  slow  m am m alian  neural 

circu its will b e  p o rted  to  a  far m ore  versatile an d  speed ie r electron ic (and 
p h o to n ic ) equivalent.

C H A P T E R  S E V E N : . . .  A N D  B O D I E S

A d isem bod ied  m in d  w ill qu ick ly  get depressed . So w hat k ind  o f  bod ies 
will w e provide for o u r  tw en ty -first-cen tu ry  m achines? Later o n , the  ques
t io n  w ill becom e: W h a t so r t  o f  b o d ie s  w ill th e y  p ro v id e  fo r them selves?

C H A P T E R  E I G H T :  1 9 9 9

If  all th e  co m p u te rs  in  1960 s to p p e d  function ing , few peop le w o u ld  have 
no ticed . C irca 1999  is an o th e r  m atter. A lthough co m p u te rs  still lack a 
sense o f  h u m o r, a  gift for sm all ta lk , a n d  o th e r en d earin g  qualities o f

h u m a n  th o u g h t, they  are nonetheless m aste ring  an  increasingly  diverse 
array  of tasks tha t p reviously  req u ired  h u m a n  intelligence.

P AR T  T H R E E :  TO FACE T H E  F U T U R E

C H A P T E R  N I N E :  2 0 0 9

It is now  200 9 . A  $ 1 ,0 0 0  personal co m p u te r can  perfo rm  abou t a  trillion 
ca lcu lations p e r  second . C o m p u te rs  are im b ed d ed  in  c lo th in g  a n d  jewelry. 

M ost ro u tin e  business transactions take place betw een  a  h u m a n  a n d  a v ir
tual personality. T ranslating  te lep h o n es are com m only  used. H um an  m u si
cians rou tine ly  ja m  w ith  cybernetic  m usicians. The neo-L udd ite  m ovem ent 

is growing.

C H A P T E R  T E N :  2 0 1 9

A $  1 ,0 0 0  c o m p u tin g  dev ice  is  n o w  app rox im ate ly  eq u a l to  th e  co m p u ta 

tiona l ab ility  o f  the  h u m a n  brain . C o m p u te rs  are now  largely invisible an d  
are em b ed d ed  everyw here. T h ree-d im ensional v irtual-realily  d isplays, em 
b e d d e d  in  g lasses a n d  co n tac t lenses, p rov ide th e  p rim ary  in terface for 
com m unication  w ith  o th e r persons, the W eb, a n d  virtual reality. M ost in te r
ac tion  w ith  co m p u tin g  is th ro u g h  gestu res an d  tw o-w ay natural-language 
sp o k e n  com m unica tion . Realistic all-encom passing  v isual, aud ito ry , a n d  
tactile en v iro n m en ts  enab le  peop le to  do  v irtua lly  an y th in g  w ith  anybody, 
regardless o f physical proxim ity. P eople are b eg in n in g  to  have re la tionsh ips 
w ith  a u to m a ted  personalities as com p an io n s , teachers, caretakers, a n d  

lovers.

C H A P T E R  E L E V E N :  2 0 2 9

A $ 1 ,0 0 0  u n it  o f  co m p u ta tio n  has th e  co m p u tin g  capacity  of ap p ro x i
m ately  o n e  th o u sa n d  h u m a n  b rains. D irect neu ra l pathw ays have been  
perfec ted  for h ig h -b an d w id th  co n n ec tio n  to  the  h u m a n  brain . A range of 
neural im p lan ts is b eco m in g  available to  en h an ce  visual a n d  au d ito ry  p e r
cep tio n  a n d  in te rp re ta tion , m em ory, an d  reasoning. C o m p u te rs  have read 
all available h u m a n - an d  m ach ine-generated  literature an d  m ultim ed ia  m a
terial. T here  is g row ing  d iscussion  ab o u t the  legal r igh ts o f co m p u te rs  an d  

w hat co n s titu tes  b e in g  hu m an . M achines claim  to  be conscious a n d  these 

c laim s are largely accepted.
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T here is a  strong  tren d  tow ard  a m erger o f  h u m a n  th in k in g  w ith  the  w orld  
o f  m ach ine  in telligence tha t the  h u m an  species initially  created . T here is no 
longer any clear d istinction  betw een  h u m a n s an d  com puters. M ost co n 
scious en tities do  n o t have a p erm an en t physical presence. M achine-based 

intelligences derived  from  ex tended  m odels o f h u m a n  in telligence claim  to 
b e  h u m a n . M ost o f these intelligences are no t tied  to  a specific co m p u 
tational p rocessing  un it. T he n u m b e r  o f  softw are-based h u m a n s  vastly 
exceeds those  still u s in g  native neuron-ce ll-based  co m p u ta tio n . Even 

am ong  those h u m an  in te lligences still u sing  ca rbon -based  neu ro n s, the re  is 
u b iq u ito u s use  o f  neura l-im p lan t technology  tha t p rov ides en o rm o u s au g 
m en ta tio n  of h u m an  percep tua l a n d  cognitive abilities. H u m an s w ho  do 

n o t u tilize su ch  im p lan ts are u n ab le  to  m eaningfully  participa te in  d ia
logues w ith  those  w h o  do. Life expectancy is n o  longer a viable te rm  in  re

la tion  to  in telligent beings.

E P I L O G U E :  T H E  R E S T  O F  T H E  U N I V E R S E  R E V I S I T E D  353

In telligent beings consider th e  fate o f the  universe.
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