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1. Introduction 


In considering the future ro le  and improved delsign of corsputers there 
ie need for a grasp of the poseibilities of cmzputers witbout being l imited by
the presently praotlcal, pose ibf l i t ies  nor by the immediate usefulneas of the 
conaeivirable applications. Deapite the amount of speculation concerning such 
matters, 1: have Bieen none which sta le  expl ic i t ly  e few of the basic facts eon-
cerning wha%autcmat%ccomputers actually do arid what they m y  do, 

M;sathemEeticiana have contributed to this confusion by misunderstanding
the role and nature o f  a proof. Symbolic logician8 have contributed t o  the game
conf'uaian by the t ac i t  assuprp.tfion that a proof Lies i n  a concatenation of symbols.
In my elatfmate there could acarcev be! a mare rai1l.y souan than  "mathemtics is 
deductive science .'' 

A computer aeceptsl in i t s  input a sequence of eymbols which it trans-
&tee into another set more apprapriate for  i t a  structure. The computer then 
tmEoocPatess with therae synibolrs another set which it translate$ into output. The 

Flvy 	 oortlputer thus appearsl EM a osition-pmving device. The input and the machine 
design canstitutie We hypot 61 and logic, t h e  manipulatianej am the steps in 
the proof, and the output contain# the conc1us:lans (with identification) If 
the computer makes nu @rr&rt? a rigid consequence( L e .  failures) then the output 9s 
o f  the input and logic. me connection of t h i s  output with ather ~ t r u c ~ m e ais a 
mtter of importance but doe8 not change our statement of the role of the computer. 

For excugple, one may est  up a difference equation scheme to approximate
the solution of a differential equation. The Lntroduction of' thirs ech@me by
appropriate sym'tzallsr into the coqputer arid the rsubsequeat manipulations are followed 
by a tabLe of" values. The %able,provided no coqputer errors are made, contains 
the exact consequences of tbe as6urqplloaer and logic. mat the values may be widely
different Prom those af the actual mkution of the differential equation due t o  
round o f f ,  mesh s i ze ,  e t a . ,  doela not alter the  abaalute precision of the GOrrclusions 
given by the ccmputer rsiaultfng from assumption8 and loglc .  Errors i n  the code form 
part of the a881unptione. Liberalizing the intcrpretatioa you might say error8 in 
the machine could form. part of the assumptiom also. 

!Phe anaLogy with the manipulatiom made in proving theorem8 ahould be 
urn discernible. Eypotheaets are aften biratsd lexglicitly, the logic, BB w i t h  the 
machine is partially submerged in the mathemticiadrr: errors in code carresgond 
t o  errorB I n  logic, -chine emora correspond t o  error8 i~ application of the logb  . 

Mow we eQme to another fundameutal point.
symbol in the machine? .-ayglbolthethatsayI 

What is the meaning of a 
itmU has no meaning. What the 

tev' 	 symbol regreaents is reflected only in the manner in whichrthe machine treata it. 
nus a seriee of magnetic apots on a tape! represrentrs whatever a t rawht ian  
dictionary says It repretoents. It might repre~entthe social security number o f  
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an individual and thereby the individual, it might represent an inatruction to 
the m8china, 8 nwabetr in fixed or floating fomi, it m i g h t  repreaent one of 

2 2 
Shakespeare% plays, or It m i g h t  represent one of x3 la x, -u + b u  o r L  

ax2 by2 ' 
where L i8 the Laplace transform operator. It,is clear that t h e  meaning of 
the symbol is not in the symbol itself'. 

It has been a drawback to the optimal. use of high-speed coanputers that 
flt i e  frequently asswed. that the rsymbols or w o r b  ''are" either prura'bers or ordera, 
I"Et;D;fallyfor t h i s  reason the so-called "inf'lnl,te" procerasles of analysie are 
Wisumed beyand the pole of coqpulers. Obviou83.y tihies is not the ca8e since inf ' inite 
$erias, dleriv&tivss, integral& et^., m y  be represented in a coroputer if they may
be mpresanted in print.  

Symbolic represexrtatiom fom the aoat powerful t o a b  of civil issation. 
AeJ a rs1rsu10;they have been both defied (Xn the baginning was *he word, the word 
wa8 Gad, e%c ) I and abused. You "know" 8 pararcm if you know h i s  mne; for example. 

Deepfte @ha large .numbers Of languates, book$, pictures, records, 
$gecche$, blue-prints, dtafues, charta, sramplasi, andl what have you, I believe we 
may agree that on th ls  earth at any t i m e  there is o ~ l ya f i n i t e  a e t  o f  d i s t i n c t  
symbols. A l l  ccmnunicatiow reGard3.ng i n f i n i t e  sets, limits and 80 on must be 
made with 8 finite set of s p b a h .  !Fhu 19; i a  physically impossible to record a 
distinct eymbol for each iateger. 

By 8 eymbol, I includct conabinatltahs and arrarigewnta of symbols. Thus 
an e n t i r e  treatlee is a symbol, as us11 BB a single letter i n  the treatise. The 
symbol i t s e l f  iar aubJect t o  interpretation perhaps by humans, perhaps by machines 
but an abstract symbol cuatontarily ha6 none of the properties of the phenomena, it_1_ 

represent8 ( A  sample ryrnbol, for example, prer8utnabl.y represents the larger wholee 

of which it is a pax%by di8plslying the same properties*) Thus we may claim that  
the abetract a p b o l h a s  no meaning or that  it cmnvcys no infomatioa apart from 
an interprefer. Incidentally, the present-day fnforaration theory is misnamed, it 
would better be called a n a l  theory. 

From the standpoint of theor&icalIQ large enough computer, it i i e  
then theoretically poaraible to translate a11 other erymbols by an adequate dictian-
ary I n t o  the memory of the machine. Thus, again, the conputer might be used to 
prove theorems i n  the ordinary sense provided proper manipulation with symbols 
can be eafd t o  constitute a proof. 

I V .  The Nature of Proofs 

Reduction of human error$ fn making proofs of theorems has bean accomplfshed
by w e  of established rules of nsaniptnbtlon of symbols. This, together with the 
invariance af certain amthemtical theorems in time have led many mathematicians 
and eylabollc logicians t o  as8ue that human beings possibly can be ignored i n  r e l a t ion  
t o  8 proof. This 1 Bee no reamn t o  believe and 9 state the following Relativistic

"FrcLi. 



Principle: To a given individual. IS proposition has been proved if, and o n 4  if, 
he i s  conviaced that the proposition is true. H i s  position on the t r u t h  of the 
propoaitiarz may change from time t o  time. 

Thus, mathematical theorems are established 8s true essentially by
mffSrm~~Cfvevote of t h o m  who are convinced of its truth. There is no way eon-
ciekvable o f  avoic2ing the  fact that aymbob recorded in order cannot constitute a 
pmof if only simply due to the fact that  there is no way 02' absolutely guaranteeing 
the  aocmcy ~f recarding the rsymboUe However, it is possible that  impravemeata
in accuracy result from the mechanization of proofs such 88 exemplified i a  the 
aritbmetization of analyrris. 
V. Immediate J~rprovmentsin Computer Use 

Since we have Indicated tbat coaputcrs are capable of aarrying aut any
8ynbolic: proof, t h e  qwetion renainm whether or not some of t h i s  sort of a c t i v i t y  
might not be weful  now. I believe the awwer is affirmative and 1 w i l l  Sllustrate 
8cme directiow of approach. The! rearma for clmputiag is t h e  Lsme 88 that of 
proving -btoearemt t o  obtain informtion f o r  slme form of action. If, however, the 
compat;ler output i.8 BQ trmendoua that the results cannot be used or  interpreted for 
any kind 09 action then the value of' the activity ie negative insofar as results 
are eancermd. Hence, we need to m e  modea of output optimized with regard to 1 ~ s  
subsegwnt ursage. Agtart frm viiirual, aid8 therle are certain modes of presenting
f'uacttona, foreexamp&, which would be better than Che tables of valuers of the 
function at certain mmh pointpr for mme u e s .-.-

!Phw a function m y  be represented by a linear combination of a baeic 
set OF Punctiow ( f i n i t e  or i n f in i t e )  by sivrg$y recording the  c o e f f i c i e n t s  i n  order 
(the coefficients could be functions of 8 parameter). W0 emghasize that  there is 
DO a priori ~ceaaonf'm excluding inf ' in i te  serisa from machine computation. For 
8011~6suses a finiLlrs l inear  combination 09 iunetiom wauld be far euperior t o  a table 
of valuse. 

There i a  no tused for output t o  be interpreted as numbers. The answer 
m i g h t  be that a proposition is false or that &ID operation is not feasible. 

Wahine (exact) di f l erent ia t ion  of function8 should be workable for 
Urge! obsses of functione, thereby g e n n i t t i ~the derivation of Taylor Series 
frm a differential equation. 

Froof of theom- by Lnductioa i s  a poaeibiliky I am now investigating
for f w e f b i l i t y .  It i a  clear that thie  type o:P process should be readily wchani-
35:abJ-ee 

Binerlu, while it is possible in priinciple to grove any theorem usitrig 
present csnaguters, the practice w i l l  be g r e e t t x y  aided when we have ratudied appli-
cation and Im@roveddesigna accordingly. 




