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A b s t r a c t 

The f o l l o w i n g requ i rements to e m p i r i c a l 
p r e d i c t i o n a l go r i t hms are i n v e s t i g a t e d : 
u n i v e r s a l i t y , n o n - t r i v i a l i t y , and c o n s i s 
t e n c e . I t i s p o i n t e d out these r e q u i r e 
ments are too s t r o n g . Some v a r i a n t s of 
a l g o r i t h m s i n which t he requi rement o f 
" cons i s t ance " i s r ep laced b y t h a t o f " t h e 
g r e a t e s t s i m p l i s i t y " are t e s t e d . 

A n a l y s i s o f process o f problem s o l 
v i n g tasks by the systems, which i n v e s t i 
ga to rs c a l l i n t e l l e c t u a l ones, shows t h a t 
stage of p r e d i c t i o n of new f a c t s by u s 
i n g r e g u l a r i t i e s d iscovered on set o f 
we l l -known f a c t s , p lays an impor tan t p a r t 
i n t h i s p rocess . 

Thus, in p a t t e r n r e c o g n i t i o n tasks a 
be long ing o f c o n t r o l r e a l i z a t i o n t o one 
or another image is p r e d i c t e d on the g r o u 
nds o f n a t u r a l r e g u l a r i t i e s observed on 
t r a i n i n g sequence between ob jec t s ' p rope 
r t i e s and p a t t e r n name. 

In chess and draughts programs, e t c . 
a p r e d i c t i o n b l ock i s represented by p r o 
cedures of t a k i n g a d e c i s i o n about the 
most p r e f e r a b l e move. In so doing the r e 
g u l a r i t i e s i n t r oduced by programmer or 
d iscovered by computer are usedj the w i n 
n ing move is t h a t one when e s t i m a t i o n f u n 
c t i o n o f such-and-such k i n d reaches the 
maximum v a l u e ; i n such-and-such s i t u a t i o n 
f rom the l i s t p r e l i m i n a r i l y " l e a r n t b y 
h e a r t " such-and-such move is s u c c e s s f u l , 
e t c . 

I n programs in tended f o r d e f i n i t i o n 
o f s t r u c t u r a l fo rmulas o f o rgan ic molecu
l e s by t h e i r chemical fo rmu la and by mass-
spect rum, the mass-spectra of molecules 
engendered by hypo thes is genera tor are 
c a l c u l a t e d w i t h the a i d o f p r e d i c t i o n 
b l o c k . Resu l t s o f t h i s p r e d i c t i o n are used 
f o r s e l e c t i o n the s t r u c t u r e s which shou ld 
have mass-spectrum no t so much d i f f e r e n t 
f rom exper imen ta l one. 

A b i l i t y o f making success fu l p r e d i c 
t i o n s i s one o f the most impor tan t f e a t u 
res of any i n t e l l e c t u a l system. One can 
a t t a i n a c e r t a i n ob jec t on ly in case when 
the re i s a p o s s i b i l i t y t o foresee conseq
uences of one or another a c t i o n s . On t h i s 
sub jec t von F o e r s t e r w r i t e s t h a t t o s u r 
v i v e i s t o fo resee c o r r e c t l y the events 
i n su r round ings . I n d u c t i v e in fe rence i s 
t h e l o g i c a l b a s i s o f f o r e s i g h t , i . e . me
thod t o search , g i ven c o n d i t i o n E , f o r 
hypo thes is h , which i s conf i rmed by s u r r o 
undings S and is convenient f o r a c e r t a i n 
aim [ 1 ] . 

I n the l a s t a n a l y s i s , purpose o f any 
e m p i r i c a l sc ience i s t o b r i n g t o l i g h t the 

n a t u r a l r e g u l a r i t i e s between c h a r a c t e r i s 
t i c s o f observable phenomena, and t o f o r 
mulate these r e g u l a r i t i e s i n the fo rm 
t h a t cou ld be r e l i a b l e and convenient me
ans to fo resee the new phenomena. 

Pact o f f o r e s i g h t ( p r e d i c t i o n ) can 
be e s t a b l i s h e d o b j e c t i v e l y and d e f i n e t l y . 
D e s c r i p t i o n o f the event to be p r e d i c t e d 
i s en te red i n p r o t o c o l ; co r rec tness o f 
the p r e d i c t i o n i s t e s t e d b y course o f f u r 
t h e r even ts . 

Espec ia l importance o f the stage 
" p r e d i c t i o n " f o r i n t e l l e c t u a l systems and 
the p o s s i b i l i t y o f c o n s t r u c t i v e d e f i n i t i 
on o f the stage j u s t i f i e s c o n c e n t r a t i o n 
o f e f f o r t s t o i t s s t u d y . Th is paper con 
t a i n s rev iew of works on methodology and 
o f a l go r i t hms o f p r e d i c t i o n o f f a c t s and 
events i n e m p i r i c a l w o r l d . 

P o s s i b i l i t y t o p r e d i c t events i s b a 
sed on acceptance of determin ism concep
t i o n . Den ia l o f causa l r e l a t i o n between 
phenomena a u t o m a t i c a l l y excludes such p o 
s s i b i l i t y . One can i l l u s t r a t e nega t i ve 
p o s i t i o n r e l a t i v e t o any p r e d i c t i o n b y 
W i t t g e n s t e i n ' s o p i n i o n [2] t h a t we cannot 
p r e d i c t events o f the f u t u r e on the b a s i s 
o f the p t e s e n t . B e l i e f i n c a u s a l i t y i s 
p r e j u d i c e . That the sun w i l l r i s e tomor 
row is a h y p o t h e s i s ; in o the r words, we 
d o no t know f i r m , whether i t w i l l r i s e . 

I n the f o l l o w i n g we s h a l l p roceed 
f rom the b e l i e f i n ex is tence o f n a t u r a l 
r e l a t i o n s between phenomena. P r e d i c t i o n s 
w i l l be made w i t h a p p l i c a t i o n o f r e g u l a 
r i t i e s t h a t are found i n e m p i r i c a l d a t a . 
D iscuss ion o f necessary requ i rements f o r 
methods (somet imes, a l go r i t hms ) o f p r e d i 
c t i o n w i l l be the main aim of our work. 

Let us cons ider a number of concepts 
[ 5 ] . " E m p i r i c a l hypo thes i s " we s h a l l mean 
as a se t of f o r m a l i z e d no t i ons about c h a 
r a c t e r i s t i c s o f o b j e c t s o r phenomena u n 
der s tudy . One can speak about p r o p e r t i e s 
o f the r e a l w o r l d on ly b y f i x i n g i n s t r u 
ments (P) which measure these p r o p e r t i e s . 
Le t a set of symbols O= {P1 , R2..., Pn } 
used f o r d e s i g n a t i o n o f ins t ruments t n o r e 
e x a c t l y , e m p i r i c a l r e l a t i o n s measured 
w i t h the a i d o f these ins t ruments ) be s i 
gnature o f h y p o t h e s i s . 

Le t e m p i r i c a l i n t e r p r e t a t i o n o f r e 
l a t i o n s measured w i t h the a i d o f f i x e d 
c o l l e c t i o n o f i n s t r u m e n t s , des igna ted by 
symbols of 6 , be i n t e n s l o n a l bas i s ( I n t ) 
o f h y p o t h e s i s . 
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an empir ical hypothesis af f i rming that 
cer ta in protocols can be never obtained 
i f is t rue , and i f the experiments are 
made wi th the given instruments over any 
f i n i t e sets of objects (and not only over 
the set ). The hypothesis may be r e 
garded as a descr ipt ion of supposed cha
rac te r i s t i c s of measuring instruments, 
and the protocol Pr as a record of resu l t s 
of measurements of elements of carr ied 
out wi th these instruments* The hypothe
sis is supposed to be such that p ro to 
col , corresponding to the experiment 
made over the set 9 is admissible un
der t h i s hypothesis ( i . e . the hypothesis 

conforms to the protocol ). Other
wise we must state the hypothesis is r e 
futed by th i s experiment and it must be 
revised as a wrong i n i t i a l information. 
I t is precisely the case when our i n i t i a l 
assumptions concerning character is t ics of 
measuring instruments are wrong. 

A d i s t i nc t act of p red ic t ion , say 
is that s ta r t ing from 

the i n i t i a l hypothesis and using i n 
formation involved in the protocol 
concerning elements of t a new hypothe
s is is pointed out, such tha t : 

( i ) is in a sense more (or at l e 
ast not less) informative than ; 

( i i ) is admissible fo r the H a . 
Let from the f i r s t we know only tha t 

current in c i r c u i t may have any value 
from 0 to 100 amperage, and tension of 
t h i s c i r c u i t is from 0 to 50 v o l t . Then 
hypothesis would regard any combinati
on of mentioned values of current and t e 
nsion as possible one. As a resu l t of ex
periment over some part of e lec t r i c c i r 
cu i t there have been obtained such combi
nat ions: 1. (U=3v, I=6a)t 2. (U=10v, 1= 
20a); 3. (U=15v, I=30a); 4. (U=40v, I= 
80a). Using these resul ts one can const
ruct the hypothesis H1 i n t e rd i c t i ng , in 
contrast to .such pa i r , f o r example, 
as fo l lows: 5. (U=5v, I=1a)| 6. (U=0v, 
I=90a), e tc . One can express in f igure 
t h i s s i tua t ion . In such a case we sha l l 
consider the hypothesis to be stronger 
than the hypothesis E0 • and wr i te t h i s 

The act of predic t ion is considered 
as successful (or true) t i l l a new set of 
empir ical objects, such that protocol of 
experiment of kind mentioned over t h i s 
set is not admissible f o r and is admi
ssible fo r , is found. I t is obvious, 
t r i v i a l act of p red ic t ion , i . e . any act 
of type , is always 
successful in t h i s sense, being complete
ly uninterest ing. 
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An i n d i v i d u a l act of p r e d i c t i o n has 
so f a r been concerned. As f o r method of 
p r e d i c t i o n i t i s n a t u r a l t o consider i t 
as a f unc t i on f of t ype : 

O f course, c e r t a i n r e s t r i c t i o n s tha t a r i 
se from our i n t e n t i o n to impart c e r t a i n 
des i rab le features to p r e d i c t i o n method 
should be placed upon t h i s f unc t i on f. 

In [4 ] the f o l l o w i n g formulas o f 
these requirements were g iven . 

1 . U n i v e r s a l i t y . 

the a lgor i thm would be appl icable to any 
possib le pa i r "p ro toco l -hypo thes is " , 

2 . N o n - t r i v i a l i t y . 

Hypothesis r e s u l t i n g from a lgor i thm work 
would be, at l e a s t , no weaker than the 
i n i t i a l one. 

3. Consistency. 
Let be one-one computable t ransforma
t i o n o f possib le p a i r i n t o po
ss ib le p a i r 
such tha t hypotheses and are r e 
fu ted or confirmed on the same sets of 
objects ( i . e . s imul taneous ly) . In such a 
case we can regard as e f f e c t i v e one-
one t r a n s l a t i o n of hypothesis and p r o 
t o c o l i n to another equivalent langu
age. I t i s na tu ra l to demand invar iance 
o f r e s u l t s o f p r e d i c t i o n r e l a t i v e to such 
e f f e c t i v e one-one t r a n s l a t i o n s from one 
language i n to another equivalent one; i . e . 
i f J , and 
then would be re fu ted or con
f i rmed s imul taneously. 

K.F. Samochvalov has proved the t h e 
orem 4 tha t the only f u n c t i o n answering 
these three requirements is the f u n c t i o n 
f • cons t ruc t ing the decoder, i . e . func
t i o n t h a t br ings i n t o c o r r e l a t i o n p a i r 

w i t h hypothesis H , i n t e r d i c 
t i n g a l l p ro toco ls except Pr correspon
ding t o t r a i n i n g sequence. I t i s c l e a r , 
such a f u n c t i o n f* cannot be means of i n 
duct ive genera l i za t i on or t h a t o f d i sco 
very of emp i r i ca l laws. To obta in use fu l 

r e d i c t i o n method the requirements formu-
ated above must be changed. Very l i k e l y , 

we have to reduce the t h i r d requirement 
of invar iance of p r e d i c t i o n w i t h respect 
to f o rma l l y equiva lent ways o f i n i t i a l 
data rep resen ta t ion . For t h i s reason a t 
tempts to const ruc t u n i v e r s a l , n o n - t r i v i 
a l , and use fu l method of p r e d i c t i o n p r e 
suppose acceptance of "Goodman's approach" 
[5] : one ought to p re fe r some languages 
to another ones i f , in sp i te o f t h e i r eq
u iva lence, they d i f f e r on such c r i t e r i a 
as "hab i tua lness" and "frequency of usage" 
of the terms. 

The work [4] , very l i k e l y , may be 
a j u s t i f i c a t i o n of widespread in science 
p r i n c i p l e of " s i m p l i c i t y " [6,7] . Accor
ding to t h i s p r i n c i p l e , from two theor ies 
equal ly wel l-conformed to known f a c t one 
ought to use more "s imp le" one to p red i c t 
new events. 

Along w i t h research of requirements 
to emp i r i ca l p r e d i c t i o n a lgor i thms, some 
va r ian ts of a lgor i thms in which the requ
irement of "consis tance" is replaced by 
t h a t o f " the greatest s i m p l i s i t y " axe t e 
s ted . One of much algor i thms is as f o l i o -
ing [8] : 

1. Let be the p ro toco l of expe
r iment over the f i n i t e set of e m p i r i 
ca l ob jec ts . 

Let be the i n i t i a l hypothesis. 
Suppose we are in te res ted in p red i c 

t i o n concerning the new objects on the 
grounds of more st rong hypothesis H ; . 
Such p r e d i c t i o n is equivalent to choice 
of one p ro toco l P r , , having ca rd ina l 
from a l l p ro toco ls having the same c a r d i 
n a l , which conform to hypothesis 

We usua l ly know something about new 
empi r i ca l ob jec ts . We want to p red i c t the 
values of some emp i r i ca l r e l a t i o n s 
Let subprotocol descr ib ing the set 
these r e l a t i o n s be E : 

E = 
2. To p red i c t subprotocol E we con

s t r u c t (generate) a l l p ro toco ls ha
v ing ca rd ina l such t h a t : 

a) each of them conforms to hypothe
s i s 

f o r each of them the set E is i t s 
own subset. 

3. We shorten obtained l i s t of p r o 
toco ls as f o l l o w s : 

a) For every p ro toco l from the 
l i s t we f i n d the subprotocol pr 
t ha t contains a l l non-isomorphic subpro-
toco ls having ca rd ina l K. (Number K is 
equal to the number of c a l l i n g the p o i n t 
3 , s o t h a t , f o r example, i n the f i r s t t i 
me K=1. in the second K=2, and so 

b; We choose the subprotocols 
having minimum c a r d i n a l , i . e . 

c) We e l im ina te from the 
(and from f u r t h e r discussion) a l l those 
protocols Pr the subprotocols pr of 
which have ca rd ina l more than n,ntn 

4. I f in ca r ry ing out the step 2 we 
e l iminated from the l i s t i f only one p r o 
t o c o l , and i f remaining l i s t cons is ts o f 
more than one p r o t o c o l , we pass on to r e -
ca r ry ing out of step J. 

5. The remaining set of p ro toco ls 
together w i th a l l isomorphic to them co r 
responds to the hypothesis H sought. 

C lea r l y , the step 3 provides the r e 
quirement o f n o n - t r i v i a l i t y f o r the a lgo 
r i t h m . At the same time i t is the forma
l i z a t i o n of the hypothesis o f " s i m p l i c i 
t y " i n accordance w i t h which from two r i 
v a l hypotheses the one tha t is based on 
r e g u l a r i t y , observable on the lesser num
ber of ob jec ts , w i l l p red ic t more "succes
s f u l l y " . 

The examination of algor i thms of such 
types was ca r r i ed out on the tasks of d i 
scovering r e g u l a r i t i e s i n empi r i ca l t a b 
les of d i f f e r e n t k inds. The examples of 
such problems f o l l o w . 

"The Ohm's law", 
t a i n s predicate symbol 

. Their i n t e r p r e t a t i o n is as f o l l o w s . 
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Th is hypothes is descr ibes f ea tu res o f t a 
b l e 3 b r i e f l y enough and p r e c i s e l y ( w i t h 
no t g reat redundance o n l y ; . 

T h e o r e t i c a l and exper imenta l i n v e s t i 
ga t i ons o f e m p i r i c a l p r e d i c t i o n a l g o r i t h m s 
are s t i l l i n p rog ress . 
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