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ABSTRACT: 
In the last decades computera are one of the leading factors 
influencing the progresa in many areas of human activities from 
theoretical sclenoes to applied technologies. Analyses of computer 
historjr 3how several diatinctive lawa indicating that a) computer 
progresa is very conatant over laat 50 yeara b) this progresa is at 
least one order of magnitude faater than progresa in other aciences 
and technologies c) there are no reasonable limlts for thia progress 
in near future and d) we can expect oomputers to greatly enhance 
their irapact on everyday life by becoming dominant over human 
capabilitles in several important fields such as massive memory. 

POVZETEK: 
V z a d n j i h n e k a j d e s e t l e t j i h s o r a č u n a l n i k i med n a j p o m e m b n e j š i m i 
v z p o d b u j e v a l n i k i r a z v o j a č l o v e S k i h d e j a v n o s t i - od t e o r e t i č n i h 
z n a n o s t i do u p o r a b n i h t e h n o l o g i j . A n a l i z e r a č u n a l n i š k e z g o d o v i n e 
o d k r i j e j o n e k a j z n a č i l n i h z a k o n i t o s t i , med n j i m i a ) r a z v o j 
r a č u n a l n i k o v Je z e l o s t a n o v i t e n v z a d n j i h 5 0 . l e t i h b) t a r a z v o j Je 
v s a j z a r e d v e l i k o s t i h i t r e j š i k o t p r i d r u g i h z n a n o s t i h i n 
t e h n o l o g i j a h c ) v b l i ž n j i b o d o č n o s t i n i v i d e t i pomembnejš ih o m e j i t e v 
r a z v o j a r a č u n a l n i k o v i n d ) l a h k o p r i č a k u j e m o , d a s e b o v p l i v 
r a č u n a l n i k o v na v s a k d a n j e ž i v l j e n j e l j u d i b i s t v e n o p o v e č a l s t em, ko 
r a č u n a l n i š k e s p o s o b n o s t i p r e h i t e v a j o C l o v e S k e na n e k a t e r i h pomembnih 
p o d r o č j i h , n p r . p r i k a p a c i t e t i masovnih p o m n i l n i k o v . 

1 I n t r o d u c t i o n 

S e v e r a l a u t h o r a h a v e t r i e d t o make u n b i a s e d 
B n a l y s e s o f c o m p u t e r h i s t o r y , t h e i r 
i m p l i c a t i o n s on e v e r y d a y l i f e and p r o g n o s e s o f 
computer p r o g r e a s ( s e e a l i r e f e r e n c e s ) . Some 
o f t h e s e a u t h o r a b e l o n g e t o e a t a b l i a h e d 
i n d u 3 t r y , some a r e r e c o g n i z e d s c i e n t i a t s o f 
d i f f e r e n t b r a n c h e a - f r o m s o c i o l o g i a t s t o 
c o m p u t e r r e s e a r c h e r s . B u t , m o s t w i d e l y 
p u b l i s h e d and read o p i n i o n a a r e m a i n l y t h o s e 
b e l o n g i n g t o p o p u l a r or s e m i - a c i e n t i f i c g r o u p . 
P u b l i c a t i o n a o f t h i a k i n d o f t e n t e n d t o 
e x a g g e r a t e o r e v e n d e f o r m c e r t a i n f a c t a i n 
o r d e r t o a t t r a c t a common r e a d e r . On t h e o t h e r 
h a n d , s o m e o f t h e 1 B W S p r e s e n t e d i n o u r 
a r t i c l e a r e w e l l k n o w n i n t h e c o m p u t e r 
community . S t i l i , i t might be i n t e r e s t i n g t o 
t h r o w some new l i g h t u p o n t h a t e s p e c i a l l y 
b e c a u s e p u b l i c o p i n i o n a n d c e r t a i n 
g o v e r n m e n t a l d e s i g n e r s seem t o be unaware o f 
t h e s e m o a t l y i n d i a p u t a b l e f a c t s . And f i n a l l y , 
o u r v i e w m i g h t c l a r i f y t h e p o a i t i o n o f t h e 
f i f t h and t h e s i x t h computer g e n e r a t i o n . 

2 E v o l u t i o n o f t h e b a s i c computer component 

A 9 w i t c h can be r e g a r d e d a s a b a s i c computer 
component and by making e v i d e n t i t ' a p r o g r e s s 
we c a n u n d e r s t a n d t h e b a s i s o f c o m p u t e r 
p r o g r e s s . 

In T a b l e 1 we s e e t h a t r o u g h l y e a c h 10 y e a r s a 
s w i t c h was p r o d u c e d i n a d i f f e r e n t t e c h n o l o g y . 
I n t h e f l r s t 10 y e a r s e l e c t r o n i c c o m p u t e r a 
were b a s e d on v a l v e s , i n t h e n e x t 10 y e a r 8 on 
t r a n s i s t o r s and somewhere around 1964 c h i p a 
e m e r g e d a s a new p r o d u c t i n t e g r a t i n g 
t r a n s i s t o r s i n t o one i n t e g r a t e d c i r c u i t . The 
f o l l o w i n g 1 0 - y e a r p e r i o d a w e r e b a s e d on new 
t e c h n o l o g i e s t h a t a c h i e v e h i g h e r and h i g h e r 
d e n 3 i t y o f t r a n a i a t o r s : LSI - L a r g e S c a l e 
I n t e g r a t i o n , VLSI - V e r y L a r g e S c a l e 
I n t e g r a t i o n and f i n a l l y ULSI - U l t r a L a r g e 
S c a l e I n t e g r a t i o n . 

10-YEAR 
1 
2 
3 
4 
5 

PERIOD SWITCH 
VALVB 
TRANSIŠTOR 
CHIP' 
LSI 
VLSI 

Table 1: The progress of the bas ic component 
of computers - a s w i t c h - can be r o u g h l y 
grouped in to fiv.a 10-year perioda. 
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I n e a c h 1 0 - y e a r p e r i o d t h e s w i t c h wa3 p r o d u c e d 
i n a new t e c h n o l o g y , i t became much s m a l l e r , 
f a s t e r , m o r e r e l i a b l e a n d w i t h l o n g e r 
e x p l o r a t i o n p e r i o d . The i m p r o v e m e n t of o v e r a l l 
e f f i c i e n c y i s e 3 p e c i a l l y n o t i c e a b l e w h e n 
c o m p a r e d t o t h e p r i č e o f one s w i t c h . 

T h e t e c h n o 1 o g i c a 1 p r o g r e s s o f t h e b a s i c 
c o r a p u t e r c o m p o n e n t l a r g e l y i n f l u e n c e d t h e 
p r o g r e s s of c o r a p u t e r h a r d w a r e , a r c h i t e c t u r e , 
p e r i p h e r a l s a n d a l s o s o f t w a r e . 

3 S o f t w a r e e v o l u t i o n 

S o f t w a r e p r o g r e s s c a n a g a i n be s c h e m a t i c a l l y 
r e p r e s e n t e d by t h e d e v e l o p m e n t o f t h e b a s i c 
m e a n i n g f u l p a r t of p r o g r a m m i n g l a n g u a g e a ( s e e 
T a b l e 2 ) . 

10-YEAR PROG. UNIT TYPE OF LANGUAOE 

0 1 0 1 1 0 1 0 0 MACHINE LANOUAGE 

LOAD I ASSEMBLV LANOUAGE 

DO 1 = 1 , 1 0 PROCEDURAL Hiail-LEVKL 
LANGUAGE (FORTRAN) 

4 The 5 t h and t h e 6 t h g e n e r a t i o n 

I n t h e l i g h t o f o u r p r e s e n t a t i o n of c o r a p u t e r 
h i s t o r ? o n e m i g h t wonder w h e r e t o p u t t h e 5 t h 
and t h e 6 t h c o r a p u t e r g e n e r a t i o n . The h e a v i l y 
p u b l i s h e d p r o j e c t o f t h e 5 t h g e n e r a t i o n 
s t a r t e d i n J a p a n a n d a t t r a c t e d a t t e n t i o n o f 
W e 3 t e r n s c i e n t i f i c and i n d u s t r y c o m m u n i t y . The 
h i g h g o a l s of t h e p r o j e c t whioh s t a r t e d i n t h e 
l a n d o f e c o n o m i c a n d t e c h n o l o g i c a l m i r a c l e 
t r i g g e r e d s e v e r a l a d v a n c e d p r o j e c t s i n USA and 
M e s t e r n E u r o p e . B u t u n l i k e t h e 5 t h g e n e r a t i o n 
p r o j e c t i n J a p a n t h e s e p r o j e c t s u s e d v e r y 
d i f f e r e n t t e r m s wh ich a r e more c o n s i s t e n t M i t h 
o u r v i e w . The b a s i c c o n f u s i o n comes from t h e 
f a c t t h a t o u r d e n o t a t i o n o f t h e f i f t h 
g e n e r a t i o n r e p r e s e n t s c o m p u t e r s i n t h e l a t e 
e i g h t i e s w h i c h d o n ' t h a v e t h e i n t e n d e d 
p r o p e r t i e a o f t h e J a p a n e s e 5 t h g e n e r a t i o n . 
F u r t h e r m o r e , i n o r d e r t o come t o t h e f i f t h 
g e n e r a t i o n s h o u l d we w a i t f o r t h e c o m p u t e r s t o 
b e c o m e s i m i l a r t o t h o s e d e f i n e d b y t h e 
J a p a n e s e 5 t h g e n e r a t i o n p rogramme? The p r o b l e m 
i s s i m i l a r w i t h t h e 6 t h g e n e r a t i o n : from t h e 
t r e n d s of c o m p u t e r p r o g r e s s i t i s p o s a i b l e t o 
p r o g n o s t i c a t e t h e p r o p e r t i e a o f t h e f u t u r e 
g e n e r a t i o n s b u t o n l y t h e h i s t o r y i s t h e 
u n b i a a e d j u d g e w h i c h r e c o r d s w h e r e a n d w h a t 
h a p p e n e d . 

p r o c e d u r e MODULAR HIGH-LEVEb 
i n v e r t ( v a r A : a T ) ; LANGUAGE (PASCAL) 

s u c c ( X , Y ) : -
p a r e n t ( X , Z ) , 
s u c c ( Z , Y ) . 

DECLARATIVE LANGUAGE 
(PROLOG) 

T a b l e 2 : E v o l u t i o n o f s o f t w a r e t h r o u g h t h e 
p r o g r e s s o f t h e b a s i c u n i t o f p r o g r a m m i n g 
l a n g u a g e s a g a i n e n a b l e s s t r u c t u r i n g t h e 
h i s t o r y i n t o 5 r o u g h l y e q u i d i s t a n t 1 0 - y e a r 
p e r i o d a . 

F i r s t p r o g r a m r a e r s had t o oode i n 3 e q u e n c e 3 of 
O ' s a n d 1 '3 i n raachine o o d e . T h i s a w f u l t a s k 
w a s a u b s t i t u t e d b y p r o g r a m m i n g i n s i m p l e 
i n s t r u c t i o n s t h a t w e r e s t i l i 8 t r o n g l y h a r d n a r e 
o r i e n t e d - f o r e x a m p l e , LOAD I means t h a t t h e 
v a l u e o f I i s l o a d e d i n t o a s p e c i a l i z e d 
r e g i s t e r - a c c u m u l a t o r . H o K e v e r , t h e s e 
a s 3 e m b l y l a n g u a g e s r e p r e s e n t e d a l a r g e s t e p 
a h e a d i n t h e d i r e c t i o n o f s i m p l i f i e d h u m a n -
c o m p u t e r c o m m u n i c a t i o n . The n e x t g e n e r a t i o n o f 
p r o c e d u r a l h i g h l e v e ! p r o g r a m m i n g l a n g u a g e s 
e n a b l e d p r o g r a m m i n g i n t e r m s o f h a r d n a r e 
i n d e p e n d e n t s t a t e m e n t s . F o r e x a m p l e , t h e 
p r e s e n t e d l o o p i n F o r t r a n i n T a b l e 2 m e a n s 
t h a t t h e f o l l o w i n g s t a t e m e n t s a r e t o b e 
e x e c u t e d 10 t i r a e s . T h e s e s t a t e m e n t s r e m a i n e d 
o n l y s l i g h t l y c h a n g e d a l a o i n n e w e r l a n g u a g e s 
l i k e P a s c a l , Modula and Ada, b u t t h e y e n a b l e d 
new c o n c e p t s - a s u b r o u t i n e , a p r o c e a s and a 
modu le t o g e t h e r w i t h s t r u c t u r a l p r o g r a m m i n g . 
And i n t h e l a s t 10 y e a r s t h e r e a r e t w o 
a d d l t i o n a l l i n e s o f a o f t w a r e p r o g r e s s : a ) 
d e c l a r a t i v e P r o l o g - l i k e l a n g u a g e s w h i c h e n a b l e 
p r o g r a m m i n g by d e c l a r i n g l o g l c a l t h e o r e r a s 
Mhereby t h e " c o m p u t e r d o e s t h e p r o v i n g t a s k a n d 
b ) s p e c i a l i z e d t o o l s a u c h a s a d v a n c e d 
r e l a t i o n a l d a t a b a s e m a n a g e m e n t 3 y s t e m 3 , 
p r o g r a m e n v i r o n m e n t s w i t h e d i t o r s , d e b b u g e r s , 
p r o g r a m v e r i f i e r s and t o o l s f o r a u t o m a t i c c o d e 
g e n e r a t i o n from a p e c i f i c a t i o n s . 

Each new s o f t w a r e g e n e r a t i o n was more a d a p t e d 
t o a human wny o f c o m m u n i c a t i n g m e a n i n g more 
a n d m o r e Mork f o r t r a n s l a t i o n i n t o m a c h i n e 
c o d e wa3 l e f t t o c o m p u t e r s . B u t , w h i l e t h e 
p r i č e o f c o m p u t e r M o r k w a 3 v e r y r a p i d l y 
d e c l i n i n g , t h e p r i č e o f h u m a n w o r k r e m a i n e d 
m o r e o r l e s s c o n s t a n t . T h e r e f o r e , t h e 
t e c h n o l o g i c a 1 p r o g r e s s o f c o m p u t e r 
c a p a b i l i t i e s d i r e c t l y d i c t a t e s more a n d more 
h u m a n - l i k e c o m m u n l o a t i o n . 

5 P r a c t i c a l i m p l i c a t i o n s of c o m p u t e r p r o g r e s s 

P r a c t i c a l i m p l i c a t i o n s of c o m p u t e r p r o g r e s s 
a r e i n f l u e n c e d by t e c h n o l o g i c a i d e v e l o p m e n t 
a n d a s w e l l a s s e v e r a l o t h e r f a c t o r a , w i t h 
m a r k e t b e i n g one of t h e m o s t i m p o r t a n t . 

M a r k e t b r e a k - t h r o u g h s h a p p e n u h e n e v e r a new 
a n d b e t t e r t y p e o f c o r a p u t e r p r o d u c t r e a c h e s 
t e c h n o l o g i c a i m a t u r i t y . S i n c e t h i s i s a d v a n c e d 
p r o d u c t w i t h p r e f e r a b l e c o s t / b e n e f i t r a t i o , i t 
c a u s e s g r e a t c o m m e r c i a l a t t r a c t i o n . A l i 
p r o d u c t s of t h i s t y p e a r e b o u g h t by c u s t o m e r s 
and t h e s u p p l y / d e m a n d r a t i o i s p r e f e r a b l e f o r 
a n y p r o d u c e r c a p a b l e o f m a a t e r i n g n e w 
t e c h n o l o g y . The p r o d u c t i o n g rows v e r y r a p i d l y 
a n d g r a d u a l l y o v e r f i l l a t h e m a r k e t - t h e 
s u p p l y becomes g r e a t e r t h a n t h e d e m a n d . A h a r d 
c o m p e t i t i o n r u i n s many p r o d u c e r a b u t on t h e 
h o r i z o n t h e r e i s a n o t h e r t e c h n o l o g i c a i b r e a k -
t h r o u g h Mhich r o l l s t h e c i r c l e o n c e a g a i n ( s e e 
F i g u r e 1 ) . 

c o m m e r c i a l e f f e c t of 
c o m p u t e r p r o g r e s s 

1 

c o r a p u t e r 
c a p a b i l i t i e s 

1940 1990 

Figure 1: Commercial break-throughs in the 
computer market happen in supply/demand circlea 
following technologicai advances. 
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The w i d e l y known example i s a s e q u e n c e of 
b r e a k - t h r o u g h s of m i c r o c o r o p u t e r s : home 
Computer (Spectrum, Commodore) with a boom in 
C o m p u t e r games and c h i l d r e n e d u c a t i o n , 
pe raona l coraputer (Apple, IBM PO Kith a boom 
i n s m a l l b u s i n e s s and s m a i l e f t a s k a and 
u o r k s t a t i o n ( P S 2 , SUN) w i t h more c o m p l e x 
a p p l i c a t i o n s . Worksta t iona a r e in the s t a g e of 
t e c h n o 1 o g i c a l p r o g r e s s and we a r e j u s t 
Mi tness ing the t e c h n o l o g i c a l ] y underdeveloped 
s t a t e of our countrjr measured by the number of 
w b r k s t a t i o n a w h i c h h a v e a l r e a d y o u s t e d 
p e r s o n a l c o m p u t e r s i n many a r e a s i n t h e 
developed c o u n t r i e s . An i n t e r e s t i n g product of 
t h i s kind could a l s o be Steven J o b s ' s NeXT. I t 
q u a l i f i e s as a s t a t e of the a r t in the a r e a s 
of v i s i o n , s o u n d , memory , 8 o f t w a r e and 
c o s t / b e n e f i t r a t i o . The h i g h - r e s o l u t i on 
black&white monitor shows e x a c t l y what w i l l 
come out of the l a s e r p r i n t e r . I t r e c o r d s and 
p l a y s back music and vo ices wi th t h e f i d e l i t y 
of c o m p a c t d i s c . The r e m o v a b l e , e r a s a b l e 
o p t i c a l d i sk d r i v e can hold enough Informat ion 
to f i l l hundreds of books . In a c e r t a i n way 
t h i s i s a r a t h e r s u c c e s s f u l compe t i t i on with 
t h e p r o d u c t s of t h e J a p a n e s e 5 t h g e n e r a t i o n 
programme. 

We can r o u g h l y e s t i m a t e t h e i m p o r t a n c e of 
computers today . To r e p l a c e the work of a l i 
computers today we would need something l i k e 
1000 t imes more people than the whole human 
p o p u l a t i o n , Desp i t e the f a c t t h a t not a l i of 
t h e s e work wou ld h a v e t o be r e p l a c e d by 
" b r u t e " human work we can s t i l i c la im t h a t we 
would need more people for the replacement of 
a l i computers than for the replacement of a H 
o t h e r machines! This t e l l s us how v a s t i s the 
araount of computer work. 

In c e r t a i n f i e l d s of e v e r y d a y work l i k e 
commerce and technology more than every second 
worker in USA haa an e q u i v a l e n t of an IBM PC. 
And in r e s p e c t t o a H USA p o p u l a t i o n t h i s 
r e l a t i o n i s one IBM PC e q u i v a l e n t per 8 men. 
On the o the r hand, in the Sov ie t Union only 
every s e v e n t i e t h man has a PC e q u i v a l e n t . 

6 Trenda of computer p rog re s s 

The d e v e l o p m e n t of s e v e r a l c o m p u t e r 
c h a r a c t e r i s t i c s i s very Bteady over the l a s t 
50 y e a r s , among them the d e n s i t y of components 
on one 8quare m i l l i m e t e r . Bach 10 yea r s t h e 
d e n s i t y of components i n c r e a s e s 100 t i m e s 
(F igure 2 ) . 

G r e a t e r d e n s i t y enab le s o t h e r improvements, 
e . g . s h o r t e r c o n n e c t i o n s , f a s t e r computing and 
a s t h e o v e r a l l r e s u l t c o m p u t e r s become 
approx imate ly m i l l i o n t imes more capab le each 
10 y e a r s . T h i s p r o g r e s s i s b e y o n d a n y 
comparison with o t h e r t e c h n o l o g i e s which a r e 
u s u a l l y much more b i n d e d by t h e n a t u r a l 
l i m i t s . For example, in only a couple of year8 
with such a tempo of p r o g r e s s we should ge t a 
super family c a r capab le of r each ing the speed 
of an a i r p l a n e wi th a consumption of only a 
few d r o p s of g a s o l i n e p e r 1 km. T h i s i s 
d e f i n i t e l l y i l l u s i o n a l , because n a t u r a l l i m i t s 
fo r c a r s a r e o b v i o u s and u n a v o i d a b l e , f o r 
example a i r f r i c t i o n . 

C o n s i d e r i n g t h e p r e s e n t s t a t e of c o m p u t e r 
technology we can see p o s s i b l e l i m i t s in c h i p 
c a p a c i t y , computi-ng s p e e d , o v e r h e a t i n g of 
components, e t c . But i t wa3 the same in the 
p a s t and each computer was a c t u a l l y produced 
w i t h i n t h e l i m i t s of e x i s t i n g c o m p u t e r 
t e c h n o l o g y . T h e r e were no r e a s o n a b l e 
unavoidable l i m i t a t i o n a for the p r o g r e s s of 
computers in the p a s t and t h e r e a r e n ' t any in 
the near f u t u r e . In ' f a c t , i t has alwaya tu rned 
o u t t h a t t h e c a u s e of t h e l i m i t wa8 o u r 
knowledge or r a t h e r the lack of i t ! 

There a r e s e v e r a l p o t e n t i a l b r e a k - t h r o u g h s in 
t h e n e a r f u t u r e s u c h a s e r a s a b l e o p t i c a l 
d i s k s , coramunication in n a t u r a l language and 
t h rough g r a p h i c a l i n t e r f a c e a ; f u r t h e r away 
t h e r e c o u l d be s u p e r c o n d u c t i v e f u l l y 
i n t e l l i g e n t computers . And even when we reach 
t h e l i m i t s of t h e s e t e c h n o l o g i e s , t h e r e a r e 
p l e n t y of o t h e r s . For example, when we reach 
t h e l i m i t s in computing or ch ip s posed by the 
e l e c t r o n ( e . g . the t u n n e l i n g e f f e c t ) , we might 
t r y with pho tons . 

7 Massive raemory - a p o s s i b l e b reak- th rough 

F i r s t e l e c t r o n i c computers were usefu l because 
t hey ou tpe r fo rmed humans i n t h e s p e e d and 
p r e c i s i o n of numerica l computing thus becoming 
v a l u a b l e a s s i s t a n t s . S i m i l a r l y , i m p o r t a n t 
b r e a k - t h r o u g h s h a p p e n when c o m p u t e r s 
outperform people in o t h e r a r e a s and so f a r 
t h e r e seems to be no end to t h i s . The only 
q u e s t i o n i s when and i n which a r e a i t w i l l 
happen. 

One of the impor tan t a r e a s where c a p a b i l i t i e s 
of compu te r s a r e q u i c k l y a p p r o a c h i n g human 
perforraances i s massive memory ( see F igure 3 ) . 

computer c a p a b i l i t i e s 

1940 1990 yea r s 

F i g u r e 2 : The d e v e l o p m e n t of many b a s i c 
computer c h a r a c t e r i s t i c s i s c o n s t a n t over the 
l a s t 50 y e a r s . The speed of p r o g r e s s i s a t 
l e a s t one o rde r of magnltude g r e a t e r than in 
o t h e r t e c h n o l o g i e s . 

massive memory c a p a c i t y 
, 

' 
k- c o ; ^ 

1940 c r i t i c a l 
p e r i o d 

yeara 

F i g u r e 3 : The p r o g r e s s i n t h e c a p a c i t y of 
c o m p u t e r m a s s i v e memory i s c o n s t a n t a n d 
p r o m i s e s t o r e a c h t h e e f f e c t i v e m a s s i v e 
c a p a c i t y of human b r a i n in the near f u t u r e . 
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The progreas presented in Figure 3 is rather 
conatant. Typical examples in Table 3 show the 
possibility of another break-through. 

TYPE CAPACITY 
LENGTH 
OF BOOKS 

TIME 
FOR TYPING 

first home c. 
IBM PC 
next pers. č. 

20K 
20M 
20Q 

3 mm 
3 m-
3 km 

0.002 rears 
2 years 

2000 years 
Table 3: Jumpa in the capacity of massive 
memory from first home microcomputera to IBM 
PC and next personal ralcrocomputers. Memory 
capacity of the computer is presented in the 
second columni in the third column we eee the 
corresponding length of books on a book shell 
and in the last column years needed for typing 
that amount of Information. 

The first home microcomputers had around 20K 
of memory. This amount of information could be 
typed by a typist in 0.002 years on a 3 mm 
wide book. IBM PC has a disk with 20M which 
corresponds to 3 m of books and 2 years of 
typing. One of the next generation personal 
computers will reach 20G corresponding to 3 km 
of books and 2000 years of typing. This 
certainly represents a qualitative le^p alnce 
one person needa for his work about 100-200M. 
To understand the iraportance of a qualitative 
leap ahead let us make a comparislon with a 
car. If the first prototype of a car reached 
only 8 m/h and the second 8 km/h, we would 
achieve a leap of 1000, Although this would be 
a large Jump ahead, these oara would remain 
economically uninteresting. But one jump raore 
by the faotor of 1000 would radically change 
the commercial outcome: we'd have a car with 
the niaxiiiial speed of 8000km/h and a clear 
market boom. 

year3 
1995 

1985 

artificial 
intelligence 

barrier intelligent and 
autonomoua agenta 

conventional 
programming 

p a r a l l e l 
process ing 
barr ier 

1940 1985 1995 years 

F i g u r e 4: In t h e s e y e a r s c o n v e n t i o n a l 
programming i s being superseded by programming 
t o o l s w i t h t h e emp h a s ia on k n o v l e d g e 
engineer ing . The next s tage i s programming by 
i n t e l l i g e n t and autonomous agents . 

9 Summary 

Computer progress is practlcBlly constant over 
the last 50 years. The speed of this progress 
is beyond compariaion with other sciences and 
technologies alike and is atill very far from 
the limits that could threaten to slow it 
down . Even today a computer is the most 
important single machine invented by human and 
it will tend to largely enhance its influence 
on everyday life by becoming dominant over 
people in more and more categoriea. The 
designers of our research and induatry 
directions should pay more attention to that! 

A qualitative leap ahead in massive computer 
memory will obviously enable us to store lots 
of booka and lots of encyclopedia3 on one 
disk. Communications through picture and aound 
will become feasible and maybe even the 
rudiments of the human recognizable artificial 
intelligence. But how M H I it influence 
everyday life, e.g. the learning procesa and 
the access to (computer) librariea? Therefore, 
while Me are able to see. that something 
important is going to happen, we are not able 
to see when and especially exactly how it will 
happen. 

8 Areaa of computer applications 
Areas of computer applications are presented 
in Figure 4. The clrcles represent the growing 
use of computers by mastering more tasks. 
In the last year8 vre are already vltneasing 
the shift from classical programming to ne« 
tools auch as relational data base management 
sy3tems and knouledge engineering techniquea. 
Today's tasks are typically ill-structured 
and system8 require knovrledge from human 
expert3. 
For the next qualitative shift we need to 
overcome the parallel processing barrier and 
the artificial intelligence barrier. Then the 
8ystems will be able to intelligently handle 
masaive amounta of knowledge, they will be 
able to learn from experience and modify their 
knowledge during the runnlng. Somewhere around 
that tirne the computers might become aware of 
themaelves. 
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