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INFORMATIONAL LOGIC II INFORMATICA 4/1988 

Anton. P. Železnikar 
UDK 519.72 Iskra Delta, Ljubljana 

This part of the essay deals with the formal informational logic, 
however only with a part of this logic, i.e. with the definitions of 
informational variables and operators which constitute the so-called 
list of primitive symbols. In the continuation of this essay formation 
rules, informational axioms, and informational transformation rules 
will be discussed in detail. The topic of this part of the essay is the 
following: Introduction into Formal Informational Logic and Basic 
Informational Variables and Operators. In the introductory section the 
syntax for labelling definitions, theorems , proofs, examples, and 
informational systeras is exposed. Then, in the second section, various 
definitions of informational variables are introduced and three types 
of equivalenoe operators, used in the essay, are explained thoroughly. 
The next subaection is ded-icated to general informational 
metaoperators, which are meant to be operational variables. These 
variables can be particularized and universalized into concrete 
operators (e.g., through a non-uniform substitution in a formula). 
Thereupon, operators concerning the informational cycle are determined. 
Within these, counter-informational operators and operators of 
embedding are emphasized. Operators of parallel Informing are discussed 
in a most exhaustive way. There are operators of general parallel 
Informing, parallel informational possibility and necessity, transfer 
of Information among parallel processes, informational appearance and 
vanishing, informational choice, memorizing, forgetting, and renewihg 
of Information, informational interrupting and breakdown, and enriching 
of Information. For better understanding, several exaraples of formulae 
including various operators are g i ven. As it has already been 
mentioned, in the continuation of the essay, in Part Two, formatiqn 
rules, informational axioms, and informational transformation rules 
will be included. 

Informacijska logika II. Drugi del: formalna informacijska logika. Ta 
del spisa obravnava formalno informacijsko logiko, toda le del te 
logike, in sicer definicije informacijskih spremenljivk in operatorjev, 
ki oblikujejo t.i. seznam primitivnih simbolov. V nadaljevanju spisa 
bodo obravnavana podrobno še formacijska pravila, informacijski aksiomi 
in informacijska transformacijska pravila. Naslovna tema tega dela 
spisa je uvod v formalno informacijsko logiko in osnovne informacijske 
spremenljivke in operatorji. V uvodnem poglavju je opisana sintaksa 
označevanja definicij, teoremov, dokazov, primerov in informacijskih 
sistemov. V naslednjem poglavju se uvaja več definicij informacijskih 
spremenljivk in trije tipi ekvivalenčnih operatorjev s pojasnili 
njihove uporabe v tem spisu. Naslednje podpoglavje je namenjeno 
splošnim informacijskim (meta)operator jem, ki se razumevajo kot 
operacijske spremenljivke, ki jih je mogoče konkretizirati (jim 
prirejati vrednosti) s t.i. partikularizacijo in univerzalizacijo (npr. 
z neuniformno substitucijo v informaci jski h formulah ) . Potem se 
opredeljujejo opera"torji informacijskega cikla. V okviru teh so posebej 
obravnavani protiinformacijski in vmestitveni operatorji. Operatorji 
paralelnega informiranja so najštevilnejši. To so operatorji splošnega 
paralelnega informiranja, paralelne informacijske možnosti in nujnosti, 
prenosa informacije med paralelnimi procesi, informacijskega nastanka 
in izginotja, informacijske izbire, pomnenja, pozabljanja in 
obnavljanja informacije, informacijskega prekinjanja in preloma in 
obogačevanja informacije. Z namenom boljšega razumevanja spisa je 
konstruiranih več primerov formul z različnimi operatorji. Kot je bilo 
že omenjeno, bodo v nadaljevanju tega spisa, v njegovem naslednjem delu 
opredeljena še formacijska (oblikovalna) pravila formul, informacijski 
aksiomi in informacijska transformacijska pravila formul. 



P a r t Two: 
F o r m a l I n f o r m a t i o n a l L o g i c 

t h e n e c e 3 s a r y s y s t e m a t i c s a n d u n i f o r m n e s s . 

I I . O . INTRODUCTION 
T I . 1 . SOME BASIC INFORMATIONAL VARIABLES 

AND OPERATORS 

Log ica1 th i nk i ng is an i mprovement of 
na t ura J thinking because i t tri ms the 
exuberance of natural thinking. Logical 
thinking is a deliberate attempt to restrain 
the excesses of natural thinking. This 
restraint is effected by selectively 
blocking natural flow pathways. 

Logic is the management of NO, 

Edward d e Bono [ 8 ] 224 

I n t h e f i r s t p a r t o f t h i s e s s a y a g e n e r a l a n d 
n o n - s y a t e n i t i t i C ( j n t u i t i v e ) v i e w of i nf o r i n i i t i o n -
a l l o g i c a n d i t s p o s s i b i l i t i e s w e r e s h c u n , 
d e a l i n g p r i n c i p u i l y w i t h t h e p h i l o s o p h y a n d 
c o n c e p t u a l i s m of i n f o r m a t i o n a l f o r r a a l i z a t i o n 
t h r o u g h i n t r o d u c t l o n o f a new s e n i u n t i o s f o r 
b a s i c l o g i c a l o p e r a t o r s . I n t h i s , s e c o n d p a r t 
of t h e e s s a y , an informationally axiomatic 
a p p r o a c h w i l l b e g i v e n , c o n s t i t u t i n g t h e s o -
c a l l e d symbolic 3ystem of informational logic. 

F o r t h e p u r p o s e o f c ] a r i t y o f t h e n e w 
f o r m a l i s r a , we w i l l i n t r o d u c e s e v e r a l s y i n b o l s 
f o r o p e r a t o r s w i t h a l r e a d y known, b u t a l s o new 
s e m a n t i c s . F u r t h e r r a o r e , we w i l l u s e p a r t i c u l a r 
f o r m s o f m a r k i n g a n d p r e s e n t i n g d e f i n i t i o n s , 
t h e o r e m s , p r o o f s , a n d e x a n i p l e s . Among t h e s e 
f o r r a a l i s t i c p a r t s o f t h e e s s a y we s h a l l p u t 
e x p l a n a t o r y i n s e r t s f o r m a k i n g f o r m a l 
a c h i e v e m e n t s m o r e p i c t u r e s q u e a n d 
c o r a p r e h e n s i b l e . I n a f o r m a l a s w e l l a s i n a n 
i n t u i t i o n a l m a n n e r , we s h a l l d e v e l o p a n d r e v e a l 
a n o v e l u n d e r s t a n d i n g o f t h e a r i s i n g 
i n f o r m a t i o n a l f o r m a l i s r a w h i c h , t o o u r o p i n i o n , 
c a n c o n s t i t u t e t h e p o s s i b i l i t y o f t o d a y ' s a n d 
p r o b a b l y a l s o o f t o m o r r o w ' s i n f o r m a t i o n a l 
i n v e s t i g a t i o n s a n d u n d e r s t a n d i n g . 

To h a v e a g o o d p e r s p i c u i t y , we s h a l l u s e t h e 
f o l l o w i n g s y n t a x f o r labelling d e f i n i t i o n s 

( D F ) , t h e o r e m s ( TH ) , t h e i r p r o o f s ( PR ) , 
e x a r a p l e s ( E X ) , a n d i n f o r m a t i o n a l s y s t e m s ( S Y ) : 

DFl 
[ S y n t a x o f l a b e l l i n g j : 

< t y p e > ( n u m b e r > 
<label> ::= 

[<characteristic_formula)] 

<type> ::= DF|TH|PR|EX|SY 
<number) ::= 1|2|3|... 

Definitions will begin by their label at the 
left of their first line and will end with the 
mark '•'. Theorems will begin by the label in 
the middle of their first line and will end 
with the mark ' • ''. Proofs, examples, and 
informational systems will begin by the label 
at the r.ight of their first line and will end 
with the mark '•' . Generally, texts of 
definitions, theorems, proofs, examples, and 
informational systems will follow the general 
3yntax 

< l a b e l > 
< t e x t _ o f _ t h e _ t y p e > ' • ' 

T h i s o r d e r o f l a b e l l i n g w i l l b r i n g t o t h e t e x t 

The battle of reason is the struggle to 
brenk up the rigidity to uhich the 
understanding has reduced everything. 

G. W. F . H e g e l [ 9 ] 53 

I n t h i s s e c t i o n ( I I . 1 . ) we s h a l l t r y t o c r e a t e 
a s u f f i c i e n t l y b r o a d b a s i s o f s e m a n t i c s o f 
i n f o r m a t i o n a l v a r i a b l e s a n d o p e r a t o r s , s o t h a t 
i n t h e s u b s e q u e n t s e c t i o n s o f t h i s e s s a y i t 
w o u l d b e p o s s i b l e t o c o n s t r u c t t h e a x i o m a t i c 
b a s i s a n d t h e m e c h a n i s m s o f c o n s t r u c t i n g 
i n f o r m a t i o n a l f o r m u l a e by m e a n s o f p r o p o s e d 
f o r m a t i o n a n d t r a n a f o r m a t i o n r u l e s . T h e 
s e m a n t i c b a s i s o f t h i s s e c t i o n i s r e l e v a n t f o r 
i t c a n s u b s t a n t i a l l y i n f l u e n c e t h e 
p o s s i b i l i t i e s o f a r i s i n g o f i n f o r m a t i o n a l 
l o g i c . I n t h i s i l l u m i n a t i o n we h a v e t o d e v e l o p 
t h e s e m a n t i c s o f i n f o r m a t i o n a l v a r i a b l e s a n d 
p n r t i c u l a r l y o f i n f o r m a t i o n a l o p e r a t o r s , 
c o n s i d e r i n g t h e l i m i t s of t h e i n t u i t i v e c o n c e p t 
o f I n f o r m a t i o n w i t h i n t h e a t t a i n a b i l i t y o f t h e 
human i n f o r m a t i o n a l m i n d . 

As i n some r e c e n t l y d i s c u s s e d c a s e s , we s h o u l d 
l i k e t o d i s t i n g u i s h c l e a r l y t h e v a r i a b l e s 
c o n c e r n i n g I n f o r m a t i o n , a n d t h o s e c o n c e r n i n g 
I n f o r m i n g . A l t h o u g h I n f o r m a t i o n i s i n no way a 
p a s s i v e i n f o r m a t i o n a l c o m p o n e n t , i n s o m e 
e x p r e s s i o n s i t w i l l b e p u t c o r a p r e h e n s i v e l y i n a 
p a s s i v e s t a t e , a n d i t w i l l f u n c t i o n a s a n 
o p e r a n d . I n t h i s s t a t e I n f o r m a t i o n w i l l b e 
d e n o t e d by a s r a a l l G r e e k l e t t e r . H o u e v e r , i t i s 
n o t t o s a y t h a t I n f o r m a t i o n w i l l n o t i n f l u e n c e 
o t h e r I n f o r m a t i o n o r t h a t i t w i l l n o t f u n c t i o n 
a s a n i r a p l i c i t o p e r a t o r . I n f o r m i n g a s a n 
i n f o r m a t i o n a l o p e r a t o r o v e r I n f o r m a t i o n w i l l b e 
d e n o t e d by a c a p i t a l L a t i n l e t t e r . H o u e v e r , i t 
d o e s n o t mean t h a t I n f o r m i n g i s n o t u n d e r t h e 
i n f l u e n c e o f o t h e r I n f o r m i n g o r I n f o r m a t i o n , 
t h a t i s t h a t i t d o e s n o t f u n c t i o n a s a n 
( i m p l i c i t ) i n f o r m a t i o n a l o p e r a n d . E x c e p t o f 
t h e s e two t y p e s ( c a t e g o r i e s ) o f I n f o r m a t i o n 
( c a l l e d i n f o r m a t i o n a n d I n f o r m i n g ) we s h a l l 
h a v e some d i s t i n g u i s h e d ( l o g i c a l ) o p e r a t o r s , 
c o n s i d e r i n g t h e s p e c i f i c a l l y i n v e s t i g a t i o n a l o r 
i n f o r m a t i o n a l l y p r i n c i p a l p r o p e r t i e s o f 
i n f o r m a t i o n . T h e s e d i s t i n g u i s h e d o p e r a t o r s w i H 
c o n s t i t u t e t h e l o g i c a l o r p h i l o s o p h i c a l 
b a c k g r o u n d o f t h e p r e s e n t e d i n f o r m a t i o n a l l y 
l o g i c a l d i s c o u r s e . 

I I . 1 . 0 . I n f o r m a t i o n a l V a r i a b l e s 

DFl 
[ V a r i a b l e s ] : 
V a r i a b l e s , p r e s e n t i n g i n f o r m a t i o n in , c a s e s o f 
o p e r a n d s a n d o p e r a t o r s , w i l l b e d e n o t e d b y 
d i s t i n g u i s h e d s m a l l G r e e k o r c a p i t a l L a t i n 
l e t t e r s a n d o p e r a t i o n a l s y m b o l 3 . I n c a s e s o f 
g e n e r a l i n f o r m a t i o n r e p r e s e n t i n g i n f o r m a t i o n a l 
o p e r a n d s a s v a r i a b l e s , l e t t e r s a , p , . . . , oj 
( n o n - i n d e x e d a n d i n d e x e d ) w i l l b e u s e d . 
E x c e p t i o n a l l y a l s o i d e n t i f i e r s w r i t t e n i n 
n o r m a l o r I t a l i c w i l l b e u s e f u l f o r 
r e p r e s e n t a t i o n o f i n f o r m a t i o n a l o p e r a n d s a n d 



operators. Informational cases corresponding to 
particular forms and processes (e.g. counter-
Informing, counter-informati on , embedding , 
Information of embedding, metaphysics, etc.) 
will be marked by distinguished letters in 
indexed and non-indexed form. • 

DF2 [Variables] : 
Variables, representing inforraation of a living 
being (celi, organisro, etc. ) , will be, for 
instance, (ji for metaphysics, cr for sensory 
Information, A for motpr inforraation. T) for 
emotional Information, etc. Exceptionally also 
identifiers written in Italics, will be used. 
Further, n will be \ised for marking the 
possibility, v for the necessity and for the 
net of informational tracea, X for marking 
informat i ona 1 lumps, T for informat i ona 1 
traces, etc. • 

UF3 
[ V a r i a b l e s ] 
V a r i a b l e s , p r e s e n t i n g p r o c e s s e s of I n f o r m i n g o r 
I n f o r r a i n g s a s o p e r a n d v a r i a b l e s , w i l l b e 
d e n o t e d by d i s t i n g u i s h e d c a p i t a l L a t i n l e t t e r s . 
I n t h e c a s e s o f g e n e r a l I n f o r m i n g , I ( n o n -
i n d e x e d a n d i n d e x e d ) w i l l b e u s e d . 
E x c e p t i o n a l l y a l s o i d e n t i f i e r s u r i t t e n i n 
I t a l i c w j i ] b e u s e d . To I n f o r m i n g I 
c o r r e s p o n d i n g c o u n t e r - I n f o r m i n g and i n f o r m a t i o -
n a l e m b e d d i n g w i l l be d e n o t e d by C a n d E ( n o n -
i n d e x e d a n d i n d e x e d ) , r e s p e c t i v e l y . • 

DF4 
[ V a r i a b l e s ] : 
V a r i a b l e s and o p e r a t o r s , p r e s e n t i n g p r o c e s s e s 
o f I n f o r m i n g of a l i v i n t J b e i n g , wi 1.1 b e d e n o t e d 
b y M, S , L , Y, e t c . , f o r m e t a p h y s i c a l 
I n f o r m i n g , s e n s o r y I n f o r m i n g , m o t o r I n f o r m i n g , 
e m o t i o n a l I n f o r m i n g , e t c . , r e s p e c t i v e l y . • 

DF5 
[ V a r i a b l e s ] : 
The g e n e r a l v a r i a b l e r e p r e s e n t i n g any o p e r a t o r 
o f i n f o r m a t i o n a l l o g i c u i l l b e t h e s y m b o l (= a n d 
o t h e r d i s t i n g u i s h e d " s y m b o l s d e c l a r e d a s 
informational operational variables . T h e s e 
v a r i a b l e s a r e r e p r e s e n t a t i v e s of g e n e r a t i v e 
s e t s of a l i ( a l s o t h e i m a g i n a t i v e o h e s ) 
p o s s i b l e i n f o r m a t i o n a l o p e r a t o r s . The v a l u e s of 
t h e s e o p e r a t i o n a l v a r i a b l e s w i l l be s u b s c r i p t e d 
o r s u p e r s c r i p t e d o p e r a t o r s of t h e t y p e |= o r 
s i m i l a r o p e r a t o r s y m b o l s o r a s e m a n t i c a l l y 
de te rmined common symbols ( e . g . , A, V, ^, =, £, 
C, X, n , U, o, +, =, e t c . ) . I t i s t o s t r e s s 
that informat i ona 1 logic introduces the 
institution of operators being informational 
variables in a similar sense as it introduces 
variables representing possible operands. In 
some cases, operational variables (markers for 
operators denoting variables) uill be called 
flietaoperators. The direction of the operation 
of an informational operator can be subscripted 
by •* ( f rom left to right) and by <- (f rom right 
to left). • 

Although v a r i a b l e s r e p r e s e n t i n g In fo rma t ion and 
Informing w i l l be p a s s i v e and a c t i v e or u i l l 
have t h e r o l e s of operands and o p e r a t o r s , some 
e s p e c i a l l y d i s t i n g u i s h e d i n f o r m a t i o n - l o g i c a l or 
i n f o r m a t i o n - t h e o r e t i c a 1 o p e r a t o r s w i l l be 
i n t r o d u c e d i n t o the " l o g i c a l " d i s c o u r s e which 
f o l l o w s . Some of t h e s e o p e r a t o r s w i l i be 
s e m a n t i c a l l y b r o a d e n e d t o s a t i s f y a l s o t h e 
r e q u i r e m e n t s of t h e most g e n e r a l i n f o r m a t i o n a l 
c i r c u m s t a n c e s ( i n f o r m a t i o n a l phenomenology) . 

I I . 1 . 1 . Types of E q u i v a l e n c e O p e r a t o r s 

.Equ iva l ence o p e r a t o r s concern t h e o p p o s i t e of 
t h e d i f f e r e n c e w h i c h i s t h e m o s t n a t u r a l 
p h e n o m e n o n of I n f o r m a t i o n . I n f o r m a t i o n a l 
e q u i v a l e n c e ( r e l a t i o n s ) must be c o n s i d e r e d t o 
be p u r e l y t h e o r e t i c a l , t h a t i s 3 y m b o l i c a l . 
M a t e r i a l i z e d , p r o c e s s i b l e , o r phenomenolog ica l 
c a s e s of t h e s o - c a l l e d s t r i c t e q u i v a l e n c e do 
not e x i s t in n a t u r e ; they can e x i s t s o l e l y a s 
i n f o r m a t i o n a l p h e n o m e n o n of a b s t r a c t i o n , 
i d e a l i z a t i o n , o r , in g e n e r a l , a s a b e i n g ' s 
m e t a p h y s i c a l i m a g i n a t i o n . 

[Operators J : 
Any coricrete equivalence operator represents an 
operational value of the operational variable 
[=. Of course, we can also have an equivalence 
operational variable marked by [=_, for 
instance. In our discourse only three different 
types of equivalence operators will be used, 
namely, 

Df 
for definitional e q u i v a l e n c e , 

' = ' for synibolic e q u i v a l e n c e , and 
' = ' fo r logical e q u i v a l e n c e . • 

The d e f i n i t i o n a l e q u i v a l e n c e a lways i n t r o d u c e s 
s e m a n t i c s of a new s y m b o l i s m . The s y r a b o l i c 
e q u i v a l e n c e i n t r o d u c e s ( i n f a c t , by d e f i n i t i o n ) 
s imply a new symbol, for i n s t a n c e , a s h o r t e r or 
a more adequa te one. The l o g i c a l e q u i v a l e n c e 
conce rns t h e c l a s s i c a l l o g i c ( e . g . t h e t r u t h 
a n d f a l s i t y ) i n i n f o r m a t i o n a l w e l l - f o r m e d 
formulae ( i w f f s ) . 

I I . 1 .2. Genera l I n f o r m a t i o n a l Me taope ra to r a 

, . . we seek approved or verified 
definitions, the content of which is not 
assumed merely as given, but is seen and 
knoun to hiarrant itself, because uarranted 
by the free self-evolution of thought. 

W. F . H e g e l [ 9 ] 146 

_DF2 
[ O p e r a t o r s ] 
Two g e n e r a l m e t a o p e r a t o r s ( i n f o r m a t i o n a l , 
h o w e v e r o p e r a t i o n a l v a r i a b l e s ) b f I n f o r m i n g 
w i l l be i n t r o d u c e d . L e t u s h a v e t h e . f o l l o w i n g 
d e f i n i t i o n : 

N V =1 
Df 

'inforras' V 
'inform' V 
'išinformed' V 
'are informed' 

In thia čase, \= and =( are understood to be 
unary, binary, or multiple prefix, postfix, or 
infix operators (as it uill be presented later 
in several cases), which generally concern 
operand, operator or mixed Information (for 
instance informational well-formed formulae 
Mithin a logical system of inforraation). In a 
general.čase (the so-called universal čase) the 
operator f= will incorporate also the meaning of 
the operator H and vice veraa. Thus, the usage 
of the operator f= uill denote not only the 
meaning of both of them but also an arbitrary 
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p a r t i c u l a r o p e r a t i o n a l meaning. I t i s t o say 
t h a t o p e r a t o r s (= and H w i l l concern a g e n e r a l 
č a s e of I n f o r m i n g a s w e l l a s t h e s o - c a l l e d 
c y c l i c a l Informing or an i n t e g r a t i o n of s e v e r a l 
i n f o r m a t i o n a l c y c l e s . In a s i m i l a r way, they 
w i l l r e p r e s e n t a l s o t h e s o - c a l l e d p a r a l l e l 
i n f o r m a t i o n a l c a s e s of In fo rming . According t o 
t h e i r a p p l i c a t i o n , n e e d s , and t h e g o a l s of an 
i n f o r m a t i o n a l s c e n a r i o , t h e s e m e t a o p e r a t o r s 
w i l l be p a r t i c u l a r i z e d ( i n f o r m a t i o n a l l y 
s p e c i a l i z e d ) by u s i n g s u b s c r i p t s a n d 
u n i v e r s a l i z e d ( i n f o r m a t i o n a l l y g e n e r a l i z e d or 
v a r i e g a t e d ) by u s i n g s u p e r s c r i p t s . I t i s t o say 
t h a t o p e r a t o r s |= and =| a r e s y m m e t r i c a l w i t h 
r e g a r d t o t h e d i r e c t i o n o f o p e r a t i o n , f o r 
i n s t a n c e , from t h e l e f t t o t h e r i g h t and v i c e 
v e r s a , r e s p e c t i v e l y . I t w o u l d be q u i t e 
s u f f i c i e n t t o i n t r o d u c e on ly one of them and 
d e t e r m i n e t h e second one as a p a r t i c u l a r i z a t i o n 
of t h e f i r s t one . • 

KX1 [ O p e r a t o r s ] : 
The i n t r o d u c t i o n of two o p e r a t o r s t= and =\ 
i n s t e a d o f o n l y o n e of t hem e n a b l e s t h e 
e x p r e s 3 i o n of a p a r a l l e l p rocesa in a s i n g l e 
l i n e a r f o r m . F o r i n s t a n c e , i n s t e a d of two 
p a r a l l e l p r o c e s s e s a t= p and |3 =̂  f, i t i s 
p o s s i b l e t o w r i t e siraply a f= p ^ T . In t h i s 
č a s e p i s informed by a and s i r a u l t a n e o u s l y by 
T- • 

DF3 [Operators] : 
As mentioned in the previous definition, we can 
define the following two operators with thelr 
directionally different meanings: 

¥ ^ A 
Df 

' d o e a _ n o t _ i n f o r m ' v 
' d o _ n o t _ i n f o r m ' v 
' i s _ n o t _ i n f o r m e d ' V 
' a r e no t in fo rmed ' 

I t i s t o u n d e r s t a n d t h a t ^ and r^ are unary, 
b i n a r y , o r m u l t i p l e p r e f i x , p o s t f i x , o r i n f i x 
o p e r a t o r s c o n c e r n i n g a g e n e r a l , a c y o l i c a l , a s 
we l l as a p a r a l l e l i n f o r m a t i o n a l č a s e . I t i s t o 
s t r e s s t h a t a p a r t i c u l a r i z a t i o n o f t h e s e 
o p e r a t o r s does n o t mean a n o n - I n f o r m i n g f o r 
c a s e s , which do not conce rn p a r t i c u l a r i z a t i o n . 
T h u s , n o n - I n f o r m i n g r e a l l y r e m a i n a o n l y 
p a r t i c u l a r . • 

\t- f o r i n s t a n c e has t h e m e a n i n g of a g e n e r a l 
n o n - I n f o r m i n g . The m o r e u n i v e r a a l l y t h e 
o p e r a t o r [= i s d e t e r m i n e d , t h e b r o a d e r i s t h e 
domain of non- In forming of t h e o p e r a t o r fet. A 
p a r t i c u l a r i z a t i o n of \^ l o c a l i z e s t h e n o n -
Informing t o a p a r t i c u l a r domain. In t h e caae 
of \^ fo r i n s t a n c e , t h e domain of non- In forming 

B 
i s narrowed to the domain of b e l i e f ( t h e 
s u b s c r i p t B ) . In c l a s s i c a l l o g i c , fc can have 
t h e meaning of t h e n o n - t r u e In fo rming , i . e . of 
t h e f a l s e I n f o r m i n g . I n t h i s r e s p e c t î  
becomes l o g i c a l l y e q u i v a l e n t t o \= , e t c . 

F 

,DF3 
DF6 [ O p e r a t o r s ] : 

In a s i m i l a r wBy a s in [ O p e r a t o r s ] " * " f o u r 
a d d i t i o n a l ( u n i v e r s a l i z e d ) o p e r a t o r s of 
;[nforming can be d e f i n e d , fo r i n s t a n c e : 

Df 

"Df 

3(|=, H ) . ( N A H) 

3(=i , f=) . (=l A 1=) 

and 

Mhere these expresaions are read as "there 
exist operators ... and ... such that (.) ...". 
A is the relation of dominance. In the first 
definition, operator ^ is the so-called feed-
back operator (or to |= subordinated operator) 
and so is \= in the second definition. In both 
cases, the relation of dominance A is not 
commutative. The feed-back operator is in fact 
functionally weaker than the main operator, so, 
it is put into the superscript position. We 
introduce the so-called operator (or relation) 
of the dominance of Informing A, where for the 
first and for the second čase 

t= A =!• and =1 A t= 

were valid, respectively. I 
DF4 [Operators] : 

The operators f= and H in the previous 
definition can be understood as 
universalizations of the operators t= and =)• In 
these cases it would be meaningful to introduce 
the superscript mark of universalization * in 
the following way: 

Df 

.DF5 

and Df 

[Operators] DF2 In opposition to [Operators] two general 
metaoperators (informational variables) of non-
Inf orming can be introduced. Let us have the 
follovring definition: 

^ 

Df 

"Df 

'Df 

^Df 

3(t=, 4).(N A ^) 

3(fc4, =i).(tt A H) 

3(H, ti).(=i A \A) 

3(^, H).(H A N) 

The short form notation of these operators 
could be, for instance, \= , fe* , H » and ^ , 
respectively. • 

As it can be understood from these four cases, 
a universalization means also absolutizing in 
the sense of Informing. In the last four cases 
universalization has in fact been unionization 
(for instance, in set-theoretical sense) of two 
informational operators, which becomes evident 
from the follouing definition: 

[Operators] : 
The universalization of two operators <op > and 
<op > can be achieved by defining the new 
operator in the following way: 

<op^><°P2> =^^ <op^> V,, <op2> 

where the defined universalized operator can be 
marked by 

<op^>^^^ or <op2>'' ' 

where <s) is the syntax variable of symbols and 
the syntax variables <op > and <op > are 
markers for generative classes (types) of 
informational operators. The disjunctive 
connective V emphasizes the parallelness of 
<op^) and/<op >. Additionally, <op^> A <op2> 



can be defined. 

DF8 [Operators] 
Now, i t becomes e v i d e n t t h a t a i s o u n i v e r s a l i z e d 
o p e r a t o r s of e x p l i c i t n o n - I n f o r m i n g can be 
d e t e r m i n e d . A c c o r d i n g t o t h e p r e v i c u s 
d e f i n i t i o n s of o p e r a t o r s , t h e f o l l o w i n g two 
c a s e s can be di s t i n g u i s h e d as c o n s e q u e n t i y t h e 
non - In f orming otiea : 

Df 

Df 

3(1;̂ , H)-(t?* A H) and 

/* /• These operators can be denoted as ^ and ^ , 
respectively. - B 

II. 1.3. Operators Concerning the Informational 
Cycle 

I n f o r m a t i o n a l c y c l e needs t o be a d d i t i o n a l l y 
e x p l a i n e d form t h e p o i n t of view of s e m a n t i c s . 
T h i s c y c l e i s u n d e r - s t o o d t o be an 
i n f o r m a t i o n a l s u b p r o c e s s w i t h some 
c h a r a c t e r i s t i c b a s i c p r o c e s s e s . In g e n e r a l two 
b a s i c p r o c e s s e s or c h a r a c t e r i s t i c c y c l i c a l sub-
In formings can be d i s t i n g u i s h e d ; t h e s o - c a l l e d 
c o u n t e r - I n f o r r a i n g and embedding of t h e a r i s e n 

- I n f o r m a t i o n c a l l e d c o u n t e r - i n f o r m a t i o n . These 
two p r o c e s s e s c o n s t i t u t e t h e s o - c a l l e d 
Informing of t h e i n f o r m a t i o n a l c y c l e . In t h i s 
r e s p e c t , s i m i l a r l y t o t h e č a s e of g e n e r a l 
In fo rming , two n d d i t i o n a l ( g e n e r a l l y c y c l i c a l ) 
m e t a o p e r a t o r s can be inUroduced. 

I)K9 [Operators] : 
Two general operators (operational variables), 
explicitly concerning the informational cycle, 
can be introduced in the following way: 

h V H 
Df 

' i n f o r r a s _ i n _ a _ s i n g l e _ 
i n f o r r a a t i o n a l _ c y c l e ' 

' i n f o r m _ i n _ a _ s i n g l e _ 
i n f o r m a t i o n a l _ c y c l e ' 

' i s _ i n f o r m e d _ i n _ a _ s i n g l e _ 
i n f o r m a t i o n a l _ c y c l e ' 

' a r e _ i n f o r m e d _ i n _ a _ s i n g l e _ 
i n f o r m a t i o n a l _ c y c l e ' 

Of c o u r s e , t h e c y c l i c a l o p e r a t o r s f- and H can 
be unde r s tood to be s u b c l a s s e s of the g e n e r a l 
o p e r a t o r s t= and =), r e s p e c t i ve l y . A l s o , t h e 
o p e r a t o r h can be u n i v e r s a l i z e d to i n c o r p o r a t e 
t h e raeaning of the o p e r a t o r H, and v i c e v e r s a . 
I t i s t o s t r e s s t h a t t h e o p e r a t o r s |- and H 
c o n c e r n e x p l i c i t l y t h e s o - c a l l e d c y c l i c 
I n f o r m i n g . I f t h e s e two o p e r a t o r s a r e 
p a r t i c u l a r i z e d , t h e p a r t i c u l a r i z a t i on can 
concern only t h e s o - c a l l e d c y c l i c a l n a t u r e of 
I n f o r m i n g . T h u s , e a c h p a r t i c u l a r i z e d o r 
u n i v e r s a l i z e d o p e r a t o r of t h e t y p e \- o r H 
c o n c e r n s c y c l i c a l o r . i n t e r c y c l i c a l ( c y c l i c a l ) 
In fo rming . • 

L e t u s show and d i s c u s s some r e c u r s i v e 
d e f i . n i t i o n s of c y c l i c a l o p e r a t o r s and t h e 
meaning p roceed ing frora t h e s e d e f i n i t i o n s . 

.DF3 
. ^ . DFIO [Operators] 
S i n i i l a r l y t o t h e [ O p e r a t o r s ] , i t i s p o s s i b l e 
t o d e t e r m i n e i n a r e c u r s i v e way two b i -
d i r e c t i o n a l ( u n i v e r s a l i z e d ) o p e r a t o r s , namely: 

H 
Df 

"Df 

3(1- , H ) . ( H A H) 

3 (H , h ) . ( - i A h) 

a n d 

where t h e s e e x p r e s s i o n s a r e r e a d a s " t h e r e 
e x i s t two c y c l i c a l o p e r a t o r s . . . and . . . such 
t h a t ( . ) • . . . " . In t h e f i r s t d e f i n i t i o n , 
o p e r a t o r H ia tho s o - c a l l o d c y c l i c a l f eed-back 
o p e r a t o r ( o r t o h s u b o r d i n a t e d c y c l i c a l 
op t i r a to r ) nm] HO i H |- in Mi*̂  second d e f i n i t i o n . 
As \- and H a r e a i r e a d y c y c l i c a l , the o p e r a t o r s 
|- a n d H i n f a c t c o n c e r n i n t e r c y c l i c a l 
p r o c e s s e s ( a s c y c l e s b e t w e e n two c y c l i c a l 
p r o c e s s e s ) . However, c y c l e s can i n c l u d e s u b -
c y c l e s i n a s e r i a l and p a r a l l e l f o r m , t h u s , 
c y c l i c a l ( a n d n o n - c y c 1 i c a l ) o p e r a t o r s c a n 
appear w i t h o u t h e s i t a t i o n w i t h i n i n f o r m a t i o n a l 
c y c l e s . S i m i l a r l y to the d e f i n i t i o n 

DF4 [ O p e r a t o r s ] , t h e s e two g e n e r a l i n t e r c y c l i c a l 
o p e r a t o r s can be deno ted in t h e i r u n i v e r s a l i z e d 
form in t h e fo l lowing way: 

h Df h and H 
Df 

DFll [Operators] : 
DFIO In opposition to the [Operators] , according 

DF5 to the [Operators] , two cyclically general 
metaoperators (informational variables) of 
cyclical non-Informing can be introduced. So, 
let us have the follouing definition: 

M v y| Df ' d o e s n o t i n f o r m _ c y c l i c a l l y ' V 
' d o n o t i n f o r m _ c y c l i c a l l y ' v 
' i s riot i nf ormed_cycl i c a l l y ' V 
' a r e not i n f o r m e d c y c ] i c a l l y ' 

I f Informing i s no t c y c l i c a l , i t can s t i l i be 
t h e g e n e r a l , p a r a l l e l , o r n o n - c y c l i c a l l y 
p a r t i c u l a r one . In t h i s r e s p e c t , t h e c y c l i c a l 
non-Informing i s an i n f o r m a t i o n a l p a r t i c u l a r i t y 
t o o , conce rn ing the concep t of i n f o r m a t i o n a l 
c y c l e . • 

The s e m a n t i c s of t h e i n f o r m a t i o n a l c y c l e has 
been c o n s t i t u t e d through t h e i n t r o d u c t i o n of 
two c h a r a c t e r i s t i c c y c l i c a l i n f o r m a t i o n a l 
p r o c e s s e s : c o u n t e r - I n f o r m i n g ^and embedding of 
a r i s e n c o u n t e r - i n f o r r a a t i o n . Within t h e c y c l e , 
t h e c o u n t e r - I n f o r m i n g i s ' t h e s o - c a l l e d 
p r o g r e s s i v e ( i n f o r m a t i o n a l l y g e n e r a t i v e ) 
p r o c e s s , in which c o u n t e r - i n f o r m a t i o n a r i s e s . 
The embedding of a r i s e n In fo rma t ion i s t h e s o -
c a l l e d r e g r e s s i v e ( i n f o r m a t i o n a l l y c o n n e c t i v e ) 
p r o c e s s , which i s n e c e s s a r y t o keep t h e a r i s e n 
c o u n t e r - i n f o r r a a t i o n p r e s e r v e d f o r f u t u r e 
In fo rming . The i n f o r m a t i o n a l c y c l i n g becomes 
p o s s i b l e through t h e c i r c u l a t i o n of p r o g r e s s i v e 
( c o u n t e r - i n f o r r a a t i o n a l ) and to t h e s e p r o c e s s e s 
f o l l o w i n g r e g r e s s i v e ( i n f o r m a t i o n a l 1 y 
embedding) p r o c e s s e s . However, in t h i s c i r c u l a r 
or c y c l i c a l p r o c e s s , c o u h t e r - . I n f o r m i n g and 
embedding a r e c y c l i c a l by themse lves or t hey 
a p p e a r a s ( p a r a l l e l ) s u b - c y c l e s of t h e 
i n f o r m a t i o n a l c y c l e . And t h i s has t o be kep t in 
the concep t of t h e i n f o r m a t i o n a l c y c l e ! 

DF12 [Operators] : 
Eight particular, but at the same time general 
enough operators of the informational cycle are 
the operators concerning the cyclical counter-
Informing and embedding. It is to understand 
that these operators have a metameaning and 



have to be d i s t i ngu i shed from concrete 
Informings, denoted by capital Latin letters. 
Particular metuoperators can be obtained by 
indexing (specializing) of the general meta-
operators. Thus, the following four definitions 
for these operators can be proposed: 

^ C ^ ^ C Df 

^ C ^ ^ C Df 

'counter-inforras_in_a_single_ 

inf or!iiational_cycle' V 

'counter-inf orni_in_a_3ingle_ 

informational cycle' v 

' is_counter-informed_in_a_ 

single_informational_ 

cycle' v 

'are_counter-informed_in_a_ 

single_informational_ 

cycle' 

'does_not_counter-inform_in_ 

a_sing1e_informational_ 

C y C1 e ' v 

'do_not_counter-inform_in_ 

a_single_informational_ 

cyole' v 

' is_not_counter-informed_in_ 

a_single_inforraational_ 

cycle' v 

'arenotcounter-informed_ 

in_a_single_informati onal_ 

cycle' 

'embeds_in_a_single_ 

informational_cycle' v 

'embed_in_a_single_ 

informational_cycle' v 

' is_embedded_in_a_single_ 

informational_cycle' v 

'are_embedded_in_a_single_ 

informational_cycle' 

'does_not_embed_in_a_3ingle_ 

informational_cycle' v 

'do_not_embed_in_a_single_ 

inforraational_cycle' V 

'is_not_embedded_in_a_single_ 

inforraational_cycle' v 

'are_not_embedded_in_a_single_ 

informational_cycle' 

• 

,EX2 
[Ope ra to r s J : 

Some p o s s i b l e d e i ' i n i t i o n s of t h e c y c l i c a l 
o p e r a t o r s of Informing a r e the f o l i o w i n g : 

'̂ E E Df 

^ E ^ ^ E Df 

h Df 
h E, where 

= ^ E, where 
Df C 

In t h e s e d e f i n i t i o n s 

Df 

Df 

3(h, H ). (H A H ) 
E C E 

3(H^, hg).(H^ A h ^ ) 

^C' ^E' 
H_I and 
L/ ^E ^"^ 

cyclical by themselves (by definition). Besides 
these cyclicities (the informational cycle and 
within it the cycles of counter-Informing and, 
embedding) the cycles of counte;r-Inf ormi ng and 
embedding can be understood as informational 
processes parallel to each other. • 

KX3 
[Operator] : 

Now we nan put the foHoMing queation: How can 
• 

the ope ra to r be in forma t ionally 

interpreted, keeping in memory that it was 

deterrained as |- ? It is possible to give the 
following definitional interpretation: 

^ -Df ^""C "̂ E' \ ' ''E'" 

< < ^ C ^ ^ E ' ^ *^c ̂ ^ E ' > 

This interpretation is a short-forra expression 
of 

Df ^<^C' \ ' \ ' ^ > ' 

(((3(f-, H^).(h^ A H ^ ) ) A 

* • DFIO 
The operators f- and -| in [Operators] are 
in some respect counter-cyclical, for h creates 
one cycle and -| the other. These counter-
cyclical processes become obvious in counter-
directional oounter-Informings |- and ~\ and in 
counter-directional embeddings \- and H . So 

E £ 
far, we have explained to some extend only the 

operators |- and H , According to 
DF6 

[Operators) , we have the following: 

DF13 
[Operators] : 
Let us define the following four cases of 
complex cyclical operators and explain their 
raeaning: 

h 
Df 

"Df 

"̂ Df 

"̂ Df 

3(1-, -A).(h A H) 

3([/, H).(I/ A H) 

3(H, t^).(H A 1/) 

3(H, \-).{^ A h) 

The short-form notation of these operators are, 
/• • /* • 

instance, h i f'' , H , and -^ , 
for 

respectively. The operator H , in fact, is 
reduced to )-, for backward cyclical non-
Informing can be simply excluded as an 
additional explanation. Irrespective of the 

relation of dominance, sirailarly happens to vf . 

In this way, the operators [/ and H can be 
reduced into -|. • 

[Operators] : 
Two complex cyclical operators of explicit non-
Informing can be deterrained in the following 

y^ 
Df 

Df 

3(1/, •A).W A H) 

3(-A, |/).(y| A I/) 

and 

/• /* 
These operators can be denoted by [/ and •/[ , 

respectively. Evidently these complex cyclical 
operators can be reduced to I/ or •/!• • 



I I . 1 .4 . O p e r a t o r s K e p r e s e n t i n g t h e Genera l 
Type of P a r a l l e l I i iforming 

II.1.4.O. Introduction to In formational 
Parallelness 

I n f o r m a t i o n a l p a r a l l e l n e s s be longs t o t h e most 
c o m p l e x a n d s e m a n t i c a l l y m o s t p r e t e n t i o u s 
p r o b l e m s . The s t a t e of t h e ^ a r t of p a r a l l e l 
I n f o r m i n g w i l l depend s u b 3 t a n t i a l l y on t h e 
p o s s i b i 1 i t i e s h idden in t h e m e a n i n g of t h e 
e x p r e 3 s i v e n e s s of p a r a l l e l i n f o r m a t i o n a l 
ope r a t o r s ^ ' 11 i s c l e a r th^at we h a v e t o 
a p p r o p r i a t e a s u f f i c i e n t l y p b w e r f u l s e t of 
p a r a l l e l i n f o r m a t i o n a l o p e r a t o r s q u i t e a t t he 
b e g i n n i n g of our l o g i c a l ^ - d i s c o u r s e . Th i s s e t of 
p a r a l l e l o p e r a t o r s inust be d i v e r s e l y r i c h and 
h a s t o c o v e r i m a g i n a b l e p o s s i b i 1 i t i e s of 
p a r a l l e l i n f o r m a t i o n a l c o n n e c t e d n e s s , i . e . of 
p a r a l l e l c o m r a u n i c a t i o n and i n f o r m a t i o n a l 
i n t e r a c t i o n . 

I t ' became e v i d e n t a l r e a d y in t h e framework of 
t h e g e n e r a l and c y c l i c a l Informing t h a t we have 
b e e n i n many c a s e s c o n f r o n t e d w i t h t h e 
a p p e a r a n c e of t h e s o - c a l l e d p a r a l l e l 
i n f o r m a t i o n a l p r o c e s s e s . If t h e p r o c e s s e s a r e 
p a r a l l e l , t h e r e should e x i s t an i n f o r m a t i o n a l 
c o n n e c t i o n among them, v i a communication and 
i n f o r m a t i o n a l i n t e r a c t i o n . P a r t s of In fo rma t ion 
a r e i n f l u e n c i n g o t h e r p a r t s of In fo rma t ion or 
t h e m s e l v e s . There can be s e v e r a l l e v e l s and 
forms of In fo rma t ion c o n s t i t u t i n g t h e s o - c a l l e d 
i n f o r m a t i o n a l i n t e r w e a v e , fo r i n s t a n c e , on t h e 
l e v e l of o p e r a n d s and o p e r a t o r s . F i r s t , we 
s h a l l show a g e n e r a l (very f o r m a l i s t i c ) č a s e of 
p a r a l l e l n e s s on t h e l e v e l of i n f o r m a t i o n a l 
o p e r a t o r s , no t s e a r c h i n g i n t o d e t a i l s of the 
p a r a l l e l s t r u c t u r e . Then, we s h a l l p r e p a r e t h e 
p h i l o s o p h y of p a r a l l e l p o s s i b i l i t y and 
n e c e s s i t y of i n f o r m a t i o n a l i n t e r w e a v i n g by 
i n t r o d u c t i o n of p a r t i c u l a r o p e r a t o r s . Next , 
o p e r a t o r s of t h e i n f o r m a t i o n a l t r a n s f e r 
(communicat ion) wilJ be do t e rmined . And a t the 
e n d pf t h i s s e c t i o n we s h a l l d e a l w i t h 
i n f o r m a t i o n a l o p e r a t o r s of a p p e a r a n c e and 
v a n i s h i n g , as wel 1 as of c h o i c e , raemorizing, 
f o r g e t t i n g , r enewing , i n t e r r u p t i n g , breakdown, 
and e n r i c h i n g of I n f o r m a t i o n . 

11,1.4.1. Operators o t' ttip General 
Parallel Informing 

In t h i s s u b s e c t i o n we s h a l l in f a c t r e p e a t t h e 
ph i l o sophy of g e n e r a l In forming , i n t r o d u c i n g 
o p e r a t o r s of p a r a l l e l In fo rming . 

DF15 [ O p e r a t o r s ] : 
Two g e n e r a l me t a o p e r a t o r s ( i n f o r m a t i o n a l 
v a r i a b l e s ) of p a r a l l e l I n f o r m i n g w i l l be 
i n t r o d u c e d . L e t t h e r e be t h e f o l l o w i n g 
d e f i n i t i o n : 

¥ v =11 
Df 

'informs_in_parallel' v 
'inform_in_parallel' V 
'is_informed_in_parallel' V 
'are_informed_in_parallel' 

As usual , 11= and =|| are understood to be unary, 
binary, or multiple prefix, postfix, or infix 
parallel informational operators. Here the 

parallelness concerns the appearance of at 
least two parallel operators. By introducing 
parallel operators we are in fact concerned 
with a system- of parallel informational 
processes. The appearance of |t= and 4 means that 
there will exist at least one more operator of 
the type \\= and 4> respectively. The operators ||= 
and 4 point to the connectedness (parallelness) 
of 'the process possessing |t= or 4 with other 
informational processes, having operators of 
the parallel type. The parallel operators-||= and 
=11 could be particularized and universalized in 

DF2 
the way we have deacribed in [Operators] . • 

DF16 
[Operators] : 
It is evident that similarly to the previous 
cases of informational operators, parallel 
operators can be made complex too to obtain 
their bi-directional function: 

11= 

4 

Df 

Df 

3<lt=, =11). (Ik A =11) 

3(=i|, |N).(m A 11=) 

and 

The s u p e r s c r i p t o p e r a t o r s i n t h e l a s t two 
e x p r e s s i o n s a r e t h e s o - c a l l e d f e e d - b a c k 
p a r a l l e l o p e r a t o r s . Th i s f eed-back p a r a l l e l n e s s 
means t h a t i n an i n f i x n o t a t i o n t h e r i g h t s i d e 
p r o c e s s of t h e e x p r e s s i o n i s a d d i t i o n a l l y 
p a r a l l e l c o n n e c t e d t o t h e l e f t s i d e ( f i r s t 
e x p r e s s i o n ) , a n d v i c e v e r s a ( s e c o n d 
e x p r e s s i o n ) . The r e l a t i o n of d o m i n a n c e A i s 
u n d e r s t o o d in t h e u s u a l m a n n e r , so t h a t t h e 
l e f t p a r a l l e l o p e r a t o r domina tes .over t h e r i g h t 
one . 

The o p e r a t o r s \\= and 4 can be u n d e r s t o o d as 
u n i v e r s a l i z a t i o n s of t h e o p e r a t o r s ll= and =|1, and 

marked by |t= and 4 • I f t h e u n i v e r s a l i z a t i o n of 
t h e o p e r a t o r s i s comprehended as an o p e r a t i o n a l 
coraplexion, the p a r t i c u l a r i z a t i o n a lways has 
t h e meaning of o p e r a t i o n a l s p e c i a l i z a t i o n . • 

DF17 
[ O p e r a t o r s ] : 

DF16 
Tn o p p o s i t i o n to [ O p e r a t o r s ] two g e n e r a l 
p a r a l l e l m e t a o p e r a t o r s ( i n f o r m a t i o n a l 
v a r i a b l e s ) of p a r a l l e l n o n - I n f o r m i n g c a n be 
d e t e r m i n e d : 

|b! V 
Df 

' d o e a _ n o t _ i n f o r r a _ i n _ p a r a l l e l ' • v 
' d o _ n o t _ i n f o r m _ i n _ p a r a l l e l ' v 
' i s _ n o t _ i n f o r m e d _ i n _ p a r a l l e l ' v 
' a r e _ n o t _ i n f o r m e d _ i n _ p a r a l l e l ' 

To inform in p a r a l l e l has t h e meaning t h a t t h e 
p r o c e s s i n q u e s t i o n i n f o r m s more t h a n o n e 
i n f o r m a t i o n a l p r o c e s s c o n c u r r e n t l y . To be no t 
informed in p a r a l l e l means t h a t a t t h e most one 
p r o c e s s of Informing has t h e i n f l u e n c e on t h e 
p r o c e s s in q u e s t i o n . • 

O p e r a t o r s ] : 
DF16 

In a s i m i l a r way a s i n [ O p e r a t o r s ] t h e four 
a d d i t i o n a l , c o m p l e x o p e r a t o r s o f p a r a l l e l 
Informing can be d e f i n e d . f o r i n s t a n c e : 

Df 

^Df . 

"Df 

'of 

3(|t=, ^|).(|t= A 4) 

adiK, =11). (ik A 4) 

3(=il, 1 )̂.(=|1 A 1̂ ) 

3(^1, |l=).(^l A Ih) 



10 

The abbreviated notation of these operators can 
/* + /• • 

be 1̂= , \\f , 4 I and ;!|| , respectively. The 
philosophy of these operators can be quite 
coniplex regarding the parallel Informing and 
parallel non-Informing. It is worth mentioning 
that distinct parallel operators in the above 
compositions can be particularized in different 
ways, so that parallel Informing and parallel 
non-Informing may not be in the opposition at 
ali. • 

,DF19 
[Operators] : 
Now it becomes evident that also universalized 
operators of explicit parallel non-Informing 
can be determined. The following two cases can 
be d i s t inguished as consequently the non-
parallel Informing ones: 

, H e t c . 

\¥ 
4 

Df 

Df 

3(11/, A\)-{¥ & 4) 

3(>i||, | ^ ) . ( ^ | A \V) 

a n d 

/ • / • 
These o p e r a t o r s can be deno ted a s It* and 4 > 
r e s p e o t i v e l y . By t h e i r a p p e a r a n c e t h e s e 
o p e r a t o r s e x c l u d e t h e s o - c a l l e d g e n e r a l 
p a r a l l e l Informing from i n f o r m a t i o n a l p r o c e s s e s 
t h e y c o n c e r n . • 

II.1.4.2. Operators of Parallel Informational 
Po3sibility and Necessity 

I n f o r m a t i o n and Informing a r e i n f o r m a t i o n a l i y 
i n t e r w o v e n p h e n o m e n a . In p r i n c i p l e , t h e 
i n t e r w e a v i n g of I n f o r m a t i o n i s c i r c u l a r l y 
spon taneous and r e p r e s e n t s merely a n o t h e r form 
of i n f o r m a t i o n , c a l l e d i n f o r m a t i o n a l 
i n t e r w e a v i n g . T h i s i n t e r w e a v i n g c a n be 
comprehended a s i n f o r m a t i o n a l c o n n e c t e d n e s s o r , 
more g e n e r a l l y , as i n f o r m a t i o n a l p a r a l l e l n e s s . 
The q u e s t i o n i s how t h i s p a r a l l e l n e s s a r i s e s 
and what a r e i t s p o s s i b i 1 i t i e s and n e c e s s i t i e s . 

,DF7 
[ V a r i a b l e ] 

Let a(jt ) mean t h a t i n fo rma t ion a i s p a r a l l e l 

a c c e s s i b l e ( i n an i n f o r m a t i o n a l i n p u t a n d 

o u t p u t way), so t h a t i n f o r m a t i o n n i s a r i s i n g 
as t h e p o s s i b i l i t y of a p a r a l l e l i n f o r m a t i o n a l 
c o n n e c t e d n e s s (communication and i n t e r a c t i o n ) 
among v a r i o u s i n f o r m a t i o n a l e n t i t i e s . In t h i s 
e x p r e s 3 i o n Jt i s a r e g u l a r i n f o r m a t i o n a l 

v a r i a b l e of i n f o r m a t i o n a . I t i s t o say t h a t n 
i s a r e g u l a r o r an i n h e r e n t p r o p e r t y ( a n 
e lement of i n f o r m a t i o n a l a x i o m a t i c b a s i s ) of 
t h e a r i s i n g i n f o r m a t i o n a . • 

DF8 
f V a r i a b l e s ] : 
L e t « ( v ) mean t h a t i n f o r m a t i o n <x h a s a 

n e c e s s a r y ( c o n c r e t e ) p a r a l l e l s t r u c t u r e v ( i n 

an i n f o r m a t i o n a l i n p u t and o u t p u t w a y ) . Of 

c o u r s e , by v , in a (v ) a l s o t h e p a r a l l e l 
s t r u c t u r e of a i s d e t e r m i n e d , so t h a t a oan be 
decomposed in p a r a l l e l i n f o r m i n g p r o c e s s e s 
w h i c h c o m m u n i c a t e a n d i n t e r a c t w i t h o t h e r 
i n f o r m a t i o n a l p r o c e s s e s . B e s i d e s p a r a l l e l 
i n f o r m a t i o n a l c o n n e c t e d n e s s wi th o t h e r 
i n f o r m a t i o n , v d e n o t e s t h e s o - c a l l e d n e c e s s a r y 

II 
p a r a l l e l s t r u c t u r e and o r g a n i z a t i o n of a . • 

EX1 
[ V a r i a b l e s ] : 

I n fo rma t ion of p o s s i b l e and n e c e s s a r y 
i n f o r m a t i o n of p a r a l l e l c o n n e c t e d n e s s -K and v 

II II 
a r i s e s u i t h i n i n f o r m a t i o n a through p a r t i c u l a r 
Informings which can be raarked by \= and (= , 

n v 
for example . In g e n e r a l , 7t i s t h e i n f o r m a t i o n 
of p o s s i b l e p a r a l l e l c o n n e c t e d n e s s . E . g . , TI (a) 
c o n c e r n s t h e p o s s i b i l i t y of p a r a l l e l 
c o n n e c t e d n e s s of a. Thus, 

A spon taneous way of i n f o r m a t i o n a l a r i s i n g does 
no t l i m i t t h e a r i s i n g of c o n n e c t e d n e s s among 
v a r i o u s e n t i t i e s , c a s e s , a n d p a r t s of 
i n f o r m a t i o n and Informing of i n f o r m a t i o n . In 
s t a t i c i n f o r m a t i o n ( a l g o r i t h r a s , t o d a y ' s d a t a 
s t r u c t u r e s ) , t h e c o n n e c t e d n e s s of s t a t i c 
i n f o r m a t i o n a l i t e m s i s f i x e d , d e t e r m i n e d a s 
i n f o r m a t i o n a l n e c e s s i t y . I n g e n e r a l , 
t h e i n t e r w e a v i n g of i n f o r m a t i o n can be seen a s 
a p o s s i b i l i t y and n e c e s s i t y of i n f o r m a t i o n a l 
p a r a l l e l n e s s . 

[Variables] : 
L e t us i n t r o d u c e two g e n e r a l m a r k e r s , 
v a r i a b l e s , and o p e r a t o r s TT: and v, d e n o t i n g t h e 
n o t i o n s of p o s s i b i l i t y a n d of n e c e s s i t y , 
r e s p e c t i v e l y . F i r s t , n and v wi l1 be used as 
m a r k e r s , f o r i n s t a n c e , mark i n g s p e c i f i c 
i n f o r m a t i o n a l o p e r a t o r s conoern ing p o s s i b i l i t y 
and n e c e s s i t y . Th.us , i t i s p o s s i b l e t o 
i n t r o d u c e i n f o r m a t i o n a l o p e r a t o r s 

a N t,, (oc) 
71 II 

denotes the process of arising of information 
concerning the possibility of parallel 
connectedness of information a. Further, 
n (a, p) concerns the possible parallel 

connectivity between a and |3 . To some extent, 

7C belongs to an informational entity. So, 

71 (a, p) can belong to a, to p, or to both of 

thera, if a and p "cooperate" informationally. 

So t,, (a, |3) may be split into '̂ ,|(") and 7i|| O ) , 

as the possible parallel connectivities of a 

and p, respectively. 

Sirailarly, v is the information of necessary 

parallel connectedness. E.g., '̂,, <T) concerns 

the necessity of parallel connectedness of T • 

Thus , 

N . t- , A , HI -
7t v 7t v 

etc. 

Further, it is possible to use Tt and v as 
variables, for instance in 

a(7c) , n{p) , I(v) , 7c(C) , v(E) , n. etc . 

Informational operators, concerning primarily 
the possibility and necessity, are for example: 

T 1= v (r) 
v II 

denotes the process of arising of information 
concerning the necessity of parallel 
connectedness of information f• Further, 
v (T, 6) concerns the necessary parallel 

connectivity between T and 6. To some extent, 

v belongs to an informational itera. Thus, v (T 
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, 8 ) , for instance, can belong to f> to 8, or 

to both of thein, if Y and S "cooperate" 

informationally. It is therefore possible 

that v (T. S) be split into v̂^ (T) and T1,| (8) i »s 

the necessary parallel connectivities of f and 

8, respectively. • 

II.1.4.3, Operators of Transfer of Informatiqn 
among Parallel Processes• 

Information of possibility and necessity of 
informational connectedness is the essential 
point of informational parallelness. Certainly, 
informational processes can exist in parallel 
nithout any mutual informational influence 
(relation, transfer, dependence). It means that 
informational realms of completely isolated 
processes are separated too. 

In this section our intention is to introduce 
some operators of informational connectedness 
which realize the so-called proper paralielism 
of informational processes or briefly the 
parallel informational system. As we can 
understand, the notion of paral]elness 
surpasses the so-called sequent i aIness, 
concurrence, and teraporalness bf a system and 
turna philosophically into the structuralness 
and the organizing principles of Information 
and Informing of Information. 

,DF20 
[Operators] : 
If in an i n f o r m a t i o n a l formula o p e r a t o r s of t h e 
t y p e s 1̂: and =j| a p p e a r , i t m e a n s t h a t t h i s 
formula p o s s e s s e s some i n f o r m a t i o n a l o p e r a t o r s 
of c o n n e c t e d n e s s wi th o t h e r forraulae . There a r e 
s e v e r a l p o s s i b i l i t i e s t o d e t e r m i n e t h e s o -
c a l l e d o p e r a t o r s of i n f o r m a t i o n a l 
communicat ibn. The aim of t h e s e o p e r a t o r s i s t o 
t r a n s f e r I n f o r m a t i o n from one i n f o r m a t i o n a l 
p r o c e s s t o t h e o t h e r . In t h i s way, we c a n 
i n t r o d u c e t h e f o l ] o w i n s s i r a p l e o p e r a t o r s of 
t r a n s f e r : 

Df 
' C a r r i e s o f r ' V 

'carry_off' V 

'is_carried_off ' v 

'are oarried o ff 

In this definition T is a regular informational 
operator of carrying-off. As we can understand, 
this operator can have ari active and a passive 
mode. If a f, Information a carries off and if 
t a, Information a is carried off. Further, if 
a t" p , Information a carries off Information |3 . 
It is possible to define t v t instead of T 

in the last definition. 

For the second operator of transfer we take: 

4. 
Df 

•'brings' v 

'bring' v 

'is_brought' v 

'arebrought' 

In this definition J, is a regular informational 
operator of bringing, which can have an active 
or a passive mode. If a 4,1 Information a brings 
and if 4- °^ 1 Information a is brought. Further, 
i f a 4- P r Information o: brings Information p or 
Information p is brought by Information a. It 
is possible to define 4- V J, instead of 4- i" 

the last definition. • 

There always exist pairs of particular (fixed) 
operators "I and 4" Further, we can imagine how 
these operators can be particularized and 
un i versal i zed . We can use \= and [= , for 

T 4. 
instance, but also t„ and 4._ for marking 

C K 
operators of transfer wi€hin counter-Informing 
and embedding, respectively. Universalizations 

i t 
of these operators could be f and 4. > for 
instance. For complexed operators of 
informational transfer special symbols can be 
introduced. 

,DF20 

,DF21 
[ O p e r a t o r s ] : 

According t o the d e f i n i t i o n [ o p e r a t o r s ] , i t 
i s p o s s i b l e t o d e t e r m i n e o p e r a t o r s which b lock 
t h e t r a n s f e r of I n f o r m a t i o n . T h u s , we c a n 
d e f i n e two i n f o r m a t i o n a l " b l o c k e r s " i n t h e 
f o l l o w i n g way: 

a n d 

Df 

Df 

b l o c k s _ t o _ c a r r y _ o f f ' • V 
b l o c k _ t o _ c a r r y _ o f f ' v 
i s _ b l o c k e d _ t o _ b e _ c a r r i e d _ o f f ' V 
a r e _ b l o c k e d _ t o _ b e _ c a r r i e d _ o f f ' 

b l o c k s _ t o _ b r i n g ' v 
b l o c k _ t o _ b r i n g ' V 
i s _ b l o c k e d _ t o _ b e _ b r o u g h t ' v 
a r e _ b l o c k e d _ t o _ b e _ b r o u g h t ' 

T h e s e b l o c k i n g o p e r a t o r s of i n f o r m a t i o n a l 
t r a n s f e r p r o h i b i t e x p l i c i t l y t h e t r a n s f e r of 
In fo rma t ion in q u e s t i o n in t h o s e i n f o r m a t i o n a l 
s y s t e m s , w h i c h c o n c e r n t h e s e c u r i t y , f o r 
i n s t a n c e , of l i f e I n f o r m a t i o n . F u r t h e r , in t h e 
l a s t d e f i n i t i o n s , i t i s p o s s i b l e t o d e f i n e "f 

v T/^ and l^^ V i^^ 

respectively. 

instead of . t, and 4-, > 

[Operators] 
EX4 

L e t i t a r i s e I n f o r m a t i o n w h i c h c a n be 
c h a r a c t e r i z e d a s c a t a s t r o p h i c . T h i s s o r t of 
I n f o r m a t i o n w h i c h r e g u l a r l y a r i s e s i n an 
i n f o r m a t i o n a l p r o c e s s can cause c a t a s t r o p h i c 
conaequonces when t r a n s f e r r e d t o a n o t h e r 
p r o c e s a . Let t h i s In fo rma t ion be denb ted by t . 

tj 
Thus, let us have an initial parallel 3ystem 

« IN P, T lt= S 

where in the 
Information e 

first process catastrophic 
arises as a consequence of 

parallel Informing |h. So, 

a IN p L e , T IN 8 

The operator L marks the appearance of 
Information z within Information p. Now, let a 

block the carrying-off of Information e, and 

let f block £, to be brought into the second 
h 

process. Thus, there is 

(« .T^ f.̂ ) IN P. (r i/ £^) IN S 

This comple tes t h e example u s i n g o p e r a t o r s of 
b lock ing i n f o r m a t i o n a l t r a n s f e r . • 

, - . -DF22 
[ O p e r a t o r s ] : 
Now, i t i s p o s s i b l e t o d e f i n e more g e n e r a l 
o p e r a t o r s of i n f o r m a t i o n a l c o n n e c t e d n e s s , 
naraely t h e o p e r a t o r s of i n t e r - i n f o r m a t i o n a l 
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I n f o r m i n g . T h e s e o p e r a t o r s i n f o r m f r o m t h e 
e n v i r o n m e n t of a g i v e n I n f o r m a t i o n , e . g . , f rom 
I n f o r m a t i o n a, u s i n g a p a r t i o u l a r s u b -
i n f o r m a t i o n s w i t h i n a on t h e w a y f r o m a n 
i n f o r m a t i o n a l t r a n s m i t t e r t o p o s s i b l e 
i n f o r r a a t i o n a l r e c e i v e r s ( s i n k s ) . T h e w a y 
b e t w e e n a t r a n s r a i t t e r a n d a r e c e i v e r i s 
p e r f o r m i n g a s r e g u l a r I n f o r m i n g , s o t h a t t h e s e 
g e n e r a l o p e r a t o r s o f i n f o r m a t i o n a 1 
c o n n e c t e d n e s s h a v e t h e f u n c t i o n o f I n f o r m i n g , 
s i m i l a r t o t h e f u n c t i o n s of g e n e r a l o p e r a t o r s . 
T h e s e o p e r a t o r s c a n c e r t a i n l y b e p a r t i c u l a r i z e d 
t o a c h i e v e t h e f u n c t i o n s o f o p e r a t o r s T a n d i . 
T h e a i m o f t h e s e o p e r a t o r s i s t o c o n d u c t 
i n f o r m a t i o n i n an i n f o r m a t i o n a l s y s t e m n o t o n l y 
t h r o u g h c a r r y i n g o f f a n d b r i n g i n g o f 
i n f o r m a t i o n , b u t a l s o t h r o u g h r e g u l a r I n f o r m i n g 
o f t h i s i n f o r m a t i o n on t h e way t o i n f o r m a t i o n a l 
r e c e i v e r s . I n t h i s s e n s e t h e s e o p e r a t o r s 
p e r f o r m a s r e g u l a r o p e r a t o r s of I n f o r m i n g . L e t 
i t b e : 

ir Df 

a n d 

Df 

' s e n d s _ a n d _ i n f o r m s ' v 

' s e n d _ a n d _ i n f o r m ' V 
' i s _ s e n t _ a n d _ i n f o r r a e d ' V 
' a r e s e n t a n d i n f o r m e d ' 

' r e c e i v e s _ a n d _ i n f o r m s ' v 
' roc t ! i ve an(1_ i rifoiMii' v 
' i s _ r e c e i v e d _and_i n f o r m e d ' V 
' a r e r e c e i v e d a n d i n f o r m e d ' 

,DF23 
[ O p e r a t o r s ] : 
We c a n c e r t a i n l y d e f i n e t w o n o n - i n t e r -
i n f o r m a t i o n a l o p e r a t o r s o f I n f o r m i n g ; t h e s e 
o p e r a t o r s c a n a l s o b e u n d e r s t o o d a s g e n e r a l 
o p e r a t o r s o f n o n - I n f o r m i n g p a r t i c u l a r i z e d i n 
t h e d e s c r i b e d m a n n e r . T h u s , we h a v e t h e 
f o l l o w i n g d e f i n i t i o n s : 

"Df 
' d o e s _ n o t _ s e n d _ a n d _ d o e s _ n o t _ 

i n f o r m ' V 
' d o _ n o t _ s e n d _ a n d _ d o _ n o t _ i n f o r m ' V 
' i s _ n o t _ s e n t _ a n d _ i s _ n o t _ 

i n f o r m e d ' v 
' a r e _ n o t _ 3 e n t _ a n d _ a r e _ n o t _ 

i n f o r r a e d ' 
a n d 

| . = ' d o e s _ n o t _ r e c e i v e _ a n d _ d o e s _ n o t _ 
i n f o r m ' v 

' d o _ n o t _ r e c e i v e _ a n d _ d o _ n o t _ 
i n f o r m ' v 

' i s _ n o t _ r e c e i v e d _ a n d _ i s _ n o t _ 
i n f o r m e d ' v 

' a r e _ n o t _ r e c e i v e d _ a n d _ a r e _ n o t _ 
i n f o r m e d ' 

A l s o i n t h i s č a s e , i n t h e u p p e r d e f i n i t i o n s , 
o p e r a t o r s f a n d 4 c a n b e r e p l a c e d b y 

d l a j u n c t i o n s f v f , and 1 v JL . • 

T h e s e o p e r a t o r s čari b e r e a d i n t h e f o l l o w i n g 
way : 

'a s e n d s a n d i n f o r m s ' 
'a. a n d p s e n d a n d i n f o r m ' 
' a i s s e n t a n d i n f o r m e d ' 
'a a n d p a r e s e n t a n d 

i n f o r m e d ' 
m e a n s ' a s e n d s a n d i n f o r m s p ' o r 

' p i s s e n t a n d i n f o r m e d 
b y a ' 

'a a n d p s e n d a n d i n f o r m 
T a n d 8 ' o r 

' T a n d S a r e s e n t a n d 
i n f o r m e d b y a a n d p ' 

a 
a 
ir 
t 
a 

a 

t P 
a 
a. 

f e 

p 

t 
p 

t T. 5 

means 
means 
means 
means 

means 

means 

a n d 

a I 
a, P 4 

4 a 

4 a, p 

oc 4 P 

a , p 4 r . 

means ' a r e c e i v e s a n d i n f o r m s ' 
means ' a a n d p r e c e i v e a n d 

i n f o r m ' 
m.eans ' a i s r e c e i v e d a n d 

i n f o r r a e d ' 
means 'a a n d p a r e r e c e i v e d a n d 

i n f o r m e d ' 
means 'a r e c e i v e s a n d i n f o r m s p ' 

o r 
' p i s r e c e i v e d and 

i n f o r m e d by a ' 
means ' a a n d p r e c e i v e a n d 

i n f o r m f a n d 8 ' o r 
' f and 8 a r e r e c e i v e d a n d 

i n f o r m e d by a a n d p ' 

T h i s c o r a p l e t e s t h e e x p l a n a t i o n o f t h e o p e r a t o r s 
o f i n t e r - I n f o r m i n g f a n d 4 - I n t h e l a s t t w o 
d e f i n i t i o n s o f o p e r a t o r s f a n d 4 , i t i s 
p o s s i b l e t o p u t f \/ t a n d 4 v 4 i n s t e a d o f 

11.1.4,4. Operators of Iiiformational 
Appearance and of 
Informational Vanishing 

I n t h i s s u b s e c t i o n we s h a l l e n t e r i n t o t h e m o s t 
s u b s t a n t i a l d i s c o u r s e o f I n f o r m i n g w h i c h 
c o n o e r n s i n f o r m a t i o n a l a p p e a r a n c e a n d 
i n f o r m a t i o n a l v a n i s h i n g . I n f o r m a t i o n a l 
a p p e a r a n c e i s f o r i n s t a n c e t h e a r i s i n g o f 
c o w n t f i — i n f o r m a t i o n and t h e s r r i v i n g o f s e n a o r y 
i n f o r m a t i o n t o human c o r t i c e s . I n f o r m a t i o n a l 
v a n i s h i n g i s f o r i n s t a n c e t h e d i e i n g o f a 
b e i n g ' s m e t a p h y s i c s o r t h e c e a s i n g o f 
i n f o r m a t i o n b e c a u s e o f c e r t a i n c h a n g e s i n a n 
o u t s i d e p h e n o m e n o n . 

,DF24 
[ O p e r a t o r s ] : 
L e t u s h a v e t h e f o l l o w i n g d e f i n i t i o n o f 
t h e o p e r a t o r s o f i n f o r m a t i o n a l a p p e a r a n c e : 

L v J = ' c a u s e s _ t h e _ a p p e a r a n c e _ o f ' v 
' c a u s e _ t h e _ a p p e a r a n c e _ o f ' v 
' c o m e s _ i n t o _ e x i s t e n c e ' V 
' c o m e _ i n t o _ e x i s t e n c e ' 

I n f o r m a t i o n a , w h i c h i n f o r m s , c a u s e s t h e 
a p p e a r a n c e o f c o u n t e r - i n f o r m a t i o n u , o r 
c o u n t e r - i n f o r m a t i o n w i s c o m i n g i n t o e x i 8 t e n c e 
t h r o u g h t h e I n f o r m i n g I o f i n f o r m a t i o n a. T h u s , 

a 1= u) a L oj 

O) J a 

f a n d 4 , r e s p e c t i v e l y . 

KX5 
[ O p e r a t o r s ] : 

I t w o u l d b e v e r y u s e f u l f o r l a t e r a x i o n i a t l c 
c o n s t r u c t i o n t h a t we b e c o m e a w a r e o f t h e 
s i g n i f i c a n c e o f t h e p r e v i o u s • d e f i n i t i o n , w h i c h 
d i r e c t l y i n d u c e s t h e f o l l o w i n g a x i o m a t i c 
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formula: 

« N L u) 

((al/0A(t*a)A(a7^)A(*|c<)) :> 
((L w) A (J u)) 

This formula says the foilowing; if Information 
a informs, then counter-information u is coming 
into existence. But it is evident that this 
axiom is only partial, for we can put a more 
complete one, such as: 

((a N) v (ha)) (L w) 

F u r t h e r , we h a v e some o t h e r a x i o m a t i c 
p o s s i b i l i t i e s , fo r example: 

a L 10 
a L (O a n d 

which yields 
a h a L w 

etc. 
,DF25 

.DF24 
[Operators] 
According to [Operators]"" "', it is possible to 
define two operators of informational non-
appearance, for instance: 

'Df 'does_not_cause_the_ 
appearance_of' 

'do_not_cause_the_ 
appearance__of ' 

' does_not_come_into_ 
existence' 

'do_not_come_into_ 
exiBtence' 

In čase of these operators, for instance, the 
outside Information does not appear. It means 
that the informat i ona 1 environment is not 
delivering information which could; in the form 
of, let us say sensory Information, arrive to 
the human cortices. Also, these operators 
represent Informing which lacks the substantial 
component of Informing, namely the coming of 
counter-Information into existence. In this 
second čase we have to do with a technological 
system, which does not counter-inform (which 
does not have the component of inf ormational 
arising), but can accept i n f b rraa t i on coni i ng 
from its environment and produce information in 
a traditional way, through its algorithmic 
performing. • 

EX6 [Operators] : 
DF5 According to [Operators] it is possible 

coristruct several axiomatic formulae, as 
DF25 consequences of [Operator] . Thus, we 

have the following axiomatic presumption: 

to 
the 

a ¥ 
/ 

This formula says the following: if information 
a does not inform, then counter-information u 
is not coming into existence. However, it is 
obvious that this axiom expresses only a 
logical particulari ty , for one can put the 
following example: 

((a tt) A (|?i a)) (L u) 

F u r t h e r , we can c o n s t r u c t a n o t h e r a x i o m a t i c 
p o s s i b i l i t y , fo r i n s t a n c e : 

S e v e r a l s i m i l u r examples can be c o n s t r u c t e d . • 

The o p e r a t o r s of i n f o r r a a t i o n a l a p p e a r a n c e 
i n d i c a t e a l s o t h e b e g i n n i n g of a new p r o c e s s , 
t h e a r r i v i n g of new i n f o r m a t i o n , a n d , 
c e r t a i n l y , t h e c o m i n g of i n f o r m a t i o n i n t o 
e x i s t e n c e . In t h i s way , t h e o p e r a t o r s of 
appea rance a r e s p e c i f i c a l l y i nvo lved in t h e s o -
c a l l e d a r i s i n g of i n f o r m a t i o n or in I n fo rming . 
The o p e r a t o r s of i n f o r m a t i o n a l v a n i s h i n g a r e in 
a c e r t a i n c o n t r a d i c t i o n wi th t h e o p e r a t o r s of 
a p p e a r i n g . They i n d i c a t e t h e e n d i n g of an 
i n f o r m a t i o n a l p r o c e s s , i t s a b o l i s h i n g . In t h i s 
Kay , t h e o p e r a t o r s of v a n i s h i n g a r e 
s p e c i f i c a l l y i nvo lved in t h e s o - c a l l e d c e a s i n g 
or coming of i n f o r m a t i o n and i t s Informing t o 
an end . • 

DF26 
[ O p e r a t o r s ] : 
I t i s p o s s i b l e t o have the f o l l o w i n g d e f i n i t i o n 
of the o p e r a t o r s of i n f o r m a t i o n a l v a n i s h i n g : 

T V r = „ c a u s e s an end o f V 
Df _ _ _ 

cause_an_end_of v 
' comes_to_an_end ' v 
' come_to_an_end ' . 

In fo rmat ion a , which i n fo rms , can cause an end 
of i t s e l f (comes to an end) or of i n f o r m a t i o n 
3 . The n o t a t i o n s of t h e s e f a c t s a r e : 

o r r a a n d a T p o r p r a 

I n f o r m a t i o n a l i t e r a s a , p f , w h i c h 
inform, can cause an end of t hemse lves (come t o 
an end) o r , f o r i n s t a n c e , of i n f o r m a t i o n a l 
i t ems 5, 7), . . . , 5- The n o t a t i o n s of t h e s e 
f a c t s a r e : 

a , p , . . . , T "1 or T a , p , . . . , T 

and 

« . P I 

?, r,, 

1 

r 
?. -Oi 

EX7 
[Operators] : 

The previous definition can induce several 
consequences of axiomatic ahd theoretic nature. 
The most natural one would probably be 

a N a n 

where the operator ^ has the meaning of "if 
71 

'...', then it is possible. that '...'". In this 
formula we have to do with possible implication 
or with implication of possibility. If 
information d informs, then it is possible that 
its Informing will be stopped (or will come to 
an end). Further, 

I 1 
a 

a -1 :> 

If a is coming to an end,. then its Informing I 
a 

stops. In this čase implication ^ is necessary. 
Next, it is also possible to expres3 the 
stopping of a whole process, for example: 

(a. P, N ?, TI, . ?) -1 
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In t h i s č a se t h e p a r t i c u l a r p r o c e s s v a n i s h e s , 
while i t s i n f o r m a t i o n a l components can s t i l i 
perforni in f o r m a t i o n a l l y . • 

DF27 [Operators] : 
To t h e o p e r a t o r s of v a n i s h i n g ~\ and r i t i s 
p o s s i b l e t o d e f i n e two o p p o s i t e o p e r a t o r s , t h e 
operators of i n f o r m a t i o n a l n o n - v a n i s h i n g . I t 
can be done in t h e f o l l o u i n g way: 

^ ^ 'l D f ' does_not_cause_an_ 
end_of' 

' do_no t_cause_an_ 
end_of' 

' does_not_come_to_ 
an_end ' 

'do_not_corae_to_an_ 
end ' 

Through t h e s e two o p e r a t o r s i t i s e x p l i c i t l y 
s a i d t h a t t h e s t o p p l n g of an i n f o r m a t i o n a l 
p r o c e s s c a n n o t o c c u r i n t h i s s t a t e of 
p r o c e s s i n g . S o , t h e p r o c e s s i s f o r c e d t o 
cont inue i t s Infor ra ing . In a d e d u c t i v e t h e o r y , 
for i n s t a n c e , a we l l - fo rmed formula , which i s 
a l r e a d y a t h e o r e m , c a n be f o r c e d t o be 
d e d u c t i v e l y deve loped ( informed) to becorae a 
new theorem. F u r t h e r j a s long as s e n s o r s of a 
l i v i n g b e i n g a r e i n t a c t ( o r a r e i n f o r m i n g 
normal ly) , s e n s o r y In fo rma t ion c i s a p p e a r i n g 
c o n t i n u o u s l y ( e . g . r h y t h m i c a l l y ) , so a ~1 (ff i s 
not coming to an e n d ) . • 

EX8 [Operators] : 
By means of operators ~1 and V it is possible 
to construct some preaxiomatic forraulae. Let us 
have the following axioraatic presumption: 

a N (a 1 / "1 a) 

This formula says the following: if Information 
a informs, then Information a does not cause an 
end of itself and does not come to an end. The 
last presumption can be broadened, of course: 

((a t=) v (H a) 
((a "1 ) A (-1 a) A (r a) A (« r^)) 

In the last formula merely the čase H « was 
added to a f=. Now, we can imagine the follouing 
implication considering ali possible cases of 
Inforraing: 

a H p ({a 

(13 "1 

~l a) A {a ~l / / ') A 

^ a) A (P -1̂  (3) A 

((a t= P) 1^) (-1 (a 1= P))) 

This formula 
I n f o r m i n g c 

presumes t h a t in the p r o c e s s of 
1= S n o n e of i t s c o m p o n e n t , 

i n c l u d i n g t h e p r o c e s s of I n f o r m i n g i t s e l f , 
c a u s e s an end or i s coming to an end. • 

JI.l.4. Operators of Informational Choice 

I n f o r m a t i o n a l c h o i c e i s t h e i n h e r e n c e of 
i n f o r r a a t i o n a l s p o n t a n e i t y . I n f o r m a t i o n a l cho ice 
c o n c e r n s and p resumes t h e e x i s t e n c e and t h e 
i n f o r m a t i o n a l a r i s j n g o f i n f o r m a t i o n a l 
a l t e r n a t i v e s , among which in a given s i t i i a t i o n 
n o n e , a s i n g l e o n e , o r some of them can be 

chosen for further c o n s i d e r a t i o n of Informing. 
The c h o i c e from a c h a o s o f a l t e r n a t i v e s can 
t a k e i n t o c o n s i d e r a t i o n t h e n e c e s 3 i t y and 
p o s s i b i l i t y , a de t e rmined and an unforeseeable 
d e c i s i o n of c h o i c e , a simple ( p r e d i c a t i v e ) and 
a c o m p l e x ( i n f o r m a t i o n a l ) s e l e c t i o n o f 
i n f o r m a t i o n a l i t e m s , e t c . 

A mechanism or o p e r a t o r of c h o i c e can use i t s 
own I n f o r m a t i o n of c h o i c e , a p r e d i c a t i v e 
c r i t e r i o n by which i t d e c i d e s on t r u t h and 
f a l s i t y of a chosen e l e m e n t , an a r i s i n g and not 
a b s o l u t e l y p r e d i c t i v e mechanism of c h o i c e , e t c . 
In our d i s c o u r s e of i n f o r m a t i o n a l c h o i c e we 
s h a l l u s e o n l y two t y p i c a l i n f o r r a a t i o n a l 
o p e r a t o r s , namely, t h e s imple c h o i c e ( | ) and 
the complex cho ice (D). Further, i t would be 
p o s s i b l e t o i n t r o d u c e o p e r a t o r s of c h o i c e 
c o n s i d e r i n g f u n c t i o n s o f p o s s i b i l i t y and 
n e c e s s i t y ( fo r i n s t a n c e , I , D , I , and Q ) . 

JI 7t v v 
DF28 [Operators] : 

I n t h i s d e f i n i t i o n , t h e f o l l o w i n g s i m p l e 
i n f o r m a t i o n a l o p e r a t o r s of cho ice without and 
with p r e d i c a t i v e c r i t e r i o n w i l l be determined: 
1 , 1 , 1 , 1 , and I . Let be: 

Df 'chooses_among_alternatives' V 
'choose_araong_alternatives' V 
'is_in_the_process_of_choo8ing_ 

as_possible_alternative_(by)' V 
'are_in_the_proce3s_of_choo3ing_ 

as_possible_alternatives_(by)' 

The operator | is understood to be oriented 
frora left to right, so that one can use the 
symbol | , which unambiguou3ly shows the 
direction of the operation or | for the 
opposite direction. Thus, we get the following 
meanings: 

a I a chooses among alternatives (which are 
not specified yet); 

«. P r .... T I 
a, P, ... , T choose among alternatives 
(which are not specified yet); 

I a a is in the process of choosing as 
possible alternative by not yet 
determined Information of criteria; 

I a, P, ... , T 
a, p, ... , T are in the process of 
choosing as possible alternatives; 

a I P, T. ••• . 8 
a chooses among listed alternatives p, 
T S; 

« . P . • • • , T l ? , T , , ... , ^ 
a, P, ... , T choose among 
alternatives ^, i), . . . , ^ or 
5, T), ... , X, are in the process 
of choosing as possible alternatives 
by criteria a, p 7. 

The criteria of choosing can have the nature of 
possibility. In this čase, the criteria of 
choice can be chosen. Thus, the operator | has 

Jt 
the function of choosing possible criteria 
(from a gotierative set) and by the chosen 
criterion to choose alternatives. In contrast 
to I , the operator | has the fixed, nece8sary 

JT v 
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criteria already at a disposal and ušes them in 
a deterministic way. • 

DF29 [Operator] : 
Let us define the complex informat ional 
operator of choice in the forms of D, O i O • 
D , and D . Let be: 

D Df 
'chooses_among_alternatives_and_ 

siinultaneously_inf orms' 
'choose_among_alternatives_and_ 

simultaneously_inform' 
'is_in_the_process_of_choosing_ 

as_possible_alternative_(by_ 
criteria_.. .)_and_ 
is_siniultaneously_informed' 

'are_in_the_process_of_choosing_ 
as_possib2 e_alternatives_(by _ 
cri teria_...)_and_are_ 
siniultaneously_inf orraed' 

The consequence of this definition is that the 
operator • informs i t s a l t e rna t i ve s by i t s 
c r i t e r i a , and a lso vice versa ( i f i t i s 
universalized), during the process of choosing. 
In t h i s way, a l t e r n a t i v e s depend on the 
cr i te r ia and these depend on the alternatives 
through the Informing of the choice operator D. 
I t is usually understood that the operator D 
performs froir left to right, where the cr i te r ia 
of choice are on the left and the alternatives 
on the right of the operator. In this čase the 
notation H can be used. The notation D can be -> « -
used in the čase when positions of the cr i ter ia 
and of t h e a l t e r n a t i v e s are svapped. The 
c r i t e r i a of choosing can have the nature of 
possibility, so that they can be chosen in an 
inforraationally operative sense. Thus D has 

the meaning of free choosing the cr i ter ia in 

the čase of D ô  > for instance. In the čase of 
n 

• , the set of cr i ter ia is fixed by the l i s t of 
v 

the s o - c a l l e d necessary cho i ce - c r i t e r i on 
Information, . • 

EX9 
[Operator] : 

Let us explain the meaning of some formulae, 
using the opera to r s of the type 0. For 
instance: 

a • a (as criterion) chooses ampng 
,the alternatives (which are not 
specified yet) and informs; 

a, p , . . . , T D 
criteria a, p, ... , f choose among 
the alternatives (which are not 
defined yet) and inform; 

O a the alternative a is in the process 
of choosing as possible alternative 
by not yet determined criteria and 
is informed; 

D a, P, . • • > -r 
alternatives a, p, ... , f are in the 
process of choosing as possible 
alternatives and are informed; 

v. 
• a U ^ , Vf • • • • K 

the criterion a chooses among the 
listed alternatives ^, TJ , . . . , t,, 
where a informs and the alternatives 

are informed (and D can be 
universalized) ; 

P, ... . r D ?. T), K 
the cr i te r ia a, p, . . . , T choose among 
the listed alternatives 5, T), . . . , ^i 
where the alternatives are informed by 
the cr i ter ia and may also be vice 
versa. • 

11,1.4,6. Operators of Memorizing, Forgetting, 
and Reneuing of Information 

A memory is what is left behind when 
something happens and does not completely 
unhappen. This trace does not have to be in 
a special plače, and i t does not have to 
teli nnich ahout uhat has happened. 

Edward de Bono [8] 41 

In this subsection we šhall answer the question 
"What are memorizing, f o r g e t t i n g , and 
informat ional reneuing as informat ional 
processes, illuminated through introduction of 
specific informational operators and the i r 
operands?" What happens in an informational 
realm which is being concerned with processes 
of memorizing, forget t ing, and- renewing of 
Information? Obviously, these processes belong 
to the fundamental and s u b s t a n t i a l 
phenomenology of Informing, i . e . of the so-
called informational arising. 

DF9 
[Variablea] : 
Let us f irst discuss the informational realm of 
e n t i t i e s , i teras, p i e c e s , and u n i t s which 
c o n s t i t u t e the domain of informat ional 
operands. Let us in t roduce the not ion of 
informa t ional lump X, r ep re sen t ing a free 
informa t i ona 1 uni t with a s p e c i f i c 
informational structure. Thus, one can imagine 
tha t Information, . which informs, in fac t 
chooses, generates, changes, and maybe destroys 
lumps and connects them in a parallel raanner as 
informational en t i t ies . 

A lump X informs as Information, 
enti t ies of a lump A be a construct 

Let the 

X = A 

where 

A is the so-called preinformational 
(initial or head) part, 

X is the central (contents or meaning) 
part, and 

+ 
A is the postinformational (final or 

tail) part 

of a lump. Parts X and A connect a lump with 
other lumps, and vice versa. The 
preinformational connectedness means that the 
lump in question has arisen as a consequence 
(niotivation) of Informing on already existing 
lumpš. The postinformational :connectedness of a 
lump means that this lump represents a kind of 
semantic basis (raotivation), which contributes 
to the seinantics,. of lumps to which it is 
Gohnected. Certainly, the connectedness of 
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l u m p s c a n b e a r b i t r a r i .l.y c i r c u l a r and a r i s e s 
s p o n t a n G o u s l y . 

Lumps a s i n f o r m a t i o n a i v a r i a b l c s a n d a s g i v e n 
i n f o r r a a t i o n a l e n t i t i e s c a n b e a r b i t r a r i l y 
s u b s c r i p t e d a n d p a r t i c u l a r i z e d . A l i i m p X 
i n f o r m s i n a p a r a l l e l way and t h i s f a c t c a n be 
e x p r e s s e d s y r a b o l i c a l l y by t h e f o i J o u i n g s y s t e m : 

- * + 
X = A , A , X 
X \tp A 

This system means that during the iife of a 
lump A, it participates in connected processes 
concerning in format iona ] lumps and that it 
informs also autonomously in itself, according 
to A |t= A as a system of cooperating parallel 
processes 

A~IHA", A"||=A, A'^A'*',-

* - « * * + 
A ](-- A , A IN A , A 11= A , 

+ - + « + + 
A IN X , A IN A , A IN A 

T h e s e n i n e p a r a l l e l p r o c e s s e s c o n s t i t u t e t h e 
i n f o r r a a t i o n a l lump A a s I n f o r m a t i o n . • 

[ V a r i a b l e s ] : 
T h e n e x t n o t i o n r e l e v a n t f o r p r o c e s s e s o f 
m e r a o r i z i n g a n d f o r g e t t i n g o f I n f o r m a t i o n i s t h e 
s o - c a l l e d I n f o r m a t i o n a l t r a c e . A l u m p c a n 
p a r t i c i p a t e i n s e v e r a ! t r a c e s . A t r a c e T i s an 
i n f o r m a t i o n a l 1 y c o n n e c t e d s e t o f l u m p s 
A , A A , t h u s 

1 2 n 
T = A , A . . . , A 

1 2 n 
The c o n n e c t e d n e s s of lumps i n a t r a c e i s 
c o n d i t i o n e d by t h e i r h e a d a n d t a i l p a r t s , 

+ 
A a n d A , r e s p e c t i v e l v . M e m o n z i n g m e a n s t o 

1 1 + _ 

p r o c e e d t h r o u g h t h e A - p a r t of a lump t o t h e A 
- p a r t o f a n o t h e r ( n e x t ) l u m p t o v i h i c h t h e 
p r e v i o u s lump i s i n f o r m a t i o n a l l y c o n n e c t e d . 
S u c h a p r o c e e d i n g i s p o s s i b l e a l s o i n t h e 
o p p o s i t e d i r e c t i o n , frora t h e A - p a r t o f a lump 

t o t h e A - p a r t o f a p r e v i o u s l u m p . T h e 
c o n n e c t e d n e s s o f t h e t a i l a n d t h e h e a d p a r t s i s 
b i - d i r e c t i o n a 1 , s o , i n t h e p r o c e s s e s o f 
m e m o r i z i n g I n f o r m i n g c a n b e p e r f o r m e d i n b o t h 
d i r e c t j o n s . T h i s s t r u c t u r e of t h o t r a c e i s an 
a b s t r a o t c o n s t r u c t . i o n . T h e r e c o u l d be many h e a d 
a n d t a i l p a r t s i n a t r a c e f o r i t s b a c k w a r d and 
f o r w a r d c o n n e c t i o n s t o o t h e r t r a c e s . 

T h e t r a c e a s I n f o r m a t i o n i n f o r m s i n i t s e l f . 
T h i s I n f o r m i n g c a n be d e s c r i b e d by t h e p a r a l l e l 
s y s t e m 

m e m o r i z i n g n e t . M e m o r i z i n g means t h e a p p e a r a n c e 
of c o n n e c t i v e I n f o r m a t i o n w i t h t h e a r i s i n g o f 
thr . c o n t e n t s wh ich s u b j e c t t h e c o n n e c t e d n e s s . 
F o r g e t t i n g means t h e \ - a n i s h i n g of • c o n n e c t i v e 
i n f o r m a t i o n w i t h t h e c h a n g i n g ( a l s o a r i s i n g ) o f 
t h e c o n t e n t s i n i n f o r m a t i o n a 1 l u m p s . I n 
,t!('nfTnl , I n f o r m i n g o f i n f o r m a t i o n i s n o t h i n g 
m 11 r- e t h a n a p p e a r i n g a n d v a n i s h i n g o f 
i n f o r m a t i o n w i t : h i n t h e c o n n e c t e d i n f o r r a a t i o n a l 
p n t i t i e B . • 

In g e n e r a l , m e m o r i z i . n g " c a n b e u n d e r s t o o d t o 
h a v e two c o m p o n e n t s : m e m o r i z i n g a s w r i t i n g 
( i m p r e s s i n g , i m p r i n t i n g ) o f i n f o r m a t i o n t o a 
m e m o r y t r a < ; e ( e n g r a m i n f o r m a t i o n ) a n d 
m e m o r i z i n g a s r e a d i n g ( r e c a l l i n g , r e m e m b e r i n g ) 
of i m p r e s s e d i n f o r m a t i o n frora a memory t r a c e . 
The c o r r e s p o n d i n g i n f o r r a a t i o n a l o p e r a t o r s o f 
i m p i - e s s i n g a n d r e c a l l i n g w j l l be s u b s c r i p t e d by 
m_w ( m e m o r y _ H r i t i n g ) and ra_r ( m e m o r y _ r e a d i n g ) , 
r e s p e o l ' . i \-e] y . 

DKSO 
I O p e r a t o r s | : 
M e m o r i z i n g m e a n s i n f o r r a a t i o n a l m a p p i n g o r 
i n f o r m i n g o f i n fo rnia t i o r\ cr i n t o a t r a c e T . 
M e r a o r i z i r \ g i s a I t i n d o f e m b e d d i n g o f 
i n f o r m a t i o n i n t o a n o t h e r i n f o r m a t i o n , i s a n 
o p e r a t i o n o f i n f o r r a a t i o n a l i m p r e s s i n g o r 
w r l t i n g and con be r o p r e s e n t e d by t h e o p e r a t o r 

IN v =11 
m w m w Df 

'is_impressed_in' v 

'are_impressed_in' v 

'is_an_impression_of' v 

' are__impressions_of' 

The inforraational operators |N and 4 
m_w m_w 

represent the adequate parallel Informings 
concerning the impressing of one or several 
inforraational entities in a trace or traces. 

,EX10 
lOperators] : 

From the previous definition of the raemory 
writing operator we have, for instance: 

cr IN information 
m w o- is impressed in (a 

trace not yet identified); 

thn inf ormationai entities cr , <j , 
1 2 

... , :T are impressed in (traces not 
m 

yet identified); 

IN T the trace T is an impression of 
(information not vet identified); 

^2 \ 
T IN T 

DF 1 1 
[VariablesJ 

A memorizing net is a parallel inforraational 

system of informational traces. Thus, for a net 

v we have: 

v = T^, T^, 

V IN V 

¥ T . T . 
m w I 2 

. o- N= 

the informational traces T , T , ... , 
1 2 

T ar(-' impressions of (informational 

n 
e n t i t i e s n o t y e t i d e n t i f i e d ) ; 

i n f o r m a t i o n !r i s i m p r e s s e d i n t h e 
t r a c e T o r t h e t r a c e T i s a n 
i m p r e s s i o n o f i n f o r m a t i o n u; 

M e m o r i z i n g and f o r g e t t i n g i s n u n i q u p p r o c e s s 
o f i n f o r m a t i o n a l af>poarMni:(! and v a i i i s h i r i g i n a 

file:///-anishing
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T 11= T 
m m w 

t h e i n f o r m a t i o n a l e n t i t i e a cr , a , 
1 2 

. . . , T a r e i m p r e s s e d i n t h e troJDe T 
m 

o r t h e t r a c e T i s a n i m p r e s s i o n o f 
i n f o r m a t i o n a l e n t i t i e s tr , a , . . . , 
& ; j n t h i s č a s e t h e i n f o r m a t i o n a l 

m 
e n t i t i e s < r , < r , . . . , CT a r e 

I Z m 
c o n d e n s e d a s i m p r e s s i o n s i n t h e t r a c e 
T ; we c a n s a y t h a t t h e i n f o r m a t i o n a l entities o- , c , I <j are 

m 
condensible memorized in the trace T; 

<̂  11= T , T , 
m w 1 2 

operators' particularI za t i on is used. We have 
the fnl.lowirig def i nit.ion : 

!fc v HI 
m r m r nr recalls' v 

recall' V 
is_recalled_from' v 
are recalLed from' 

The informational o.perators ||= and 4 
m_r m_r 

r e p r e s e n t t h e a d e q u a t e p a r a l l e l I n f o r m i n g s 
c o n c e r n i n g t h e r e c a l l i n g ( r e a d i n g ) o f 
I n f o r m a t i o n i m p r e s s e d i n memory t r a c e s . • 

,^ ^ ,EX11 
[ O p e r a t o r s J : 

L e t lis looU a t t h e m o s t g e n e r a l e x a m p l e o f 
r e c a l l i n g I n f o r m a t i o n by means o f t h e o p e r a t o r 

. 4 •• 

I n f o r m a t i o n a i s i m p r e s s e d i n t h e 
t r a c e s T , T , . . . , T o r t h e t r a c e s 

1 2 n 
T , T , . . . , T a r e i m p r e s s i o n s of 

1 2 n -
i n f o r m a t i o n a ; i n t h i -s č a s e 
I n f o r m a t i o n c i s d i s t r i . b u t e d ] . y 
m e m o r i z e d i n t h e i n f o r m a t i o n a l t r a c e s 

• 1 C . 1 2 

r 2' 
1 T ; 

n 

1 2 m m w 1 2 

t h e i n f o r m a t i o n a l e n t i t i e s cr , cr , 
. . . , a a r e i m p r e s s e d i n t h e t r a c e s 

" l - " 2 ' 
i n t h i s . č a s e , t h e 

entities CT , cr , 1 2 

informational entities <7 , cr •, ... , 
<7 are distributed as impressions over 

m 
t h e t r a c e s T , T , . . . ' , T , 

1 2 n 
i r r e s p e c t i v e of t h e v a l u e s o f m and n ; 
we c a n s a y a l s o t h a t t h e i n f o r m a t i o n a l 

, (T a r e 
m 

d i s t r i b u t i v e l y m e m o r i z e d i n t h e 
i n f o r m a t i o n a l t r a c e s T ', T , . . . , T . 

1 2 n 

T h i s e x a m p l e c o m p l e t e s t h e p o s s i b i 1 i t i e s o f 
u s i n g t h e memory w r i t i n g i n f o r m a t i o n a l 
o p e r a t o r |t= . Fo r t h e i n f o r m a t i o n a l o p e r a t o r 

m_w 
4 we c a n show s i m i l a r f o r m u l a e . • 

m_w 

I n f o r m a t i o n w h i c h i s m e m o r i z e d i n i n f o r m a t i o n a l 
t r a c e s c a n b e r e c a l l e d ( r e m i n d e d , r e m e m b e r e d , 
r e c o l l e c t e d ) ' f rom i n f o r m a t i o n a l t r a c e s by means 
o f p a r t i c u l a r i n f o r m a t i o n a l o p e r a t o r s . H o w e v e r , 
i t , i s t o s t r e s s t h a t d u r i n g m e m o r i z i n g o f 
i n f o r m a t i o n i n i n f o r m a t i o n a l t r a c e s t h i s 
I n f o r m a t i o n i s s u b j e c t e d t o t h e I n f o r m i n g o f 
t r a c e s a n d t o t h e I n f o r m i n g o f a r r i v i n g 
i n f o r m a t i o n u h i c h c o n c e r n s i n f o r m a t i o n 
m e m o r i z e d i n t r a c e s . I t means t h a t d u r i n g t h e 
m e m o r i z a t i o n of ' i n f o r m a t i o n i n t r a c e s t h i s i s 
c h a n g e d a n d i s r e g u l a r l y a r i s i n g - w i t h i n 
i n f o r m a t i o n a l p r o c e s s e s i n t r a c e s . T h i s 
c h a n g i n g a n d a r i s i n g of i n f o r m a t i o n d u r i n g i t s 
m e m o r i z a t i o n i n t r a c e s c a n b e c a l l e d t h e 
i n f o r m a t i o n a l f o r g e t t i n g . 

DF31 
[ O p e r a t o r s ] : 
I n f o r m a t i o n , m e m o r i z e d i n a t r a c e o r s e v e r a l 
t r a c e s , c a n b e r e c a l l e d ( r e c o l l e c t e d ) by means 
o f p a r t i c u l a r i n f o r m a t i o n a l o p e r a t o r s . 
R e c a l l i n g o f i n f o r m a t i o n means i t s r e a d i n g from 
m e m o r y t r a c e s , s o t h e s u b s c r i p t ra_r f o r 

m m w 1 2 

the informational entities <T , C-« 
... , cr are recalled from the raemory m 

, T or the memory n 
, T recal1 the 

traces r , T , 1 2 
tracM^s T , T 

n 
informational entities cr , a , ... , 
cr ; in this čase information impressed m 
in the memory traces is delivered in 
the form of informational entities cr , 

1 

F o r g e t t i n g o f i m p r e s s e d i n f o r m a t i o n c a n b e 
u n d e r s t o o d a s n o t h i n g e l s e b u t I n f o r m i n g o f 
memory ' t r a c e s by s i m i l a r , o u t w a r d i n f o r m a t i o n , 
a n d I n f o r m i n g i n t h e s e n s e o f i n f o r m a t i o n a l 
d e c a y o f m e m o r y t r a c e s b y t h e m s e l v e s . T h e 
c o n s e q u e n c e . of s u c h I n f o r m i n g s i s t h e c h a n g i n g 
a n d a r i s i n g o f o r i g i n a l l y i m p r e s s e d 
i n f o r m a t i o n . 

DF3Z 
[ O p e r a t o r s ] : 
L e t u s d e f i n e t h e f o l l o w i n g two i n f o r m a t i o n a l 
o p e r a t o r s of f o r g e t t i n g : 

|f= v HL = „ ' d i s i n t e g r a t e s _ a n d _ 
i n f o r m s ' v 

' d i s i n t e g r a t e _ a n d _ i n f o r m ' V 
' i s _ d i s i n t e g r a t e d _ a n d _ i s _ 

i n f o r m e d ' v 
' a r e _ d i s i n t e g r a t e d _ a n d _ 

a r e _ i n f o r m e d ' 

I n f o r m a t i o n a l f o r g e t t i n g i s c o n d i t i o n e d b y 
d i s i n t e g r a t i on ( d e c o m p o s i n g , l o s i n g , f o r g e t t i n g 
g r a d u a l l y ) a n d I n f o r m i n g ( b y n e w i n c o m i n g 
i n f o r m a t i o n ) o f i m p r e s s e d i n f o r m a t i o n . I f 
i n c o m i n g i n f o r m a t i o n i n f o r m s i m p r e s s e d 
i n f o r m a t i o n , t h i s k i n d of I n f o r m i n g r e p r e s e n t s 
a form of i m p r e s s i n g of i n c o m i n g i n f o r m a t i o n . • 

,EX12 [ O p e r a t o r s ] : 
As ue h a v e d e f i n e d , t h e p r o c e s s of f o r g e t t i n g 
i s i n f l u e n c e d by two c o m p o n e n t s : t h e d e c a y i n g 
o f i m p r e s s e d i n f o r m a t i o n b y i t s e l f a n d t h e 
m e m o r i z i n g ( i m p r e s s i n g ) o f i n c o m i n g 
i n f o r m a t i o n . Tn t h i s r e s p e c t f o r g e t t i n g i s a 
p a r a l l e l i n f o r m a t i o n a l p r o c e s s , f o r i n s t a n c e , 

" ^ f 
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This process can be decoraposed into the system forgetting, and renewing of information. 

or into a simiiar parallel informational system 

II. 1.'1.7. Opera tors of In f ormational 
Interrupt and Breakdown 

d i s 
r( \h T 

m w 

w h e r o t h e o p o r n t o r s of d i a i n ( o g r n I. i o n 
{ d e c a y i n g ) and i m p r e s s i n g n r e u s e d . The 
in f ormaLionii J vu r i i ib l e T r<!preKonLs ii iiiemoi'y 
t r a c e or a n e t of such t r a c e s . • 

The n o t i o n we have to i n t r o d u c e n e x t i s t h e 
i n f o r m a t i o n a l s i m i l a r i t y . M e m o r i z i n g and 
f o r g e t t i n g a s i n f o r m a t i o n a l p r o c e s s e s h i d e 
i n f o r m a t i o n a l s i m i l a r i t y in t h e i r backgrounds . 
S i m i l n r i t y of i n f o r m a t i o n r e p r e s e n t s one of the 
b a s i c r e i a t i o n s , s i r a i i a r l y t o i n f o r m a t i ona ] 
d i f f e r e n c e . To be s i m i i a r means to be d i f f e r e n t 
t o some e x t e n t and d i f f e r e n t m e a n s t o be 
s i m i i a r t o some e x t e n t . 

DF33 
[Ope ra to r s J : 
Let us have t h e fo l l owing d e f i n i t i o n : 

Df 
'informs_similarly' v 

'inform_similarly' v 

'is_informed_similarly' v 

'are_informed_similarly' 

As usually, this operator (relation) can be 
bi-directional, for instance .*. or .". for 

-* <-
Informing frora the left_ to the right or vice 
versa, respectively. The operator of similarity 
can be understood to be symmetric, so, for 
example, 

Similarity is a substantial condition of 
memorizing, forgetting, and renewlng of 
Information. • 

DF34 
[OperatorsJ : 
Renewing of Information belongs to the so-
called cyclical parallel Informing. Its general 
informational operators could be discussed in 
Section II. 1.5. Renewing of Information informs 
in cycles composed of simultaneous impressing, 
recalling, and forgetting. In this process new 
Information is entering (informing) memory 
traces. Thus, the operator of renewing |f= can 

rnw 
be defined by the parallel informational system 
in the following way: 

<r h 
Df 

T IN 

T , <^ IN T^. 
m w 

T, 

In this system 

m_r 

was replaced by |N 

<y INp T 

simiiar way it is possible to define the 

o p e r a t o r =|| In t h e p r o c e s s of i n f o r m a t i o n a l 

r e n e w i n g T has t h e i n t e n t i o n t o r e c o n s . t r u c t 
some I n f o r m a t i o n w h i c h c o n t r i b u t e d t o t h e 
fo rma t ion of the t r a c e T . In t h i s p r o c e s s t h e r e 
c a n be a d d i t i o n a l i n f l u e n c e frora s e n s o r y 
I n f o r m a t i o n o- which c u r r e n t l y e n t e r s i n t o t h e 
i n f o r m a t i o n a l system in q u e s t i o n . • 

In t h i s s u b s e c t i o n we h a v e n o t been d e a l i n g 
w i t h o p e r a t o r s of t h e t y p e s \\/ and 4 > 
p a r t i c u l a r i z i n g them for i m p r e s s i n g , r e c a l l i n g . 

At a c e r t a l n p o i n t of the p r o c e s s of Informing, 
i t i s p o s s i b l e In s a y t h n i . t h e c u r r e n t 
I n f o r m i n g o I" ( o r i g i n a l . ) i n f o r m a t i o n was 
i n l.crriipl.od th tough tlu! s o - c a l l c d i n t e r r u p t i n g 
In format ion and t h n t a f t o r i n t e r r u p t i n g a new, 
t ii e s o - C u 1.1 e d b r o a k p o i n t I n f o r m a t i o n t a k e s 
ooritfnl itvf-v the pro<:ess of Informing u i t h i n 
t h e o r i g i n a l I n f o r m a t i o n . I f t h e new 
in fo rmat ion i s t v p i c a l l v c o u n t e r - i n f o r m a t i o n a l , 
t h a t i s o p p o s i t e and i inexpected in r e s p e c t t o 
thc^ o r i g i n a l , interiMipted i n f o r m a t i o n , then the 
iiow Infotmiiig i s c a j l n d l)reakdown. A breakdown 
a s i n f o r m a t i o n i n f o r m s i n t h e o p p o s i t e , 
e s s e n t i a l l v new s e n s e , h o w e v e r s t i l i 
c o n s i d e r i n g the i n t e r r u p t e d i n f o r m a t i o n . The 
i n t e r r u p t i n g i n f o r m a t i o n , w h i c h c a u s e s 
i n t e r r u p t i n g of the govern ing i n f o r m a t i o n , can 
be c o u n t e r - i n f o r m a t i o n a l o r o u t s i d e -
i n f o r r a a t i o n a l . 

In o u r d i s c o \ i r s e we h a v e i d e n t i f i e d t h r e e 
i n f o r m a t i o n a l e n t i t i e s and t h e i r I n f o r m i n g s : 
the o r i g i n a l ( i n t e r r u p t e d ) , t h e i n t e r r u p t i n g , 
and the breakdown i n f o r m a t i o n . In a p r o c e s s of 
I n f o r m i n g , t h e p h e n o m e n o n of i n t e r r u p t i n g 
o r i g i n a l i n f o r m a t i o n and then Informing by t h e 
s o - c a l l e d breakdoi-rn i n f o r m a t i o n i s c a l l e d t h e 
informational turn. This t u rn b r i n g s i n t o t h e 
Informing of i n fo rma t ion a new i n f o r m a t i o n a l 
c i r c u l a r i t y and s p o n t a n e i t y which r e g e n e r a t e s 
and r eneus p r e v i o u s ( o r i g i n a l ) i n f o r m a t i o n . The 
i n f o r m a t i o n a l t u r n i s one of t h e e s s e n t i a l 
e v e n t s in the c o n t e x t of c o u n t e r - i n f o r m a t i o n 
and c o u n t e r - i n f o r m i n g . However, t h e t u r n i s not 
only a new c i r c u l a r i t y ; through s p o n t a n e i t y i t 
i s a l s o a new i n f o r m a t i o n a l q u a l i t y , a new kind 
o f i n f o r m a t i o n . The c o n d i t i o n f o r t h e 
i n f o r m a t i o n a l t u r n i s t h e a p p e a r a n c e - of an 
i n t e r r u p t and a breakdown. Let us now d e f i n e 
some o p e r a t o r s of t h e s e types of In fo rming . 

[ O p e r a t o r s ] : 
L e t us h a v e t h e f o l ] o w i n g d e f i n i t i o n 
i n f o r m a t i o n a l o p e r a t o r s of i n t e r r u p t i n g : 

f o r 

IN. v 4. 
i r 1 r Df 

' i n t e r r u p t s ' V 
' i n t e r r u p t ' v 
' i s _ i n t e r r u p t e d ' V 
' a r e _ i n t e r r u p t e d ' 

F u r t h e r , l e t t h e o p e r a t o r s of i n f o r m a t i o n a l 
breakdown be de f ined as f o l l o w s : 

v II 
bdw bdw Df 

'brenks down' V 

'break_down' v 

'is_broken_down' v 

'are broken down' 

These operators constitute the possibility of 
examinatLon of the so-called phenomenology of 
informational turn. • 

KX13 
[Operators] : 

Let n be the original, n the interrupting, and 
3 the breakdonn information. For the sake of 
this example, let [i. be the so-called 
metaphysics, i.e. the informational entirety of 
a living being. Let us have the folloning 
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parallel informational s.vstem: 

t IN. H . i r 
P C ( n , 7c) 

p 1 H lt= p . H , • 

A 

(a b e i n g ' s c o n t e m p l a t i o n ) 

( i n t e r r u p t i o n of c o n t e m p l a t i o n ) 

baw 
<P b r e a k s down (.i) 

(p and ti inform mutua l l y ) 

(however, p informs dominan t ly ) 

In t h e t h i r d l i n e of t h e above system C means 

t h a t p i s i n f o r m a t l o n a l l y embedded (C) by e i n 
p: and in it ( i n t e r r u p t i n g I n f o r m a t i o n ) . • 

TI.1.4.8. Operators of Informational Enriching 

The e n r i c h i n g of i n f o r m a t i o n d o e s n o t mean 
merely the accumula t ion of v a r i o u s i n fo rma t ion 
b u t a l s o , and above a l i . , t h e i n f o r m a t i o n a J 
c o n n e c t e d n e s s of the e x i s t i n g i n f o r m a t i o n . Rich 
i n f o r m a t i o n i s cha rac t . e r i s t i c a 11 v in terwoven 
and informs in an i n f o r m a t i o n a l l y i n t e r a c t i v e 
way. A s c i e n t i f i c d i s c i p l i n e , for i n s t a n c e , can 
be unde r s tood as i n f o r m a t i o n which through i t s 
s c i e n t i f i c a r i R i n g e n r i c h o s i t s e l f . The a r r s i n g 
of i n f o r m a t i o n a l c o n n e c t e d n e s s means t h e 
a r i s i n g of new i n f o r m a t i o n a l r e l a t i o n s , forming 
new c o n n e c t e d n e s s , which d e l i v e r s a d d i t i o n a l 
s c i e n t i f i c u n d e r s t a n d i n g . In t h e p r o c e s s of 
i n f o r m a t i o n a l e n r i c h i n g , i n f o r m a t i o n a l q u a n t i t y 
and i n f o r m a t i o n a l q u a l i t y a r i s e . U n d e r 
i n f o r m a t i o n a l q i j a l i t y a l s o t h e a r i s i n g of a new 
m e a n i n g and d i v e r s i t y of m e a n i n g s c a n be 
u n d e r s t o o d . 

C o n s e q u e n t l y , t h e i n f o r m a t i o n a l e n r i c h i n g 
conce rns the a r i s i n g of q u a l i t y and quant i , ty of 
i n f o r m a t i o n i n p a r a l l e l ( c o n c u r r e n t l y , 
s i m u l t a n e o u s l y , and in an i n t e r w e a v i n g fo rm) . 
The i n f o r m a t i o n a l q i j a n t i t y a l o n e may n o t 
n e c e s s a r i l y c o n t r i b u t e t o an e s s e n t j a l 
e n r i c h i n g of i n f o r m a t i o n . P a r a l l e l and p a r a l l e l 
c y c l i c a l In formings maybe the most n a t u r a l waya 
of i n f o r m a t i o n a l e n r i c h i n g . I t i s of c o u r s e 
p o s s i b l e t o c o h c e p t u a l i z e v a r i o u s p a r t i c u l a r 
and u n i v e r s a l o p e r a t o r s of i n f o r m a t i o n a l 
e n r i c h i n g , wi th t h e aim to s tudy g e n e r a l and 
s p e c i a l methods and t h e o r i e s of i n f o r m a t i o n a l 
e n r i c h i n g and i t s i n f o r m a t i o n a l a r i s i n g . 
O p e r a t o r s of e n r i c h i n g can cause t h e a r i s i n g of 
measures and c r i t e r i a of i n f o r m a t i o n a l q u a n t i t y 
and i n f o r m a t i o n a l q u a l i t y of i n f o r m a t i o n and 
i n f o r m a t i o n a l p r o c e s s e s . 

I I . 1 . 5 . O p e r a t o r s of P a r a l l e l C y c l i c a l 
Informing 

In t h i s s e c t i o n we s h a l l j o i n and deve lop t h e 
c o n c e p t s exposed in S e c t i o n s I I . 1.3 ( O p e r a t o r s 
Concerning the I n f o r m a t i o n a l Cycle) and I I . 1 . 1 
( O p e r a t o r s R e p r e s e n t i n g t h e G e n e r a l Type of 
P a r a l l e l I n f o r m i n g ) . In t h i s s e c t i o n , t h e 
p h i l o s o p h y of i n f o r m a t i o n w h i c h h a s b e e n 
d e v e l o p e d , c o m e s t o q u e s t i o n s s u c h a s t h e 
f o l l o w i n g : I s p a r a l l e l I n f o r m i n g among 
d i f f e r e n t in fo t ;mat iona l c y c l e s a t a l i p o s s i b l e ? 
Are i n f o r m a t i o n a l c y c ] e s c o n c e p t u a l i z e d in 
p r i n c i p l e and in a concea led manner aa t i m e -
d e p e n d e n t s e q u e n c e s o r c a n t h i s t i m e -

d o g m u t i c a l , c a u s a l , o r i f - t h o n - p r i n e i p l e d 
g i i m p s e be s u r p a s s e d i n f o r m a t i o n a l l y ? I s i t 
p o s s i b l e t o v i e« a sequence of i n f o r m a t i o n a l 
c y c l e s a s a complex i n f o r m a t i o n a l p r o c e s s , 
which h i d e s i n f o r m a t i o n a l p a r a l l e l n e s s among 
d i f f e r e n t i n f o r m a t i o n a l c v c l e s ? Does t h i s 
c o n c e p t e x c e e d t h e p o s s i b i l i t i e s of 
i n f o r m a t i o n a l p r o c e s s i n g in a l i v i n g organism 
and in a t e c h n o l o g i c a l machine because of t h e 
s o - c a l l e d tirne b a r r i e r ? 

I n t h i s s e c t i o n we s h a l l n o t b l o c k o u r 
d i s c o u r s e and the development of a t h e o r y of 
p a r a l l e l I n f o r m i n g by t h e u s e of •any t i m e -
d o g m a t i c a l b a r r i e r . ; T h u s , we s h a l l a l l o w 
p a r a l l e l I n f o r m i n g a l s o among d i f f e r e n t 
i n f o r m a t i o n a l c y c l e s . We could sav t h a t tirne in 
t h i s d i s c o u r s e w i l l f u n c t i o n a s a n y o t h e r 
r e g u l a r i n f o r m a t i o n , which i s , in i t s n a t u r e , 
c a u s a l , c o n s e c u t i v e , s e q u e n t i a l , s e r i a l , e t c . 
We s h a l l n o t a c c e p t a c o n c e p t of an 
i n f o r m a t i o n a l c v c l e a s t i m e - d e p e n d e n t 
constT-uct ion ' among c y c l e s in an i n f o r m a t i o n a l 
p r o c e s s , but as i n f o r m a t i o n a l p r o c e s s in i t s 
e n t i r e t y and i t s i n f o r m a t i o n a l t e m p o r a l i t y . 

m''36 
[ O p e r a t o r s ] : 
Two g e n e r a l o p e r a t o r s ( o p e r a t i o n a l v a r i a b l e s ) 
f o r e x p r e s s i n g t h e p a r a l l e l n e s s of t h e 
i n f o r m a t i o n a l c y c l o can be i n t r o d u c e d by t h e 
fo l l owing d e f i n i t i o n : 

It- v HI 
Df 

' i n f o r m s _ i n _ p a r a l l e l _ i n _ a _ 
s i n g l e _ i n f o r m a t i o n a l _ c y c l e ' 

' inform_ i n _ p a r a l l e l _ i n _ a _ 
si ng le i n f o r m a t i o n a l _ c y c l e ' 

' i s _ i n r o r m e d _ i n _ p a r a l l e l _ i n _ a _ 
s i n g l e _ i n f o r m a t i o n a l _ c y c l e ' 

' a r e _ i n f o r m e d _ i n _ p a r a l l e l _ i n _ a _ 
s i n g l e _ i n f o r m a t i o n a l _ c y c l e ' 

Ttiis, def in i t i o n means t h a t a p r o c e s s w i t h i n an 
i n f o r m a t i o n a l c y c l e i n f o r m s i n t o o t h e r 
p r o c e s s e s of i t s own c y c l e and i n t o t h e 
p r o c e s s e s of o t h e r i n f o r m a t i o n a l c y c l e s , and i s 
informed from t h e j j roces ses of i t s own and from 
o t h e r i n f o r m a t i o n a l c y c l e s . I t i s t o u n d e r s t a n d 
t h a t o p e r a t o r s |l- and HI can be p a r t i c u l a r i z e d 
and u n i v e r s a l i z e d a c c o r d i n g t o t h e n e e d s of 
t h e i r a p p l i c a t i o n . F u r t h e r , i t i s t o comprehend 
t h a t s i m i l a r l y t o S e c t i o n I I . 1.4 
( p a r t i c u l a r i z e d ) p a r a l l e l i n f o r m a t i o n a l 
o p e r a t o r s of non- In fo rming , u n i v e r s a l i z a t i o n , 
p o s s i b i l i t y , n e c e s a i t y , t r a n s f e r , a p p e a r a n c e , 
v a n i s h i n g , c h o i c e , m e m o r i z i n g , f o r g e t t i n g , 
r e n e w i n g , i n t e r r u p t i n g , b r e a k d o w n , a n d 
e n r i c h i n g of i n f o r m a t i o n can be c o n s t r u c t e d . • 

DF37 
[Operators] : 
Let us define the usual universalization of the 
parallel cyclical operators in the previous 
definition as 

HI 
Df 

Df 

3 ( l h , 

3 (HI, 

H I ) . ( l i 

l i - ) . ( HI 

HI) 

Ih) 

a n d 

In the first expression, the operator HI is the 
so-called parallel, cyclical feed-back operator 
(which is subordinated to the mairi operator |h); 
so is IH in the second expression (which is 
subordinated to the ma i n operator HI). We can 
again introduce 
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Df 

.DF38 

and .DFIl 
Df 

[Operators] 
As a contrary to the operators ||- and -\\, two 
parallel cyclical metaoperators (informational 
variables) of parallel cyclical non-Inforraing 
can be introduced by the following definition: 

||/ v 4 - 'does_not_inform_in_a_ 

p a r a l l e l - c y c l i c a l _ w a y ' v 
' d o _ n o t _ i n f o r m _ i n _ a _ 

p a r a l l e l - c y c l i c a l _ w a y ' v 
' i s _ n o t _ i n f o r m e d _ i n _ a _ 

p a r a l l e l - c y c l i c a l _ w a y ' v 
' a r e _ n o t _ i n f o r m e d _ i n _ a _ 

p a r a l l e l - c y c l i c a l _ w a y ' 

I f I n f o r r a i n g i s n o t B i m u l t a n e o u s l y p a r a l l e l a n d 
c y c l i c a l , i t c a n s t i l i be g e n e r a l l y p a r a l l e l o r 
g e n e r a ] l y c y c ] i c a ] . The o p e r a t o r s p and 4 c a n , 
f o r i n s t a n c e , h i n d e r t h e p a r a l l e l n e s s i n 
c y c l i c a l I n f o r m i n g , c y c l i c i t y i n p a r a l J. e l 
I n f o r m i n g , o r b o t h o f t h e s e t y p e s of I n f o r m i n g 
w i t h i n g e n e r a l I n f o r m i n g . • 

DF39 
[ O p e r a t o r s ] : 
As i n t h e d e f i n i t i o n s of g e n e r a l , c y c l i c a l , a n d 

DF6 
p a r a l l e l t y p e s o f o p e r a t o r s ( [ O p e r a t o r s ] , 

D F 1 3 D F 1 8 
[ O p e r a t o r s ] , a n d [ O p e r a t o r s ] , 
r e s p e c t i v e l y , i t i s p o s s i b l e t o d e f i n e t h e 
f o l l o w i n g f o u r c a s e s o f c o m p l e x p a r a l l e l 
c y c l i c a l o p e r a t o r s a n d t o e x - p l a i n t h e i r 
m e a n i n g : 

Ih 
4 

.Jk 

Df 

"Df 

~Df 

"of 

3(11-, . (Ih A HI) 

.(11̂  A 4) 

.3{H1, P). (4 A 11̂ ) 

3(>il, t).(4 A Ih) 

The s h o r t - f o r m n o t u t i o n of t h e s e o p e r a t o r s c a n 

/ • „ / * 
b e Ih' , Ih I 4' I a n d 4 , r e s p e c t i v e 1 y . T h e 
o p e r a t o r s i n c o m p l e x d e f i n i t i o n s c a n b e 
p a r t i c u l a r i z e d n o n - u n i f o r m l y , f o r i n s t a n c e , a s 
p a r a l l e l c y c l i c a l c o u n t e r - I n f o r m i n g a n d 
p a r a l l e l c y c l i c a l o n i b c d d i n g . Tho n e x t s t o p of 
\in i v o r s a l i ^a t i on o r oomp 1 o>ca t. i on wou 1 d ho t o 
c o m p l e x t h e a l r e u d v c o i n p l e x e d o p e r a t o r s . • 

DF40 
[ O p e r a t o r s ] : 
Two c o m p l e x i n f o r m a t i o n a l o p e r a t o r s of a š t r l e t 
p a r a l l e l c y c l i c a l n o n - I n f o r m i n g c a n b e d e f i n e d 
i n t h e f o l l o w i n g m a n n e r : 

Ih 

HI 

4 
Df 

Df 

3{|h, HD.dh A 4) 

3(HI, ¥).(4 A Ih) 

and 

a n d HI , These operators can be marked by |h 
respectively. Obviously, these coraplex parallel 
cyclical operators can be reduced to |h and 4- • 

[Operators] 

According te 

operators of counter-Informing and embedding 
can be defined. It is to understand that |h and 

Ih are parallel within an informational cycle. 
E 

We can list the follouing four definitions 
concerning the informational cycle: 

DF] 2 
According to [Operators] , parallel cyclical 

II- V 4 
C C nf 

Df 

Ih v HI 
E E Df 

It'. V H L Df 

'counter-inforras_cyclically_ 

Ln_pnrn]leJ' 

'counter-inform_cyclically_ 

in_parallel' 

'i s_counter-informed_ 

ovci ica11y _in_parallel' 

'are_counter-informed_ 

i:ycl i ca 1.1 y_in_parallel' 

' does_r\ot_counter-inf orm_ 

C yr1 i C a1 1 v _ i n _pa r a11e1' 

'do_not_counter-inform_ 

oyclically_in_parallel' 

'i s_not_counter-informed_ 

cyclica 1ly_in_parallel' 

' are_not coun ter- inf ornied_ 

cyclioa12 y_in_parallel' 

'ombeds_cyclioal1y_in_ 

parallel' 

'embed_cyclically_in_ 

parallel' 

'j s_embedded_cyclically_in_ 

parallel ' 

'are_embedded_cyclically_in_ 

parallel' 

'does_not_embed_cyclically_ 

in_parallel' 

'do_not_embed_cyclically_ 

i n_parallel' 

' i s not nmboHded cyo V i cal ly__ 

i n_parallel' 

'are_not_embedded_ 

c y c l i en 1ly_ i n _ p a r a l i e l ' 

Rer(!r('nc<!K 

[ 8 ] E. d e B o n o : The A/ec/in/)i.<:m.«; of Ninci. P e n g u i n 
B o o k s , 11 a r m o n d a IV o C t h , M J d d L e s e x , E n g 1 a n d 
( R e p r i n t e d 1977 ) . 

[ 9 ] G . W . F . H e g e l : The Science of Logic. I n 
H e g e ] . ' s L o g i c , b e i n g P a r t O n e o f t h e 
P h i l o s o p h i c a l S c i e n c e s ( 1 8 3 0 ) , t r a n s l a t e d by W. 
W a l l a c e . O x f o r d , A t t h e C l a r e n d o n P r e s s , 
r e p r i n t e d 1 9 8 5 . 
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Abstract 

This paper presents a model for processes, that communicate by 
message-passing, and the use o-f temporal logic -for their 
description. The epeci-fication o-f process determines behaviour 
on its external ports, whence its internal behaviour is not 
signiflcant. Speci-Tications based on the model are compositional, 
that is, He get external behaviour o-f a system -from 
specifications o-f its components. In the introduction a process 
recorded Mith traces is presented. A model is shoMn that 
represents a process speci-f Ication by use o-f temporal logic. 
Temporal logic operators, examples o-f temporal assertions and 
some speci-f ications -for primitive and composed processes are 
given. 

Povzetek 

V Članku Je prikazan model za procese in mreže procesov, ki 
komunicirajo izklJuCno s prehajanjem sporoCil, ' in uporaba 
Časovne logike za njihov opis. Specifikacija procesa doloCa 
obnašanje na njegovih zunanjih priklJuCkih, dogajanje v njegovi 
notranjosti pa nas ne zanima. Opisi procesov so komponibilni, kar 
pomeni, da zunanje obnaSanJe mreže dobimo iz specifikacij njenih 
komponent. Pri tem prikrijemo njeno notranjo strukturo. V uvodu 
predstavimo zapis procesa s sledmi. Prikažemo tudi specifikacijo 
procesa in mreže procesov z uporabo Časovne logike. Opisani so 
operatorji Časovne logike, podanih Je nekaj primerov Časovnih 
izjav ter specifikacij enostavnih in sestavljenih procesov. 

Introduction 

This paper treats processes that c 
exclusivGly through message passlng. 
ara transmitted over input and outp 
Let us observe a process on its exter 
for a tirne, up to some moment. 
sequence of events. The sequence gi 
trace. The trace Is an Informat 
behaviour of the process up to that 
Traces are appropriate to descr 
termlnating processes. The model of a 
modular, it Is composed of some 
processes. In a system output 
processes are linked to Inputs o 
processes. Some input and output por 
linked. Nonlinked ports are external 
linked ports are Internal ports. 

nal 
We 
ves 
Ion 

omnunlcate 
Messages 

ut ports. 
ports 

get a 
us a 
.about 

moment. 
ibe only 
system is 
primitive 

ports of 
f another 
ts are not 
ports and 

A process is determlned by a ' set of posslble 
Input-output behavlours . The behaviour on a 
set of input and output ports is an inflnite 
seguence of observations ; 

6 = (t«i,Inai,Out«,,Rdai) , (ti ,Ini ,Outi ,Rdi ) , . . . 

t is a trace of events on input ports (input 
events) and events on output ports (output 
events). 
Events represent coromunication betveen 
processes. Communlcation can be synchronous or 
asynchronous. If communicatlon Is synchronous, 
a process cannot send a message until the 
recelving process is ready to read the message 
on his input ports. If communlcation is 
asynchronous, a process can send message on his 
output ports as soon as it is ready without 
havlng to wait for the recelving process. In 
čase of synchronous communlcation, input 
events present the data read by a process, and 
In čase of asynchronous communicatton, they 
present the data that have appeared on input 
ports. Output events in both ways of 
communlcation present messages sent by a 
process at its output ports. An event is 
recorded in the trace as a pair (x,k), vhere x 
Is a datum and k is the port name where the 
event has appeared. In and Out are boolean 
f.unctions. If they are true for Input - output 
ports, then we say the process is ready to 
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communicate. If logical values o 
port functlons are true, then 
process is ready to read on thos 
logical values of some output po 
are true, then we say the process 
send on those output ports . Rd 
number of messages read up to 
moment for each Input port . It 1 
thls number cannot be greater than 
of messages which have appeared 
port. We could describe the proce 
down ali posslble seguences 6/ wh 
and for more compllcated cases 
Impossible. Because of that , 
language which enables us to 
posslble behaviours of a process 

Temporal logici 

f some Input 
we say the 

e ports. If 
rt functlons 
Is ready to 

glves us the 
the observed 
s clear that 
the number 

on an Input 
ss by vrrlting 
Ich Is vague 

practically 
we apply a 

expreBS ali 

Temporal aasertlonai 

Formulas given below are examples of some 
temporal assertions. They are compounded by 
using temporal operators roentioned above. We 
Kili vrite A for conjunction, -i for negation, 
and T> for impllcation. 

n(u =f> O v) 

O D w 

a O w 

whenever u is true, it wlll 
eventually be folloued by v. 

eventually w vili become true 
and it will remaln thrue fotevett 
every instant is followed by 
some later instant, when w Is 
true, so w is true lndefinitely 
often. 

Natural languages are very expressive, but not 
predse, whereas formal languages are very 
predse but not so expressive. Formal languages 
have strictly defined semantlcs and syntax. It 
is impossible to say everythlng in them. But 
what you can say is unambiguous. 

Temporal logic is a formal language. It allovs 
us to make a temporal description of a process 
and also formal dealing of it. He present a 
model of temporal logic with infinlte seguence 
of States 

O v =*•((-! v)M u) - if v ever happens, its flrst 
occurrence is preceded by, or 
coincides with u. 

Assert 
meanin 
operat 
symbol 
functi 
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Global 
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boolea 
tempor 
and un 
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tors 
ator 
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te to 
classl 
Existe 
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ude som 
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les and 
ymbolB. 

a set 
Byn)bols. 
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ols can 

anothe 
cal ope 
nce qua 

are al 

1 temporal 
I temporal 
of basic 

constants, 
These are 
of local 

hanged from 
vary their 
r. We use 
rators and 
ntifIcation 
so included 

The operators o-f temporal logtct 

By w we denote a term or a formula that may 
contain some temporal operators. 

- temporal operator "always": 

• w means; w is true in this moment and will 
be true forever. 

- temporal operator "eventually": 

O w means! w wlll be true at least in one of 
folloving moments. 

- temporal operator "until"i 

Hi ti W2 means : Wi is contlnually true 
until Wa, becomes true, and wa does Indeed 
become true. 

We choose some fixed referenc 
reference moment when interpre 
assertion. It tells us, wha 
reference moment, i.e. nov, 
happen in the future of it. I 
about what happened before. In 
Si,Sz,.. let us urite 6 
vhere <Si is an observatlon in b 
observation can be treated 
Usually, a state of a process 
values of variables of the proč 
observation (Si is a state, wh 
hlstory of process up to a cu 
its trace ti. Specification 
signifies hov this process beh 
model we vrite process specifi 
form of temporal assertions. 
The specification of the system 
<P> R , vhere R is an asserti 
temporal logic. Specification 
each behaviour of system P sati 
R. <P> R is external specif 
speclfies behaviour on P's 
System specification is a 
component assertions. 
specification is obtained by 
syBtem. 
The proof system for speclfic 
rules for temporal logic, rule 
description of the domain of va 
designlng a system, a set of s 
vith their predse specificatio 
vhich define the behaviour 
Specification defines tvo ki 
properties: safety and livena 
safety specification asserts, 
may do, and llveness specifi 
vhat it must do.We vili give s 
speclfications. 

moment named 
ting a temporal 
t holds at the 
and vhat vili 

t says nothing 
stead of G ' ms, 

<S»,Si ,62, • . 
ehaviour (S . An 

as a state. 
reflects current 
ess. Hence, an 
ich involves the 
rrent moment In 

of a process 
aves. For thls 
catlons In the 

P has the form 
on, vrittan in 
<P> R Is reads 

sfies assertion 
ication, if R 
external ports. 
conjunction of 
The external 
using a proof 

ations includes 
s regarding the 
lues, rules for 
ystem components 
ns, and axioms 
of ths systen. 
nds of process 
ss. Infornally, 
vhat the process 
cation asserts, 
orne examples of 

First, ve shov hov certain ports of a process 
can be disabled, discarded from connunlcatlon 
by using negation operator -i vith In or Out 
function. 
In the specification belov 
output port bi are disabled. 

input port Bi 
Input al can 

and 
not 

read the data, and bi can not send the data. 

- temporal operator "unless": 

Hi M Ha means: vi is continually true or 
there is a moment, when va is true and up 
to the moment vi is continually true. 

- temporal operator "neKt": 

o meansi v vili be true in next moment. 

< C > D -1 In(ai ) A Out(bi) 

Nov, let us asBume that communlcation is 
asynchronouB. We vili vrite external 
specifications of processes. That is, we vili 
specify a process only by means of lengths of 
ports' traces, vithout using In, Out and Rd. 
By Ibl ve denote the length of trace on port b. 
bGc means, that seguence b Is a preflx of 
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Bequence c. First exaitiple belcu (flg.l.) glves 
a process wlth input port k and output port 1. 
The process reads six values on input k and 
writes them on output 1 leaving out tha first 
two values. 

flg.l. Process 
port 1. 

with input port k and output 

< A > D 1 E [ k ( 2 ) , k ( 3 ) , k ( 4 ) , k ( 5 ) ] 

A ( l i l = 0 Jf Ikl žs 3 ) 

A (O |k| = 3 ={> O l i l = i ) 

A (O |k| = 4 ={> O l i l = 2 ) 

A (O |k| = 5 * O l i l = 3) 

A (O |k| ^ 6 =t> O l i l = 4) 

The first line is safety specificatlon. It 
Indicates that at most four values may occur 
on the output port, which will be read on input 
port k. The second conjunct Indicates that the 
length of the output trace is zero, unless the 
length of input trace is three. The third 
conjunct and those foHowing reguire the 
length of the output trace to be increased by 
one as soon the length of the input trace is 
increased. 

Second exainple (fig. 2) is a process with two 
inputs and one output. It reads one value on j 
and one value on k. Then it writes first the 
value on the output 1 from input k, and later 
the value from input j. 

Fig.2. A process named B with two inputs 
one output 

and 

< B > a 1 E [ k ( 0 ) , d ( 0 ) ] 

A ( O |k| = 1 =t> O l i l = 1 ) 

A ( 0( Ijl = 1 A Ikl ^ 1) =r- D l i l 2 ) 

Finally, we present 
of component process 
and B have one input 
C two input^s and one 
llnked as shown in 
one value on input 
output C. Process B r 
and wrltes it once on 
values on its input 
output e as foll6wsi 
d, then both values 

an asynchronous network P 
es A,B and C. Components A 
and one output, component 
output. Components are 
figure 3. Process A reads 
a and writes it twice on 
eads one value on input b 
output d. Process C reads 
, then writes them on 
first a value from input 

from input c. 

0; 

bi 

R 

B 

Q 

,. _b__ 

r; 

d r— 

• \ 

/ 
/ 

p 

C 

"1 
i 
!e 
1 

1 
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3 

Fig.3. Process P with visible and hldden 
internal structure. 

First, specifications for each components are 
given: 

< A > a C C [ a(0),a(0) ] 

A ( O |a| ^ 1 * O D |c| = 2 ) 

< B > D d E C b C B ) ] 

A. ( O Ibl = 1 * O Q Idi = 1) 

< C > D e E [ d ( 0 ) , c ( 0 ) , c ( l ) ] 

A ( O Id I i 1 =t O le I = 1) 

A ( O ( Icl = 1 A Idi ^ 1) • ( O lel = 2 ) 

A ( O ( Icl = 2 A Idi Si 1) * ( O | e | = 3 ) 

External specification of P is obtained from 
conjunction of component specifications by 
using proof rules. 

< P > D e E [ b ( 0 ) , a ( 0 ) , a ( 0 ) ] 

A ( O |b | Ž! 1 * O lel = 1 ) 

A ( O ( |a | ži 1 A Ibl i 1) =t> O D | e | = 3 ) 

It tells us how the system behaves on its 
external ports. 

Conclugjon 

We presented a model for processes which ušes 
temporal logic as one of existing formal 
languages for specifying them. The benefit of 
temporal logic is its ability of describing 
temporal behaviour of processes. 
Specifications can be short and so expresslve, 
that they need no extra comments. Troubles 
arlse, If we uant to set the exact tirne, 
because in the model we can express ourselves 
only qualitatlvely about the tirne of 
events. 
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A B S T R A C T 

Tliere nrc ma.ny sof<wiire tiisks Uiiit coiild be solved more 
efficiently if they used botli procednraJ and dcclarative program-
ming techniques'. One practical aud useful solution is to conibine 
the programming Inuguages Prolog and POP-11 into one envi-
ronment called POPLOG. 

This paper discusscs the wi:iys of constnict.ing a Prolog com-
piler in terms of POP-11 data structures and control techniques. 
Afterwards, the McMaster version of the Prolog compiler and 
the implementatioil of a few built-in Prolog procedures are in-
troduced; moreover, the communication nieajis between POP-11 
and Prolog in Me POPLOG (the McMasterversion of POPLOG) 
aro described. 

1. I N T R O D U C T I O N 

There exist many sofiwn.re engineering problems that uti-
lize both procedura] ajid dcclarative progranuning tcchiiiques. 
Several a t tempts to combine the programming laaguage Prolog 
[3], [9] with procedura! programming langua.ges hn.ve been done 
such as: 

- Prolog and LISP, e.g. LOGLISP [13], QLOG [10], 
- Prolog and POP-11, i.e. POPLOG [11], 
- Prolog and Moduhv, Kcr. [12]. 

We are convinced that the combination of POP-11 aud 
Prolog is a very iiseful and adequate solution. Although both 
LISP and POP-11 [2] are Al prograrnming langun.ges, the pro
gramming language POP-11 provides more data structures and 
control terhuiqucs that. cn.u bc used for im|>leniontnti()U of Pro
log terms anil its inference nui.chiu(;. The lirst version of such 
a. system that combines thc languii.ges POP-11 and Prolog has 
been proposed and implemented at Sussex University, U.K. This 
multi-language environment is called POPLOG [11]. 

Although the idea of joinirig two high-level Al program
ming languages into one system (POPLOG) is excellent,' the ac-
tual Sussex implementation can be improved in .several a,spccts. 
Therefore the author of this i)a,per has decided to develop and 
implement a completely new version of POPLOG (Me P O P L O G ) 
[5], [6] with the.se attributes: 

- the entire McMaster version is written in C (ra.ther than in 
P O P - 1 1 ) , 

- the system is verv compact, since the Prolog subsystem 
utilizes only standard POP-11 data structures and control 
mechanisms \vithout any change. 

- it has straightfor\vard communication meaiis between both 
languages, 

- the POP-11 subset has been substantially simplified by re-
turning partly to the Edinburgh's POP-2 [7], taking new 
features of Sus.scx's POP-11 [2] that are important to Al 
projects (not to system tasks), 

- the McMaster version is much shorter and faster (see Chap-
ter G for a, comparisou), and is portable to any 32-bit ma-
chiue. 

This paper describes the way t)f de^'cloping a Prolog com
piler in terms of POP-11 data. structures and control techniques. 
Chapter 2 explains POP-11 structures necessary for such an im
plementation (see al.so [2], [7]). Chapters 3.1 and 3.2 introduce 
the fimdanieutal model of a. Prolog compiler vvritten in POP-11 
(details are in [11]). Chapters.3.3, 4, and 5 describe the McMas
ter model of a Prolog compiler, in POP-11, the implementation 
of a few Prolog standard procedures, and the communication 
means betwcen POP-11 and Prolog in the Me POPLOG. Chap
ter G compares ali three models (the funda.mental,Sussex, and 
the McMaster ones). 

2 . C L O S U R E S A N D N O N - S T A N D A R D C O N T R O L 
S T R U C T U R E S O F P O P - 1 1 

The programming language POP-11 [2] is a descendant of 
POP-2, a language originally developed at Edinburgh University 
for Al research in 1971 [7]. Now, there exist a few dialects of 
POP-2; the most fanious are POP-11 (for PDP-11, VAX-11, and 
others) and WonderPOP (for DEC-10). POP-11 is mostly used 
for list processing, like LISP, but it ušes Pascal-like (or Algol-like) 
well-structured syntax, has a, large set of vaxious data structures 
including records, vectors, strings, arra.ys, references, pairs, lists, 
dyna,mic lists, rlosnres e t c , and involves manv non-standard 
control structures such as huiclion-uuvvinding, processes, back-
tracking, i)a.ttern niatching, da.ta.ba.se ])rocessing, macl'o facihty, 
compiling-during-execution facility, and so on. Like BASIC, it is 
fully Interactive, dialogue la.ngua,ge. On the other hand, POP-11 
has Ijeen mostly implemented'as a compiler. 

In this chapter, W(; introduce onIy closures and non-

standard control mechauisnis of POP-11 that are necessarj' for 

explaining lum' a. Prolog compiler is \vritten in POP-11 . Other 

necessarv synta.x and built-in functions of POP-11 are in the 

Appendix. See also [2], [4], [7]. 

If afiniction, sa,y f (a,b,c,d) is called ofien for some values 

C = cO , d = dO , \ve can create a, ne\v function g(a,b) so that 

g ( a , b ) = f (a ,b ,cO,dO) 
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for ali values a , b . This function is called a cloaiire . A closure • 

is defined in POP-11 so that the original function is foUovved by 

a sequence of actual arguments enclosed into decorated round 

parentheses C/, and '/,) , i.e. 

1 C/, cO.dO •/•) -> g; 

The ai'gnments co , dO are called frozen values, the function f 

is called a frozen function, and the entire process is called pariial 

application. 

One common use of the technique of closures is to save (or 
freeze) values of some variables at a certain time for a later call, 
if the vaiiables are expected to change their values. Tliis featurc 
is especially utilized by a so-ca.lled continuation bncktracking, 
discussed later. 

The programming language POP-11 offers a lai-ge collec-
tion of non-standard control structures that can be used to con-
struct efEcient and clegant solutions of problems which would 
be inefficient to solve using convenieiit control structures. The 
Prolog compiler written in POP-11 needs the following control 
techniques: function-iuiwinding and backtracking. 

1. Function-unviinding. If we want to quit a function and 
immediately call another function, the POP-11 function chain 
can be u.sed. The function rall chain(G) invoked witliin a func
tion F unvvinds the call of tli<; fmiction F and iinniediatcly 
calls the function G . 

funct ion alpha(x); 

b e t a ( x ) ; 

function beta(ic); 

/ •here af ter executing function gamma */ 

/* ca l l ed by chainCgamnia) within beta • / 

chain(gairaiia); Z+unainds the c a l l of beta and c a l l s » / 

. . . / * iininediately the function gamma */ 

function gamma; / * c a l l e d by function-unvinding mechanisnt*/ 

If we call tho function alpha , the function beta is invoked in a 
s tandard way but chain (gamma) causes the call of the function 
beta to be unwound, and the function gamma is performed. After 
executing the function gamma the control returns to the function 
alpha aftor the i)oint whcro beta W;LS invoked. 

The fimction chain is us(xl for tlic tail-oi)tiuii'/.ation of 

Prolog procedures in POPLOG. 

The function-mnvinding nicchanisni of POP-11 can be ap-
plied not only for a single function call, but more than one call 
can be unwound. Here we need only these functions: 

- the function chainto(F,G) iinvvinds aH function calls uji to 
(but excluding) the function F ; fiom heie the function G 
is call(!<l in a standard way; 

- exitfrom(F) unwinds aH function calls up to imd including 
the function F ; froni here the cxecution continues in a 
standard wny. 

2. Continuation backtracking. The programming language 
POP-11 involves two types of backtracking that can be used for 
many Al applications. The first type, state-saving backtracking. 

has special kcywords and coustructs for saving nodes of a scarch 

tree. It is quite simple, but needs a large memory. See e.g. [1], 

[41, [7]. 

The other type, continuation backtracking, does not have 
special constructs, but onlv a si)(?cial intrrpretation of function 
calls. In ordinary programming, a function call can be seen as 
a request to reach a goal. When a goal has been successfullv 
performed, control returns to the im-oker \vhere'the request \vas 
done, and continues. In the continuation backtracking, a func
tion call is stili seen as a rcquest to achieve a goal. The difference 
is that the called function is toki \vhat should be done next if 
the goal is completed. This specification of what is to be done 
next is passed as an extra arginnent to the function, and is called 
continnatinn. Tlius, the coutiniuition bncktracking has this in-
terpretation: 

- if the goal succeeds the function does not return to its in-
voker, but the continuation is applied; 

- if the goal fails, the function returns to its invoker; thus 

normal return from a function is interpreted as a failure. 

Exarnple. Consider the following puzzle [1]. Each positive 
integer n (which is not divisible by 3) can be constructed by 
multiplying by 2, or adding 3, starting from 1, e.g. 

10 = ((( 1 * 2 ) * 2 ) -)- 3 ) -f 3 

Tho function alg(n) solv('s this puzzlo liv contin\iation back-
tra.cking: 

function a l g ( n ) ; vars l i s t ; 

alglClambda; r a v ( l i s t ) ; exitfrom(alg) end, 

/ * i n i t i a l continuation*/ 

1, n i l ) 

end; 

/ •here nI i s the current number, i n i t i a l l y 1 , 

l i s t involves a sequence of a c t i o n s , i n i t i a l l y n i l • / 

function a l g l ( c o n t i n , n l , l i s t ) ; 

i f nI == n then 

cont inO /»success -so continue »/ 

endif; 

i f nI < n then 

/ * f i r s t l y try goal *2 » / 
alglCcontin, n l»2 , 2 : : " » " : : l i s t ) ; 

/ * f a i l : try +3 »/ 

a l g K c o h t i n , nJ+3, 3: :"+":.- l ist) 

^n^i* / * i f nl>n then return: f a i l u r e * / 

end; 

alg(lO) => 

•* [ » 2 * 2 + 3 + 3] 

If a. goal compriscs tw() subgoals then in ordinary program
ming, wi- <-.all botli subgoiils in a .sc(|uciic(^ E.g. let a goal (func
tion) g(x) have subgoals a(x) and b(x) . Then in ordinary 
programming: 

function g ( x ) ; 

a ( x ) ; 

b (x ) ; 

end: 

/ » c a l l the l . subgoal» / 

/»then c a l l the 2.subgoal*/ 

In continuation liacktracking, the subg<ial b \vill be passed as a 
continuation ai-gument' to the fvmction a : 

function g(contin,x); 
a( bC/. contin, x Z), x) 

end; 
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So, if we invoke g we have to supply explicit continuation as to 
what is to be done when the goal g is successfully accomplished. 
The function g invokes the subgoal (function) a with the 
continuation 

bC/, contin, x '/,) 

Consequently, if the function a succeeds, the above continuation 
will be invoked, i.e., the function b will be invoked with the 
originjil continuation and the fro/,<;n valuo of it . 

Thus, a sequence of goals in the continuation backtracking 
is realized by the closuic nicchanisiii. No otlicr coiistructs aic 
necessary. The contiimation liacktiacking is obviously fastcr (2 
to 4 times, task-dependent) than the state-saving backtracking 
and does not need so much memory. Therefore, this type of 
backtracking is the basis for the Prolog implementation in P O P 
I L 

dereference them, i.e., look at the contents of the innermost ref
erence. For that purpose, we use the auxiliary function daref (X). 

3 .2 . F u n d a m e n t a l m o d e l w i t h explicit re-uninsta i i t iat ion 

The unification algorithm for pa t t em matching is one of the 
most important mechauisms of Prolog. To demonstrate funda
mental ideas of compiling Prolog procedures, the P O P - l I fimc-
tion unify on Fig. 1 can be introduced as a unification al-
gorithin (see [11] for details). It assumes Prolog constants aie 
POP-11 numbors or words, Prolog vaiiablcs are POP-11 refer-
ences (with recognizer iaref, and accessor cont), and Prolog 
structures are POP-11 pairs (with recognizer ispair, and acces-
sors front, back). The last statement with the unify caJl tries 
tounify lront(X) and front(Y) , and if it succeeds, backCX) and 
back(Y) are unified. If even they match, the given continuation 
contin is invoked. 

3 . A P R O L O G C O M P I L E R W R I T T E N I N P O P - 1 1 

3 .1 . Pro log variables 

Any implementation of Prolog must solve many problems, 
among them the most important oncs sceni to Ijc: 

- unification, 
- backtracking, 
- instantiation of Prolog variables, 
- the 'cut ' operator. 

Evidently, the only typ<; of backtriu.king suitable for Prolog im-
plcuie:itation in tenns of POP-11 ia the continuation backtrack
ing. This technique i.s utihzed without any change. The 'cut ' 
operator Ccin be implemented by utilizing the POP-11 function-
unwinding techniques. In this chapter, we survey how the re-
maining problems can be solved. Other interesting ideas of Pro
log implementations can be found in [8]. 

Unfortimately, a Prolog variable cannot be directly repre-
sented by a POP-11 vaiiable, because we could not express the 
matching of two uninstčmtiatcd Prolog variables in such a rep-
resentation. Moreover, there would also arise problems with the 
backtracking. The only adequate representation of a Prolog vari
able seems to be a POP-11 reference; it is a stcindard record of 
one component (see Appendix). 

(1) An uninstantiated variable X is represented by a ref
erence containing the word undef . This is done by tho POP-11 
function consrel : 

consref(undef) ->X; 

i.e., a reference with contents undef is assigned to x . 

(2) If an uninstantiated variable X matches a term T , 
then the valuc of T is attached to the variable x . In POP-
11, this is done by the accessor cont that can sclcct or update 
contents of any reference: 

T ->cont(X); 

(3) If two uninstantiated variables X and Y share then 
one reference becomes the contents of the other, e.g. 

Y ->cont(X); 

i.e. the Prolog variable (POP-11 reference) X contčvins a pointer 
to the Prolog variable Y and both of them are uninstantiated. 
This chaining of shared uninstantiated variables can be done to 
£iny depth. Therefore, if we process Prolog variables, we should 

The above model of unification undoes any changes it has 
made when it retm^ns to its invoker, i.e. when a fail taJces plače, 
see the statements for re-uninstsintiation: 

undef ->cont(X) , imdel ->cont(Y) 

However, the representation and matching of a general struc-
t ine f(al ,a2 an) witli fvmctor i , arity n , and components 
a l , a 2 , . . . ,an is unclear. One way to represent internally stich a 
structure is as a hst 

[ f al a2 črn ] 

but it would be very cumbersome and time-consuming. Note 
the actual models do not use such an interna! representation of 
Prolog structures. 

If we accept the above function unily as a fundamental 
model of unification, then Prolog clauses can be easily compiled 
to POP-11 functions. In the following, we discuss how Prolog 
fa<;ts and rules with conjunctions and disjunctions of goaJs are 
compiled. See [11] for details. 

A Prolog fact is compiled by means of the function unif y. If 
there are more facts of the same predicate in the Prolog database 
the Teturn-fail mechanism of the continuation backtracking is 
simply utilized. E.g. let the databa.se contaJn 

gi r l (Si lva) . 
girl(pattl ina). 

then the predicate 
function: 

g i r l is compiled as the foUoiving POP-11 

function girl(contin,X); 
/ » l . g i r l : "silva" is POP-11 Bord*/ 

unify(contin, X, "si lva"); 
/* fa i l : t ry another g i r l* / 

unify(contin, X, "paulina") 
end; 

A conjunction of two or more goals in a body of a rule 
is compiled by means of closures as continuations. Consider a 
conjunction of two goals: 

likes(X) :- girl(X), drinks(X). 

then the second goal will be placed as a continuation for the first 
goal, i.e. the above procedure is compiled as 

function likesCcontin,X); 
g i r l ( drinksC/.contin. X'/.), X) 

.end; 
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function ijnify(contin,X,Y); 
deref(X) ->X; deref{Y) ->Y; 
if X == Y then 

contin() 
elseif isref(X) then 

Y ->cont(X); 
continO; 
iintJef ->cont(X) 

e l se i f is re f (Y) then 
X ->cont(Y); 
contin(); 
undef ->cont(Y) 

/*unify constants*/ 

/* X is uninstantiated var*/ 
/* X instantiated to Y */ 
/*success: continue*/ 
/ * f a i l : X re-uninstant iated sidr*/ 
I* Y is uninstant iated var*/ 

/ * f d i 1 : Y re-uninstant iated var*/ 
e l se i f is|)air(X) and is | ja i r (Y). then 

I* % , i s tmctures of the same type*/ 
uni fy( {injfy(% con t in , back(X), l)ack(Y) t), 

f r on t (X ) , f ront(Y) ) 
endif /*otherwise f a i l (no 'e lse ' liere) * / 

er id ; 

Fi((. 1. Function uni fy . 

The function g i r l is called to unify X with a girl in the 
database. Assume Prolog database contains two girls si iva and 
paulina . The function g i r l succeeds with X = silva . Afi-
ervvards, the function drinks is cjdled as a continuation within 
the function g i r l . If the second goal succeeds, i.e. silva 
drinks, then the given continuation contin is invoked. If the 
girl Silva does not drink (more precisely, the systcin docs not 
have an Information about her habits) , then the function drinks 
r e tums to its invoker, and another girl is processed. If no girl 
drinks then the call of g i r l returns to l ikes , and l ikes fails 
immediately. 

If more than two goals are in a conjunctiou in a (•la.u.s(̂  l)0(ly 
then closures ns continuations niust bc nested. E.g. 

likes(X) : - gir l(X), drinks(X), slim(X). 

is compiled as 

function likes(contin,X); 

girlC drinksC/, sliitiC/, contin, X'/,), X'/,), X) 

end; 

A disjunction of goals, or a sequence of clauses for one 
procedure is compiled by utilizing the Teturn-fail mechanism of 
the continuation backtracking. E.g. l(;t the ]irocoduro drink3(X) 
be defined by the.se two c:ln.u.se.s; 

drinks(X) :- wine(X). 

drinks(X) :- beer(X). 

then the correspouding POP-11 function is 

function drinks(contin,X); 
•ineCcontin, X): / • X drinks wine*/ 
beerCcontin, X); /* fa i l : try beer */ 

end; 

Exajnple. Prolog proceduro member(x,L) defined as 

momber(X.[XI ] ) . 
!nember(X, [.IT]) :- meiiiber(X,T). 

can bc compiled as the foll<)wing POP-11 function, using only 

the function unif y : 

function member(contin.X,L); vars T; 

/•l.clause: 2.arg unified with [XU */ 

unify(contin, L, X:rconsref(undef)); 

/• :: is constructor for pairs*/ 

/»l.clause fails: try the 2.clause*/ 

consref(undef) ->T; 

/*2.arg unified with [_|T] »/ 

unify(member('/.contin,X,T'/,), L, consref (undef); :T) 

W e can see that 

- the way of compiling Prolog procedures is very simple, 

straightforward, 

- the result of compilation, i.e. a POP-11 function is slow in 

execution, 
- tlio principa! di.sndvantage of tliis model is that structures 

are constructed niany times only for the purposes of the 
hcad uiatching, (^g. 

X :: consref (undef) for niatching [XIJ 
consref (undef) ;: T [.IT] 

Th<^ .SM.SSO: v('ixioa of POPLOG u.scs a. vcry detailcd com
pilation of hcad matching (see [11], pp. 161-1G2) so that no 
structures are constructed for the piu-poses of head matching. 
It represents prccisely the idea of the continuation backtracking 
and compiled Prolog procedures as POP-11 functions are fast in 
execution. A c<3mparison of ali models is introduced in Chapter 
C. 

3 .3 . A i ix i l i a ry s t a c k o f i n s t a n t i a t e d P r o l o g variables 

Me POPLOG d<«.'s not use the detailcd way of compilation 
but ra.thcr utilizcs a, Hct of a.uxiliary fimrtions that recognize a 
'tyi)<;' of a ]>roi-cysr<l argument (i.e. wlietlicr the argument is 
a constmit, uninsta.ntiated variable, or a structure). Further-
more, the mechanism of instantiating Prolog variables is using 
an a.uxilia.ry .sta<-k, ra-thcr tha,u a.ssignnient statements for cxplicit 
re-uninstantiation. 

Mc-Ma.-iti'i- iiio<li'l [0] iLsc-; a.(i a.iixilia,ry .stark for storing in
stantiated Prolog variables (so-called Prolog variable stack). The 
current offset to the Prolog varialjlc stack is designated vsirof f. If 
a Prolog variidilc is instantiated then it is piished onto the Pro
log variable stack. Secondlv, \vhen n branching point in a search 
tree has been reached, the system saves the current offset of the 
Prolog variable stack in the variable varoff 1 . 

If a fail occurs, then the sj'stem returns to the branch
ing point and rc-tuiinstantia.tcs ali Prolog variables that have 
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function punify(X,Y); vars i; 
deref(X) ->X; (leref(Y) ->Y; 
if X == Y then 

true 
elseif isref{X) then 

Y -> cont(X); 
X ->vars tdck(varof f ) ; 
varoff + 1 ->varof f ; 
t rue 

e l se i f i s re f (Y) tlien 
X -> cont(Y); 
Y ->vars tack(vdrof f ) ; 
varoff + 1 ->varof f ; 
t rue 

/*1dent ical temis: result is true * / 

/ * X is uninstant iated var*/ 
/*assi<jn term Y to var X ' / 
/*fjush X onto the Froloy var stack*/ 

/ * res i i l t is t rue : matchimj succeeded*/ 
/ * Y is uninstantiated var*/ . 
/*a5siyn term X to var Y * / 
/*|)iish Y onto the Proloii var stack*/ 

/ * resu l t is t rue : iiiiitchin() succeeded*/ 
e l se i f ispai r (X) and ispai r (Y) then 

/*both terms are pair-s*/ 
pun i f y ( f ron t (X) , f ron t (Y) ) and punify(back(X) ,hack(Y)) 

e l se i f isvector{X) and isvector(Y) 
and datalenfith{X) == dataleni|th(Y) then 

/*hoth temi are general structures o f* / 
/ * the same a r i t y * / 

fur i from 1 to dataleni|th(X) do 
i fno t pun i f y (X { i ) ,Y { i ) ) ttien / *un i f y i - th conponents*/ 

false.return ^ 
endif 

enddo; 
true /*functors & ali conponents match*/ 

else 
false /*otherv/ise result is false */ 

endif 
end; 

function passign(X,T); 
T ->cont(X); 
X ->vars tack(varof f ) ; 
varoff + 1 ->varoff 

end; 

/*assiqn term T to Prolog var X * / 

/*push X onto the Prolog var stack*/ 

Fi ; ] . 7. Kunctions punjfy and oassicin 

funct ion member(contin,X,L); 
vars T, v a r o f f 1 ; 

varoff - > v a r o f f l ; 

deref(X) ->X; deref(L) ->L; 

if isref(L) then 
passign(L, X::consref(undef)) 

elseif ispair(L) then 
ifnot punify(X,front(L)) then 

goto 'clausei? 
endif 

el se goto clause;^ . 
endif; 
contin(); 

c-lduseif: 
retrieveO; 

if isref(L) then 
consref(undef) -> T; 
passign(L, consref(undef)::T) 

elseif ispair(L) then 
back(L).-> T 

else goto clause3 
endif; 

chain(contin,X,T,Rienber) 
clauseJ: 
end; 

/*local variahles*/ 
/*save current offset to the */ 
/* Frolog variable stack*/ 

/*l.clause: head natching*/ 
/* L is uninstantiated var*/ 
/* [X I _] is assigned to L */ 
/* L is a pair*/ 
/* L = [X I J ? */ 

/*no budv of the l.clause- so continue*/ 
/*fail: 2.clause*/ 
/*uninstantiate Prolog vars*/ 
/*head niatching*/ 
/* L is uninstantiated var*/ 
/*new Prolog var to T */ 
/* [_ I T] is assigned to L */ 
/ * L is a pa i r * / 
/ * L = [_ I T] * / 

/*hody opt i i i i i red: (|uit th is ca l l and * / 
/ * c a l l immediately member(contin,X,T) * / 

1-ig. 3. Procedure iiiember coiiipiled by llcilaster Prolog conpi ler . 
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been instantia.tod iiftirn' thc l5r<mching point has been encoun-
tered. The re-uninstantiation is done by the aiixiliaiy function 
retr ieveO Hiat uninst.aiitiates ali Prolog variiibles in the Prolog 
variable stack l5etw<;cn thc currcut offset varolf nad thc initiaJ 
ofFset varoffl : 

function retr ieve; 
vhile varoff > varoffl do 

varoff - 1 -> varoff; 
undef -> contCvarstack(varoff)) 

enddo 
end; 

Note the Prolog variable titack is inipleiiicut(;d n,s a POP-11 voi:-
tor, and varstack is the bot tom of this stack. 

The unifica.tion algorithm of Me POPLOG is \vritten as an 
ordinary function, \vithout the continuation nicchanism. The 
function punify(X,Y) {ser. Fig. 2) rctiii'iis truo ifl' th(; t(-rnis 
X and Y match, and instantiates Prolog variables if necessary. 
Note thn.t a Prolog structnre f (al,a2,a3) is rcpresentcd as the 
POP-11 vector { f al a2 a3}. 

Besidcs thc a.l)ovo nnifical.ion function, fcvv otluu' fnnctions 
can be invoked within compilcd Prolog ])rcdica.tc.s. Anioug them, 
the function passign(x,T) assigns the term T to the Prolog 
variable X : sce Fig. 2. 

Example. The procedure raeinber(X,L) is corapiled in Mc-
Master Prolog as follo\vs: see Fig. .3. 

The McMaster model of a Prolog compiler 
- follows the idea of the continuation backtracking, 
- constructs no structures in the head of any clause, 
- Prolog structures are represented more ef?iciently as POP-

11 vectors, 
- compiled Prolog procedures as POP-11 functions are fast 

in execution, and not so large, 
- the system does not need so laige system stack (for storing 

function calls) since m£my auxiHary functions of this model 
are written as convenient functions vvithout the continua
tion backtracking, 

- Warren's tail optimization is always done. 

Note that in the actual implementation, the functions 
deref, isref, and ispair uscd above are joined into one auxil-
iary function so that the execution is even faster. 

A comparison of thi; ali three niodcls i.s dcjuc in Chapter G. 

niso quite simiDle. Among thein, Fig. 5 introduces ' ; ' and 
repeat. The function papply(contin,X) uscd here considers the 
term X as a goal, and applies it with the given continuation. 

The 'cut ' operator 

cut . l (caHer( l ) ) 

is considered as the goal 

where callerCl) is th<; invoker of thc ciuTcnt function, i.e. the 
pa.rcnt goal of l\i<: goal that <-oiitains ' ! ' in its body; e.g. if 

a , b , C. 

d , e , ! , f . 

thcii thc aljove 'cut ' oj^crator is considered ns cut_l(g). The 
function cut.l calls chainto : 

function cut.l(contin,F); 
chaintoCF.contin) 

end; 

5 . C O M M U N I C A T I O N M E A N S B E T W E E N P O P - 1 1 
A N D P R O L O G 

5 . 1 . T o p levcl 

The Me POPLOG allows the uscr to call POP-11 functions 
froiu Prolog and vic<; vcrsa. This iiilcr-language communication 
can be done to any d<;i)th. 

When the uscr is a.t the top k-vel of thc system POPLOG 
then the prompt : is displaycd and the svstem expects any 
POP-11 statement or any Prolog question. If a text begins with 
?- then this ?- is recognized as the operator of a Prolog ques-
tion, otherwise it is considered as a POP-11 statement. There-
fore, typing in ?- foUovvcd by a Prolog question will activate 
the Prolog sub.svstcni. E.g. 

member(2,[12 3]) => 

: ?- read(X),write(X),nl. 
I maria. 
maria 
X = maria 

/•POP-11 statement: is 2 a member 
of the l i s t [ 1 2 3] ? •/ 
/»ansBer of POP-11 subsystem»/ 

/•Prolog question*/ 
/*term read by read(X) */ 
/»printed by Prolog's Brite(X)*/ 
/»instantiated variable displayed«/ 
/*answer of Prolog subsy3tem*/ 

/»prompt of POPLOG is uaiting for 
next statement or question*/ 

4 . C O M P A C T I M P L E M E N T A T I O N O F B U I L T - I N 
P R O L O G P R O C E D U R E S 

Thc Prolog snbKyKtem of the Me POPLOG uscs the above 
model with the Prolog vaiialile stack, th(! functions punify(x,Y), 
passign(X,Y), deref (T) (^tc, and Prok)g va.riabk^s a.r(̂  n^pic^sentcd 
as POP-11 referenccs. We \vill now describe ho\v b>iilt-in Prolog 
procedures are iniplcnicnted in this mod(;l. 

First of aJl, the unifica.tion operator = invok(;s dii'ectly 
the function punify; its POP-11 representation is on Fig. 4. The 
operator is ušes the function punif y, and the function popval(P) 
that evaluates the Prolog term P as a POP-11 expression (see 
also Chapter 5.2); its POP-11 representation is on Fig. 4. 

i 

Fig. 4 involves some other built-in procedures that can be 
written in terms of the operator is , or they utilize the functions 
punif y or popval (see nl.so Chapter 5.2 for details). 

The operators for constructing goals and backtracking are 

Prolog clauses can be asserted into the Prolog database 
at the top level using the standard procedure consult(user) or 
[user] . POP-11 statcinents and Prolog questions and clauses 
can be also used together in a file. 

5.2. C;«lling P O P - T l fmicl.ions froin P r o l o g 

The user of Me POPLOG can call any POP-11 function 
froui vvitliin Prolog, •''or tlia.t purpose, s(-mantics of the stan
dard Prolog operator is has been extcnde<l \vithin the system 
POPLOG, and two additional unarv procedures popval and 
popvalfail have been supplicd. 

popval(P) evaluates the Prolog term P as a POP-11 ex-
pression. The expression P must not return any result. This 
goal succeeds only once. 

popvalfail(P) evaluates the Prolog term P as a POP-11 
expression; one result must be returned, and if it is POP-11's 
false it is interpreted as a fail of the given goal. This goal 
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function en_2(contin,X,Y); /* )(. = 1 */ 
if pun1f.y(X,Y) then 

cont.inO 
end i f 

end; 

function is_2(contin,X,Y); /• X is Y :- X = popval{Y) . */ 
if |)unify(X,popval(Y)) tlien 

contin() 
endif 

end; 

function lt_2(cont in,X,Y); /* X < Y */ 
if popval(X) < popval(Y) then 

continO 
endi f 

end; 

function vdr_l(contin,X); /* vdr(X) :- */ 
/* popvalfai l(isref{closure(X))) */ 

if isref(deref(X)) then /*if X is uninstantiated var*/ 
contin{) 

end 1 f 
end; 

function functor_3(cuntin,T,F,Ar); /* functor(T,K,Ar) */ 
vars i; 

deref(T) ->T; deref(F) ~>f; deref{Ar) ->Ar; 
i f isnuniher(T) then / * T is <i nuiulier*/ 

punify(T,F) .and punify(Ar,U) 
e l se i f i s re f (T ) then / * T is uninstant iated var*/ 

puni fy(T, { * F. / * T is un i f ied with F(_,_, . . . ,_) * / 
for i from 1 to Ar do ' 

consref(undef) 
ehrido ';'„}) / * l ' ro lJ9 stri ictt jres are in) l ' - l l vectors*/ 

else / * T IS nonvar * / 
puni fy(F, T ( l ) ) and / * F is uni f iod with functor of T * / 

puf i i fy(Ar, dat(r ieni i th(T)- l) / * Ar is un i f ied v/jtli d r i t y of T * / 
endi f ; 
i f / * r esu l t of puni fy*/ then / * i f natchin«? has succeeded continue*/ 

cont inO 
endif 

end; 

F iy . 4 . Impleiiientation'of some b u i l t - i n Proloi) procedures 

function or_2(contin,X,Y); /* X ; Y */ 
vars varoffl; ' 

varoff -> v a r o f f l ; /*save the current of fset to Proloi) * / 
/ * var stack*/ 

papply(cont in,X); / *cal1 the l.<|oal*/ 
r e t r i e v e O ; / * f a i 1 : uninstant iate Prolog vars*/ 

/ * t r y the iJ.rjoal with the t a i l * / 
chain(contin,Y,papply) / * opt imizat ion; qui t th is ca l l an<t * / 

end; / * c a l l ini;iediately papply(contin,Y) * / 

funct ion repeat_0{contin); / * repeat * / 
vars v a r o f f l ; 

varoff -> v a r o f f l ; /*save the current of fset to Prolog * / 
r e p i : / * var stack*/ 

con t i nO ; 
r e t r i e v e { ) ; / * f a i l : uninstant iate Prolog vars*/ 
(joto r e p i ; / * l oop* / 

end; 

F ig. 5. Pl)P-ll representdtion of ' ; ' and repeat . 
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succeeds only once. 

X is P evaluates the Prolog term P as a POP-11 expres-
sion and unifies the result with X ; P must retiirn just one result. 

The Prolog term P in the above procedures ( popval, pop-
val fa i l , is) is comprehen.sibly written in Prolog syutax l;>eca.use 
the Prolog conipilcr rcad.s tliis toxt. How(?v(;r, it is <;v;iJuat(;d a,s 
a POP-11 cx])ression. Horo are the rules for POP-11 c.valuaiion 
of Prolof) tenns (the rules (iii), (iv) will be cxphvined laler): 

(i) if P is a constant (or an instantiated Prolog variable) then 
the constant (valuc of th(! Prolog varia.l>l(;) is pusli(;d outo 
the POP-11 user stack; 

(ii) if P is an uninstantiated Prolog variable then its POP-11 
represcntation (a reference) is pushed onto the POP-11 user 
stack (sce the representa.tion of Prcjlog ternis as POP-11 
items); 

(iii) closure(P) wliere P is a Prolog term is evaJuated by push-
ing P onto the POP-11 user stack; 

(iv) v -> A \vhere V is an instantiated Prolog variable, A is 
Prolog atom, is evaluated as follows: the value attached to 
the Prolog -vni-iablo v is assigned to POP-11 variable A ; 

(v) the Prolog strnc.ture f(Pl Pn) vvhere f is n-ary functor 
and Pl to Pn are Prolog terms, is evaluated as follovvs: 
firstly Pl to Pn are <-vniuated as POP-11 expressions iuid 
then the POP-11 function i is called. 

Thus, the POP-11 e.vahi.ation of a Prolog term P matches the 
standard evaluation of POP-11 expressions in the piogr;unining 
language POP-11 [2]. 

Note the POP-11 r.vahi.niinv. of a Prolofj term P does not 
affect the P O P - l l user stark bccause 

- popval(P) niust not n^.uni nuy result, 
- P of popvalf ail(P) returus just one result that is popped 

from the stack, ancl its value decides a.bout success/failure 
of the goal, 

- in čase of X is P the value of P is popped from the stack 
and unified \vith X. 

If POP-11 ciiatiui,ti(m of a Prolofj it:riivil()<:» not i'<;l.uiii l,lic re-
quired numlier fif results, a. run-tiinc error occurs. 

Example. Define the Prolog procedure concat(Ll,L2,L3) 
(L3 is a. concatenation of the lists Ll, L2) for tho instantiated Li 
and L2. We \vill use the standard POP-11 function join for list 
concatenation: 

concat(Ll,L2,L3) :- L3 is join(Ll,L2). 

Now 
?- concat([l,23, [a ,b] , R). 
R = [ 1 , 2 , a, b] 
ye3 

Ho\vever, the qu('stion 

?- concat([l,2] , [aa( l ) ,bb] , R) . 

\vould cause an error since the entire argiunent joinC [1,2], [aa(l) ,bb3 
vvould be consid(H(-(l as a. POP-11 cxi)r(wsion so that a nou-
existing POP-11 function aa woukl be called with the argu
ment 1 , see Fig. C. To prevent a subexpression of an argument 
of the procedures popval, popvalfail, is to be considercd as a. 
POP-11 expression ono has to r.lo.ir. it \ising the functor closure 
as follovvs: 

concatCLl,L2,L3) :- L3 is join(closure(Ll), closure(L2)), 

evaluated as POP-11 
e_xpression 

/ \ I 1 . aa 
1 / \ I / \ 
I 2 [ ] 1 bb [ ] 

F i g . 6. The body of the procedure concat a f t e r matching 
( l i s tSa re expressed as do t -pa i rs ) 

evaluated as POP-11 
expression 

j o i n 

l_cl_os_ure closure J 

/ \ / \ 
/ \ 
2 [ ] 

I / \ 
1 bb [ ] 

F1g. 7. The arguments of the funct ion j o i n 
are ' c losed ' now 

Now Ll, L2 are coJisidercd :\s Prolog tenns rather than POP-11 
expressions, see rule (iii). Thus 

?- concat([1.2], [aa(l) ,bb] , R). 
R = [1 , 2.- aa ( l ) , bb] 
yes 

will rctuiu i'xpectc(l r<viuM.s, see l''ig. 7. 

Exami>le. Consider Prokjg procedure memberCX,L) : X is 
an element of the list L . If the procedure is used only for in
stantiated X and L, then - in some cases - it could be defined in 
tc^rins of the stiuulard POP-] 1 function member : 

member(X,L) :- pop»alfail(member(closure(X).closureCL))). 

To [nocess a value of a, P O P - l l variable within a Prolog 
])rogra.iu the standard P 0 1 ' - i l function valof (\'alue of a vari-
a.ble) has to be used: 

: vars l i s t ; /»declare a POP-11 včiriabla«/ 
: [10 9 a ab aaa 0] ->l is t ; /•assign the given l i s t to i t* / 

/*sort l i s t by Prolog's sort */ 

If we wrote 

?- List i s l i s t , sortCList,S). 

the Prolog variable List \vould be instantiated to the atom l i s t . 
To introduce a valu<- of the POP-l 1 variable l i s t , \vc must do: 

: ?- List is va lo l ( l i s t ) , sort(List ,S) , write(S), nI . 
[O, 9, 10, a, aaa, ab] /*printed by a r i te (S) , nI •/ 
List = [10, 9, a, ab, aaa, 0] /*instantiated variables • / 
S = [O, 9, 10, a, aaa, ab] /* displayed*/ 
ye3 
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The cvaliui.l.ii)ii of valof is (^nil)i)(li(:d in tlu^ rulc (v). 

A POP-11 expression in popval, popvallail, is can also 
contain an assignment to a POP-11 variable, using the POP-11 
operator -> , see rvile (iv). 

Example. 

vars list, sorted; 

[10 9 a ab aaa 0] ->list: Z+sort list by Prolog's sort */ 

?- List is valof(list), sort(List,S), popval(S ->sorted). 

/*result of sort assigned to •/ 

/» POP-il variable sorted »/ 

List = ClO, 9, a.^b, aaa, 0] 

S = [O, 9, 10, a, aaa, ab] 

yes 

: sorted => 

** [ O 9 10 a aaa ab] 

/»POP-11 variable sorted is »/ 

/* the sorted list*/ 

Thus, thanks to valof and -> vve can use POP-11 vari-
ables as inpuU to Prolog prograans, as wcll as (rniptiU for storing 
results. 

5 .3 . P r o l o g cal led ljy P O P - 1 1 lui ic t ioi is 

Similarlv, niiy POP-11 function can call a. Prolog program 
by introducing a Prolog question in its body. When a Prolog 
question is executed within a POP-11 function 

- the Prolog subsystem does not wait for user's replies; 
- but returns true ( false ) as a result, if the Prolog question 

has succeeded (has failed); 
- ali Prolog varia])los in the Prolog qucstion will rctain thcir 

valucs \vlien retiiniing froni the Prolog c|uc.stion to tlic 
POP-11 function so that they can be processed as any other 
POP-11 vjvriable. 

E,\anlpl(^. Dcfini' POP-11 function so r t ( l i s t ) n.siiig the 
standard Prolog procedure sort(Ll,L2) : 

function sortClis t) => R; 
•/* R is explicit result of function*/ 

?- List i s va lo f ( l i s t ) , sort(List ,R). 
/ • R retains i t s value from Prolog */ 
/ • question*/ 

end; 

No\v, the POP-11 expression sort([10 9 a ab aaa 0]) yields 

[ O 9 10 a aaa ab] 

Example. Deiine POP-11 function inember2Cx,l) using the 
Prolog procedure member(X,L) defined as 

meniber(X, [X IJ ) . 

member(X,[.IT]) :- member(X,T). 

We utilize directly a result returncd by the Prolog question: 

function member2(x,l); 

?- X is valof (x), L is valof (1), inember(X,L) . 
end; 

If the goal member(X,L) succeeds then true is returned, oth-
erwise false . Thus true / false becomes the result of the 
POP-11 function inember2 . 

6. C O N C L U S I O N 

It is important to emphasize that in order to economize 
tirne and memory requirements of the svstem, the entire Prolog 
sul)system of Me POPLOG has been written in C rather than 
in POP-11 . We have introduced the ideas in terms of POP-11 
functions for bet ter and easier readability. 

Secondly, a Prolog coiiipiler could translate Prolog ciauses 
to POP-11 functions, as \\'c have sho\vn abo^'e, and afferwards 
call the POP-11 coinj>il(;r which would translate a text of a P O P -
11 function to a machinc code. In the actual implementation, 
the Prolog compiler translates any Prolog procedure directly to 
the inachine C(xlc. AH the nbove exaniplcs of conipiling Prolog 
proceduros aro written in POP-11 to simplifv the explanation of 
principa! ideas. 

It wi)s not a straightforward luocednrc to compare the 
a.b(wc tlncc mod(.'ls (the fundaineiital, Sussex, and McMaster one) 
of Prolog compilers using the POP-11 structures, since 

- the fundamental model (Chapter -3.2 and [11]) is not a part 
of any POPLOG vcrsion, 

- we had at disposal the executable (binarv) file of the Sussex 
POPLOG n.nd [11] only (not a sourcc filc, nor any detailed 
Information). 

Therefore: 

- we have emulnted the fundamental model in POP-11 (Mc
Master version), 

- we have compiled the procedure member on the emulator, 
Sussex version, a,nd McMa.ster version, 

- \ve have run the question 

?- memberdOO, [1,2,3, ,100]). 

The entire compaiison is in Fig. S. As the timings depend on 
the percentage of calls of standard and user-defined procedured, 
vve have added the execution time of the follo\ving question, as 
wcll: 

?- functor(T,aa,100). 

The results presented in Fig. 8 Hiatch quite well a long 
term statistical (;xperiments vve ha.vc done for the comparison of 
both actual implcmenta.tions of POPLOG; see Fig. 9. 

Wc characterize the McMaster version of POPLOG as a 
compact one since the Prolog siibset utilizes onlv standard P O P -
11 da.ta structures, as vvcU as POP-11 control mechanisms, vvith-
out a.ny change. Thanks to that approach, the Me POPLOG is 
vmbelieva,bly shorter, and also faster. 

The communication means betvveen POP-11 and Prolog in 
the Me POPLOG are quite straightforvvard and simple. Neither 
programming language has been changed so that a user unfa-
miliar vvith POP-11 can use the Prolog subset onlv, and vice 
versa.. Only three nevv predicates (popval, popvalfail, closure) 
have hcen added to tlie Prolog subset, and the simiantics of Pro-
l<.)g's is has be(;n siiglitly extended. 

The Me POPLOG ruiis currcntlv on VAK systems and on 
systems based on the Motorola 6S000 processor. Detailed infor-
mation on the system can be obtained from the author. 
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Fig. 8. Comparison of the Prolog compiler nodels vvritten in POP-U 
Conipilation and execution time is in cs (centiseconds), i.e. 
hundredths of seconds 
The emulator of the fundaniental model has been tested in (Icllaster 
version of POPLOG 
* tstiraate done according to the example in [11], pp. 161-2 

McMaster Sussex Comparison: 

(1) the sistem needs 
iiieinory 

(2) POP-11: 
- compilation time 
- execution time 

(3) Prolog: 
- compilation time 
- execution time 

75 KU 670 KU 9 times shorter 

3 times faster 
2 times faster 

3.7 times faster 
2.7 times faster 

Fig. 9. tlemory requirements and timings of the actual versions of POPLOG 
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A p p e n d i x 

To understaaid the POP-11 programs introduced here we 
should know only: 

vars X, y; 

declaration of POP-11 variables x, y 

e - > i ; 

value of the expression e' is assigned to the variable x 

e => 

value of the expression e is printed and preceded by ** 
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function f (x ,y) ; . . , end; 
declaration of the function i \vitli foiuials x, y 

lambda (x,y); . . . end; 
declaration of a no-iiamo function (lauibda-expresai()n) with for-
mals X, y 

ilnot C then . . . 
the same as i l not{c) then . . . 

delimlters of a POP-11 \vor(l; thus alpha is a variaLle \vlicren.s 
"alpha" is a word (atom) 

isnumber(x) 
re tums trne iff the it(;m x is a. numbor 

consref(x) 

constructs a reference vvitli conteiits x 

contCr) 
function that selects or updates the coutents of the reference r 

isref(x) 

re tums trne iff the i tem x is a reference 

front(p) / back(p) 
function that selects or updates the first/ second component of 
the pair p 

ispair(x) 
returns truo ifi' the item x is a pair 

meiiiber(x,xl) 
re tums true iff x is an element of the list xl 

rev(xl) 
returns a list of the elements of the list xl ia the reverse order 

xl :: x2 
operation that creates a pair from xl and x2 

join(xl ,yl) i 
returns the concatenation of the lists xl ajid yl 

{ ••• } 
brackets for a vector construct 

s( i ) 

the i-th component of the structure s 

datalength(s) 

returns the number of components of the structure s 
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ABSTRACT 

An e l e m e n t x o f a d o u b l y - l i n l c e d c i r c i -
l a r l i s t i s c a l l e d r e f l e x i f f ( p r e d (x) , x , succ (x)) 
^ 0 . We D r o p o s e a n a l g o r i t h m t o d e l e t e r e f l e x 
e l e m e n t a f r c m t h e l i s t and a p p l v a l g o r i t h m t o g i -
v e t h e c o r r e c t c o d e o f Graham ' s a l g o r i t h m f o r 
d e t e r m i n i n g t h e c o n v e x h u l l o f a f i n i t e s e t o f 
p o i n t s i n t h e p l a n e . We show t h a t t h e c o d e g i v e n 
by P r e p a r a t a , Lee and Shamos was i n c o r r e c t and 
g i v e some c o r r e c t i o n s t o t h e r e s u l t s o f K o p l o -
w i t z and J o u p p i . 

K.ey w o r d s and p h r a s e s : c o n v e x h u l l , 
a l g o r i t h m , c i r c u l a r l i s t CR 1 . 3 . 5 

C c m p u t a t i o n a l g e o n e t r v and o b j e c t 
m o d e l i n g 
ANE Mathana t ica l sub j ec t c l a s s i f i c a t i o n ( 1 9 8 0 ) : 

P r i m a r y 8 6 U 0 5 , S e c o n d a r y 6 8 O 1 0 . 

1 . D e l e t i o n of r e f l e x e l e m e n t a 
from c i r c u l a r d o u b l y - l i n k e d 

l i s t s 

S u p p o s e we a r e g i v e n a c i r c u l a r d o u b l y -
l i n k e d l i s t S a n d a f u n c t i o n f ( p r e d {x) ,x , succ (x)) 
t h e v a l u e of w h i c h f o r g i v e n e l e m e n t x o f S 
d e p e n d s on i t s p r e d e c e s s o r p r e d ( x ) a n d s u c c e s s o r 
s u c c ( x ) a s w e l l . The e l e m e n t x i s c a l l e d r e f l e x 
i f f ( p r e d (x) , x , s u c c (x) ) <. O . The f o l l o w i n g a l g o 
r i t h m w i l l d e l e t e a l i r e f l e x e l e r a e n t s from t h e 
i n p u t l i s t S , s t a r t i n g a t a g i v e n i n i t i a l e l e 
m e n t START. The r e s u l t i s s t o r e d i n t h e l i s t 
CH{S) , i n i t i a l l v e q u a l t o S . A l t h o u g h i n g e n e r a l 
t h e r e s u l t d e p e n d s on t h e c h o i c e o f START, i n 
a p p l i c a t i o n s s u c h a s o n e r r i v e n i n t h e n e x t s e c -
t i o n t h e o u t p u t i s t h e same f o r any c h o i c e o f 
i n i t i a l e l e m e n t . 

BEGIN 
CH(S) = S ; 
h : = f a l s e ; 
g • = f a l s e ; 

V:=START; 
r : = s u c c ( r ) ; 
REPEAT 

I F f ( v , s u c c ( v ) j s u c c ( v ) ) ) > o 
THEN BEGIN { s u c c e s s f u l t e s t } 
IF r = s u c c (v) an3 hTHEMg : = t r u e ; 

v : = s u c c ( v ) ; 
I F s u c c ( v ) = r T H E n h : = t r u e 

END 
ELSE BEGIN 

I F r = s u c c ( v ) T H E N r : = p r e d ( v ) 
d e l e t e s u c c (v) f rom C H ( S ) ; 
v : = p r e d ( v ) 

END 
UNTIL g 

END. 

In the algorithm, h is true iff ali 
elements of CH(S) are examined as a middle point, 
while g is true iff h is true and there is an 
element exmined twice as a middle point. Final-
ly r is the farthest predecessor (in CH(S)) of 
element to be tested next which had already a 
successful test (if any, or element to be tes
ted next othorwise). 

h will became true if, after one succes
sful test, next element to be tested is r (i.e. 
the element examined first among remaining ele
ments) . A test should be performed again on r 
(since the predecessor of r may change) and,if 
successful, will terminate the algorithm (by 
assigning g to true). Otherwise r is moved 
to its predecessor and is equal to the currently 
tested element until a successful test id found. 
The technique is simple but not trivial (L2,3, 
4] failed to applv it correctly in čase of 
Grah.am's scan) . 
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2. The correct code of Grah,am's 
convex hull algorithm 

Given a set S of n points in the plane,the 
convex hull CH(S) of the set is the smallest 
convex polygon containing the set. Graham [l] 
proposed an algorithm for determininrr the convex 
hull of a finite set of points in theplane thatruns in 
O(nlogn) tirne. Variations of his method giving 
increasing efficiency have been described by 
Koplovitz and Jouppi, and by Preparata, Lee and 
Shamos. In this section we give some corrections 
to their results. A correct code is given by 
means of the algorithm- for deletion of reflex 
elements from doubly-linked circular list. 

After constructing a set of points S in 
polar coordinates ordered about an interior 
point O in terms of increasing angle, and ini-
tlally placed in CH(S), Graham's scan algori
thm [1] repeatedly examines triples of conse-
cutive points S,,32,82 in counterclockwise 
order to determine whether or not they define 
a reflex angle (an angle ^ T ) . If an internal 
angle S.S^S, is reflex then the test is unsuc-
cessful and S_ cannot be extreme point because 
it is internal to triangle OS,S,. The point S, 
will be eliminated from CH(S) in this čase and 
the next test is S S S^. If the test is succes
sful then Sj is a convex hull candidate and a 
single scan around the ordered points will ad--
vance by checking S„3,S.. 

The correct code for the Grahman's scan 
can be obtained by specifying•the function 
f (pred(v),v,succ(v)) in the algorithm in Sec
tion 1 to be angle equal to the difference 
between- ii and angle formed by pred (v), v and 
succ (v). The angle at v is reflex iff v is 
reflex under our definition of f. 

Koplowit2 and Jouppi [2] claimed the fol-
lowlhg. 

PROPOSITION. If ali the points in CH(S) 
have been tested as a middle point and the last 
.test performed has been a successful forward 
test, then the algorithm is complete. 

Tia. -f 

We .shov; by a counterexample that this pro-
position is inco.rrect. In Fig. 1 we have the 
following tests : 

^1^2^3' ^2^3^4' ^3^4^5' 
^4^5^1' ^5^1^2' ^4^5^2' 

Onlv the fifth test is unsuccessful. Thus 
only the point S, will be eliminated fron 
CH(S). Ali the remaining points S2,S,,S.,S_ have 
been tested as a middle point and the last per
formed test S.S^S- has been a successful forward 
test. Kowever, S, is not a convex hull point 
and hence the proposition is incorrect. 

The next tests in our example are: 

S5S2S3, S^SgSj, S5S3S4. 

The remaining points S,,S. and S. form 
true convex hull because of successful tests 
^3=5425' 54^5^3 ^"^ S5S3S4. 

We give a correct form of above proposi
tion. 

PROPOSITION'. If ali points in CH(S) have 
been tested as a middle point and there is a po
int tested twice so that ali remaining points 
in CH(S) have been tested between these two suc
cessful testes then the algorithm is canplete. 

Proof. Let S^,8,, w S , be the remain
ing points in CH(S). Assume that-S, ,8-,...,S 
have been tested as middle points and the next 
test is successful test for 8,. This Implies 
that there is a point S' (not necessarily on 
the convex hull) such that tests S'S,S-, S.S_S,, 
...,S 1S_S, and S S,S_ have been successful. n-i n I n 1 ̂  
Thus CH(S) consists of only the extrane points 
of S. 

Fran the proof it follows that the propo
sition in [2] is correct if the original point 
is choosen as a convex hull point (this restri-
ction is not mentioned in [2]). 

As a conseauence of their proposition Ko-
plowitz and Jouppi have šlit)wn that 2N-M+1 
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tests are sufficient where M is the number of 
points in CH(S). In our exaniple N = 5.M = 3 and 
we need 2M - M + 2 = 9 tests . Thus 2N - M + 1 tests 
will not assure completition of the algorithm 
unless the starting point Sĵ  belongs to the 
convex hull. 

Let us consider the exmple on Fig. 2. We 
have the following tests: 

^1^2^3' ^n^l^3' ^n-l^n^3' n-2 n-1 3' 
•••'^5^6^3'^4^5^3' ̂ 5^3^4'^3^4^5" 

There are exactly N tests in this čase. 
This contradict the following assertion in |2|. 

"The minimal number of tests is N and oc-
curs when no points are deleted. For each de-
leted point an extra test is necessary. This 
N - M extra tests are made making a total of 
2N - M tests". ' 

The correct assertion is that for each 
deleted point no more than one extra test is ne-
cessary. Frotn this it follows that the number 
of necessary tests is between N and 2N - M +2. 
Hence the correct stopping rule is not as ef
ficient as it seems in [2]. We described a mo
re efficient stopping rule. If the points are 
sorted after one of the coordinates then we ha
ve a convex hull vertex for free. Thus, it is 
not of great interest to design a stopping cri-
terion that depends on an arbitrary starting 
point because it is so trivial to start on a 
convex hull vertex. However Graham 's algori
thm sorts points in terms of increasingamle acoor-
ding to an interior point and finding a min or 
max requires additional time. Also, it is of 
interest in čase where the convex hull of star-
shaped polygon (the polygon with ali vertices 
visible visible from an interior point) is to 
be obtained. 

We will also discuss the modification gi-
ven in [3,4]. Preparata, Lee and Shamos arrange 
the sorted points into a doubly-linked circular 
list with vertex labeledSTART (for instance, 
the rightmost smallest-ordinate point) as an 
initial vertex. The NEXT and PRED are associ-
ated with a node pointing respectively to its 
successor and predecessor in the list. The scan 

Fifl, 2 

terminates after advancinq ali the way around 
to reach START. They propose the fellowing 
Graham's scan algorithm. 
BEGIN 

v:= START; 
WHILE(NEXT[v] i- START DO 

IF the test(v,NEXT[v],NEXT 
(NEXT[v])) is successful 

THEN v:= NEXT[v] 
ELSE BEGIN delete NEXT[v]; 

v:= PRED[v3 
END 

END. 
tsTiile they describe a correct rule, their 

code is incorrect. As an counterexample we con
sider the points on Fig. 1 with START pointed 
to Se. The first test ScS.S. is unsuccessful and 
after deleting S,,v points to S. and NEXT[v] to 
S-, i.e. to START, and the algorithm stops im-
mediatelv. This happens because the stopping 
rule (the while condition) is incorrect. We 
presented a correct version of the algorithm 
that works for any choice of the initial point 
START. The stopping rule refleots the proposi-
tion proved in the section. 

[1] 

[3] 

[4J 
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One can define the long-term forest exploitation process in different ways. Methods of operations 
research can be used successfully for this purpose. A group of experts at the University of Ljub
ljana, Vugoslavia developed a specific tree-growing function and, based on that, prescribed a set 
of procedures, relations and states which could represent mathematical model for optimizing the 
forest exploitation process. The mathod was defined as a descrete dynamic programming process, based 
upon Bellmanls principle. In this paper we briefly describe the model and computer program prototy-
pe for solving it. They both can easily be extended by introducing more complexity into them. The 
program was written in FORTRAN and tested on DEC-10 computer. 

1. INTRODUCTION 
In the paper we describe a possible usage of 
dynamic programming, based upon Bellman's 
principle, in order to obtain the optimum so-
lution of a predefined long-term forest explo-
itation process. In this pro
cess measures and activities are introduced at 
each step within the iterative solution process 
and their effects on the intermediate results 
and the final solution are stated in'the form 
of mathematical relations. The whole forest 
area which is taken into consideration is divi-
ded into a number of homogeneous parts -̂  seg-
ments. For each of these segments, five special 
functions are imposed by means of which "we di-
rect (guide) the process within a number of 
time intervals, either years or decades. The 
functions are: (Fl) the maximum possible tree 
growth capacity, (F2) exploitation capacity, 
(F3) the quality of the existing tree speci-
mens, (F4) level of administration - čare for 
improved growing conditiond, and (F5) stage 
in segment development, based upon the age 
(oldness) of the tree specimens in it. The 
functions help to optimize exploitation ende-
avours. At each step of the interative soluti
on process four possible activities can be 
imposed: (Al) no activity at ali, (A2) exchange 
of the existing tree specimen with a new one, 
(A3) rarefying, and (A4) restoration. The ex-
ploitation policy is defined by a seguence of 
chosen activities during the iterative pro
cess. The stated functions, activities and 
time intervals are part of the mathematical 
model and dynamic programming process respec-
tively. The problem and the corresponding com
puter program can be extended by incorporating 
some sdditional functions and activities. Pro
gram prototype in FORTRAN was written and tes
ted on DEC-10 computer at the University of 
Ljubljana, Yugoslavia. In the paper we also 
comment the problems which are associated with 
dynamic programming applied to such type of 
problem. 

2. A PREDEFINED LONG-TERM FOREST EKPLOITATION 
PROCESS 

We mean by that a stated seguence of policies 
and activities that should be pursued in fo
rest exploitation within a life-time long peri
od of some tree specimen in order to achieve 
optimum results in accordance with predefined 
goals and criterions. The possible and necess-
ary actions and the most siuitable time for 
these actions to be carried out depend on the 
values of some chosen and defined functions 
which describe sufficiently the tree-growing 
process. It is these functions, which must 
be predefined by a group of experts in forest 
exploitation process - both practicians and 
theoricians, by means of which more or less 
complexity and reality is introduced in the 
basic model that is to be solved. After seve-
ral years of analytic and experimental studies 
of a group of experts in Ljubljana, Yugoslavia 
(VADNAL, KOTAR, ZADNIK, STIRN, GAŠPERŠIČ /2/, 
VADNAL, ZADNIK, STIRN /3/), the following 
suggestions and basic ideas have been made: 
(i) The paradigm is bounded both geographicaly 
and in time. The whole area considered is di-
vided into smaller regions which are further 
partitioned into smaller parts with specific 
environmental conditions and characteristics. 
Some parts within different regions can have 
similar or nearly equal environmental condi
tions and characteristics. They can or can not 
be exploited (treated) independently from each 
other. The area is exploited for a specific 
number of time periods, measured in years or 
decedes. 
(ii) In order to evaluate (quantify) observed 
characteristics of each part of the forest un-
der consideration, time dependant analytical 
growth functions have been developed: 
1) Function of growth 

Y(t) = a(l - (1+T)e X p(-T)), 
where T = (2n - 1) t"/(np"), for a > O, 
p > O, and n > 1. a defines the asymptotic 
value of Y(t), p is the value of t 
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from where on Y(t)' starts to decline, and n 
determines the speed of convergence y(t) towa-
rds value a. The value of t = t,, when the fo
rest restoration procedures start can be def-
ined by solving the equation 
l + T + T ^ - e x p ( T ) = 0 
which is obtained from the relation 
t,Y'(t,) = VCt,), or can be stated on the base 
ot experiences. 

2) Function of increase (by growth) y(t) = 
Y(t)' where y(t2)' = y(p)' = 0. 

3) Function of average growth f(t) = Y(t)/t, 
where f(t,) = y(t-), and therefore t,Y(t,)= 
Y(t3). -5 J J J 

4) Function of uniform growth s(t) = mt, 
where sCt^) = Vtt^), and s{t3) ' = Y(t3)'. 

(iii) Five functions have been introduced 
which describe five possible states of forest 
exploitation process: 

1) The maximum possible tree growth capacity -
Fl. Fl is constant during the exploitation 
process. 

2) Exploitation capacity - F2. F2 is a conti-
nouous function, where 1 £ F2 £ 10. Its 
value shows the degree in forest exploita-
tion. 

3) The quality of the existing tree specimens 
- F3. 
This function enables us to make an assess-
ment about the quality of the trees and 
whether to begin the exploitation process of 
some particular part of the forest or not. 
The parts are divided into five gualitative 
groups, 1 £ F3 £ 5. 

4) Level of administration - čare for better 
growing conditions - F 4. 
The value of F4, where 1 £ F4 £ 5, shows a 
degree of obstructing influence of unwanted 
tree species on growth of the wanted ones. 

5) The segment development stage - F5, based 
upon the age (oldness) of the tree speci
mens in it. Tree species are divided into 
four stages, accordingly: 
O < F5 < t. t^ 1 F5 < t̂  4 1 F5 < t 3' and tj _< F5 1^4^ 
Tree species of different stages differ both 
in size and quality and can therefore be 
used for different purposes. 

(iv) The forest exploitation process is carried 
out by performing a seguence of prescribed ac-
tivities. The seguence order of these activit-
ies helps to optimize the process. The follo-
wing four activities have been taken into 
consideration: 

1) No activity at ali. - Al. 
In this čase the forest develops in accor-
dence with the laws of nature. The value of 
F2 changes only within the first two stages 
of segment development; it is diminished for 
an empirically defined quantity pr(stage, 
F2, Al). Similarly, the values of F3 and F4 
change within the first three stages of de
velopment. They too are diminished for some 
empirically defined guantities pr(stage, F3, 

where t. indicates the upper time limit of 
the stated tree growth cycle. t, is defined 

Al) and pr(stage, F4,A1), respectively. Each 
time the value of the increment (1 for a 
year or 10 for a decade) is added to the pre-
vious value of F5. At the boundary points 
this causes a change of the stage of deve
lopment. 

2) Exchange of the existing tree specimen with 
a new one - A2. We can pursue this activity 
only within the first two segment development 
stages. The reason for doing that is the una-
dequate existing tree species. The exchange 
is carried out there - in those parts (seg-
ments) where the effects are most visible. 
A2 exercises the following influence upon 
F2, ..., F5: Their values are changed only 
within the first two stages of segment de
velopment. F2, F3 and F4 are increased by 
some empirically defined quantities pr(sta
ge, F2, A2),pr(stage, F3, A2) and pr(stage, 
F4, A2), respectively, while the value of F5 
is reduced to zero and the process starts 
from the beginning. 

3) Rerefying - A3. 
The activity can only take plače within the 
first three segment development stages. Wit-
hin the first stage it is exercised by cutt-
ing dovifn the unwanted species only what helps 
in guicker growth of the wanted ones. Here 
the activity imposes additional expenses. 
Within the second and third stage, in addi-
tion to the cutting down of the unwanted 
species, we also cut down some trees of the 
wanted species what helps in guicker growth 
of the most qualita"tive samples. Here the 
activity brings some profit. Due to A3 the 
values of F2, F3 and F4 are changed by some 
empirically obtained guantities pr(stage, F2, 
A3), pr(stage, F3, A3), and pr(stage, F 4 , A 3 ) , 
respectively. A3 has no particular impact on 
F5. The time increment (1 or 10) is added to 
the value of F5 after the time period ex-
pires. 

4) Restoration - A4. 
Restoration starts at t = t3, ends at t = t4, 
and can take different length of time. It is 
characterized by wood-cutting on higher scale. 
After restoration is done, the forest segment 
under consideration passes over into the 
first stage. The way in which the stage of 
restoration is being accomplished has a great 
influence on the results of the forest explo-
itation process. The span of time t^ - t3 is 
generally divided into more steps. At each 
step the increments of F2 and F3 are compu-
ted and added to the previous values of F2 
and F3, respectively. F4 does not change 
within A4, while the increment 1 (10) is 
added to F5 after each year (decade) that is 
passing by. F5 reduces to zero or some higher 
value after the restoration is over. 

Ak). Each measure 
ny step of the exploit-
can be expressed in 
The resulting inco-
say I(stage, Ak), 

s upon Fi, for i = 1, 
the undertaken acti-

can be divided into 
variable costs 

as t^ = a/10. 

(v) The outcomes - R(stage 
- activity undertaken at a 
ation process, results and 
a form of costs and income 
me of some particular step 
for k = 1, 2, 3, 4, depend 
2, ..., 5, and the size of 
vity Ak. The entire costs 
fixed costs FIX(stage) and 
V(stage, Ak). Accordingly, 

R(stage, Ak) = I(stage, Ak) -FIX(stage) -
- V(stage, Ak) 

1) R(stage, Al). 
In this čase we have no income and no vari
able costs. Therefore R(stage. Al) = -
- FIX(stage) 
where FIX(stage) i s some empir ical ly obtained 
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quantity. 

2) R(stage, A2). 
Activity A2 is carried out only within the 
first two stages of the exploitation pro-
cess. We have some possible income only wit-
hin the secohd stage, which can be expressed 
as qi (stage, A2)Y(t) where q.^(2,A2) is 
some empirically stated weight (factor), and 
qi(l, A2) = 0. Fixed costs FIX(stage) are 
defined (empirically). Variable costs are 
obtained as a total of the costs of removal 
the unwanted species, say qc(stage, A2)Y(t), 
and the costs of plariting new samples, 
say NT(stage), where g^ and NT are defined 
empirically. Accordingly, 
RCstage, A2) = qi(stage, A2)Y(t) -

-FIX(stage) - q5.(stage, A2)Y(t) - NT(stage) 
for stage = 1 , 2 . 

3) .R(stage, A3). 
Activity A3 is carried out within the first 
three stages. The outcome R(stage, A3) can 
be expressed as 
R(stage, A3) = qi(stage, A3)Y(t) - FIX(sta-
ge) - qc(stage, A3)Y(t) for stage = 1,2,3, 
where g^, FIX, and g^ are obtained empiri-
cally and qi(l, A3) = O . qi and g^ have a 
similar meaning as in čase of R(stage, A2). 

4) R(4, A4). 
Activity A4 is carried out only within the 
fourth stage. We differentiate two possibi-
lities: 

I. t3 = t4, when ali work is done in a very 
short tirne. In this čase we deal with one 
outcome only, defined as 
R(4, A4) = qi(4, A4)Y(t3) 
qc(4, A4)Y(t3) - NT(4) 

FIX(4) 

II.t3 + t4, and assume that there are d4 steps 
of the exploitation process within the fo
urth step. At each step n4, where n4 = 1,2, 
...., d4, we compute R(4, A4, n4) as 
R(4,A4,n4) = I — qi(4, A4, n4)Y(t) -
-FIX(4) - —- qc(4, A4, n4)Y(t) - NT(4, n4) 
where again g-̂ , 
rically. 

and NT are defined empi-

(vi) Managing the exploitation process is poss
ible before and after the process being in 
progress. By this we mean some further pres-
cribed conditions and rules which should be 
or should not be taken into account within 
the problem solving process, in accordanoe 
with the type of optimization process that 
we pursue. We distinguish among the follow-
ing possible alternatives: 
No alternations of the prescribed exploita-
tion process are possible while the process 
being in progress. 
Some alternations of the originally prescri
bed exploitation process are possible while 
the process being in progress. We may inte-
rrupt the process, insert some new input data 
and proceed the process from this point on 
or start the program from the beginning. 

The final result of the process is prescri
bed in advance as well as the starting 
conditions. 
The final result is the optimum value that 
can be obtained by the prescribed starting 
conditions. 

3. DYNAMIC PROGRAMMING PROCESS ALGORITHM 
PROTOTYPE 

3.1. General description of the descrete dyna-
mic programming 

Descrete dynamic programming process is an i-
terative process (BELLMAN, DREYFUS / 1 / ) . At ea
ch step i, for i = O, 1, ..., N, we define a 
certain number of possible points Xij, for j = 
1.2, ..., Mj^. For each point we compute the 
function value fĵ j which is involved in the pro
cess of optimization. This value is the optimum 
value among function values fi-i k/ for k = 1, 
2,... Mi_i, incremented by the computed outco-
mes between Xj__i Y. ="̂ '̂  this particular point 
Xij. After computing f^j for ali i = O, 1, ..., 
N a n d j = 1, 2, . . . , Mj^ we define the optimum • 
seguence of the operations and decisions that 
were made during the exploitation process for 
ali steps i = N, N-1, ..., 0. Sometimes two or 
more alternatives are possible which ali give 
the same optimum solution. 

3.2. Forest exploitation dynamic programming 
algorithm 

In order to start the process we need the foll-
owing input data: 

a, p, n, ti, t2/ t3, t4; in the prototype we 
don't compute the values of t^, t2 and t3 
but we read them as input data instead. 

For each segment, i.e. for each čase of the 
exploitation process: 

ali empirically defined values of FIX(stage), 
.NT(stage), qi(stage, Ak), and g^(stage, Ak), 
for stage = 1 , 2, 3, 4 and k = 1, 2, 3, 4. 
ali empirically defined values of pr(stage, 
Fi, Ak) , for stage = 1, .'. . , 4, i = 2, 3, 4 
and k =1, ..., 4, that represent the incre-
ment of Fi due to the activity Ak. 
F2, F3, F4, F5 which define the starting con
ditions of the forest exploitation process. 
The whole experiment can be repeated several 
times for different starting values of F2, 
..., F5. 

The process is as follows: 

For each t, where t.= F5 + 10, F5 + 20, ..., in 
accordance. with the stage to which t belongs 
(stage = 1, 2, 3 or 4 ) , the possible activities 
(Al, A2, A3 and/or A4) at that stage take plače 
for ali existing (active) points xt-io s (see 
3.1.), where s = l , 2, 3, .... 

For each activity that takes plače at some 
''t-10,s the following happens: 

new values of F2, F3, F4 and F5 are computed, 
defining a new point x̂ ^ j and a new step. 

There is: new value of Fi = old value of Fi + 
pr(stage, Fi, Ak), for i = 2, 3, 4, where "-" 
sign appears for Al, and "+" sign appers for 
A2, A3 or A4, respectively. The value of F5 is 
increased by 10 or reduced to zero (for A2 or 
when F5 > t4). 

the outcomes R(stage, Ak), see chapter 2.(v), 
aro computed and addcd to ft-10 s (see 3.1) 
in order to obtain ft,j-

Some of the 250 possible different points xtj, 
for j = 1,2, ..., 250, are encountered at each 
step t of the iterative process. They are 
defined by different values of F2, F3 and F4 
(10x5x5 = 250). The computer program builds two 
arrays X(250, 6) and FX{250) at each step of 
the iterative process in order to save ali the 
the necessary intermediate data. The elements 
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in row j of array X contain the following data 
about the point xt,j: 
xji = F2, Xj2 = F3, Xj3 = F4, Xj4 = k, Xj5 = 
= s, Xj6 = F5 
where 
k (=1, 2, 3 or 4) definds the activity Ak ta-
ken at step t-10 that caused a transition to 
xt,j, and 
s definds the point xt-io,s fĴ om which the 
transition to xt,j was made. 
s stands for the'row number of array X at pre-
vious step (t-10) in which the data about 
xt-io,s''^^ stored. 
The elements FXj, for j = 1, 2, ..., 250, re-
present the values of the computed ftj-
II. 
After completing the first part of the algori-
thm we locate the optimum value fT,j i" the 
last step T of the interative process, where 

, 250) optimum (fT,s' ^°^ s = 1, 2, 
Afterwards we trace back to the beginning ali 
actions that vere carried out during the explo-
itation process. We do this by means of data 
stored in arrays X and FX. 
If the number of steps in the iterative process 
is fixed and defined, let say by t4/10, then 
'̂  '̂  t4 in čase when the starting value of F5 
= O, and T < t4 otherwise. 

4. CONCLUSIONS ON THE APPROACH 
Obtained experiences show that a method for op-
timising the forest exploitation process, based 
upon descrete dynamic programming is reasona-
ble and adeguate. More complexity and necessary 
modifications can easily be introduced after 
obtaining and analyzing some experimental re-
sults. Large number of input data and interme-
diate results which are storage demanding may 
be regarded as the only inconvenience. Diffe-
rent strategies may reduce this problem by 
applying the secondary disk storage at each 
step of the interative process. The empirica-
lly obtained input data can also be stored in 
files in advance and kept there for as long as 
necessarv. 
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RAČUNALNIŠKI PROGRAM ZA DOLOČITEV OPTIMALNE 
REŠITVE V DOLGOROČNEM IZKORIŠČANJU GOZDOV. Pro
ces dolgoročnega izkoriščanja gozdov moremo o-
predeliti na več načinov. Primerne v ta namen 
so tudi metode operacijskega raziskovanja. Sku
pina strokovnjakov Univerze Edvarda Kardelja v 
Ljubljani je za določitev matematičnega modela 
optimizacije postopka izkoriščanja gozdov raz
vila posebno rastno funkcijo in na temelju le
te definirala zaporedje potrebnih postopkov, 
relacij in postulatov. Metoda je bila definira
na kot postopek, ki temelji na diskretnem dina
mičnem programiranju. V članku zgoščeno opiše
mo prototipa modela in računalniškega programa 
za njegovo rešitev. Model je možno razširiti z 
vgraditvijo nadaljnjih zahtev in pogojev. Prog
ram je napisan v programskem jeziku FORTRAN in 
je bil testiran na računalniku DEC-10. 
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In a software 1 
lot of costs are 
programmers source c 
solving the similar 
some kind of rules f 
called "programming 

135 programs we 
each consisting of 
testing, sampling, a 
Without knowing inte 
source code between 
groups. Differences 

ife cycle the most expensive is the phase of maintenance. A 
caused by different solutions of similar problema. The 

ode is an exhibitional example of a variety of algorithms 
tasks. In larger programmer groups there are often arranged 
or programming the source code. They are nearly always 
standards". 
re analyzed from four programmers groups (coraputer centers) 
2 - 4 programmers. Statistical methods such as statistical 

nalysis of variance, etc were used as an unbiased judge. 
rmediate appointments about the programming was compared the 
programmers, programmers within groups and the code between 
between programmers within groups were surprisingly small. 

Vzdrževanje je najdražja faza 
veliko stroškov povzroča raznol 
programerskih skupinah si oblikuje 
skoraj vedno imenujejo "programski 

Delo opisuje analizo 135 
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poznavanja dogovorov o programi 
programerji, programerji v okv 
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programov iz 
enih iz 2 -

vzorčenjih, 
ranju je bil 
iru skupine 
rogramerji v o 

cikla programske opreme. Zelo 
ja podobnih problemov. V vecjih 
pravila programiranja, ki jih 

štirih programerskih skupin 
4 programerjev, ki temelji na 
analizi variance itd. Brez 

a primerjana programska koda med 
in skupinami. Presenečajo 

kviru skupin. 

1 Introduction 

Many software life cycles from different 
authors have been proposed. They differ in 
unimportant details. It is common to ali of 
them, that the phase of maintenance is the most 
expensive. This phase is now the major 
programming activity, and very soon more 
programmers will be performing maintenance than 
development IJones p. 35]. 

How to reduce costs of maintenance? Few 
would disagree that the quality software is not 
less expensive. But what is the quality 
software anyway? 

2 Software Quality 

It is as hard to define as defining a 
"good car driving". It is differently 
comprehended from a programmer to another 
programmer, from one manager to another etc. 
With the most known facets the software quality 
can be defined [by Arthur) as: 

software quality F(correctness, efficiency, 
flexibility, integrity, 
raaintainability, 
portability, reliability, 
reusability, testability, 
usability) 

where each facet can be further reviewed 
through more criterias. For an example the 
niaintainability can be presented as: 

maintainability = F(concision, consistency, 
modularity, simplicity, 
instrumentation, 
self-documentation) 

Some of these criterias are easy to 
measure, others are not. Everyone can explain 
modularity, but descriptions vary from one 
person to another - from equalling modularity 
with the structured programming, over equalling 
with a "no GOTO programming", to a philosophy 
of cohesion and coupling. 

And concision and simplicity? Specter of 
ansvvers is nearly unlimited. Different 
comprehensions cause different solutions. And 
this is very often a reason which makes 
programmers spend more time and money to 
understand the other programmer than to solve 
the problem. 

Achieving an uniform coding through exact 
standards is not realistic. "Many rules do 
have legitimate exceptions" (Grauer p. 921. 
But on the other hand - nearly every group of 
programmers or computer center elaborates its 
own philosophy of programming. That guidelines 
are usually called "programming standards". 
So, a kind of uni£ormity is possible. But how 
muc h? 
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Table 1 Illustration about the Sample Size 

3 Source Code Analysis 

3.1 Technics 

It is of course impossible, or at least 
too expen3ive to extract data froni a sample by 
hand. A tool or tools are needed. 

Our research of the source code has based 
on two prograras. The first one has been 
oriented on the analysis of the WORKING:-STORAGE 
section. Its input has been the cross 
reference and the raap listing produced by the 
corapiler. Results have given information about 
distributions of variable descriptions, number 
of references, number of words in variables, 
paragraphs, USAGE clauses, etc. 

The other program has been oriented on a 
procedure division. It has produced a table of 
usages of the COBOL reserved verbs. 
Occurrences of each verb have also been 
analyzed in the IF statement. Logical 
operators have been counted detail in either IF 
and PERFORM UNTIL statements. This program has 
also given a number of coroments, number of 
paragraphs, sections, library lines of COPY 
statements, total number of verbs etc. 

Both programs as well as the whole 
research were done under the DELTA/V V2.0 
operating system. Because the raajbrity of the 
sample programs were written for the PDP-11 
Computer with the DELTA/M operating system, a 
little recoding was sometimesiv needed. What 
does this mean for the transportability of 
programs? (This interesting question is not 
the subject of this paper). 

. 3.2 Sample 

3.2.1 Criterion for a Sample 

Collect 
only a t 
operational 
immediately 
in a sample 
or just th 
čase, the an 
the applica 
differences 
show greater 

ing a 
echni 
one 
aris 

- eve 
e si 
alysi 
tion 
betwe 
simi 

nd analyzin 
cal probl 
Very impo 
en: which 
ry program 
gnificant 
s gives the 

But this 
en similar 
larity than 

g a sample is not 
em, but also an 
rtant question is 
programs to include 
of an application 
ones? In the first 
exact answer about 

perfection can hide 
programs. It might 
it really exists. 

In our research the second method has been 
used. 

3.2.2 Sample Size 

Four applications (programraing groups) 
from different computer centers were included 
into the sample.. It was common to ali of them 
that they used the same computer language -
COBOL and each group had forraed some kind of 
its own programming rules. It is not worth 
mentioning that they a H sweared on the 
structured programming (which was prescribed in 
their "standards"). 

In this paper applications are marked with 
letters "A" through "D" and programmers within 
a group with numbers. Data in table 1 have no 
significant meaning. They are presented just 
as an illustration of a sample size. 

IProg 
Iramr 

1 Al 
! A2 
! A3 
! A4 
! BI 
! B2 
! B3 
! Cl 
! C2 
! Dl 
! D2 
! D3 
! sA 
< sB 
! sC 
! sD 

ISUM 

No p 
rgms 

11 
10 
5 
9 

16 
17 
2 

15 
10 
22 
8 

10 
35 
35 
25 
40 

135 

"No of 
.lines 

5274 
5517 
1344 
4550 

13977 
17706 
2548 

10599 
6437 

45908 
15606 
11149 
16685 
34231 
17036 
72663 

140615 

! Average 
ilin/progr 
! 479.45 
! 551.70 
! 268.80 
! 505.56 
! 873.56 
! 1041.53 
! 1274 
! 706.60 
! 643.70 
! 2086.73 
! 1950.75 
! 1114.90 
! 476.71 
! 978.03 
! 681.44 

Stahdar! 
deviat.! 

277.0 ! 
331.6 ! 
180.0 ! 
209.4 ! 
349.6 ! 
555.2 ! 
393 ! 
195.9 ! 
323.1 ! 
617.6 ! 
775.2 ! 
389.3 ! 
281.9 ! 
475.8 .1 
256.4 ! 

! 1816.58 ! 731.2 ! 

1 1041.59 731.9 ! 

Exec. 1 
verbs ! 

2544 ! 
3079 ! 
706 ! 

2908 ! 
5116 i 
6984 J 
1029 ! 
3042 ! 
2187 ! 

19147 ! 
6834 ! 
3518 ! 
9237 ! 

13229 ! 
5229 ! 
29499 ! 

57194 ! 

3.3 Analyzing Comment Statements 

Comment 3.3.1 Iroportance of the 
Statements 

"Although COBOL is often thought of as a 
self-documenting language, this is only 
partially true. With a careful choice bf 
words, each statement can indeed be 
self-documenting, but it cannot explain its own 
purpose: it merely states its contribution to 
a technique or algorithm" [Ledin, Kudlik, Ledin 
p. 97]. 

Comments are stili needed, they become 
even more and more important. Specially in the 
last time, when prograras are often not 
maintained by the original author. As iurdon 
says "No programmer, no matter how wise, how 
experienced, how hard pressed for time, no 
matter how well intentioned, should be forgiven 
an uncommented program". 

3.3.2 Number of Comments per Source Code 
C 

Absolute number of comments in a program 
does not have any meaning. It needs to be 
compared with the number of source lines, or 
the number of executable statements, or with 
the reserved COBOL verbs. Table 2 presents 
data about the number of source lines per 
comment where source lines per comment ( S L O is 
calculated as 

SLC = 
total number of lines 

number of comments 

Table 2 - Source Lines per Comment 

Prog 
ramr 

Al 
A2 
A3 
A4 
BI 
B2 
B3 
Cl 
C2 
Dl 
02 
D3 

No p 
rgms 

11 
10 
5 
9 

16 
17 
2 

15 
10 
22 
8 

. 10 

No of 
comment 

257 
318 
95 

223 
1820 
2720 
432 

2611 
1387 
8140 
2922 
2418 

Average 
SLC 

20.54 
17.35 
14.14 
20.37 
7.68 
6.51 
5.9 
4 .-06 
4.64 
5.64 
5.34 
4.61 

Standar 
deviat. 

5.76 
3.48 
4.43 
5.90 

•̂  2.52 
1.54 
1.50 
0.49 
1.63 
0,42 
1.22 
0.5 

Sum of 
squares 

5003.5 
3131.2 
1097.7 
4046.0 
1044.3 
761.1 
74.1 
250.8 
241.7 
702.8 
239.9 
215.1 
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3.3.3 Differences in Percentage of 
Comments between Applications 

Is there any significant stability in 
comnienting programs? This answer was 
researched with the analysis of variance. In 
table 3 there is an analysis of not only 
differences between programs and programmers, 
but also of differences between applications. 
[Andrejcic p. 1611. 

Table 3 - Analysis of Variance between 
Applications and Programmers 

1 Source of IDeglSum of! Mean ICalcu- ! F ! 
! Variation !fre!square!square!lated F! tablel 
+ + + + + + + 
Applications! 3 ! 4506 . 4 ! 1502 .1! 37.33 ! 23.70! 
Programraers ! 8 ! 207.3! 25.91! 2.92 ! 2.663! 
Programs !123!1091.2! 8.87! ! ! 

The first null hypothesis - that 
differences between groups (applications) are 
not significant can be absolutely rejected 
'^(3'0.001) ~ 23.7). The second null 
hypo£hesis, that differences between 
programmers do not exist can be rejected too, 
but the risk is this time for a bit greater 
over half a per cent 'E'(8'0.01) ~ 2.663). This 
has given a reason for a čletailed investigation 
about differences between programmers within 
groups. (See table 4). 

Table 4 - Analysis of Variance between 
Programmers within Applications 

+ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =:=: = = = = = + 
ISource !App!Deg! sum !mean!calcula!F(O.1)! 
!of var.!lic!fre!squar!squ.!ted F ! table! 
lbetween! A 
1 prog ! B 
1 ramm ! C 
1 ers ! D 

1 8 4 . 3 ! 6 1 . 4 ! 2 .125 ! 2 .28 ! 
1 3 . 7 ! 6 . 9 ! 1.502 ! 2 .49 ! 

2 . 0 ! 2 . 0 ! 1.549 ! 2 .88 ! 
3 . 6 2 ! 3 . 6 ! 7.262 ! 2.44 ! 

between! 
prog ! 
ramms ! 

1 

A 
B 
C 
D 

31 
32 
23 
37 

896.2 
146.6. 
30.0 
18.5 

28.9! 
4.6! 
1.3! 
0.5! 

These analyses have shown, that the only 
application in which significant differences 
exist was the application "D" (for the risk of 
10%, but it is not greater for the risk of 0.1% 
~ ^(2-0.001) " 7.29)1 The t-test proved that 
the programraer "D3" had more comments than the 
other two. Results have shown greater 
stability in viriting comments than it had been 
expected. 

Comparing the average (9.03 source lines 
per comment) of this sample with the previous 
investigation gives also unexpected results. 
Al-Jarrah-Torsun (page 344) have • counted an 
average of 66.5 source cards per comment card. 
It is such a great difference, that it needs no 
special statistical prof. It does not also 
need the result of Smolej-Korelic - 23.82 lines 
per comment. 

3.3.4 Correlation between Program Length 
and Number of Comments 

Naturally, it is expected that longer 
programs are more complex and for this reason 
they need to be more commented. But the 
previous investigation of dr. Smolej and 
Korelic(*) discovered unexpected negative 
correlation .between comments and 
characteristics of complex programs. 

Table 5 - Correlation between Program Length 
and Densitv of Comments 

Prog!Coe.cor.! t(table) 
Al 
A2 
A3 
A4 
BI 
B2 
B3 
Cl 
C2 
Dl 
D2 
D3 

0.160 
-0.186 
-0.702 
0.771 

-0.186 
0.148 
1.000 
0.277 

-0.535 
0.304 
0.705 
0,409 

0 
0 
1 
3 
0 
0 

1 
1 
1 
2 
1 

486 
525 
707 
199 
708 
580 

038 
790 
428 
435 
269 

t(0.50; 
t(0.50, 
t(0.10; 
t(0.01. 
t(0.40. 
t(0.50. 

t(0.20, 
t(0.10; 
t(0.10. 
t(0.05. 
t(0.20. 

9) 
8) 
3) 
7) 

14) 
15) 

13) 
8) 

20) 
6) 
8) 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

0.703 
0.706 
2.353 
3.499 
0.868 
0.691 

1.350 
1.860 
1.725 
2.447 
1.397 

1 

1 
J 
1 
1 
! 
1 
1 
! 
1 
1 
1 

According to table 5 programmer "A4" is 
the only one who can be assumed to have larger 
programs less commented. The risk of rejecting 
the null hypothesis, that the correlation 
coefficient is not significant, is about over 
1%. The nearest result of the programmer "D2" 
increases this risk up to over 5%. 

Four programme 
"C2") had eve 
correlation. This 
programs had r 
Programmer "A3" h 
-0.702, but his 
too small to rej 
Programmer "C2" 
correlation -0.535 
(10) was much cl 
null hypothesis. 

rs (•'A2", "AS", "BI" and 
n negative coefficient 
means that the larger 

elatively more comments. 
ad this coefficient even 
amount of the sample (5) was 
ect the null hypothesis. 

with the coefficient 
and greater amount of sample 
oser to the rejection of the 

3.3.5 Sampling Contents Of Comments 
"The mere presence of comments, however, 

does not ensure a wel1-documented program, and 
poor comments are sometiroes Morse than no 
comments at ali" IGrauer p. 103]. 

There are also knoun the first rules which 
suggest how to write comments (to explain 
reason, not to duplicate code, etc). Their 
present usage can be compared with the first 
considerations about structured programming in 
the early '70. 

How to establish the qualitY of comments? 
At least two problems occur. The first one is 
to distinguish good comments from bad ones. It 
is impossible to do it automatically. A man as 
an observer and arbiter is needed. And this 
causes the second problem. The amount of 
comments is too large to examine every corament 
line. 

Dr. Smolej and Korelic have analy2ed 238 
programs written by 8 programmers from one 
Computer center with the goal to find 
representative characteristics of an 
average program. 



47 

Sainpling was chosen to 
illustration of the quality 
Samples of comments were collect 
programmer. Each line was 
estlmated as good or bad. Criter 
comment line were easy to sati 
that might be of any help in unde 
code was accepted as good. 
comparing with the nearest lines 
was done. Also the AQL was very 
the risk of 5%. MIL. STO. 105D d 
plan was used. 

give an 
of comments. 

ed from each 
subjectively 

ias for a good 
fy. Each line 
rstanding the 
No additional 
of source code 
low - 10% with 
ouble sampling 

Table 5 - Sampling the Quality of Comments 

!Prog Numb. First 
! rainr i comm. ! amo 

I Al 
1 A2 
J A3 
1 A4 
! BI 
1 B2 
i 33 
! Cl 
i C2 
1 Dl 
! D2 
! D2 

257 
318 
95 

223 
1921 
2720 
432 

2610 
1378 
8140 
2923 
2418 

20 
32 
13 
20 
80 
80 
32 
80 
80 
80 
80 
80 

AC 

3 
5 
2 
3 

11 
11 
5 

11 
11 
11 
11 
11 

sample 
RE 

7 
9 
5 
7 

16 
16 
9 

16 
16 
16 
16 
16 

Second 
res lamo 

4 
14 
4 

12 
46 
39 
17 
5 
7 
3 
7 
6 

20 

13 

AC 

8 

6 

sample 
RE 

9 

7 

res 

7 

10 

Acc ! 
Rej ! 

AC ! 
RE ! 
RE ! 
RE ! 
RE ! 
RE ! 
RE ! 
AC ! 
AC ! 
AC ! 
AC ! 
AC ! 

Results have very clearly rejected 
programmers with the less commented programs 
and accepted prograiramers with better results. 
What coincidence? Obviously, some groups take 
a great čare about this problem, while the 
others do not! 

3.4 Analyzing User-Defined Words 

In applications "C" and "D" similarities 
are imroediately seen. Not only tests of the 
mean values and F-tests of the intermediate 
differences of standard deviation, but also 
much harder the Kolmogorov-Smirnov test of 
goodness of fit have proved that there were no 
differences in distributions between 
programmers within groups. This was specially 
surprising in the application "D", where 
distribution of each programmer was bimodal. 
(Every programmer had more variables with 
length of 13, 14 or 15 characters than with 10, 
11 or 12). The first explanation waa, that 
this was caused by the influence of the "COPY" 
statements. But further analvses had 
contradicted this suspicion. 

348] 
The Kruskal-Wallis procedure [Andrejcic p. 

12 

1369 

12 

100 

<12 + 1) 

361 144 

- 3 

3 2 3 

(12 + 1) = 7.47 

7.81 •(0.05:3) reason to reject the null hypothesis. 
compared with chi-square 
gave no 
that there were no significant differences 
between applications. However, the result was 
very near to the border value for the risk of 
5%. 

4 Conclusion 

4.1 Interpretation 

Beside correct comments a mnemonical 
significant data names are very important for 
understanding a data flow. Nearly ali authors 
who deal with programming techniques suggest to 
use as many of the 30 characters as needed to 
make names in a program easy to understand. 
Not only to the original author, but for others 
as well. 

Maybe this is a reason for a surprise when 
Al-Jarrah-Torsun discovered that the average 
iiser defined name had "only" 7.81 characters. 
In the next table distributions of ali 
user-defined names are shown. Results are 
grouped into classes of three lengths. The 
hyphen is counted as the other characters. 

Only programmers "BI" and "B2" have 
user-defined names longer than 18 characters. 

The first discovery was that the relative 
number of comments is increasing (comparing 
with the oldest analysis by Al-Jarrah-Torsun 
and a bit younger by Smolej-Korelic). Ali 
applications were produced with the interactive 
editor, while Al-Jarrah-Torsun wrote about 
cards. So, maybe also the economical effects 
can have some influence on the density of 
comments. 

Not only the density, but also the 
constancy was surprising. It vos even not 
effected by the program length, as it had been 
measured by the previous analysis. Influence 
of the group agreements on the programmer were 
reflected immediately. This brings to a 
conclusion, that commenting is given more and 
more čare. It has now its plače also in "the 
programming standards". 

Table 7 - Distributions of Lengths of the User-Defined Names 

!Length 

! 1-3 
! 4-6 
1 7-9 
! 10-12 
! 13-15 
! 16-18 
! 19-21 
! 22-24 
! 25-27 
! 28-30 

!average 
1 rank 

Al ! A2 ! 

100 
334 
419 
72 
22 

6.6 
8 

66 ! 
548 ! 
270 ! 
153 ; 
50 ! 
11 i 

7.2 ! 
6 ! 

A3 

95 
105 
82 
4 

4.9 
12 

1 

1 

1 

A4 

248 
333 
323 

5.2 
11 

BI B2 B3 

96 ! 19 ! 15 
596 

1070 
315 
255 
186 
142 
105 
94 
44 

10.7 
1 

995 
1400 
760 
301 
126 
38 
. 1 

8.7 
2 

308 
266 
58 
9 
2 

6.9 
7 

! Cl 

! 384 
11643 
1 341 
1 76 
1 30 
1 2 

1 5.6 
1 9 

1 

r 
1 
1 
1 
1 
1 

! 

1 

1 

C2 

272 
1026 
221 
76 
10 

5.5 
10 

1 Dl 

1 180 
12168 
13966 
1 385 
11155 
1 21 

1 7.9 
1 5 

D2 D3 

59 1 30 
813 

1269 
238 
376 
16 

8.0 
4 

731 
1072 
179 
296 
13 

8.2 
3 

1 

1 

1 

1 
! 
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Sampling of comraents gave some 
disappointing results, or at least unexpected. 
It was verv easy to distinguish between the 
good and the bad comments. Criterias were easy 
to achieve, but results rejected programmers 
with the less coramented programs. 

gave no reason to contradict the hvpothesis 
that the both saraples had statistically equal 
mean values. 

4.2 Comment of the Analysis 

After the research was finiahed, each 
"programming standard" was studied in detail. 
Results of the analysis were compared with 
these prescriptions. In applications"C" and 
"D" detailed programming guideJines about the 
form of comment vere stated, while in others 
they were omitted. 

Al-Jarrah 
user-defined n 
expectation th 
to be on avera 
p. 343] was no 
average of 8 
value. Equal 
user-defined 
Descriptional 
the long user-

Torsun found that the average 
ame had 7.81 characters and their 
at it "was expected to find them 
ge much longer" [Al-Jarrah-Torsun 
t in plače. It seems that an 

characters is the most common 
ity of distributions of the 
names vas greater than expected. 
estimates about the importance of 
names vere: 

Bi - very important 
B 2 - very important 
B 3 - very important 
Cl - less important 
C2 - less important 
Dl - very important 
D2 - important 
D 3 - important 

It needs to be stated clearly, that the 
goal of this analysis vas not to point to the 
quality of the aoftvare. The goal vas to find 
aimilarities and differences betveen 
applicationa and programs vithin an 
application. And this paper is only to give a 
short illustration of the analysis, so only a 
part of the research is shovn. There are of 
course more calculations and comparisons. 

This analysis neither measures nor 
estiraates the quality of applications, It is 
impossible to do it just on some facets about 
the State of the source code. It is veli 
knovn, that the quality of the softvare is 
designed and determinated in the previous 
phases of the softvare life cycle. 

The quality of the source code is not the 
most important component of the softvare 
quality. So, it cannot be made equally vith 
the softvare quality vhich make part of the 
linear equation [by ROLAND] 

An interviev vith programmers on the 
application "A" vas not possible. Ansvers vere 
as expected, except the programmer 33's and 
Dl • s. Programmer "B3" vas a beginner and the 
vorst typist. "D3" vas also very bad, the 
vorst in his group, but they both ansvered 
under irapreaaion of the group agreements. If 
the programmer "B3" vould be separated, the 
Kruskal-Mallis procedure 

12 

1156 

11 

9 

2 

(11 + 1) 

289 144 

- 3 * (11 + 1) = 8.18 

vould reject the null hypothesis (vith the risk 
of 5%), that there vere no differences betveen 
applications about lengths of the user names. 
This vould prove, that the statistical 
significant differences exist. For this reason 
the correlation betveen the typing speed and 
the length of user-names vas not analyzed. As 
there vere nearly no differences betveen 
programmers vithin groups, results vere 
obviously more depended on agreements than the 
dexterity. The suspicion, that the uniformity 
of distribution vas caused by the COPy 
statements in the WORKING-STORAGE section vas 
comprehended. The amount of user-names froro 
the library files vas found to be very lov. 

With the method of comparing the mean 
value vith the constant it vas evidenced that 
each programmer had different average than the 
saraple of Al-Jarrah-Torsun (7.81) vith the 
great«st risk of 3.67 for the programmer "D2". 
Coincidently, the vhoie sampje together had an 
average of 7.79 vith standard deviation of 
3.52, so critical risk (CR) lAndrejcic p. 100] 

7.79 
CR = 0.916 

3.62 

\f 27464 

vhere W's are veighting factors and X'a are 
softvare metrics - each of vhich may be or may 
not be given in turn by linear equation3 of the 
same form, and C is the constant. One of them 
is also the maintainability as it had been 
shovn at the beginning. Uniformity of code can 
be of a great help in eliminating difficultiea 
and frustrations in authorship of the program. 

Anyhov, 
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PREVOOJENJE PRAVILA GRAMATIKE IZ EBNF ZAPISA 
U BNF ZAPIS 
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UDK 519.682.1 
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Institut za matematiku 

TRANSLATION OF ORAMMAR RULE EBNF DESCRIPTIONS TO BNF ONES: The use of 
computers in grammar processing of any kind demands the siraplest possibie 
description of grammar rules. Backus Normal Form <BNF) is acceptable solution. 

However, Extended Beckus Normal Form CEBNF) Is more suitable for humans. 
For purposes of efficient computer processing of grammar rules described by 
EBNF, preprocessor beconies a must. It translates EBNF description of grammar 
rules to eqijivalent BNF description, 

SA2ETAK: Obrada gramatika Cprogramskih Jezika) na raCunaru zahteva Sto 
Jednostavniji način zapisivanja njihovih pravila. Backusova normalna forma 
<BNF> je jedno od prihvatljivih reSenJa. 

Medjutim, za Coveka koj i zapisuje pravila pogodnija Je proSirena 
Backusova normalna forma CEBNF>. 

Da bi se pomirila ova dva protivreCna zahteva realizovan Je predprocesor 
koJ i obavlja prevodjenje pravila iz EBNF u BNF zapis. 

1. Uvod 

Veeina programskih Jezika se mo*e, skoro u 
potpunosti, definisati pravil ima kontekstno 
slobodnih gramatika, koja su oblika: 

metaproraenlJ1va, a desna strana Je metaizraz -
niz metapromenlJ1vih i/ili metakonstanti 
razdvojenih univerzalnim inetasimbolom |. 

Metasimbol | povezuje razliCrite desne 
strane pravila sa istim levim straiiama: 

Leva strana pravila Je jedaii od simbola iz 
skupa neterminalnih simbola gramatike, a desna 
strana pravila je konaCan niz terminalnih i/11 i 
neterminalnih simbola. 

Potreba preclznog formalnog defInisanja 
programskih Jezika uslovila Je pojavu 
razi ieitih notacija za zapis pravila 
gramatike, od kojih se najv i Se koriste: 

a> Bekusova CBNF'> i proSirfsna Bekusova 
<EBNF) notacija, 

b) obrnuta i modifi kovana obrnuta notacija, 
c) grafička notacija, 
d^ sintaksni dijagrami. 

U sluCaJu a> i b) sintaksa jezika se 
definiSe pomoiiu konatnog skupa metaformula. 

Metaformula se sastoj i od leve i desne 
strane rauzdvojene uni verz.alnim metaslmbolom 
::=. Leva strana metaformule Je 

^ 1 

ft2 

a : : = ftn 
<=> a : := fti \ ftz \ . . . \ ftn 

2. Primena BNF i EBNF u zapisivanju pravila 
granvatilce 

Da bi se omogucsila jednozhaCnost pri 
definisanju simbola gramatike uvode se 
ograniCavaili za obe kategorije simbola. 
Neterminalni .simboli se ograniCavaJu znakom < 
Cna poCetfcu) i > Cna kraju), a terminalni 
znakom '. Ovakav naCin obeležavanja stvara 
dodatiiu opreznost i napor pri zapisivanju 
pravila, ali daje veCe slobode kod imenovanja 
simbola. 

Za zapisivaiije pravila kontekstno slobodnih 
gramatika, BNF nudi sledetiu pogodnost: ukoliko 
postoji viSe pravila sa razliCitim desnim, a 
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Jednakim levire st-ranama, t-ada se ona zapisuju 
kao Jedno pravilo Cija Je leva st-rana Jednaka 
levoj st-raini niza pravila, a desna strana 
sadr2i sve desne st-rane niza pravila razdvojene 
mst-asimbo 1 om | Cu znaCenJu ill>. 

Ovakav naCin zapisivanja Je nefleksibilan i 
dovodi do dupliranja i nepot,rebnog ponavljanja 
pojedinih nlzova simbola u pravil ima. 

EBNF donosi značajna proSirenJa Jer pored 
metasimbola koje korist-i BNF C::= i |> uvodi 
parove net-asimbola: O , [), O . 

2.1 Metasimboll O (Orupisanje) 

Desne st-rane pravila sa ist-im levim 
st-remama se nekad razlikuju samo po nekom nizu 
t-erminalnlh i/lli net-errainalnih simbola. Pomoiiu 
met-asimbola O uvodi se grupisainje sa sledečim 
znaAenJ en: 

BNF 

BNF 
P : :» 11 ri iz 
P : : • ii TZ 12 

P : :- ii rn iz 

EBNF 

<"> ii < n I ... I r . > l2 

Bar Jedan niz simbola ii lli iz nije 
prazan. Takodje, ri, . . . » m Cza n>l) nisu 
prazni nizovi simbola. 

2.2 Melasimboli I ] CJednost-ruka pojava) 

Dva pravila gramat-ike se mogu razlikovat-i 
samo po pojavi nekog niza simbola u Jednom od 
njih. Da bi se izbeglo pisanje oba pravila 
uvode se met-asiraboli [3 sa sledeciim znaCenJem: 

BNF 
P : : = m n nz 
P : : = m nz 

EBNF 

<=> : = m [ n J m 

Niz terminalnih i-̂ ili neterminalnih 
simbola ograniCen met-asimbol ima t J javlja se u 
pravilu najvise Jedanput-. 

Da bi pravilo imalo smisla niz simbola n 
niJe prazain. 

P : 
P : 
P : 

: = m 
; = m 

: = n i 

na 
nz 
nz 

na 
nz na 

EBNF 

<=> P : :«• m < nz > na 

Da bi pravilo imalo smisla niz simbola nz 
nije prazan. 

Moguče su sledeee pojave parova met-asimbola 
r ] i O ; 

1> I...<...>..,J 
2> <...!...)...> 
3> <...<...>...> 
4) I...t. . . ] . . . ] 

do proizvoljnog nivoa dublne. Pojava 
metasimbola O Je moguča na svlm nivolraa. 

3. PrevodJenJo praviia iz EBNP zapisa u BNF 
zapis 

Razvijanje prevodilaca za viSe programske 
Jezike je Jedna od znaCaJnlh oblasti 
raCunarskih nauka, stoga je potrebno na pogodan 
naCin izraziti sintaksna pravila jezika 
koriščenjem gramatika.. 

Za obradu gramatika na raCunaru pogodniji 
je zapis pravila u BNF notaciji. Sa stanovižta 
Coveka, Jednostavnije 1 prirodnlje je pravila 
zapisivatl u EBNF notaciji. 

Pri ruCnom prevodjenju pravila uoCavaJu se 
odredjene zakonitosti koje je moguče lako 
programski simulirati. 

3.1. Zamena metasimbola O Cgrupisanja> 

Deo pravila ograniCen metčisimbol ima C i ) , 
se može zameni ti uvodjenjem novog netermlnalnog 
simbola. Za uvedeni neterminalni simbol Cko j 1 
Je razliCit od svih neterminalnih simbola 
gramatike> definiSe se novo pravilo: 

2.3 Metasimboll O CvlSestruka pojava> 

Pravila, u kojiraa se neki niz simbola 
gramatike javlja proizvoljan broj puta, se u 
BNF ne mogu direktno predstaviti več se koristi 
rekurzlja. Rekurzija se otklanja uvodjenjem 
metasimbola O sa sledečim znaCenJem: 

<=> 
P : : = di C pi I pz | ... | pn 3 dz 

. I pn. 
P : : = di <zamena.> dz 
<zamena>::= pi | pz 

gde su P 1 <zamena> neterminalni simboli 
gramatike, di i dz su nizovi simbola od kojih 
Je bar Jedan neprazan. 
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3.2. Zamena metasimbola I ] C jednosti^uke pojave5 4. Realizacija 

Od poCet-nog pravila se formiraju dva nova: 

- poCetno pravilo sa Jednom pojavom niza 
terminalnih iXi 1 i neterminalnih simbola 
ograniCenih metasimbolima I i ) , 

Navedeni algoritmi za zamenu metasimbola 
EBNF su osnova na ko jo j se zasniva rad 
predprocesora. Da bi se oni uspeSno i efikasno 
implementirali izabrana je pogodna forma za 
eksternu i internu reprezentaciJu pravila. 

- potetno pravilo bez niza terminalnih 
i/ili neterrainalnih simbola ograničenih 
nietasimbol ima [ 1 1 . 

P : : = pi r n 1 p2 < => P : : = pi pz 
P : : = pi n pz 

4.1 Eksterna reprezentacija pravila 

Pravila gramatike se zapisuju u datoteku. 
Potrebno je pri likom njihovog zapišivanja 
poStovati odredjene zahteve da bi se Sto 
jednostavnije koristila u obradi. JednoznaCno 
se identlfikuju tri kategorije simbola: 

3.3. Zamena metasimbola {> CviSestruke poJave> 

Zamena niza terminalnih i/ili neterminalnih 
simbola ograniCenih metasimbolima <> se mo2e 
realizovatl na viSe načina. Medutim, u ve<iini 
siuCaJeva zamena Je uglavnom uslovljena tipom 
pravila i ne predstavlja univerzalno reSenje. 

Analizirajuči nedostatke takvih zamena i 
samu definiciju viSestruke pojave, dolazi se do 
opSte metode za zamenu viSestruke pojave koja 
se mo2e jednostavno realizovati. 

Od izvornog pravila formiraju se četiri 
nova; 

Neterminalni simboli su ograniCeni 
znakom < na poCetku i znakom > na kraju. Naziv 
simbola se može sastojati od viSe reči. Ukoliko 
su reči razdvojene sa v iSe praznih mesta uzima 
s© u obzir samo J©dno. Praznino izmedju < i 
prvog znaka simbola i poslednjeg znaka simbola 
i > se ne uključuju u simbol tj. nisu od 
značaja. 

- Terminalni simboli su ograničeni znakom 
* i na početku i na kraju. Niz znakova koj i 
predstavlja simbol se koristi u istom obliku 
kako Je i zapisan. 

- početno pravilo bez niza 
ograničenog raetasimbolima < i >, 

simbola 

- u početnom pravilu se niz simbola 
ograniCen raetasimbolima < i >, zamenjuje novim 
neterminalnim simbolom. 

- novouvedeni neterminalni 
definiSe pomo<5u dva pravila 

s i rabo1 

P : : = m < nz > na 
<=> 

P : : = m n2 
P ::= m <zamena> nz 

. <zamena>: :=<niz zamenjenih simbola> I 
<niz zamenjenih simbola><zamena> 

Mo2e se učiniti na prvi pogled da šu neka 
pravila suviSna i da bi se mogla uvesti 
jednostavnija zamena. Medjutim, Jednostavnija 
zamena bi dovela do pojave praznog pravila <tj. 
pravila sa levom, ali bez desne strane> koje 
može da oteža proces rada prevodioca. 

- Metasimboli se navode bez ograničavača. 

Pravila moraju da zadovolje sledeče 
zahteve: 

- maksimalna dužina simbola zajedno sa 
ograničavačima je 40 znakova, 

- jedno pravilo se može nastavljati u vlSe 
linija, 

- iza metasimbola := mora da sledi bar 
Jedan simbol desne straine pravila, 

- jedan simbol se ne može nastavljati u 
viSe linija, 

metasimbol | Cukoliko je potrebanJ 
stavlja se na kraj tekuče linije, a ne na 
početak sledeče, 

- izmedju susednih simbola metajezika i 
susednih terminalnih simbola objekt Jezika 
obavežna Je upotreba bar Jednog praznog mesta. 
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Tabela simbola 

• Naziv > Naziv 

• Naziv > Naziv 

Naziv 

* Naziv 

• Naziv > Naziv * Nazi v 

Slika 4.1. OpStri izgled tabele simbola 

dok u svim ostal in sluCaJevima niJe, 

•netasimbol i <,), l.l, <,> se mogu 
ugnezditi do proizvoljne dubine, 

- za svaki metasimbol C, t , < u tekutioj 
liniji mora da postoji njegov odgovarajudl 
netčisiiiibol 3, J, >. 

U procesu uCitavanJa pravila i formiranja 
njihove interne reprezentaci Je vrSri se 
odredjena logiCka kontrola Ispravnosti zapisa i 
ukoliko se otkriju neke greSke (nepoStbvanJem 
postavljenih zahteva> predprocesor zaustavlja 
rad i Izlistava pogrebno pravilo. 

4.2. Interna reprezentacija pravila 

Za smeStanJe pravila u memoriju nčikon 
njihovog uCitavanJa, koristi se tabela simbola. 
Tabela simbola Je niz od m pokazivaCa diiiainiCke 
strukture - liste koJe sadrže slogove tipa 

naziv. Svaki simbol gramatike se u tabeli 
simbola Javlja saino Jednom <slika 4-l>. 

tabela_simbolai=arrayI 1. . ml of naziv; 
nazi vsrecord 

ime_simbola:stringl401 ; 
strukturo_pravi la: •spravilo; 
sledecl_nazi v: "^naziv; 

end; 

Slog naziv se sastoji od polja: 

- iine_siinbola Je niska du±ine 40 znakova, 
u koju se upisuju nazivi simbola gramatike 
zajedno sa ograni&avaeima, 

- struktura_pravila Je pokazivaC na slog 
tipa pravilo, kojim se predstaviJaju pravila za 
netorminalne simbole, dok Je za terminalne 
simbole vrednost pokazivaCa ni 1, 

siedeci_naziv Je pokazivaC na sledeči 
slog tipa naziv u listi. 

tabela simbola nazl v 

ime simbola 

struktura_pravila 

sledeči naziv 

ime s imbola 

s t r u k t u r a _ p r a v i l a 

s l e d e č i n a z i v 

-» p r a v i l o 

-• p r a v i l o 

s u k a 4.2. Struktvjra s l o g a n a z i v 
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tabe la simbola 

2 

n a z i v 

pr a v i 1 o 

1 evi _deo_j3 

r a z l i c i t e desne s t r a n e 

s l e d e c e _ p r a v i l o 
-• i"aiTdvaJac 

pr a vi 1 o 

Slika 4.3. Strukt-ura sloga pravilo 

Za svaki net-erminalni simbol iz t^abele 
simbola vezuje se slog t. i pa pravilo kojim se 
opisuju sva pravila sa istom levom stranom. 

pravilo=record 
1evi _deo_p: "naziv; 
raz i i c i t . e_desne_strane: "^razdvajac; 
s l e d e c e _ p r a v i l o : " p r a v i l o ; 

end ; 

Slog p r a v i l o se s a s t o j i od p o l j a : 

- lev i_dep_p Je pokazivaC na naz iv 
neterminaJnog s imbola Cu t-abeli siiiibola> koj i 
s e n a l a z i na l e v o j s t r a n i p r a v i l a , 

- raz l i c i t . e_desne_s t , rane Je pokazivaC na 
s l o g t.ipa razdvajac pomoču kog s e o p i s u j u s v a 
p r a v i l a sa istom levom st-ranom l ev i_deo_p . 

- s l e d e c e _ p r a v i l o Je pokazivaC na sledeCu 
grupu p r a v i l a . 

S l o g t i p a r a z d v a j a c omoguCuJe 
p r e d s t a v l j a n j e sv i h p r a v i l a ko Ja pripadaju 
i s t o j grupi t j . imaju i s t u l evu s t r a n u , 

raždvaJac=record 
desne_strane: ' •desni_elementi ; 
s i e d e c i _ r a z d v a j a c : " r a z d v a j a c ; 

end; 

Slog t i p a r a z d v a j a c se s a s t o j i od p o l j a : 

- d e s n e _ s t r a n e Je pokazivaC na l i s t u 
s imbola desne s t r a n e p r a v i l a p r e d s t a v l j e n i h 
l i s tom elemenata t i p a d e s n i _ e l e m e n t i , 

- s l e d e c i _ r a z d v a j a c Je pokazivaC na s ledeCi 
s l o g t i p a razdvajac za ko j i s e vezuje desna 
s t rana novog p r a v i l a i s t e grupe. 

naziv 

1 

t 

pravilo 

p r a v i l o 

razdvajac 

desne 

sledeč i _r 

desne 

strane 

azdvajac 

_strane 

siedeci _razdvaJ ac 
' 

* desni e lementi 

• desni e lementi 

S l i k a 4.4. S t r u k t u r a s loga r a z d v a j a c 

S l o g t i p a d e s n i _ e l e m e n t i omoguCuJe 
p r e d s t a v l j a n j e poJedinaCnlh s imbola desn ih 
s t r a n a prav i 1a. 

desni _element i =record 
ime_eleiiienta: "naziv; 
s l e d e c i _ e l e m e n t : "desni_elejnenti ; 
end; 

S l o g desn i_e l e inent i s e s a s t o j i od p o l j a : 

- i ine_eleinenta Je pokazivaC na naziv 
s5imbola upisanog u t a b e l u s imbola , 

- s l e d e c i _ e l e i n e n l Je pokazivaC na s l e d e č i 
simbol desne s t r a n e p r a v i l a . 
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naziv »- »-̂  
pravilo 

razdvajac 

pravil o 

ime elementa 

sledeči element 

ime elementa 

sledeči element 

ime elementa 
sledeči element 

ime elementa 

sledeči element 

Slika 4.S. Struktura grupe pravila 

4.3. Programsta implementacija 

Predprocesor je realizovan u Turbo Pascal 
jeziku kao niz procedura i funkcija, Celokupna 
aktivnost predprocesora se može podeliti u 
nekoliko celina: 

iz ulazne datoteke učitavaju se redom 
linije, odvajaju se pojedinaCni terminalni i 
neterminalni simboli, upisuju se u tabelu 
simbola i formira se interna struktura pravila. 

EBNF i BNF notacije su pogodan mehanizam 
za zapisivanje pravila i Široko se koriste u 
svim oblastima gde se zahteva formalizovan 
natin zapišivanja pravila. 

Realizovani predprocesor kao gotov, 
celovit softverski proizvod realizovan je na 
Turbo Pascal jeziku na IBM PG korapatibiInom 
raCunaru. Može se jednostavno uključiti u Sire 
softverske proizvode kao gotovo orudje za lakSu 
obradu i upotrebu pravila proizvoljne 
kontefkstno si obodne gramatike. 

- aJco se u analiziranoj liniji nalazi niz 
simbola ograniCen metasimbolima C,> taj niz se 
u pravilu zamenjuje novim neterminalnim 
simbolom, a izdvojeni niz se upisuje u listu 
zeunena kao novo pravilo. 
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interna reprezentacija pravila u BNP notaciji. 
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6. ZakljuCak 

U oblasti konstruisanja prevodilaca za 
viSe programske jezike znaCajnu ulogu igra 
izbor pogodnog naCi na zapisa pravila gramatike 
jezika. 
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Pričujoči prispevek obravnava računalniško pod
prto poslovno odločanje kot sinergijsko CsoJde-
lovanje človeka in računal nika,ki ju v tem pri
meru povezujejo i n-f ormacijski oziroma odločit
veni procesi, ki se odvijajo v poslovnem siste
mu. V tej vlogi naj računalnik predvsem uspešno 
in učinkovito podpira človekove spoznavne (kog
nitivne) procese in ravno tako tudi komunici
ranje med posamezniki. 
OUO VADIŠ INFORMATIZATION IN BUSINESS DECISION 
MAKING; This paper describes computer supported 
Cbusiness) decision making as:cooperation (with 
sinergv a-f-fect) betwen humans and computers, 
which are in interaction thrbugh decision ma
king process in organi zati on. Computer should-
support, as part o-f such 3ystem, human cogniti-
ve process and communicati on between indivi-
duals in decision groups. 

1 KAKŠNE RAČUNALNIŠKO PODPRTE POSLOVNE INFORMA
CIJSKE S.ISTEME POTREBUJEMO ? 

, . Računalniško podprte poslovne in-for-
macijske sisteme predstavljamo v smislu njiho
vih posebnosti in značilnosti najpogosteje sko
zi: (1) avtomatsko obdelavo podatkov (AOP.) — > 
(2) upravljalni i n-f ormac.i .iski sistem (UIS) > 
(3) sistem podpore odločanja (SPO). Ilustriraj-
mo navedene usmeritve računalniško podprtih 
poslovnih i n-f ormaci jski h sistemov, kot njihove 
razvojne korake, s kratkim prikazom njihovih 
značilnosti (glej tudi si i ko 1) . 

Vsekakor lahko ugotovimo, da gr-e za 
vrsto kvalitativnih sprememb, ki se kažejo 
predvsem v (Kajzer, 1986): 
- prenosu teiižda s podatkov (AOP) na sporočila 

(UIS) in nato na. informacije (SPO); 
- razžir-itvi semiotične razsežnosi s sintakse 

(AOP) na sem^intiko (UIS) in nato na pragmati-
ko (SPO); 

- spremembi organiziranosti, podatkov od posa
mičnih (AGP) na bazo podatkov (UIS) ter nato 
na bazo modelov in -podatkov (SF'0); 

. - dopolnitvi standardnih (s)poročil z ad hoc 
sporočili (odgovori na vprašanjai); 

- prehodu od starejših postopkovnih (AOP) na 
sodobnejše postopkovne (UIS) in nato na nepo-
stopkovne programske jezike (SPO); 

- preoblikovanju osnove delovanja od posamičnih 
proyramov (AOP) na programske "pakete" (UIS) 
in nato na gener-atorje sistemov podpore odlo
čanja - sisteme za reševanje problemov (SPO); 

- pr-ehodu od nei ntegr i ranost i (AOP) k intsgri-
ranosti na ravni (poslovne) funkcije (UIS) in 

nato k integriranosti na ravni organizacije 
(SPO); 

- povečanju stopnje pr i l-agodl J i vosti 'od togosti 
do spremenljivosti' (-fleksibilnosti); 

- razširi tvi --na zgodnejše faze upravljanja: od 
operative . (AOP) na taktiko (UIS) in nabalje • 
na strategijo (SPO); 

- spremembi cilja: od težnje k učinkovitosti 
obdelave podatkov (AOP) k učinkovitosti (UIS) 
in nato uspešnosti poslovnega sistema (SPO), 

- trans-f ormaci j i "uporabnika" od organizacije 
(AOP), na posameznika (UIS) in nato na posa
meznika v organizaciji (SPO); 

- razširitvi podpore strukturi rani h odločitev 
na podporo semistr-ukturiranih odločitev in 
nestrukturi rani h odloči tev; 

- prehodu iz posamičnih modelov na sisteme mo
delov. , 

Vidimo, da se je na področju poslovnih in-for-
macijskih sistemov že marsikaj spremenilo, mno
go pa se bo še moralo. V nadaljevanju se bomo 
omejili na vlogo računalnika kot pripomočka pri 
poslovnem odločanju. Pri tem bomo izhajali iz 
sistema človek-računalnik, kot lahko označimo 
(sinergijsko) sodelovanje človeka in računalni
ka v procesu računalniško podprtega poslovne
ga odločanja. Gre za še .enega izmed -fenomenov 
iz skupine, ki jih označujemo z computer aided 
.... (CA..) - namreč.za computer aided decision 
making (CADM). 

2 RAČUNALNIK KOT PRIPOMOČEK PRI POSLOVNEM ODLO
ČANJU 

Sistem človek - računalnik sestavljajo, 
tako kot vsak sistem, določene sestavine, not
ranje povezave med sestavinami in mejne poveza
ve z okoljem.' V sistemu človek-računalni k so: 
(1) sestavine izražene z množico ljudi in mno

žico računalnikov, 
(2) notranje povezave z nekim procesom, ki do

loča "pravila" sodelovanja ljudi in raču
nal ni kov, 

(3) mejne povezave pa s podatki kot preslikavo 
stanja v objektivni stvarnosti ter z "re
zultati", ki izhajajo iz sinergijskega 
(so)delovanja ljudi in računalnikov. 

Sistem človek-računalni k lahko zato v kontekstu 
poslovnega odločanja razumemo kot (integriran) 
sistem ljudi in r-ačunal ni kov iz katerega skozi 
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Slika 1: Razvojni koraki modelov poslovnih informacijskih sis
temov (Kajzer, 1986). 

(računalniško podprto) poslovno odločanje "iz
hajajo" poslovne odločitve. Proces, ki poveže 
ljudi in računalnike je torej v tem primeru 
odločitveni proces, rezultati pa so poslovne 
odločitve. 

Ce lahko računalniško nepodprto pos
lovno odločanje ponazorimo takole 

človek — > odločitev 
oziroma tudi takole, ko človek sicer uporablja 
računalnik, vendar ne (neposredno) pri odločan
ju. 

računalnik — > človek — > odločitev 
za razliko od računalniško programiranega odlo
čanja, ki poteka takole, 

človek — > algoritem — > računalnik — ; 
ločitev, 

potem lahko računalniško podprto odločanje 
nazorimo takole 

človek 
I > odločitev. 

računalnik 

od-

po

či ovek odi oči tveni 
proces 

računal ni k 

Slika 2: Sistem človek - računalnik pri poslov
nem odločanju. 

tioncept sistema človek •• računalnik 
izhaja iz predpostavke, da so nekatere naloge 
najlažje izvedljive, če se jih lati človek, 
druge pa, če se jih "loti" računalnik. V odvi

janju poslovnega odločanja oblikujeta človek in 
računalnik (informacijska tehnika in tehnologi
ja) sistem, iz katerega izhajajo rezultati 
(poslovne odločitve) in sicer skozi vrsto in
terakcij med računalnikom in človekom (glej 
sliko 2 ) . 

Izhodišča sodobnega računalniško pod
prtega poslovnega odločanja, ki se odvija v to
vrstnem sistemu človek-računalnik, izhajajo iz 
naslednjih predpostavk o vlogi računalnika pri 
tem : 
(1) Računalnik naj nudi podporo odločevalcem 

pri poslovnem odločanju, torej jih naj le 
podpira in ne nadomešča oziroma zamenjuje. 
Predvsem presoja ljudi je tista, ki je na
čeloma nikoli ne prepustimo računalniku 
(Keen, 1976). 

(2) Poslovne odločitve naj nastajajo v nepos
rednem dialogu človek-računalnik, tako da 
računalnik nudi pomoč pri razumevanju kon
teksta odločanja, omogoča različne pripo
močke za računalniško podporo odločitvenih 
procesov (operacij), zagotavlja dodatni, z 
vidika človeka odločevalca eksterni spomin 
ter dopušča učinkovito upravljanje računal
nika, kot pripomočka poslovnega odločanja 
(Sprague, 1983). 

Ze v sredini 50-ih let je Robert Oppenheimer 
(Chorafas, 1986) ugotavljal, da je računalnik 
stroj, ki je popolnoma drugačen od elektronske
ga knjižnega stroja in od ostalih "strojev" za 
obdelavo podatkov. Zato ga moraino uporabljati 
riii popolnoiria drugačen način, če hočemo kar naj
učinkoviteje izkoristiti vse prednosti, ki nam 
jih nudi. Potrebovali smo tri desetletja, da 
smo doumeli bistvo te misli. Nadomestiti moramo 
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zamujeno in narediti bistven korak naprej. 
Raiunalnik moraino začeti uporabljati 

predvsem kot procesor "simbolov" in ne le kot 
procesor števil (kalkulator). Uporabiino ga za 
učinkovito računalniško podproro t.i. kognitiv
nih procesov. Le tako bo računalnik lahko res
nično postal pripomoček človeku - posamezniku.. 
To nam danes uspeva različno (ne)uspešno. 

Računalnike moramo začeti uporabljati 
tudi za povezovanje posameznikov, ki odločajo 
v vzpostavljeni organizacijski strukturi pos
lovnega sistema. Posamezniki, ki" odločajo ni
so le "šolo Sahisti", ki "igrajo" - odločajo 
samostojno, temveč odločajo predvsem v skupi
nah. Zato moramo začeti razmišljati tudi o tem, 
kako računalniško podpreti skupinsko odločanje 
(DeSanctis, 1984) ter kako računalniško podpre
ti komuniciranje med posainezniki (Winograd 
1986). 

.3 ALI LAHKO RACUNf^LNIK ODLOČA IN MISLI ? 

Menimo, da lahko r-ačunalnik odloča le 
v primerih, ko zadošča obnavljanje vnaprej pri
pravljenega postopka. V teh primerih lahko go
vorimo o programiranem odločanju (Simon, 19t0). 
Odločanje lahko pr-ogramiramo le takrat, kadar 
lahko opredelimo natančna, pravila,, po katerih 
se bo odločanje odvijalo. Ta pravila so osnova 
za računalniški program, ki bo "prevzel" odlo
čanje in s tem nadomestil človekovo pr-esojo. 
Računalnik pa v tem primeru ne bo mislil, bo 
le obnavljal, kar pomeni v besednjaku kognitiv
ne -psihologi je učenje in ne mišljenje. 

Zaključimo naše razmišljanje s tem, 
da gre pri vprašanjih, ali lahko računalnik od
loča in ali lahko riičunalnik misli, za dve raz
lični stvari. Računalnik lahko odloča, vendar 
ne na način, ki ga označujemo kot miselni pro
ces - mišljenje. 

4 MODELI RAČUNALNIŠKE PODPORE POSLOVNEGA ODLO
ČANJA 

Kljub vsemu pa ne smemo pozabiti, da 
je računalnik le stroj in zato od njega vseeno 
ne smemo pričakovati preveč (K.ajzer, 1987). Ka
kor vemo, je računalnik še daleč od vsemogočne
ga "mislečega" stroja, ki bi lahko zamenjal 
človeka, vendar pa ga nikakor tudi ne smemo 
podcenjevati: na številnih področjih človeka 
odločiIno prekaša in je (lahko) nenadomestljivo 
orodje. Kako smotrno ga bomo znali uporabiti, 
pa je odvisno od nas samih. Nevarno je, na ža
lost zelo razširjeno mnenje, da lahko vse zmog
ljivejša računalniška tehnika in tehnologija 
zamenja človeka ne le pri. rutinskem, temveč tu
di pri ustvarjalnem delu. Kakor ugotavlja K-iaj-
zer (Kajzer, 1987): "Ce le nekoliko pretirava
mo, bi to poiiienilo, da bodo vse bolj "butasti" 
ljudje z vse "pametnejšimi" računalniki čedalje 
ustvar-jal ne j ši . Kakšna .zabloda 1 V resnici je 
položaj ravno obraten: čim boljše in učinkovi
tejše je orodje, tem več mora biti v glavi, in 
roki, ki g'a uporabljata." 

ro začetnih naporih "umetne inteli
gence" in računalniku kot "mislečem" stroju 
(Moto-Oka,11984), se je tovrstni zanos nekolika 
umiril, kajti vse bolj je jasno, da je računal
nik le stroj in bo to vedno tudi ostal. Odgovo
ru na to vpri*šanje se je (tiogoče približati, če 
razmislimo,' kaj pravz.:-jprav pomeni pojem inteli
genca. Ta uganka vzemirja -filozofe ža od nekdaj 
in resnično je ni lahko raz voz 1 itt i . Jasno je, 
da lahko inteligenco obravnavamo z več vidikov, 
npr. kot sposobnost načrtovanja, učenja, reše
vanja problemov, uporabe in razumevanja jezikov 
itd. Obnašanje, ki kaže (vsaj) eno izmed teh 
sposobnosti, šteje večina ljudi za inteligentno. 
Cilj tistihi ki se ukvar-jajo z umetno inteli
genco, je torej pripraviti računalnike do tega, 
da se bodo sposobni tako obnašati. Zato so tudi 
izhodišča ekspertnih sistemov, kot "nadomestka" 
umetne inteligence postavljena nekoliko drugače 
(Schnupp, 19S5). Izhajajo iz predpostavke, da 
lahko razvijemo sisteme človek-r-ačunal ni k , v 
katerih bi se računalnik obnašal "inteligen
tno", vendar ne na takšen način kot to počne 
človek. 

Računalniško podporo poslovnega odlo
čanja je vedno bila in bo tudi v bodoče pred
vsem heterogena celota, nikakor- pa ne homogena 
oziroma monolitna "tvor-ba", čeprav bi to mnogi 
želeli. Zar-adi tega jo moramo na različne na
čine organizirati. Predvsem pa moramo spoznati, 
da računalniška podpora odločanja nikakor ni 
homogena celota, kot smo še donedavnega misli
li. Menimo, da jo moramo, v kolikor hočemo po
nazoriti omenjeno heterogenost, ter ugotoviti, 
kje smo in kam gremo, analizirati vsaj z vidi
kov: 
(1) metod odločanja, ki jih želimo računalniško 

podpreti (analitične metode < > hevris-
tične metode); 

(2) stopnje presoje, ki jo prepustimo človeku 
(malo človekove presoje -' > veliko člove
kove presoje) ; 

(3) števila posameznikov, ki sodelujejo pri 
(računalniško podprtem) poslovnem odločanju 
(individualno poslovno odločanje < > sku
pinsko poslovno odločanje). 

Ob upoštevčinju omenjenih treh vidikov, lahko to
rej ločimo naslednjih pet tipov računalniške 
podpore poslovnega odločanja, ki se med seboj, 
čeprav služijo istemu namenu, v mnogočem razli
kujejo: 
(1) Računalniška podpora tip I podpit-a analiti

čne metode, ne dopušča veliko človekove 
pr-esoje in je namenjena podpori individual
nega poslovnega odločanja. 13re za računal
niško podporo odločanja, ki jo pogosto oz
načimo kot strukturirano poslovno odločanje 
(angl. SDS) - odločevalec izbere model, po 
katerem bo računalnik odločal (Gorry, 1976). 

(2) Računalniška podpora tip II podpira anali
tične metode, dopušča veliko človekove pre-
•soje in je namenjena podpori indivdualnega 
poslovnega odločanja. Tovrstno računalniško 
podporo poslovnega odloč.anja najpogosteje 
imenujemo sistem za podporo odločanja 
(angl. DSS). Opredelimo jo lahko kot tisto, 
ki odločevalca soočenega s semistrukturira
no odločitvijo, podpira skozi dialog člo-
vek-računalni k, iriožnostjo učinkovite upora
be podatkov in vrste modelov za analizo 
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problemov ter sintezo odločitev (Sprague 
1983). 

(3) Računalniška podpora tip III podpira hev-
ristične metode, ne dopuiča veliko človeko
ve presoje in je namenjena podpori indivi
dualnega poslovnega odločanja. Danes naj
bolj razširjen predstavnik tovrstne raču
nalniške podpore so ekspertni sistemi 
(angl. ES) , ki odločevalcu sugerirajo odlo
čitev, oblikovano na podlagi v računalniku 
strukturiranega (strokovnega) znanja in 
posplošenih, problemsko neodvisnih hevris-
tičnih metod (Kr^allman 1987). 

(4) Računalniška podpora, tip IV podpira hevris-
tične metode, dopušča veliko človekove pre
soje in je namenjena podpori individulnega 
poslovnega odločanja. Gre za ekspertne sis
teme za podporo odločanja (angl. ESS), ki 
za razliko od ES dopuščajo izbirno hevris-
tične metode (Luconi 1986).. 

(5) Računalniška podpora tip V je namenjena 
podpori medsebojno (so)odvisnega poslovnega 
odločanja posameznikov, ki sodelujejo, naj
pogosteje skozi semistruktur i rano poslovno 
odločanje kot skupina (angl. SDSS) (DeSan-
ctis, 1985). 

Večina omenjenih modelov računalniške podpot-e 
poslovnega odločanja je sicer raziskanih, z os
talimi pa se in-formatika kot znanost intenzivno 
ukvarja. Menimo pa, da je kar (pre)pogosto kori-
tekst njihove uporabe bliSji upravljalnemu in
formacijskem sistemu (UIS), kot pa omenjenemu 
sistemu podpote odločanja SPO (glej točko 1). 
Zato tudi menimo, da jih moramo (v nekaterh 
primerih) postaviti na prava izhodišča, pred
vsem pa poiskati njihove stične točke in ti^ko 
ugotoviti, kako jih povezati v heterogeno celo
to, ki bo omogočala uspešno in učinkovito celo
vito podporo poslovnega odločanja. 

Računalniška podpora tip I je "kla
sična", najstarejša, zato je na tem področju 
tudi relativno največ narejenega. Zakaj rela
tivno '? Zaradi tega, kef je sicer- resnično ve
liko narejenega, vendar je ravno tukaj kontekst 
uporabe računalnika največkrat sporen. Relativ
no nekaj manj je narejenega pri računalniški 
podpori tip II. Zakaj pr-av tako relativno ? Ve
liko vprašanj je namreč še odprtih, čeprav je 
koncept uporabe računalnika najpogosteje pravi. 
3e manj je narejenega na področju računalniške 
podpore tip III. Na ostalih področjih (tip IV 
in V) pa je narejenega resnično zelo malo. 

Vemo, da se tako sistemi za podporo 
odločanja (tip II), kot podobno tudi ekspertni 
sistemi (tip III), nekako razvijajo v ekspertne 
sisteme za podporo odločanja (tip IV). Prav ta
ko pa se predvsem sistemi za podporo odločanja 
(tip II) usmerjajo na področje računalniške 
podpore skupinskega odločanja (tip V ) . 

5 IN KAKO NAPREJ ? 

Ker je poslovni sistem množica na 
določen način med seboj povezanih posameznikov, 
oziroma množica skupin posameznikov, ki sodelu
jejo z namenom doseganja postavljenih (skupnih) 
ciljev, je model i n-f ormaci jskega sistema, ki 
smo ga označili kot sistem podpore odločanja 

(SPO), z vidika računalniške podpore dejansko 
množica medseboj povezanih sistemov človek-ra-
čunalnik. V tem primeru torej lahko (in moramo) 
govoriti o nekakšni mreži sistemov človek-raču-
n a 1 n i k. 

Vspostavitev sistema podpore odločanja 
(SPO), kot mreže sistemov človek-računalnik naj 
upošteva tako kategorijo odnosov človek-človek, 
kot tudi kategorijo odnosov človek-računalnik 
ter kategorijo odnosov računalnik - računalnik. 
Vse odnose moramo opazovati v kontekstu organi
zacije. Menimo, da so predvsem prvo, pa tudi 
drugo omenjeni odnosi predvsem (nikakor pa ne 
izključno) problem (ekonomske) in-formatike, za
dnje omenjeni kot tudi drugo omenjeni odnosi pa 
predvsem (vendar tudi nikakor ne izključno) 
problem računalništva. Vsekakor smo postavljeni 
pred velik izziv. 
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Iskra Delta 

u(.icp nelioari:: softMare- i s a p a r t o-f L!N}:X di s t r i b u t i on. uacp i Uni;<: t o IJni;-; CoPy ) 
i s a sys tem, compound o-f f i l e s arid p rograms , Lised -Far neti-jor-k f i l e t r a n s + e r , 

.i.t I '::jn and diract access to adjailent computer 
i5 important for each computer network 

m a i 1 i n g 5 r- e ni ci t o . t:;: o m ni a n ci e ;•( f 
Con+ormation with OST reterer 
it assures among other .gual i t i es a possibili,ty af f urther • i mprovements in the 
-future. C!therwise' its .jsage will cease and other ' pro tocol s with internati onal 1 y 
accepted standarda wi-ll be implemented instead. • A short analy<;;ii5 of uucp -is' 
presented in this paper with an aye on the OS'l model though there wa5 no 
ISD/OSI- model knc)wn in the tirne when uucp was created. But uucp communication 
tools wil 1 stili be used for some tiiiie because o-f eKisting neti-jorks. Three of 
them 3re:^ mentioned: american UUCP, european' EUnet and Vugoslav /'UUTA. 

Del -standardne di stf~i t'uci je UNXXa je uucp mreia. uucp (̂ Un:ii< to Uni;-; CaPy ) ' je 
i2 dato-tek in programov sestavljen sistejm, ki omogaia u'pC)i"-€j,bo ukaijov' za prenos 
datotek in elektronske požt.e med računalniki, izvajanje ukaia--' na oddaljenem 
računalniku ter direktno pr i ki juči te-v na. -sosednji računalnik. Ustr-e-;:an je OSI 
referenčnemu miodelu daje, vsak i • računal ni iSki mreži poleg ostalih kvalitet tudi 
možnosti • za nadal jni razvoj. ,; V naspr-otnem primeru jo. ba slej .ko prej ̂  pcjtre-̂ bno 
zamenjati s , sodobne j-Si m konceptom. ' V času. nastanka,- uucp--j-a ISO/OSI', referenčni 
model še.ni 'bil znan.' Kljub, novim' režitvam pa bo SB nekaj č-asa • možna njegova 
uporaba zar.adi že obstoječih mrež. Omenjene so tri: .UUCP, GUnet inZUUTA . 

1. Uvod 

Uriix je operacijski -sistem, ki -se is r.azvija v 
obliki novih' verzij in- zahtevne j-=i h standardov, 
npr. AT?/T' System V in POSIX --IEEE standardov 
fazi razvoja. Mreže -so bile dolgo 'č.asa največji 
problem tega Qper.aci j'skega sistema, saj je UWIX 
šele s kasnejšimi verzijami postal -močno okolje 
za razvoj in izvajanje mrežnih aplikacij. Se iz 
prvih časov obstaja uucp mreža, ki je del 
standardne distribucije UMIXa. Oglejmo si .jo' 
zaradi njene preprosto-st i , raz-=i r jenost i in 
možnosti takojiiinje uporabe. 

uucp sistem 

uucp ' ( Uni;-! to Unii«; CoPy ) je' sistem, 
sestavljen iz datotek in programov, ki omogoča 
prenos datotek'in elektronske po4te med dvema, 
računalnikoma, izvajanje ukazo'/ na. oddaljenem 
računalniku. ter direktno priključitev n-a 
sosednji računalriik. Spada v skupino mrež, ki 
-so globalne glede n.a določen operacij-ski sistem 
(2) . 

Minimalna konfiguracija zi 
s e s t a v 1 j B n a. i z d ••/ e i-i r a č L.I r 
povezuje -serijski kanal V. 2 4 

ucp mrežo je 
i kov, ki ju 
mer. RS--232C i . 

Za vzpostavitev zveze sta' možna dva načina. P'ri 
prvem je na-š računalnik gostitelj in omogoča, 
da se nanj priključi, oddaljeni računalnik. 
Drugi način se izvaja takrat, ko naž računa.lnik 
kliče oddaljeni računalnik ( npr. preko javnega 
t e 1 e f o n s k e g 3. 's. I i p a. k: e t n e g a o m r-, e ž j -a ) . 

Kadar • za povezavo uporabljamo asinhroni 
serijski kanal, l-ahkc iz.vajamo samo en način 
naenkrat. Cca _upor.abl jamo samo en seri'jski 
kan.al , je običajno na vol-jo za klic iz 
oddaljenega računalnika.- 'V primeru, ko hočemo 
klicati vesn , začasno p rê  p o vemo dospele, klice in 
si ~ rezerviramo kanal. Slednj-e velja le, če 
uporabljamo m o d e m. 

3. Prit uucp sistema in opis delovanja 

I m e u u C p je bil o v z a č e t k: u povezano s 
transportnim nivojem F'i"i povezavi UNIX oz. 
sorodnih računalnikov. Mreža deluje tako, da 
sosed-. predaja sporočilo sosedu, dokler 
sporočilo ne pride do končnega naslovnika, uucp 
je ,-ena od redkih mrež, kjer izvor določi .pot 
podatk:av. Pri večini ostalih mrež 'je usmerjanje 
dinamično in ne fiksno. 

Ko t ž e rečeno, j e 
p r o g r a m o v . D a. 't o t e k e 

I. C p -sistem datotek in 
; e b u j e j o i n -f o r m a c i j e o 

mreži oz'. o vlogi na-žiega računalnika v n j e j , 
prav tako pa tudi informacije o podatkih, ki 
j i li ho č e m o p r e n a t, a t i . D a. t o t e k e - m o r a. m o imeti 
.ločeno za oba nači-na -• Iglični in klicani. 
.Oglejmo si nekaj, bistvenih datcitek, da 
osvetlimo informacije, ki jih 'ima računalnik v 
zvezi z uucp mrežo. 

B.atoteka /e-tc/systeinid hrani ime lokacije ( 
kr.aj ) in ime naSega r-ačunal ni ka. 

V datoteki /etc/passMd so opisani vsi 
uporabniki r-ačunalnika in. njihova kodiranč),-
gesla. P'oleg tega je -tu še ime programa, ki naj 
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se začne izvajati, ko uporabnik pove svoje ime 
( login ). Za h:lice is mreie torej tu 
zaznamujemo avtomatičen start programa, ki bo 
bedel nad njimi. 
Datoteka /usr/lib/uucp/USERFILE vsebuje 
omejitve v zvezi z zunanjim dostopom do našega 
računalnika, npr. do katerih direktorijev ima 
določen uporabnik iz mreže dostop. 

4. uucp in OSI referenčni model 

Protokoli v računalniških mrežah so lahko zelo 
kompleksni. Da jih lažje obvladamo, so izdelani 
v različnih nivojih. Spodnji so bolj povezani s 
strojno opremo, najvižji pa predstavljajo stik 
z uporabnikom. Nivoji so de-finirani ob takžnih 
zahtevah (7); 

Za pomoč pri dostopih do drugih računalnikov pa 
nam sluii datoteka /usr/lib/uucp/l-.sys, ki 
vsebuje podatke o računalnikih, ki jih lahko 
kličemo, npr.: ime računalnika, dneve z 
dovoljenim dnevnim časom dostopa, vrsta in 
žtevilka kanala, hitrost, tele-fansko številko 
ter določene informacije za postopek 
prijavljanja na oddaljeni računalnik. 

Za jasnost podatkov v prej omenjeni datoteki 
imamo še datoteko /usr/lib/uucp/L-dialcodes , 
ki vsebuje okrajšave za določene telefonske 
številke, ki jih pogosta uporabljamo. 

Poglejmo 
uucp. 

najvažnejše programe si stemu 

Ce hočemo prenašati datoteke, jih prepustimo 
programu uucico < Unix to Uni:-; Copy In Copy Out 
). Le-ta izvrši delovne datoteke za prenos 
podatkov, ki jih je pripravil uucp. Ima pa tudi 
glavno vlogo pri prenosu v obratno smer, torej 
pri sprejemu. Klic običajna izvajamo 
periodično in avtomatično, tako da definiramo v 
datoteki /usr/lib/crcmtab, kdaj naj poseben 
sistemski program kliče uucico. Ta ob izvajanju 
pogleda, če ima na določenem direktoriju 
zahteve za prenos. Ce obstajajo, izvrši 
prenose. FTenos se lahko izvede tudi v obratni 
smeri, če na oddaljenem računalniku čakajo 
zahteve za prenos na našega. Uporabniku tako ni 
treba skrbeti za vzpostavitev zveze, .zadošča 
mu, da ve, da se prenos izvaja npr. vsake pol 
ure ali pa npr. v nočnih urah. 

Program uucp poskrbi za prenos datotek, tako da 
najprej kreira določene delovne in podatkovne 
datoteke. Ce prenos ni možen takoj, ga bo 
uucico poskušal izvesti v časovnih intervalih, 
ki so definirani v datoteki crcintab. 

izvrši ukaz na določenem računalniku. 
Datoteke, ki so povezane z ukazom, lahko 
prečita' na različnih računalnikih. Poglejmo za 
primer, kako primerjamo dve datoteki z imenom 
dat. Prv3. se nahaja f^B računalniku ti, druga na 
računalniku t2, rezultat pa naj bo shranjen na 
našem računalniku v datoteki rez. Običajna 
ukazna vrstica bi bila taka-le: 

diff /usr/a/dat /usr/b/dat > rez . 

Ukazna vrstica z uux ukazom je podobna 
običajni, le da dodamo ukaz uuK ter definiramo 
imena! računalnikov, kjer se posadiezne? datoteka 
nahajajo: 

uu;< "diff 11. !/usr/a/dat t2!/usr/b/dat > 'rez" 

uuxqt izvrši ukaz, ki pride iz oddaljenega 
računalnika. Preveri, če je ukaz dovoljen, saj 
posameznim zunanjim uporabnikom lahko zelo 
omejimo pravice glede klicanja programov na 
našem računalniku. 

•ail je sistem za elektronsko pošto. Obsega 
pripravo sporočil in pošiljanje oz. sprejemanje 
sporočil. Uporablja uucp sistem. 

cu je program, ki nam omogoča, da se kot 
terminal priključimo na sosednji računalnik. 

- nov nivo je kreiran tam, kjer je potreben nov 
nivo abstrakcije, 

'- vsak nivo mora izvajati dobro definirane 
funkci je, 

- funkcije vsakega nivoja marajo biti izbrane v 
smislu definiranja oz. mednarodna definiranih 
protokolov, 

- meje nivojev morajo biti izbrane tako, da je 
pretok informacij med njimi minimalen, 

- število nivojev mora biti dovolj veliko, da 
ni treba mešati določenih funkcij, in dovolj 
malo, da celoten sistem ne postane preveč 
zapleten. 

UNIXov uucp protokol je bil izdelan za 
povezave, ki niso stalne. V času njegove 
definicije OSI referenčni model še ni bil znan 
in če smo zdaj za implementacijo ISO 
standardov, moramo sprejeti uporabo novih 
protokolov (8). V začetni fazi pa je še vedno 
potrebna možnost uporabe standardnih UNIKovih 
komuni ktici jskih orodij ( cu, uucp ) in 
aplikacij ( npr. mai1 ) preko asinhrone ali 
X.25 linije. To je nujno potrebno že zaradi 
nemotenega delovanja obstoječih mrež, dokler se 
le-te ne prilagodijo standardom. 

Programska oprema za uucp je sestavljena iz več 
delov. En del služi za pripravo zahtev za 
prenos, drug del nastavi karakteristike kanala 
in vzpostavi zvezo ob uporabi pravilnega gesla, 
na koncu pa tudi zaključi zvezo. Tretji del pa 
se izvaja mĉ d prenosom in pozna dva načina: 
klicni in klicani. Poskrbi za oddajo in sprejem 
datotek, prav tako zna sprejete podatke poslati 
naprej proti končnemu naslovniku. Uporabljen je 
lasten protokol s kontrolo pravilnosti 
podatkov. Ce je spodnji nivo zanesljiv ( npr. 
X.25 ), to kontrolo izpListimo. 
Naredimo zdaj poskus podreditve funkcij uucp-Ja 
ISO/OSI modelu, kar ni lahko, saj le s težavo 
ločimo funkcije 5., 4., in 3. nivoja. 

7. APLIKACIJSKI NIVO 
Pravzaprav lahko celoten uucp sistem imenujemo 
aplikacijski program, saj omogoča ( tudi drugim 
programom ) prenos datotek in elektronske pošte 
ter priključitev na sosednji računalnik. 

6. PREDSTAVITVENI NIVO 

Ker uucp ni mišljen za sodelovanje heterogenih 
sistemov, ne omogoča prilagajanja lokalne 
sintakse, razen pri prenašanju neznakovnih 
datotek. Ostali programi za obdelava datotek 
pred oddajo oz. po sprejetju niso del uucp 
sistema in jih izvajamo posebej ( npr. 
kriptografska obdelava ). Pri oddaji pa vseeno 
lahko ustrezne ukaze definiramo na istem mestu 
kot ostale ukaze za pošiljanje. 

5. NIVO SEJE 

Nivo seje nudi funkcije za povezavo dveh 
aplikacijskih procesov v odnos logične 
komunikacije in funkcije za organizacijo in 
sinhronizacijo njunega dialoga. Preden dva 
aplikacijska procesa začneta komunikacijo, 
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morata vzpostaviti, komunikacijo na nivoju se^je. 
Pri uucp-ju je to pogovor dveh programov 
uucico, ki se običajno ne izvaja takoj ob 
zahtevi za prenos , ampak ob določenih časovnih 
intervalih. Tako lahko pozabimo na dvosmerno 
sočasno razpravo med dvema aplikacijskima 
procesoma. Pomembrio vlogo imajo i n-f ormaci je-̂ , ki 
so shranjene v različnih datotekah; 

- dovoljenja za dostope iz 
- dovoljenja za i z v r <5 •:? v a n'. 

seznam dovoljenih ik= 
zunanjega up o r ab n i k a [:i o ?. 

d r u g i h r a č u n a 1 n i k o v, 
' ukazov iz mreie in 
o v ( za vsak:ega 
;bej ) , 

- datoteke s 
računal ni ki 

podatki o povezavah z drugimi 
in datoteka okrajšav imen. 

Povezava bo razpužčena, če ne dobimo odgovora v 
določenem času. Ves potek dialoga se zapisuje v 
dnevnik, t . j . v posebno datoteko. 

TRflMSP0R7'MI NIVO 

meje mec transportnim in 
d e t a j 11 t r an s p o r t nega 

nedokument i ran i. 
za pozi 1 Janje 

ki je vezano na 

Pri uucp-ju ni pi- = 
mrežnimi ' nivoji, 
protokola pa so poleg vsega ••ie 
Ta nivo je na voljo tudi 
elektronske požte ( " m a i l " ) , 
uucp sistem. Na splo#,no za 'požtni del velja, da 
je narejen eksplicitno z aplikacijskimi 
protokoli, impl emesnti rani mi z ' uporabo 
izvrševanja ukiazov ne. oddal jene-m rači.inalni ku. 

Transportni nivo po pravilih dobi podatke iz 
nivoja seje in jih oblikuje v pake^te. Ker gre 
pri uucp-ju pravzapr-av za isti program, nivoja 
v zvezi 3 čistimi podatki težko ločimo. Ko 

krmi 1nemu 
potrdi tev 
kontrol a 

protokola 
nivoju ni 

preda podatke mrs/žnemu nivoju < 
programu za serijske linije ) , čaka 
od prejemnika. Vključena- je tudi 
prenosa. .V primeru upof-abe X.25 
kontrole pravi lno5-ti podatkov na tem 
zaradi hitrejšega prenosa. Transportni nivo 
odigra svojo funkcijo tudi v primeru, ko 
ugotovi, da ni končni naslovnik in mora zato 
prejete podatke poslati naprej. 

Spodnji trije nivoji so odvisni od metode 
prenosa podatkov v mreži ( navadna serijska 
linija, V. 21: modemska povezava, X.'25, L A N ) . 

3. MRE2NI NIVO 

integracijo določenih proizvajalcev s ciljem, 
da združijo moči pri prilagoditvi UNIXa OSI 
nivojem in . s tem omogočijo priključitev na 
drugačne računalnike in mreže, če le ustrezajo 
mednarodnim standardom, so predvideli uucp samo 
iSe v vmesni -fazi svojega projekt.a. Z uporaba 
uucp-ja preko X.25 in LAN mreže so se izognili 
klasičnemu problemu pri implementaciji OSI 
protokolov, t , j . pomanjkanju, ustreznih servisov 
v obdobju, ko '.'e ni implementiran protokol na 
vseh nivojih. 

elektronska pošta., novice, prenos datotek -

ui..tcp 

ISO transportni 
razred 2/3 

X. 25 

ISO transportni 
razred 4 

LAN CSriA/CD 

V n.aslednji -fazi pa se uucp izgubi med 
-funkcijami, ki jih natančno določa ISO 
standard. Temeljito izdelan .ISO nivo seje in 
posebna knjižnica potrebnih -funkcij omogočata 
kasnejžo izdelavo drugih .aplikčicij, ne samo 
abeh spodaj omenjenih. Mreže posameznih družb, 
ki ne podpirajo OSI modela,. -se bodo priključile 
preko posebnih računalnikov ( Gateway- ) , 
posamezni PTT servisi -pa do tistih OSI 
protokolov, ki' jih podpirajo. 

7,6 
jo?; t op 

ele 

5 
( -fi. 

4 
IS 

do datotek ali njihov prenos ( ISO FTAtI: 
ktronska poč.ta in kon-ferenca ( X.4!<x ) 

. 
ISO nivo seje C ISO 8326/7 ) 

nkcije v. jedru operacijskega sistema ) 
• 

0 transportni 
razred 0/2/3 

3,2,l| 
X. 25 

ISO transportni 
razred 4 

LAN CSriA/fJD 

6ateway 

Identiteta končnega naslovnika ni zadostna 
in-f ormaci ja, saj ne uporabljamo običajneg 
dinamičnega usmerjanja, ampak -fiksno. Izvor sam 
določa pot podatkov, transportni nivoji na 
njihovi poti pa vseeno imajo možnost, da po 
svoji lastni presoji ta pot spreminjajo. Takžno 
fiksno u-smerjar,j.3 potrebuje bazo s podatki za 
vse povezave. Računalnik sam iz te baze ugotovi 
najprimernejšo pot, tako da je uporabniku ni 
treba vnašati ročno. .Problem je. v zamudnem 
sestavljanju baze, ki se izvaja na enem 
računalniki... z-a ce-otna mrežo in mora biti čim 
bolj pogosto, saj morarfic slediti spremembam v 
konfiguraciji celotne mr-ef-e. 

Tak bi bil opis standardnega uucp-ja. Na 
preprostem modelu lahko mesto prvotnega uucp-ja 
pri kažemo tako: 

UUCP mreža ZDA 

UUCF-' je ime ene od velikih nacionalnih mrež v 
ZDA. Virsia spada med "mreže uporabnikov s 
podobnimi interesi". Njeni prvi začetki segajo 
v leto 1978. Povezava geografsko oddaljenih 
računalnikov v večini primerov še zdaj omogoča 
telefonsko omrežje. Prenos datotek in 
izvrševanje ukazov na oddaljenem računalniku 
sta bila osnovni namen take povezave, možnost 
pošiljanja elektronske pošte pa se je pojavila 
kasneje (3). To možnost so lahko začeli 
uporabljati tudi računalniki z drugačnimi 
operacijskimi sistemi. Pr i 1 agi<jan je sintakse 
imen z ah-te vam ARf-'A Internet mreže kaže na 
interes za boljšo povezaveoz ostalimi mrežami, 
daje pa tudi- možnosti za izvedbo- boljšega 
usmerjanja. 

Tak uucp, k.skf-šen Je prikazan 
modelu, z OSI modelom pravzaprav 
Člani projekta ROSE (S), ki 

na gornjem 
nima zveze. 
predstavija 

Centralna administracija v UUCP mreži ne 
obstaja. Stanje bi lahko primerjali z anarhijo. 

jih E-iolje so organizirani manjši deli mreže, ki 
povezuje večji medsebojni promet, 
priključitev na mrežo je sicer dovolj, 
najd'ema soseda, ki je že v mreži in ki 
strinja, da bo naš sosed. Svoj naslov 
vnesemo v poseben sezn.am, da nas bodo 
našli tudi drugi računalniki. Ce imamo 
lokalna mrežo, dodelimo računalnikom znotraj 
nje večje pravice, enega pa določimo za 
povezavo z ostalim delom UUCP mreže. Tako nam 

Za 
da 
se 
še 

lahko 
svojo 
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ni treba podvajati podatkov o zunanji mreii, 
ker pa imajo računalniki iz zunanje mreže 
dostop v nažo le prusko enciga, na enesm mestu 
lažje skrbimo za izvajanje varnostnih aspektov. 
Vsak računalnik: plačuje za. svoje; povezave. Zato 
nekateri podpirajo priključitev čim večih 
sosedov, saj si s tem zagotovijo kraj;-5o pot za 
lastna sporočila. Strožki mrceže so v glavnem 
povezani s plačilom telefonskih storitev. 

System <IES). Trenutno se ukvarjajo s 
prototipom OSI okolja pod UNI>; System V in 
Berkeley 4.2BSD. -Sicer pa zaenkrat pripada 
večja pozornost skupini protokolov, ki v 
sploSnem ustreza 3. in 4. nivoju ISO/OSI 
referenčnega modela, čeprav je bil slednji 
n.arejen pozneje. To je TCP/IP ( Tranamission 
Control Protocol / Internetwork Protocol ). 
Primeren je tudi za pov£»zavo računalnikov z 
r a z 1 i č n i m i r, p e r a c i j s k i ra i s i s t e m i . 

Ce upoštevamo ie sorodne mreže, s katerimi je 
povez"an, je v UUCP mrežah medsebojno povezanih 
med 7000 do 100013 računitl ni kov f.3) 

6. Evropska UNIX mreža EUnet 

Iz UUCP mreže 
USENET, k i 

ss je leta 1980 razvila v ZDA že 
omogoča med drugim tudi X.25 

povezave. Leta 1982 pa je združenje E!UUG ( 
European Unii< S'/5tem5 User ' s Group i ustanovilo 
evropska mrežo EiUnet ( "European UMIX net" ). 
Ker utegne biti zanimiva tudi nas, si jo 
oglejmo. 

EUnet ima 
Ameri ke. 
operaci jski 
boljia kot ' 

ze. vzor 
Večina 

sistem 
' Severni 

organizacija EUUG. 
posredno priključena 
evropske mreže. Njen 
elektronske po<ite in 

UUCP in USEt'4ET iz Severne 
račun.alni kov ima UIM1X 

Organizacija mreže je 
flijieriki, saj za njo stoji 
Mreža je neposredna ali 
na ostale evropske in na
glavni namen je pošiljanje 
novic (4), preko X.25 pa 

je možna tudi direktna priključitev na oddaljni 
računal ni k. 
V vsaki državi je po en glavni r.ačunalnik, ki 
skrbi za mrežo v svoji držitvi , včasih k.ar z 
direktno povez.avo z vsemi ostalimi računalniki. 
Glavni računalniki posameznih držav lahko 
komunicirajo med seboj. Obstaja že glavni 
računalnik za celo mrežo, ki povezuje glavne 
računalnike posameznih držav - to je računalnik 

lama Ta una.lni I 
imi : ACSnet ( 
CDAnet ( Kanadi 
( Koreja ) in 
Zel and i j i . mt 

je povezan z 
Avstralija ) , 

) , JUNET C 
že mreži v 
va;'C p.a ima 

•cvax v Amster 
ostalimi UNIX mre 
USENET ( ZDA ) , 
Japonska ), SDN 
Izraelu in Novi 
povezave že z mnogimi drugimi mrežami , l-;:i ne 
bazirajo na UNIX operaci jsl::em sistemu. Prehcad 
na druge mreže lahka nudijo tudi nekateri drugi 
računalniki v mreži. 

Ta mreža se žiri. Najprej so jo upar£tblja.li 
entuziasti, ki so si požiljali sporočila in 
imeli na ta način skupne debate. Se d a. j je krog 
uporabnikov dosti večji. Ta so univerze-?, 
posamezna podjetja ter reklamna podje)tja. 
Povezuje jih tudi EUU6 združenje, ki svojim 
članom ( uporabni l<om UNIX.=> ) tudi omogoča 
dostop do različne p r o g r .a ai s k e o p r e m e. !. z d a j a j o 
svojo revijo, ki je vs.5 namenjena UNIXu. V 
okviru združenja tečejo tudi razgovori o 
prilagoditvi ISD/OSI modelu na nivoju 
komunikacije med meddržavnimi vozližči. 

V Evropi 
računalnikov 1 6. 

učenih 
držav 

p r i ti 1 i ž n o 80(3 

Pravzaprav UNIX žele z novimi verzijami omogoča 
izvedbe kompleksnih mrež s skupno uporabo 
datotek in peri+erne strojne opreme. Funkcije 
in mehanizmi, ki omogočajo enotno vpeljavo 
različnih protokolov in podpor-o različnim 
medijem prenosa in ki so prej manjkali v 
operacijskem sistemu, so zdaj končno na voljo. 
Novosti "streams" in "sockets" (5) sta dodaten 
mehanizem poleg že obstoječih krmilnih 
programov ( "device dri vers" ). AT&T je npr. 
razvil poenoten vmesnik transportnega nivoja ( 
Transport Level Interface !, ki nam omogoča, da 
lahko pižemo aplikacije, ki so neodvisne od 
mreže. Zato se tudi nova verzija uucp-ja. lahka 
izvaja neodvisno od mreže, ki se nahaja v 
spodnjih nivojih. S tem pa je uucp postal le že 
ena od možnosti uporabe mreže na najvižjem, to 
je aplikacijskem nivoju. Družbo mu delata npr. 
že dva. protokola, ki sta od spodnjih nivojev 
neodvisna in ki omogočata preprost in hiter 
dostop oziroma souporabo datotek - RFS C Remote 
File Sharing, AT&T ) in NFS ( Network File 
System, Sun Microsystems ). 
Povrnimo se že k mreži EUnet, saj se žiri tudi 
k nam. Letos osnovaiin Združenje uporabnikov 
UNIX tehničnih aplikacij ( ZUUTA ) pripravlja 
javno uucp mrežo, l.:i bo zaživela jeseni. 
Uporabniki mreže si bodo poleg elektronske 
požte lahko medsebojno izmenjevali 
najrazličnejše novice, in-f ormaci je, izkužnje in 
programe. Možna bo poveziiva s svetom, na 
domačem terenu pa bodo imele možnost tudi 
delovne organizacije, ki so zainteresirane za 
napredek na tem področju, saj bodo imele 
možnost stalnega kontakta z uporabniki. 

Viri : 

XENIX Communications Guide, 1984 Intel 
A. Uleiskopr: Networking Products Break New 
Sround, UniK/World, 1/1987 
Quaterman & Hoskins: Notable Computer 
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Sklepne 

Videli smo, da uucp z.agotavl J.r-i. možnost 
v mrežo za računalnike UNIKove družine 
bo počasi izgubil svoj pomen, saj ne 
ISO/DSI referenčnemu modelu. \ 
projekti, ki imajo za. cilj ne samo pri 
U NI X m r e ž e 1S O i n C C 1T T s t a r i d a r •. J -i m, t 
ta način tudi zagotoviti kvalitetno pav 
računalniki, ki imajo drugačne ope 
sisteme. Tak razvojni projekt je npr. R. 
ki ga podpira ESPRIT Information 
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Kot 
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so 
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INFORMATION AND INFORMATION SVSTEM. This essay deals wj t / i the foJlowing 
t o p j c s ; opening of a new (informational) conversation, philotsophical 
and b j o Iog i ca J hackground pf in forma t i on (Information as form, 
cjor}te:ntSf pr(>cu:}ss, .and phenomenoni ontoJogioa'1 und ers ta nd i ng of 
in forma tinn; a coiicept of infonnation vieued through phenomenolog.v of 
arising and developing), information a s a principle and as a living 
system, arti ficia} information systems (the arti ficial as philosophv, 
Science, and technology; planning and des igning of an information 
system; informational conectedness in. the man-environment-and man-
mach i ne i n terac t i on ) , s orne e xamples of living and artificial 
information systems .(possibilities of formali zati on and constructive 
approaches in the domain of in forma t ion systems and informational 
phenomena). 

0 . Uvod 

Žival seveda ve. Vendar zanesljivo ne ve, 
da ve. . 

T e i l h a r d de C h a r d i n 

I^K ^ ( g l e j JJOjasni l o na koncu s p i s a ) 
A n t o n P . Ž e l e z n i k a r 

k i j o j e i z d a l o p o d j e t j e 
; i j a . " F r e d I . 

b o l j f i l o z o f s k o k o t 

P r i r o č n a k n j i ž i c a [ 1 . 
IBM, ima n a s l o v : "Vse Je informacija. " F r e d I . 
D r e t s k e [ 2 ] z a č e n j a s v o j o b o l j f i l o z 
t e h n o l o š k o i n m a t e m a t i č n o š t \ i d i j o o z n a n j u i n 
i n f o r m a c i j s l i e m p r e t o k u z d o m a l a g n o s t i č n o 
p r e m i s o : ' "V začetku Je bila informacija, Beseda 
Je prišla kasneje. Ta prehod se Je izvršil z 
razvojem organizmov,-. z njihovo sposobnostjo 
izbiranja informacije za preživljanje in za 
nadaljevanje njihove vrste. " H k r a t i p a njihove vrste 

se nahaja semantika izven 
• " i n d a 

u g o t a v l j a , da 
obzorja matematične teorije informacije' 

* Ta s p i s j e b i l p r e d s t a v l j e n na P o s v e t o v a n j u o 
i n f o r m a c i j s k i h s i s t e m i h na T e h n i š l c i f a k u l t e t i v 
M a r i b o r u , d n e 2 . 6 . 1988 i n o b j a v l j e n v z b o r n i k u 
p o s v e t o v a n j a . 

" . . . nam komunikacijska teorija ne pove, kaj Je 
informacija. Ta teorija zanemarja vprašanja, ki 
zadevajo ' vsebino signalov in kakšno informacijo 
nosijo, da lahko opisuje, koliko informacije 
n o s i j o . " M o r d a j e p o m e m b n o , d a v o k v i r u 
D r e t s k e j e v e š t u d i j e o m e n i m o t u d i n j e g o v o 
s t a l i š č e o z n a n j u : "Kaj Je znanje? Tradicio-
naJni odgovor pravi, da Je znanje oblika 
zagovurjanega prepričanja. . . . Prepričanja so 
lahko lažna in resnici se lahko ne verjame. . . . 
Ne pomaga tudi izgovor, kot se to večkrat 
dogaja, da Je znanje odvi sno od ustreznega 
zagovarjanja, če se pri tem ne pove, kaj Je v 
svojem bistvu t . i , ustrezno zagovarjanje." 

Z a k a j j e p o t r e b n o v s a t a v p r a š a n j a n a v a j a t i i n 
kako j i h j e mogoče v r a e š č a t i v d i s k u r z v p r a š e v a 
n j a o i n f o r m a c i j i i n o i n f o r m a c i j s k e m s i s t e m u ? 
Č l o v e š k o b i t j e , k i v e l i k o k r a t z a g o v a r j a s v o j a 
r a z m i š l j a n j a i n v e d e n j e s t . i . z d r a v i m razumom, 
o s t a j a p o g o s t o i z v e n d o m e n e v p r a š e v a n j a o 
i n f o r m a c i j i . A l i s e k d a j s a m o k r i t i č n o s p r a š u j e 
t e n e k a k o t a k o l e : "Kaj Je t . i . zdravi razum kot 
informacija ra zrn i š 1 J a J očegii in v kulturno 
okolje prilagojenega bitja? Kako bitje v sebi 

Jfopiči, prečiščuje, izbira in preoblikuje 
informacijo kot, informacijsko bitje, kaj z njo 
počenja in kako pri tem uporablja drugo •svojo 
informacijo?" Tu n a s t a n e v p r a š a n j e , s k a t e r o 
d r u g o i n f o r m a c i j o i n s k a t e r i m b i t j e v s k i m 
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informacijskim sistemom. Torej, ali ima bitje 
svojo informacijo in informacijo, s katero to 
svojo informacijo obiikuje, jo sprejema in 
sporoča? Ce se o tem pogovarjamo s svojim 
zdravim razumom, nam ta odgovarja, da vseliakor 
imamo svojo informacijo in svoj sistem informa
cijske obravnave. Do naslednjega, bistvenega 
spoznanja je lahko le kratek korak: v bitju 
informacija nastaja kot življenska procesnost, 
kot regularna in neregularna (nova, mutucijska) 
pojavnost živega organizma. Tako sproti in 
nenehno oblikujemo informacijo ne le za tiste 
funkcije, ki ohranjajo življenje, temveč tudi 
za drugo svojo aktivnost, za vedenje, razmiš
ljanje, sporočanje in informacijsko spreje
manje . 

Kot informatiki, kot akterji in agenti na 
področju računalniških in informacijskih dejav
nosti, kot socialna bitja informacijske epohe 
pa se nenehno soočamo s vpraševanjem, kaj je 
informacija in kakšen je njen sistem. Poudar
jam, kakšen je njen sistemi Kakšne principe 
informacije je mogoče konstruirati, če ti ne 
čakajo, da bi lahko bili odkriti, temveč so kot 
principi, kot principska informacija lahko le 
informacijsko konstruirani? Ce tega vpraševanja 
ne izvajamo, smo dejansko še predljudje, živimo 
bolj nezavedno in naključno vrženo v okolje in 
v sami sebe in ne spoznavamo dovolj inteligent
no t.i. lastne in socialne, modsubjektne infor
macijske pojavnosti. Informacija prav gotovo ni 
nekaj enostavnega, statičnega, neprepletenega, 
necirkul i i-a joči^ga , j(̂  v stalnem nastajanju, kot 
da že tudi sama sebe oblikuje kot sistem. Je 
kot gost in gostitelj, kot objekt in subjekt v 
živih, nastajajočih in nenehno se spreminjajo
čih informacijskih agregatih. Informacijska 
doba prinaša novo razumevanje informacije, ki 
je nova razvojna stopnja človeka kot visoko 
strukturiranega in organiziranega bitja. "Eden 
od namenov tega eneja Je odpiranje nove konvev-
zacije, s katero bi bilo mogoče artikulirati 
moč: človekovega informacijskega uma, " je bilo 
rečeno v [3]. Poudarek te izjave je v tem, da 
se končno informaciji kot fenomenologiji živega 
prizna tista njena narava, ki je že tisočletja 
spoznavno zasidrana v zdravem razumu človeka in 
ki sega iz pradavnine, starogrške filozofije, 
gnosticizraa, evropskega racionalizma do novo
veške filozofije in se danes kot še nikoli 
doslej pojavlja kot nov, zavesten in smiseln 
imperativ preživetja. 

1. Filozofsko in biolofiko ozadje informacije 

1.0. Informacija kol. oblika, vsehina, 
proces in pojav 

Za živo bitje ima informacija pomen predvsem 
kot pojavnost v njegovem organizmu. Ta pojav
nost, ki jo imenujemo informacijska, ima svojo 
oblikovnost (genetičnost, strukturnost), vse-
binskost (odnosnost, organiziranost) oziroma 
kratkomalo procesnost. To pa sploh ne pomeni, 
da ne obstaja tudi neživa informacija, ki jo 
lahko opažamo v naravi, v kozmičnih pojavih in 
v človekovih tehnoloških in tudi že v bioloških 
artefaktih. V področje umetne informacije 
uvrščamo tudi računalniško bazo podatkov, 
računalniški program in računalniško arhitektu
ro, ki omogočajo fleksibilno (programirano) 

podatkovno transformacijo. S tem smo povedali 
le to, da je informacija informacijsko aktivna 
in pasivna pojavnost vesoljnega (naravnega), 
življenskega (biološkega) in artificialnega 
(konstruktibilnega, umetnega). 

Informacijska oblika in informacijski proces 
sta vselej tudi vsebinska (pomensko spremenlji
va in odvisna od razumevanja, ki ga bitje 
trenutno premore). Informacijski pojav je kot 
oblikovna in procesna entiteta (avtonomnost, 
združenost, zaokroženost, vase-zaključenost) 
nosilec: takšne ali drugačne vsebinskosti (in-
terpretivnos ti , kodiranosti ) . S pojavom oblike 
in procesa se odpira neizčrpen in neponovljiv 
videz informacije. Oblika in proces lahko 
nosita (povzročata, vznemirjata) pojavno razno
vrstna sporočila in začenjata nove, nastajajoče 
informacijske pojave in informacijsko obli
kovanje (kreiranje). Informacija pomeni indivi-
dvialnost tako po obliki in/ali procesu. Senzor
ska informacija bitja se na svojih poteh do 
korteksov individualno (svojsko, nepredvidlji
vo, metafizično) preoblikuje v odvisnosti od 
obstoječe, totalne bitjevske informacije. 
Pojav, ki kot opaženo nekaj sporoča, se različ
no informacijsko interpretira v organizmu bitja 
in sproža različne informacijske akcije (reak
cije, odločitve, voljo za vedenje, zavest). 
Informacija prinaša tako vselej še potencialno, 
neo pa žen o, neraziskano komponento in tako 
učinkuje na informacijsko okolje (domeno, 
carstvo), v katero vstopa. 

Sodobna tehnologija in spoznanja v raziskavah 
procesnosti žive celice prinašajo zavest o 
informacijskem kozmosu, ki bi bil v tehnološkem 
in živem potencialno možen kot svojski (in
formacijski) sistem (nevralni, genetski in 
masivno-paralelni računalniki). Živa celica ima 
kompleksen, individualen, avtonomen informacij
ski sistem, s svojo logiko (dednostjo, rautacij-
skostjo, fleksibilnostjo) in tako svojsko 
procesnost, ki je značilna za življenski cikel 
celice, za njeno preživljanje, obrambo (imu-
nost), prehranjevanje (metabolizem) , replikaci-
jo (razmnoževanje) oziroma samoprodukcij o 
(avtopoiesis). Na primeru žive celice je mogoče 
spoznavati, kako so v biokemijsko informacijsko 
strukturo (molekularno inteligenco) vmeSčeni 
oziroma vgnezdeni drugi informacijski agregati, 
in sicer od obl ikovno-pomni 1 nih (dednostna 
struktura DNA, RNA) do biološko-procesnih. V 
računalniških informacijskih sistemih imamo 
prav tako značilne pojave vmeščanja ali vgnez-
devanja ene informacije (podatkovne strukture) 
v drugo. Tako je npr. izdelani uporabniški 
program najprej vmeščen v okolje jezikovnega 
prevajalnika, prevajalnik v okolje operacijske
ga sistema in operacijski sistem v okolje 
računalniške arhitekture. Vsi ti elementi 
račiuialnika so razuraevani kot specifična infor
macija, in sicer za trenutno uporabo, preva
janje, operativnost in strojnost. Pri podatkov
nih strukturah kot definicijsko statičnih 
informacijskih agregatih je princip vgnezdova-
nja lahko rekurzivna lastnost podatkovne struk
ture . 
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1.1. Ontološko razumevanje informacije 

Ontološko ali bitjevsko razumevanje informacije 
je v" svojem filozofskem ozadju lahko fenomeno
loško, eksistencialno in funkcionali s t ično. 
Razumevanje nastajanja Informacije je pojmovni 
paralelizem k nastajanju živega in je neposredv 
no s tem razumevanjem povezano. Ontološko 
razumevanje informacije je preprosto vpraSanje: 
"Kaj Je informacija." Iz tega zaCetnega vpraša
nja se lahko razvija proces vpraSevanja, ki se 
razširja v kajstvo biti informacije oziroma v 
vpraševanje o informacijski biti. 

Človek zmore gledati zavestno v svojo ali tujo 
informacijo in jo zmore tudi zavestno opazova
ti, raziskovati, spoznavati in razumevati. Tu 
je doloCena Informacija objekt Človekovega 
mišljenja, nnmo mifllJonj(> pn i n f orninc i JHI( i 
subjekt, ki zmore opazovati svoje informacijske 
objekte. V tej svoji informacijski funkciji 
lahko mišljenje nastajalno (generativno ) , 
spontano (nepredvidljivo), cirkularno (reku-
rentno) in paralelno (prostorsko in Časovno 
hkratno) transformira (manipulira in preobliku
je) informacijske objekte, ki so oblike in 
procesi kognitivne informacije. Tako nastaja 
ali se poraja vzvratno prepletena informacijska 
interakcija med informacijskimi subjekti (ope
ratorji) in informacijski objekti (operandi), 
ko se hkrati izmenjujejo njihove objektivne 
vloge s subjektivnimi, in obratno. Mišljenje se 
očitno manifestira (aktivno in pasivno informi
ra) kot operacija in operand mišljenja. V 
človekovih korteksih je tako mogoCe zavestno 
(Introspektivno) opazovati subjektivno-objek-
tivno procesnost informacijskih pojavov. Prav 
od tu, iz tega primera je tudi mogoCe spoznava
ti spontano, nepredvidljivo, generativno, 
cirkularno, paralelno, posledično in vsakršnje 
nastajanje informacije v živem. 

Ontološko razumevanje informacije je tedaj 
utemeljeno s prepričanjem, da je informacija 
tudi pojavnost živega in da zaobseže vprašanje 
o biti informacije prav za prav vsa druga 
vprašanja, ki se nanašajo na bit (nem. das 
Sein, angl. Being), na njeno eksistenco in 
njeno nastajanje. V okviru informacijske spoz
navne zavesti je vse pojavljajoče in nastajajo
če informacijsko fenomenološko, pri Čemer pa se 
lahko v okviru filozofije informacije postavlja 
tudi vpraSanje o informaciji po sebi. Seveda pa 
se z informacijskega vidika informacija kaže 
tudi v vseh kulturnih oblikah, npr. kot filozo
fija, znanost, umetnost, zavest, hotenje, 
prepričanje, umovanje, čustvovanje, sklepanje 
itd. Z informacijsko ontološkega vidika obsta
jajo le značilne informacijske oblike in zna
čilni informacijski procesi, med katel-e se 
uvrščajo tudi vse kultijrne, ideološke in reli
giozne pojavne oblike. Bitje se ob vseh teh 
informacijskih oblikah (kulturnih, socialnih, 
okoliških, kozmičnih) lahko identificira le s 
svojo celostno informacijo, ki jo je vobCe 
mogoče označiti kot bitjevsko metafiziko. 
Taksno, kibernetsko pojmovanje informacije 
obstaja v bistvu (nezavedno) že v začetkih 
grSke filozofije, v novejši dobi pa se informa
cija kompleksno kibernetično , seifliotsko in 
sistemsko pojmuje že vsaj od.nastanka Wienerje-
ve kibernetike. 

1.2. Koncept informacije kot nastajajoče 
in razvijajoče pojavnosti 

Pri pojmovanju informacije nam gre torej za 
razumevanje prav tistega, kar sproti spontano, 
nepredvidljivo in seveda tudi pričakovano 
nastaja ali je šele v razvoju v živem (organi-
zmičnem, bitjevskem), vesoljnem (kozraičnem) in 
artificialnem (umetnem, konstruktibilnem) in se 
pojavlja kot informacijsko. Informacijsko v 
živem je sedanjost nastajajočega iz preteklega 
(zgodovinskega) in iz videnja prihodnjega 
(prihajajočega). Bitjevska metafizika razpolaga 
s svojim modelom sveta (modelno informacijo) in 
s svojimi mehanizmi za upoštevanje tega modela 
(idelogije) pri nastajanju bitjevske informaci
je. Tudi nizmi Si jiin je o informaciji je lahko le 
metafizično, torej bitjevsko informacijsko, 
Hcvcrla ilinamiCno [)f('pl (̂  l.ono in vzvratno vna-
P r '•• j S n j e . Razmišljanje je lahko tudi bolj 
statično, vprežono v znanstveno disciplinar-
nost, v ideološko omejenost, tako da je npr. 
deduktivno, aksiomatično, linearno sklepajoče, 
konsistentno, neprotislovno in v okviru svoje 
omejenosti tudi produktivno. Informacijska doba 
prinaša prav izziv informacijskega, svobodno, 
pluralno nastajajočega. 

Razumevanje informaciske nastajalnosti pa 
prinaša nove možnosti prav tam, kjer so se 
doslej pojavljale nepremostljive ovire: v 
znastvenem, raziskovalnem in tehnološkem. 
Inteligenca kot informacijska lastnost živega 
je zaenkrat pojavnostno le nejasen ideal 
(cilj), ki se mu tehnološko in znanstveno 
poskušata približevati skozi disciplinarnosti 
umetno-inteligenčnega, spoznavno-teorijskega, 
nevroznanstvenega, psihološkega in filozofske
ga. Človeka vznemirjajo danes raziskave inteli
genčnega, žive inteligence, ki je kognitivno in 
spontano nastajajoča in se pojavlja kot bitjev
ska .vrženost (nem. die Genorfenkeit, angl. 
tlirouness) v življensko problematične (usodne, 
nepredvidljive) položaje. Seveda je v tem 
pomenu informacijskega, zlasti nastajalnega 
prej ko slej potrebno razumevati (predvidevati) 
tudi drugaCne (nove) možnosti abstrakcije, 
simbolične' formalizacije in njene pomenskosti, 
ki naj hi presegale trdna, znastveno statična 
in s tem varna in produktivna (?l ) zatočišča 
rac: i ona.l. i s t iCtie t rad i c i j o . 

2, Informacija kot princip in kot sistem 

2.0. Informacijski principi 

Filozofske principe informacije je mogoče 
.opredeliti intuitivno in jih potem (glej [4] in 
v tem spisu odstavek 4.2) tudi simbolično 
formalizirati. Poskusimo takole: 

(1) Informacija je cirkularen in spontan pojav 
informacije, pri čemer sta tudi njena cirkular-
nost in spontanost informacija. Dva informacij
ska pojava (informacije, informiranja) sta 
vobče (zaradi njune spontanosti) informacijsko 
raziična. O 

(2) Informacija nastaJa z informiranjem, in 
sicer s proti i nformi ran J em in z vmeščanjem 
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nastale informacije v obstoječo informacijo. 
Tudi nastajanje informacije je informacija. D 

(3) Nastala informacija je proti informaciJa 
(nova, še ne vniešCena informacija). D 

(4) Inforrair-anje informacije je prihajanje 
informacije v obstajanje (v eksistenco), njeno 
spreminjanje in i zt?! n Jan je; to pii jo prav fnno-
menologija informacije. n 

(5) Z vmeš&anjem nastale informacije oziroma 
protiinformacije v obstoječo informacijo se 
nastala informacija ohranja, ker se sicer 
izgublja oziroma se pojavlja kot t.i. informa
cijski Sum. D 

(6) Cirkularnost in spontanost (nastajalnost) 
informacije sta transparentni za celotno domeno 
informacije, tj. za informiranje, protiinforma-
cijo, protiinformiranje (informacijsko diferen-
ciranje), vmeščanje (informacijsko integrira
nje) itd. Cirkularnost informacije je njena 
rekurentnost, paralelnost, zaporednost (posle-
dienost) itd. D 

(7) Paralelnost/serialnost informacije je 
topološko, prostorsko, časovno generativna 
(nastajalna), spontana cirkularnost. O 

(8) Struktura informacije so informacijsko 
sestavljene informacijske oblike in informacij
ski procesi. Organizacija informacije so infor
macijski odnosi (funkcionalne informacijske 
povezave) med njenimi oblikami in procesi. 
Struktura in organizacija informacije sta 
informacija in oblikujeta t. i. integracijo 
informacije (integrirano informacijo). D 

oziioma od enostavnih do zapletenih informa
cijskih funkcij. Informacija se kot oblika in 
proces (kot biokemično pogojno stabilna in 
spremenljiva struktura in organizacija) pojav
lja (razumeva) kot sistem v živem sistemu in 
tudi kot informacija o samem živem sistemu. 
Razumevanje informacije kot svobodno dinamične
ga procesnega sistema je tako usklajeno z 
današnjim razvojem zdravega razumu, je kiberne-
l.i(''n() nastnjiilno in s(! iijoma z raznovrstnimi 
znanstvenimi, izkustvenimi in filozofskimi 
spoznanji in tako ostaja na poti aktualnega 
spoznavanja. 

3. Umetni informacijski sistemi 

3.0. Artificialno kot filozofija, 
znanost in tehnologija 

Prihodnji človekovi stroji bodo Se vedno njego
vi artefaltti, čeprav bodo imeli strukturo in 
organizacijo t.i. nevralnih vezij in s tem 
svojo lastno genetičnost, samoorganiziranost in 
samorazmnoževalnost. To naj bi bili stroji 
učenja zlasti na področju njihove uporabe. 
Vendar bo tudi tem strojem potrebna neka rudi-
mentarna, začetna, izhodiščna struktura in 
organizacija in v tem segmentu njihovega kon
struiranja in nastajanja bo potrebna informa
cijska filozofija, fundamentalna (strukturna) 
znanost in nova (biološka) tehnologija. Ti novi 
artefakti bodo s človekom lahko povezani tudi 
signalno, preskakujoč človekove senzorje (oko, 
uho, tip). 

(9) Informacijski stroj ima strukturo in orga
nizacijo informacije (npr. informacijo v okviru 
informacije in stroj v okviru stroja). D 

3.1. Načrt in izvedba informacijskega sistema 
danes in jutri 

(10) Informacijski program informira spontano 
in cirkularno, nastaja s proti informiranjem in 
informacijskim vmeščanjem, se vede kot informa
cija v okviru informacijskega stroja. Informa
cijski program more modificirati samega sebe in 
druge programe in more biti. modificiran z 
drugimi informacijskimi programi med svojim 
izvajanjem in izvajanjem drugih programov. D 

Današnji informacijski sistem je opredeljen kot 
sistem, ki je bil razvit za oblikovanje (krei
ranje), zbiranje, shranjevanje, procesiranje, 
razdeljevanje in interpretacijo informacijskih 
množic [6]. Današnji informacijski sistem je 
tako potrebno razviti pred njegovo uporabo. Ta 
razvoj vključuje analizo potreb, načrtovanje 
sistema in njegovo realizacijo. 

(11) Me tafizika je označevalec- za celostno 
(totalno) informacijo bitja. Metafizične kompo
nente so npr. model sveta, čustvena, senzorska 
in motorna informacija bitja. Bitje je mogoče 
razumevati kot avtopoi e tski informacijski 
sistem. D 

2.1. Informacija kot sistem v iivem sistemu 

Po tem, kar je bilo doslej zapisanega, se 
informacija pojavlja kot svojski (spontan, 
cirkularen, nastajalni, prepleteni) sistem. Kaj 
je v informacijskem sistemu kot pojmovanju 
sistema bistveno različno od samega pojma 
informacije? V okviru živega organizma oziroma 
bitja je informacija sistem procesov, ki se 
pojavlja v strukturi in organizaciji živega. 
Vsi ti procesi prinašajo, preoblikujejo, roje
vajo in namenjajo informacijo in delujejo sami 
kot informiranje (procesiranje), od najnižjih 
molekularnih, celičnih do korteksnih ravnin 

Človeška bitja kreirajo in interpretirajo 
informacijske mno-žice informacijskega sistema. 
Informacijski sistem nima vrednosti sam po 
sebi, če ne olajšuje, pospešuje in izboljšuje 
človekove aktivnosti. Današnji informacijski 
sistem tako še nima vgrajene tiste funkcije 
učenja, ki bi avtomatično zagotavljala njegovo 
prilagovanje potrebam uporabnika. Ce to sicer 
velja za človeški faktor sistema pa to prav 
gotovo ni res pri strojnem delu informacijskega 
sistema. To pa zahteva nenehno kreativno pose
ganje (analizo, načrtovanje, realiziran je) 
človeka v sistem. .Jutrišnji informacijski 
sistem naj bi bil predvsem strojno informacij
ski tako, da bi interaktivno razvijal svojo 
strukturo in organizacijo in da ne bi zahteval 
bistvenega poseganja človeka. To svojo funkcijo 
samoorganizacije naj bi stroj v sistemu oprav
ljal z rudimentarnimi funkcijami učenja, svoje 
samostrukturiranje pa naj bi dosegal v okviru 
tehnologije nevralnih vezij. 
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3.2 Informacijska povezava človek-okolje 
in človek-stroj 

I n f o r m a c i j s k a povezava č l o v e k - o k o l j e se kaže 
k o t p o v e z a v a med č l o v e k o v o m e t a f i z i k o t e r 
s e n z o r s k o in motorno i n f o r m a c i j o . . Ti t r i j e 
i n f o r m a c i j s k i p o j a v i ( m e t a f i z i k a , s e n z o r s k a in 
motorna i n f o r m a c i j a ) se p r e p l e t a j o in vzajemno 
u č i n k u j e j o na i n f o r m a c i j s k o n a s t a j a l n o s t . 
S imbol i čno ( g l e j k a s n e j e ) lahko to p r p c e s n o s t 
nakažemo s t r emi d e f i n i c i j a m i : 

nastajanje metafizike \i. "Df 
nastajanje senzorske informacije cr 

'Df 
nastajanje motorne informacije > 

<r, \ , {X \= o-

A I n, (T (= X 

Ji, cr in X oblikujejo človekov paralelni infor-
maci jski s i s tera. Stroj (računalnik) je le 
posebno okolje, ki podpira človekov informacij
ski sistem in opravlja zanj specifične podat
kovne naloge hitreje, zanesljiveje in algorit-
mično "objektivno". Povezava človek-stroj je 
danes vizuaTna, akustična in taktilna. S poja
vom t.i. nevralnih in masivno-paralelnih raču
nalnikov pa bo lahko postala tudi signalna 
(nevrofiziološka) . 

pojavljajo v živi celici, kjer oblikujejo 
celični citoskeletni (raikrotubulni) informacij
ski sistem [5], od katerega sta odvisni samoor
ganizacija in samoprodukoija celice. 'Populacije 
živih celic sestavljajo organizme, ti pa višje 
oblike organov vse do človekovih korteksov. V 
korteksih sta tako struktura kot procesnost 
informacijski. Nevroni so osrednji procesorji, 
sinapse pa kompleksni povezovalni procesorji 
med nevroni. Nevronska mreža se oblikuje po 
dednostnih zasnovah in tudi pod informacijskimi 
"pritiski", ki so posledica dogajanja v okolju 
in interakcije bitja z okoljem. Raznovrstnost 
je tu očitna: dva nevrona nista enaka, pa tudi 
ne dve sinapsi in živa nevronska mreža nima 
dvojnika v svetu živega. Ob vsem tem se trenut
ni informacijski procesi v nevronski mreži 
prava značilnost oziroma neponovljiva individu
alnost dane- mreže. V carstvu žive informacije, 
od celične, organizmične do korteksne, velja 
ekskluzivni princip pluralnosti, enkratnosti 
informacijskili individuov in njihove neponov
ljivosti. Vsak živi oziroma Zivljenski informa
cijski sistem je unikat po oblikovnosti (biolo
ški strukturiranosti) in po procesnosti (bio
loški organiziranosti). Princip informacijske 
pluralnosti velja tedaj že za molekule življe
nja (prostorske vijačnice), celice (mikrotubul-
ske vrtiljalce) in organizmične podsisteme 
(nevronske populacije). 

4.2. Simbolna formalizacija 
informacijskih sistemov 

4. Primeri umetnih, živih in abstraktnih 
(simbolnih) informacijskih sistemov 

4.0. Umetni informacijski sistemi 

Umetni informacijski sistemi so tehnološki 
sistemi upravljanja ali pa so z živimi bitji 
povezani sistemi, v katerih se interaktivno 
upošteva tudi živa, bitjevska informacija. 
Cisti tehnološki sistemi seveda informacijsko 
razumljeno ne morejo biti pravi informacijski 
sistemi, saj je pri njih le težko mogoče govo
riti o tistem nastajanju informacije, ki je za 
informacijo glavna značilnost. Ti sistemi so 
predvsem algoritmični , racionalistični in imajo 
kvečjemu pogojno predvidljivost, ki pa nikakor 
ne more nadomeščati informacijske nepredvi
dljivosti. Takim sistemom lahko rečemo podat
kovni sistemi. Mešani sistemi so živi informa
cijski sistemi s tehnološko podporo in organi
zacijo; informacijski so prav zaradi žive 
komponente, zaradi svojih nepredvidljivih 
akterjev, ki v te sisteme funkcionalno posega
jo, jih gradijo in modificirajo, prilagoditveno 
kreirajo v njihovih življenskih ciklih. Umetni 
informacijski sistemi so tako artefakti človeka 
z njegovo informacijsko udeležbo v njihovi 
funkciji. 

4.1. 2ivi informacijski sistemi 

Formalizacija informacijskih procesov in siste
mov, ki so sestavljeni iz takih procesov, je 
mogoča z vpeljavo posebne, informacijsko speci
fične simbolike, in sicer v obliki t.i. infor
macijske logike [4]. Pokažimo samo formalizaci
jo z uporabo t.i. splošnih operatorjev informi
ranja . 

(1) Informacija a in formi ra 

"Df « t= 
informacija a Je informirana 

"Df N a a =1 

(2) Operatorja informiranja f= in =j sta splošna 
operatorja informiranja in ju je mogoče parti-
kularizirati (npr. v znane logične, aritmetič
ne, modalhe operatorje) in univerzalizirati na 
poljubno kompleksen način. Tako imamo npr. tele 
pomene: 

a informira praviIno; 
P se verjame; 
verjame se, da se a verjame; 
verjame se, da a verjame itd. 

« ̂ T-
^B P 
f=B H •" 

pomeni 
pomeni 
pomeni 

t=g « 1=3 pomeni 

Operatorja \= in =| sta lahko unarna, binarna ali 
multipleksna, infiksna, prefiksna ali postfiks-
na in .predstavljata neomejeni, nastajalni, 
genei'ativni množici operatorjev (z njuno parti-
kularizacijo in univerzalizacijo ) . • 

Živi informacijski, sistemi obstajajo na različ
nih ravneh ž ivobitjevskega. Določene informa
cijske mehanizme je mogoče opaziti že v t. i. 
molekulah življenja, kot so DNA, RNA in seveda 
beljakovine. Te molekule se med drugim značilno 
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(3) Informacija a ne informira 

'Df a t* 
Informacija a ni informirana 

= Df ^ " 

?| a 

a H 

(4) S formalnim orodjem, ki smo ga opredelili, 
je mogoče interpretirati simbolično metaforo na 
samem začetku spisa. Ta metafora izhaja iz 
izpeljave tipa modus ponens takole: 

(1= a) h 
(t= a =( q J) H 

{ { q \= a ^ a) A. { a ]= q) ) h 
( ( q, a, a 1= cj, a, a) "1 ) 

Seveda bi bilo mogoče izraziti tudi bistveno 
drugačne in bolj zapletene scenarije vpraševa
nja. • 

l=.j,<« ^=K'' '=T*<'^ hi' * '^K " ^K^ 

t=T'*^K « hc' 
To pa je prav de Chardinov izrek, 
metafizika (vedenje) živali, \r^ oznafuje 

kjer je a 
zane-

sljivo ne vedeti' in )=,, ' seveda vedeti• 

(5) Informacijske operatorje je mogoče partiku-
larizirati in univerzalizirati poljubno na že 
znan pomen ali na nov, tudi informacijski 
pomen. Smiselno je mogoče vpeljati 16 specifič
no informacijskih operatorjev in jih seveda 
partikularizirati po potrebi, nekatere med 
njimi pa tudi univerzalizirati . Tako je mogoče 
uporabljati splošne ((=, \f, =j, ^,), paralelno 
splošne (Ih IN, 4, 4), ciklične ([-, J/, H, -A) in 
paralelno ciklične (|h, \V, -\\, 4) informacijske 
operatorje. Na osnovi teh operatorjev je mogoče 
konstruirati generativni aksiomatični sistem 
oziroma t.i. informacijsko logiko, ki ponazarja 
predloženi koncept informacije kot nastajajoče 
fenomenologije. • 

(6) Nazadnje si oglejmo Se primer opisa proce
sa, ki ga v vsakdanjem pomenu imenujemo vpraše
vanje. Vpraševanje je interaktiven informacij
ski proces (diskuiz), v katerem se pojavljajo 
zadevna informacija a, na katero bo vpraševanje 
naslovljeno, pojavljajoče (začetno in razvija
joče) vprašanje q, in nastajajoči odgovor a. 
Posamezne faze procesa vpraševanja so ciklične 
(operator f-)i v ciklih pa se pojavlja splošno 
informiranje (operator [=). Pojavitev vprašanja 
q (njegovo prihajanje v obzorje informacije a) 
je označena z operatorjem začetka (J), končanje 
procesa vpraševanja pa z operatorjem konca (T). 
Primer vpraševanja je tako tale: 
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FORUM INFORMATIONIS 
FORUM TNrOUMATTONrS V ČASOPISU INKORMATICA 

V tej Številki Informatice objavljamo v rubriki 
Forum inforraationis kratko poročilo o zasedanju 
Forum inforina t ioniK, ki jf; obravnav.! lo 
problematiko računalniške industrije, 
nadaljujemo z objavo odgovorov na odprto pismo 
iz prejšnje številke in naposled prinašamo Se 
primer zares sporne domaČe strokovne recenzije, 
ki pomeni bržkone afero par exceJlence na 
področju strokovnega in mentorskega dela Ril. 

KRATKO POROČILO Z DRUGEGA ZASEDANJA 
FORUM INFORMATIONIS 

Drugi sestanek FI za okroglo, mizo, dne 29. 
junija 1988, v sejni dvorani SOZD Iskra, v, 
Ljubljani, Trg revolucije 3/XIV, je bil 
namenjen problematiki računalniške industrije v 
Sloveniji. Na ta sestanek je bilo vabljenih 50 
strokovnjakov, novinarjev, zasebnikov itd. s 
področja računalništva in informatilie (skupaj 
28 podjetij in 3 zasebniki). Udeležba je bila s 
17 udeleženci dokaj pičla, in sicer: Jože Buh 
(I Delta), Rado Faleskini (SOZD Iskra), Matija 
Hudovernik (Radio Ljubljana), Stanislav KleSnik 
(Intertrade), Marko Kovacevie (Mikra), Vinko 
Kurent (Mikroada, Maribor), MiloS MarinCek 
(FAGG), Marijan MiletiC (IJS); Saša PreSern (I 
Delta in IJS), Mija Repovz (Delo), Slavko Ro2ic 
(I Delta), Brane Semolic (Gorenje, SOZD), Peter 
Stanovnik (Institut za ekonomske raziskave), 
Maks Svensek (Birostroj, Maribor), Ivan Santl 
(I Delta), Jure Spiler (inovator v svobodnem 
poklicu) in Anton Zeleznikar (Časopis 
Informatica ) . 
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Računalniška industrija v Sloveniji se sooCa s 
problemi financiranja nabave materiala oziroma 
s finančno nelikvidnostjo. V bistvu se ta 
industrija kreditira izključno s prednaročili 
uporabnikov. Hkrati se pojavljajo (tudi zaradi 
tega) dodatni problemi s principali (IBM, DEC). 
Slovenija v razreševanju te problematike že 
zaostaja, ker ne realizira nujnega prenosa 
tehnološkega znanja, servisiranja in 
samostojnejšega razvoja programske opreme. 
Principali sicer kažejo veC razumevanja, vendar 
določenih pobud ne razumemo ali pa jih ne znamo 
izpeljati. Za neposrednejse sodelovanje ẑ  
velikimi računalniškimi podjetji pa mora biti 
izpolnjena vrsta zahtev, kot so (devizno) 
izšolani kadri, finančna sredstva za t.i. 
zagonske investicije, kvalitetna proizvodnja, 
resnost pri poslovnem dogovarjanju in 
zanesljivost dobavnih rokov. Skoraj ničesar od 
naštetega ne obvladamo! Verjetno bi bila 
najkrajša pot priucitve neposrednejse 
sodelovanje s tujimi partnerji, zacensi z manj 
zahtevno proizvodnjo in potem naprej s čedalje 
zahtevnejšo. 

V začetku 60-ih let se je v Sloveniji pojavilo 
podjetje Zuse K. G. ob zastopstvu IBM. Ti 
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Nujna je tista liberalizacija, ki jo poznajo 
npr. v Južni Koreji, Indiji, Finski in 
Avstriji; v teh državah je opazen tudi vpliv 
Vzhoda. In seveda, slovensko podjetje lahko v 
okviru veCje gospodarske liberalizacije uvaža 
le s svojimi devizninn. si-edstvi.. 

Svetovne poslovne in l.chnol uSkc normi-' niso 
nikakrsnji izumi kulturnih revolucionarjev. 
Tako je npr. avans posojilo in ne dohodek, 
inženir ustvarja novo vrednost; daje veC kot 
dobival Itd. Veliko tega, kar je svet napravil, 
je mogoče takoj pobrati. Gorenje ustvarja velik 
izvoz z velikoserijsko (veCmiljonsko) 
proizvodnjo. Strategija Elana kot uspešnega 
svetovnega ponudnika je, da je vselej samo 
drugi (ne prvi!). Računalniška industrija se 
lahko iz teh domačih primerov marsikaj nauci. 
Tudi juZnokorejske in celo mehiške industrijske 
serije dosegajo danes stotisoce kosov. V 
začetku so imeli skupne posle (joint venture) s 
transnacionalkami, danes pa imajo Ze lastne 
zaščitne znamke (trade marks). Proizvodnja, 
raziskave in razvoj se čedalje bolj 
internacionalizirajo. Pri zasciti domaČih 
trzisc so dopustne razlike v ceni le do 15%. 

KRATEK KOMENTAR K DRUGEM ZASEDANJU 
FORUM INFORMATIONIS 
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V Delu, 18. avgusta 1988, se je B. Gruban 
neutemeljeno spotaknil ob brezbarvno in eno
stransko razpravo na drugem FI, ki ga je malo
marno preimenoval v Forum informaticus. Mislim, 
da skrajno posplošujoči prispevki v Delu, ki 
povzdigujejo samozadostnost talentov brez upo
števanja možnosti za npr. industrijsko realiza
cijo talenta, uveljavljajo predvsem nedoločno 
namero pisca, ki ni navedel konkretnih ovir in 
blokad, ki se postavljajo na pot mladim in 
starim talentom kjerkoli in ne samo na področju 
Ril. "Znanje za razvoj" v Delu bi na področju 
Ril velikokrat zasluzilo kar naslov "Neznanje 
za razvoj". 

A. P. Zeleznikar 

ODPRTO PISMO 
DIALOGA? 

NAPOVED ODPRTEGA STROKOVNEGA 

A. P. Zeleznikar 
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ZA INFORMATIKO SE SE NISMO ODLOČILI KAJ NAJ ČASOPIS INFORMATICA OMOBOCA 

Čeprav vsak dan govorimo o informacijski 
družbi, (ponekod te o post i n-f ormaci jski druibi 
- econimy o-f mind) , pa trdim, da se naSa druiba 
nikoli ni zares odločila za in-formatiko in 
računalništvo. Stanje v Sloveniji pa kaže: 

- Družbene dejavnosti nimajo sektorjev, ki bi 
se pro-fesionalno ukvarjali z informatiko: 
• ni Republiškega komiteja za informatiko 

(imamo pa 10 drugih republiških komitejev) 
• Gospodarska zbornica Slovenije nima 

Splošnega združenja za informatiko in 
računalništvo (ima na primer združenje 

• lesarstva, usnjarsko predelovalne 
industrije, zavarovalstva itd, skupaj 21 
združenj). 

- Na področju visokega šolstva .ni mamo Fakultete 
za informatiko in računalništvo. 

- Res je da imamo v uporabi več tisoč 
računalnikov po delovnih organizacijah, toda ti 
računalniki niso nikakor orodje informatike. 
Večinoma niso povezani v integriran 
informacijski sistem delavne organizacije, 
ampak so namenjeni raznim skoraj izoliranim 
finančnim in računovodskim aplikacijam. Delovne 
organizacije so,večinoma še daleč od množične 
uporabe računalnikov v planiranju, spremljanju 
in obračunu proizvodnje - to pa lahko prinaša 
kvalitetna sredstva in kvaliteto dela. 

- Računalniška industrija je slabo izkoriščena 
in nepovezana, za kar je krivih veliko vzrokov. 
Ponavadi velike računalniške hiše nikoli niso 
videle svoje vloge v pisanju kvalitetne 
aplikativne programske opreme in izgradnji 
integriranih informacijskih sistemov, ampak 
raje v preprodajanju materialne opreme in 
zastopniški dejavnosti. Slaba volja, ki jo 
stresajo na nekaj uspešnih privatnikov ali 
malih firm, je znak nezrelosti in nesposobnosti 
velikih organizirati prodorne kadre v skupne 
projekte. 

- V dobi informatike, ko je znanje tržna 
vrednota, nimamo Instituta za informatiko in 
računalništvo (imamo 32 ' inštitutov ali 
institutov med drugim za biomedicinsko 
informatiko, za mlekarstvo, za načrtovanje 
družine, .i td. ) . 

- Vrhunski strokovnjaki s področja informatike 
in , računalništva so., največkrat • tujek v 
industrijskem okolju. Ambiciozni posamezniki, 
ki v takem okolju še najdejo voljo do 
usposabljanja, velikokrat opravljajo 
podiplomski študij na lastne stroške ali pa 
celo ilegalno - brez vednosti delovne 
organizacije, '̂  saj računajo, da bi jim 
magisterij ali doktorat na delovnem mestu 
utegnil celo škoditi, saj so večkrat priča 
negativni selekciji. 

- Raziskovalni projekti (Evropski, mednarodni) 
gredo Večinoma mimo-nas in opažamo tehnološki 
zaostanek, ki se iz leta v leto veča. 

- Industrijsko povezovanje podjetij pri 
razvoju, proizvodnji in trženju na področju 
računalniške industrije gre mimo nas, kar nam 
otežkoča vstop na svetovni trg in nas pušča 
zadaj v organizaciji in izvedbi masovne 
proizvodnje računalniške opreme in kvalitetne 
programske opreme. 

V tej precej nezavidljivi situaciji obstaja 
torej časopis Informatica, ki naj poveže in 
informira strokovnjake, ki se ukvarjajo z 
računalništvom in informatiko pri nas. Kaj naj 
bi bile naloge tega časopisa vemo, strokovnjaki 
pa so večinoma nezadovoljni s stanjem 
informatike, čeprav moramo poudariti, da 
nekateri posamezniki, posebej raziskovalci, 
dosegajo lepe uspehe. 

Časopis,naj omogoča, izvaja ali vzpodbuja: 

- PUBLICIRANJE STROKOVNIH ČLANKOV: Vemo, da 
strokovni svet komunicira pretežno v angleškem 
jeziku in ker naj bi bili prispevki mednarodno 
usmerjeni, naj bodo napisani v angleškem 
jeziku. Hkrati naj bi bilo publiciranje v 
časopisu Informatica priprava za obilico mladih 
kadrov, da se izvežbajo za pisanje mednarodno 
kvalitetnih prispevkov (zato tudi v angleškem 
jez i ku) . 

- INFORMIRANJE: Številne raziskovalne in 
razvojne aktivnosti na področju informatike in 
računalništva naj se skupno objavljajo in s tem 
se omogoči pretok informacij v našem prostoru. 

- PROPASIRANJE: V tako zaostajajoči družbi kot 
je naša, • kjer se tehnološki razkorak -med 
razvitimi in nami tako veča, mislim, da mora 
časopis Informatica tudi izvesti vlogo 
propagandne narave, kjer pokaže posamezne 
pozitivne akcije. Mislim, da je to vlogo 
časopisa Informatica dobro razumel glavni 
urednik časopisa. 

- KRITIKO: Časopis Informatica se je verjetno 
premalo ukvarjal s kritiko. Mislim, da lahko k 
izboljšanju številnih problemov pripomorejo 
prav posamezniki., ki se profesionalno ukvarjajo 
z računalništvom. 

- POVEZOVANJE: - Časopis Informatica naj bi 
vzpodbujal,povezovanje različnih strok, ki se 
navezujejo . na informatiko ali lahko nanjo 
vplivajo. Tu mislim na. področje biologije 
(genetski inženiring, neuralne mreže), 
medicine, sociologije, pa tudi filozofije, saj 
so nekatera vprašanja informatike, posebej 
paralelnosti procesov in umetne inteligence 
zelo zanimiva tudi s tega stališča. Na 
univerzah v tujini (posebej Stanford) so zelo 
zanimivi' mešani interdisciplinarni timi, ki 
zajemajo informatike, matematike, filozofe, 
biologe, sociologe in druge ter se ukvarjajo z 
načelnimi problemi na primer o reprezentaciji 
znanja" v možganih in računalniku, modelih 
sklepanja in drugo.. 

PREDLOGI ZA DODATNE AKTIVNOSTI 

Predlagam, da naj časopis Informati.ca prevzame 
tudi številne dodatne aktivnosti, . ki lahko 
oživijo i.n izboljšajo stanje informatike pri 
nas. Tako naj prevzame: 

- IZBOR • NAJBOLJŠEGA RAZISKOVALCA iz področja 
računalništva , in informatike pri nas 
(metodologija izbora in kriteriji presegajo 
cilje tega članka). Mogoče bi; ob dobro znanih 
kriterijih bilo umesno sestaviti rang lestvico 
vseh raziskovalcev. 

- LESTVICO 10 NAJBOLJŠIH ŠTUDENTOV 
računalništva in informatike <to je koristno 
zaradi pravilnega usmerjanja mladih kadrov, saj 
vemo, da mnogi potonejo v ubijajočem okolju z 
negativno selekcijo). 
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- LESTVICO 5 FINANČNO NAJUSPEŠNEJŠIH DELOVNIH 
ORSANIZACIJ IN PRIVATNIKOV s področja 
računalništva Cpodatke je verjetno mogoče 
dobiti preko davčne uprave, SDK ali 
statistike). Kriterij naj bi bil na primer 
ostanek dohodka na zaposlenega. 

- RAZPIS NABRADNIH RAZISKOVALNIH NALOG ZA 
ŠTUDENTE - teme naj bodo iz področja 
računalništva in in-f ormati ke, zasnovane zelo na 
široko, tako, da jih lahko izvajajo študenti 
Fakultete za elektrotehniko, študenti FNT 
(matematiki, -fiziki,...), bilogi, medicinci, 
-f i 1 oz o-f i , . . . 

- Objavljanje nekaterih zanimivih in uspešnih 
raziskovalnih, izobraževalnih ter proizvodnih 
programov iz tujine. V teh informacijah naj bi 
bile vključena tudi poročila, kaj so nekatere 
družbe (države, velike mul tinacionalke) 
naredile na organizacijskem, pravnem, -finančnem 
in družbenem področju, da bi pospešile razvoj 
in-formatike pri njih. 

STROKOVNOST 

Verjetna bi društvo in časopis In-formatica 
pridobil na strokovnem ugledu, če bi poleg 
dosedanjih aktivnosti organiziral več 
strokovnih predavanj in zopet gostil kakšen 
mednarodni simpozij. Mogoče bi bilo zanimivo 
tudi založništvo strokovne literature. 

vejico. Nekaj stavkov je stilno popolnoma 
nedopustno napisanih. Tak primer je stavek: 
Zakaj In-formatica objavlja prispevke, ki se 
prikazujejo kot znanost, pa to niso? Ne glede 
na to, da je to tudi pesniški način izražanja, 
kamor sodijo retorična vprašanja, je vsakomur 
takoj jasno, da se prispevki ne morejo 
prikazovati, ker gre v takem primeru za 
meta-fiziko. Prispevki so v primeru objave v 
In-formatici članki, ki so resda mogoče napisani 
na magnetnem mediju in v končni fazi natiskani 
na papir in se prav nič ne prikazujejo. Avtor 
bi lahko stavek napisal takole: Zakaj so v 
Informatici objavljeni lažno znanstveni 
prispevki? Se v tem primeru je taka izjava 
nekompetentna, ker avtorji očividno nimajo 
razčiščenih pojmov o tem, kaj je znanost in 
kaj je lažna znanost, medtem ko celo sami 
priznavajo, da se na znanstveno -fantastiko ne 
spoznajo. 

Najprimernejši sklep tega odgovora na 
odprto pismo bi bilo znano apelovsko reklo:"Le 
čevlje sodi naj kopitar!". Ob šestih avtorjih 
pisma pa sem prepričan, da je imel vsak od njih 
priložnost, da bi pismo slovnično in smiselno 
popravil, zato bo tako sestavljeno pismo lahko 
upravičeno povzročilo bumerangovske odgovore. 
Mag. Rihard Piskar, dipl. ing. 

Korak naprej je tudi akcija, naj časopis dobi 
ISSN identi-f i kači jo. 

Strokovni ugled bi si časopis pridobil tudi z 
vzpodbujanjem, objavljanjem ali celo izdelavo 
neodvisnih strokovnih ekspertiz, ki bi zajemale 
od predloga za celovit nacionalni program 
in-formatike do ocene posameznih programskih 
paketov. 

Jasno pa je, da z vlogo, ki jo za časopis 
In-formatica vidim in je po mojem mnenju edino 
možna v našem okolju, postaja časopis 
In-formatica res informativen in ne časopis 
vrhunske svetovne kvalitete. Vsakemu bralcu je 
jasno, da bo svetovno kvalitetne članke šel 
iskat drugam (če mu bo to dostopno). Takšno je 
stanje danes. Saša Prešern 

A JOINED DISCOURSE OF SCIENCE FICTION 
IN COMPUTER SCIENCE (I) 

Anton P. Zeleznikar 
Iskra Delta, Ljubljana 

That ever,rone can learn to read uill ruin in 
the long run not only uriting, biit thinking 
too. 

Friedrich Nietzsche [-3] 67 

0. Introduction 

ODGOVOR NA ODPRTO PISMO 

Vsak izobraženec ima določen stil 
izražanja do katerega ima neizpodbitno pravico, 
dokler je v skladu z jezikovnimi normami. Ko pa 
njegov ustvarjalni zagon in svojskost izražanja 
nista več v mejah jezikovnega standarda, se 
bralec lahko vpraša, če je tudi vsebina 
avtorjevega . prispevka sploh vredna logične 
razčleni tve. 

2e nagovor so avtorji odprtega pisma 
končali z dvopičjem,' čeprav je pravilno ločilo 
klicaj. Verjetno so avtorji dobili idejo za 
uporabo dvopičja v angleškem jeziku, pa še tam 
se praviloma konča z vejico ali piko, glede na 
to ali gre za neformalni ali formalni nagovor. 
Iz slovenskega pravopisa poznamo stvarna lastna 
imena, v katera sodi tudi "časopis Informatica" 
in ta se ne sklanjajo, tako da je v rodilniku 
pravilno "časopisa Informatica" in ne "časopisa 
Informatice". Lahko se seveda uporablja tudi 
samo lastno ime Informatica z rodilnikom 
Informatice. Izgleda, kot da avtorji 
uporabljajo figure pesniškega jezika, kajti 
mnogorečje "zaslediti videti" sodi v to figuro, 
pa še tu je pravilno, da se besedi ločita z 

Some of them woiild want to l)nve the science 
rented to themselves and albeit they are 
only mediocre individuals, they bebave as a 
scienti fic elite; for the sake of appearance 
they are very ac t i ve, however, in the 
essence, they produce merely sterile reports 
to get or to preserve their position.* 

Vinko Kambie [-2] 9 

In the open letter [0] to the Journal 
Informatica, signed by elite Slovane computer-
scientists, one of the main reproaches was that 
some papers published in Informatica belong to 
science flction, misrepresented science, and 
philosophy. Ves, also to philosophy! The last 
should be one of the most disturbing facts, 
which are not aoceptable by the scientifically 

* Nekateri hoCejo imeti znanost v zakupu in 
čeravno so mnogokrat samo povprečneži, se tudi 
vedejo kot znanstvena elita; na videz so zelo 
aktivni, a v bistvu piSejo le sterilna poročila 
za dosego ali ohranitev položaja. 
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( a n d p r o b a b l y t e c h n o l o g i c a l ].y) o r i e n t e d s p i r i t s 
o f f o r e i g n s c i e n t i f i c j o u r n a l s i n t h e d o m a i n o f 
C o m p u t e r s c i e n c e a n d , o f c o u r s e , t o t h e 
S c i e n t i f i c Š p i r i t o f t h e o p e n l e t t e r 
s i g n a t o r i e s . S o , l e t u s t a k e an o c c a s i o n a l l o o k 
a t s o m e n o n - s c i e n t i f i c q u o t a t i o n s , 
p h i l o s o p h i c a l s t a t e m e n t . a , a n d g h o s t s o f 
f i c t i c n , t a k e n from e m i n e n t c o m p u t e r s c i e n c e 
j o u r n a l s a n d b o o k s . 

F o r t h e s a k e o f c l a r i t y , we s h a l l p u t 
q u o t a t i o n s from v a r i o u s s o u r c e s ( e . g . e m i n e n t 
p r o f e s s i o n a l j o u r n a l s ) b e i n g r e c o g n i z e d a s 
c a t a - s t r o p h i c s c i e n t i f i c i n f o r m a t i o n ( t h i s 
m a y b e u n d e r s t o o d i n t h e s e n s e o f t h e G r e e k 
' k a t a - s t r o f e ' w i t h t h e m e a n i n g ' o v e r t h r o w i n g ' 
o r ' t r i c k i n g d o w n ' ) b e t w e e n t h e p a r t i c u l a r 
s y m b o l o f c a t a s t r o p h e i^<number) and t h e symbo l 
o f t h e end o f q u o t a t i o n <̂ [< r e f e r e n c e n u m b e r ) ] . 
B e s i d e t h i s , q u o t a t i o n s w i l l b e p r i n t . e d i n 
I t a l i c . I n some c a s e s we s h a l 1 g i v e s h o r t 
c o m m e n t s on t h e c o n t e n t s o f q u o t a t i o n s . 
Q u o t a t i o n s . s h a l ] n o t b e 1 i s t e d i n a n y 
s y s t e r a a t i c o r d e r . 

1 . I n t h e Realm of A r t i f i c i a l 

The computer scientist knows, of course. But 
he certainly does not know exactl,r uhat be 
knous. 

P a r a p h r a s i n g T e i l h a r d d e C h a r d i n 

I n g e n e r a l , Al ( A r t i f i c i a l I n t e l l i g e n c e ) i s a 
d i s c i p l i n e , f o r wh ich i t c a n n o t b e s a i d t h a t i t 
b e l o n g s t o a t r a d i t i o n a l l y s o l i d s c i e n t i f i c 
o r i e n t a t i o n . I n raany c a s e s . Al h a s t o do w i t h 
b e l i e f s , h o p e s , p r o m i s e s , p r e d i c t i o n s , g o a l s , 
p r o g r a m s , m e t h o d s , and m i s u n d e r s t a n d i n g s u h i c h 
c o u l d b e i n g e n u o u s l y c l a s s i . f i e d a s n o n -
s c i e n t i f i c , f i c t i t i o u s , u n b e l i e v a b l e , e t c . To 
s t e p a b i t f u r t h e r i n t o p u r e s c i e n t i f i c b e l i e f , 
i n v e s t i g a t i o n s o f t h i s k i n d s h o u l d b e 
f o r b i d d e n , b e c a u s e s c i e n c e h a s t o f o l l o u t h e 
c l e a r l y u n d e r s t o o d , m e t h o d o l o g i c a l l y l e g a l , and 
a b s t r a c t l y b e a t e n t r a c k s o f r e s e a r c h . T h e s e 
t r a c k s of b e l i e f s c o u l d p r o b a b l y b e l o n g o n l y t o 
t h e r e a l m s of l e g a l m a t h e m a t i c s , p u r e l o g i c , 
a l g o r i t h m i c c o m p u t e r s c i e n c e , h a r d -

m a t h e m a t i c a l l y f o r m a l i z e d a n d semar i t i c a l 1 y 
r e d u c e d c o g n i t i v e a n d p s y c h o l o g i c a l m o d e l s , 
e t c . N o w a d a y s , t h i s way o f n o n - t h i n k i n g a n d 
e x a c t l y c K e r c i s i n g d i s c i p l i n a r i t y c a n c e r t a i n l y 
b e s c i e n t i f i c a l l y p r o d u c t i v e , b u t 
c o m m o n s e n s i c a l l y and t e c h n o l o g i c a l l y d o e s n o t 
r e r a a i n on t h e way of d e v e l o p m e n t o f m o d e r n 
r e s e a r c h a n d u n d e r s t a n d i n g of t h e l i v i n g and 
a r t i f i c i a l . 

( j l Almos t e ver,v on e bas an opi n i on a bou t 
artificial intelligence (Al). Either i t's the 
wave of the future, or i t ' s just. a puhlic 
rel a t i ons canard, 11 ' s a new prograinming 
technology or i t ' s a new mindset - a wa,v of 
looking at problems that no other discipline 
bas. Or, perhaps the name is an oxymoron and 
the whole idea of Al is absurd. »J [ 1 ] 

W i t h i n t h e d o m a i n o f A l , we s h o u l d l i k e t o h a v e 
coramonsense r e a s o n i n g of a l i v i n g b e i n g i n a 
s c i e n t i f i c a n d f o r m a l i z e d f o r m t o e n a b l e a n 
a d e q u a t e m o d e l i n g by c o m p u t a t i o n a l r e a s o n i n g . 
H o w e v e r , i t i s n o t c l e a r y e t how t h e f i r s t k i n d 

o f r e a s o n i n g c o u l d b e p r o j e c t e d ( m o d e l e d ) 
a d e q u a t e l y t o t h e s e c o n d k i n d o f r e a s o n i n g . 

*j2 . ' We would perhaps be hetter off using the 
term "computational reasoning" to represent 
hibat we do. Equipped with insights from 
computer science, we are attempting to look a t 
prot)lems o f reasoning and ra t i ona 1 i ty not 
addressed previously by disciplines other than 
psychology and philosopbv. >I< [ 1J 

Al c e r t a i n l y b e l o n g s t o d i s c i p l i n e s w h i c h a r e 
n o t o n l y p u r e l y s c i e n t i f i c , a s a r e f o r e x a m p l e 
p l i i l o s o p h y , p s y c h o ] o g y , c o g n i t i v e s c i e n c e , 
n e u r o p h y s i o l o g y , a n d I n f o r m a t i o n p r o c e s s i n g i n 
l i v i n g o r g a n i s m s . W i s h e s a n d b e l i e f s g o v e r n i n g 
Al c a n be c o m p r e h e n d e d m e r e l y a s g o a l s a n d 
s p e c u l a t i o n s of p o s s i b l e r e s e a r c h w h i c h h a v e 
n o t a t a l i e n t e r e d i n t o t h e s t r i c t s c i e n t i f i c , 
t r a d i t i o n a l l y r a t i o n a l i s t i c r e a l m y e t . 

Aj3 Tn AT we use the computational metaphor to 
belp us find ansuers to guestions such as: 
- }low can an intelligent system anticipate the 
future and prepare for i t , without uasting 
effort on irrelevant or extremely improbable 
even t s? 
- How can we make systems that function uith 
only an impoverished, partial knouledge base in 
the way that. humans areable to do? 
- How can we communicate successfully uith 
computers in (natural) languages fraught ' uith 
ambigui ty and vagueness? 
- Hou can multiple entitiesplan and cooperate 
to achieve goals that no individual could ever 
bope to? 

While we can look to human bebavi or for 
insight into these issues, our main goals are 
to understand tbe pbenomena of intelligent 
activity and find ways to exploit that 
understanding in artifacts. >I< [ 1 ] 

The q u e s t i o r i s o f t i i e l a s t " c a t a - s t r o p h e " a r e 
p h i l o s o p h i c a l f o r s c i e n c e c a n n o t a n s w e r 
s a t i s f a c t o r i l y y e t . They a r e maybe on t h e way 
o f s c i e n t i f i c r e s e a r c h , b u t f o r a p u r e 
s c i e n t i s t t h e y may r e p r e s e n t an i n a d m i s s i b l e 
a p p r o a c h o f e x a c t l y s t r u c t u r e d s c i e n t i f i c 
m e t h o d o l o g i e s . At t h i s p o i n t , we c a n u n d e r s t a n d 
how s c i e n c e p r o c e e d s on i t s way of s c i e n t i f i c 
r e s e a r c h t h r o u g h p h i l o s o p h y , w h i c h o p e n s new 
h o r i z o n a a n d i l l u m i n a t e s t h e way o f s c i e n t i f i c 
p r o g r e s s i n g . 

'j4 We are far from being able to ansuer these 
questions, or even to integrate uhat l i t t l e ue 
know about intelligent bebavior. >J [ 1 ] 

2 . K n o w l e d g e R e p r e s e n t a t i o n a n d R e a s o n i n g 

What is knouledge? A tradi tional ansuer is 
that knouledge is a form of J.ustified 
belief. . . . Beliefs can be false, and the 
trutb may not be believed. 

F r e d I . D r e t s k e [ - 1 ] 85 

/j5 A widely recognized goal of artificial 
intelligence (Al) is the creation of artifacts 
that can emulate humans in tbeir ability to 
reason symbolically, as exemplified in typical 
Al domains such as planning, natural language 
understanding, di agnos i s , and tutoring. 
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Currently most of this uork is predicated on a 
be1 i e f t ha t intelligent s ys tems can he 
constructed from explicit, declarative 
knou.ledge bases, which in turn are opera ted on 
by general, formal reasoni ng mechanisms. This 
fundamental hypothesis of Al means t ha t 
knowledge representation and reasoning - the 
study of formal uays of extracting information 
from symbolicallv represented knowledge - is of 
central importance to the field. «1« [ 2 ] 

To e m u l a t e humans i n t h e i r a b i ] i t y t o r e a s o n 
s y m b o l i c a l l y e m b r a c e s t h e e n t i r e r e a l n i o f human 
m e t a p h y s i c s a s i n f o r m a t i o n , i n c l u d i n g t h e 
d o m a i n s s u c h a s p l a n n i n g , n a t u r a l l a n g u a g e 
u n d e r s t a n d i n g , d i a g n o s i s , t u t o r i n g , e t c . S a y i n g 
t h a t m o s t o f t h e s e a c t i v i t i e s a r e b a s e d on 
b e l i e f s a c c e n t u a t e s o n l y t h e m e t a p h y s i c a l 
n a t u r e o f p r o b l e m s i n q u e s t i o n . A r e a l i s t i c , 
g o o d , p r o s p e c t i v e , and v a l i d s c i e n c e c a n n o t b e 
f o u n d e d on m e t a p h y s i c a l , i . e . i n d i v i d u a l o r 
p e r s o n a l p h e n o r a e n o 1 o g y , b u t h a s t o b e 
c o n s t i t u t e d b y c u l t u r a . l l y a c c u m u l a t e d a n d 
d i s c i p l i n e d i n f o r m a t i o n , w h i c h g u a r a n t e e s t h e 
e x i s t e n c e o f a r e a l i s t i c a n d v a l i d s c i e n c e 
t h r o u g h s e l e o t i v e l y e x t r a c t e d i n f o r m a t i o n . 

g e n e r a l p r i n c i p l e o f p r e s e r v i n g c o u l d b e t h e 
p r i n c i p l e o f i n f o r m a t i o n ( o r p r i n c i p l e o f 
o y b e r n e t i c s ) , i r r e s p e c t i v e o f t h e i n f o r m a t i o n a l 
na t .u j -e ( t r u t h , p o s a i b i l i t y , t e m p o r a l n e s s , 
e t c . ) . 

ij8 , Our primary need is for a knowledge-based 
system to be able to realize ali of the things 
that the sentences in its KB [knowledge base] 
determine to be true about the world. In other 
uords, uhen asked a question, a, then the 
system needs to determine whether or not KB /= or 
f " h " means "entails"). . . . Rather, what is 
taken into account is only the form of the two 
premises, along with a rule of inference that 
States that, if it is given V.v p(x) * q(x) 
("for any x, if x has property p, then i t has 

property q"), and it is given that p(a) for 
some particular a ("a has property p"), then it 
is acceptable to conclude that q(a) holds. We 
can say that conclusion is derivable from the 
given premises, and uirite 

V.v p(x) ^ q(x), p(a) \- q(a) 

(the symbol "f-" means "derives"). Z' [ 2 ] 

lf6 While the claim that intel ligent behavior 
can arise out of the computational manipulation 
of propositional symbolic structures is 
certainly open to argument, Al has not yet 
developed n serious alternnti ve ta this uorking 
hypothes i s . A t the moment, this s tance is 
responsible for the vast majori ty of work in 
the field . . . >I< [ 2 ] 

How c a n i n t e l l i g e n c e a r i s e o u t o f c o m p u t a t i o n a l 
m a n i p u l a t i o n , i f t h i s m a n i p u l a t i o n d o e s n o t 
c o n c e r n t h e r e a l m ( a n d n a t u r e ) o f i n f o r m a t i o n 
o u t o f w h i c h i n t e l l i g e n c e c a n a r i s e a s a 
s y m b o l i c s t r u c t u r e o f i n f o r m a t i o n ? H o w e v e r , t h e 
h y p o t h e s i s of /j6 g i v e s some o r i e n t a t i o n o f a 
p o s s i b l e r e s e a r c h w h e n t h e c o m p u t a t i o n a l 
m a n i p u l a t i o n c o u l d b e r e p l a c e d b y t h e 
i n f o r m a t i o n a l o n e . I n t h i s č a s e i n t e l l i g e n c e 
w o u l d a r i s e o u t of i n f o r m a t i o n a l m a n i p u l a t i o n 
w h i c h i s u n d e r s t o o d a s I n f o r m i n g of i n f o r m a t i o n 
[ 1 0 ) . 

<j7 It should be pointed out that the view of 
po3sibility of mechanized intelligence is not 
new. It seems to have originated uith Leibniz' 
(1646-1716) dream o f a ca le u1us o f i de as, 
wherein truths could be determined by 
manipulating an "alphabet of thought" 
(character i s t i ca universalis) in some 
combinatory way, much akin to the way numerical 
expressions are manipulated in Newton'3 
calculus. The crucial thing about such 
manipulation is that i t would be required to 
preserve truth, similar to the iJay that 
numerical manipulation preserves value. >I< [ 2 ] 

An alphabet of thought ( c h a r a c t e r i s t i c a 
universalis), as imagined by Leibniz, can be 
comprehended in the modern epoch as a kind of 
logic, say, informational logic [II, 12]. But 
within such a logic the preservation of truth 
could only be one of the commonsense aspects, 
which c h a r a c t e r i s t i c a 1 l y belongs to the 
doctrine of traditional logic. As pointed out 
in ijll (Hintlkka), besides the true state of 
affairs , in the realm of informational, there 
are a nuraber of other poss ib l e s t a t e s of 
affa i rs which could be preserved. The most 

The question is how the sentences in a KB 
determine the truth about the world. And why 
only the truth of the world could be relevant? 
Why not put the question of how information 
concerning belief, p o s a i b i l i t y , auareness, 
necessity, reasoning, understanding or any 
other informat ional form or informat ional 
process could be preserved? Can r e a l l y 
everything be reduced to the problem of truth? 
Why only truth may sound scientific? Etc. 

/j9 Since proofs are Just a matter of form, and 
not content, it would seem that they are just 
the kind of symbol manipulation that computers 
are good a t . If we could shou this to certain, 
and could tie the noti on of derivation directly 
to the notion of entailment, then we would have 
a way for a computer to mechanically produce 
facts implicit in a KB. Indeed, there are two 
crucial relationships between entailments and 
deri vati o ns that close the loop for us: 
snundness and completeness theorems for 
predicate logic teli us that for a set of 
sentences, KB, 

KB \=-- a if and only if KB \- a [2] 

Deductive proofs are just a matter of form, and 
not content, and computers may be good at such 
a symbol manipulation. 

<jlO ... the hope was that applications such as 
weather forecasting, pattern recognition, 
electronic fault diagnosis and disease 
Identification could ali be handled by single 
software systems. 

This research was a failure: researchers set 
themselves too ambitious targets. jj [4] 

The corament to the last "cata-strophe" would be 
that scientific research can be a failure. So, 
failures occur within scientific research, 
irrespective of the strictness of scientific 
disciplinarity. Certainly, • this happens more 
often in sciences whose principles of 
doctrinairism are stili being developed, i.e. 
in younger and so-called "life" sciences. 
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J j l l The Japanese seizure of expert systems as a 
medium for their e.vpansion in i n forma t i on 
technology resuJted in a massive explosi on in 
funding. However, in Japan, interesi seems to 
be faltering. Thcre are n number of i nd icat i ons 
of this. 

First, g o od s taff are moving from tbe 
nationally funded Icot projects back to tbeir 
companies. Second, few Japanese researchers 
have published any worthwhile research results: 
major Journals on ai and softuare engineering 
are conspicuous by tbe total absence of any 
Japanese reports. •!< [ 4 ] 

I t s e e m s t h a t t h rovi g Vi t i me i n s t i t u t i o.n a 1 
f u n d i n g o f r e s e a r c h c a n f a i l n o t o n l y i n J a p a n , 
b u t a l s o h e r e and now. Have o u r i n s t i t u t i o n a l l y 
o r g a n i z e d a n d f u n d e d s i g n a t o r i e s of t h e o p e n 
l e t t e r [ 0 ] e v e r asUed t h e m s e l v e s w h i c h way t h e y 
a r e m o v i n g s e i e n t i f i c a l 1 y , i f t h e y h a v e n o t 
p u b l i s h e d a n y worthwhi . l .e r -Rsea rch r e s u l t s y e t ? 

'}12 To build knou.ledge bases with tbousands of 
rules is a major undertaking, and the resultant 
expert systems tend to be unreliable and very 
inefficient. Unfortunately, there has been 
l i t t l e funding in this country for establisbing 
tbe tbeoretical foundations whicb might help 
developers overcome this problem. >!< [ 4 ] 

L i t t l e f u n d i n g c o u l d mean l i t t l e t b e o r e t i c a l 
f o u n d a t i o n s f o r k n o w l e d g e b a s e s w i t h t h o u s a n d s 
o f r u l e s . B e s i d e t h i s , t h e p r e s e n t d a y e x p e r t 
s y s t e m s a r e e v i d e n t p r o d u c t s of t h e s o - c a l l e d 
a r t i f a c t b u i l d e r s who d o n o t f o . l l o w t h e 
p r i n c i p l e s o f how t h e h u m a n c o g n i t i v e m i n d 
e x p e r t i z e s p r o b l e m s . 

/ j l4 There has Ion g been i n te res t in bo t h 
pbi.losophy and Al in finding natural semantics 
for logics of knowledge and belief. Tbe 
standard approach bas been the so-called 
possi bie-wor]ds model. The intuitive idea , 
wliich goes back to Hintikka . . . , is that 
besides the true state of affairs, there are a 
number of other possible states of affairs, or 
possible worlds. Some of these possible worlds 
may be indistinguisbahle from tbe true world to 
an agent. An agent is then said to know or 
believe fact ep if <p is true in ali tbe worlds 
be t.binks possible. 5 [ 5 ] 

The l a s t " e a t a - s t r o p h e " s t r e s s e s t h e p r o b l e m of 
u n c e r t a i n t y , w h e r e i n t h e d o m a i n o f p o s s i b l e 
w o r l d s n o t o n l y t h e t r u e s t a t e o f a f f a i r s i s 
i m a g i n a b l e . H e r e t h e p h i l o s o p h y a n d A l a r e 
s e a r c h i n g t o g e t h e r , t r y i n g t o f i n d p o s s i b l e 
s e m a n t i c s f o r l o g i c s c o n c e r n i n g d i f f e r e n t 
i n f o r m a t i o n a l p h e n o m e n a a s a r e k n o w l e d g e , 
b e l i e f , a w a r e n e s s , r e a s o n i n g , e t c . A s t r i c t 
s e p a r a t i o n b e t w e e n p h i l o s o p h y a s t h i n k i n g a n d 
Al a s S c i e n c e i s n o t a n y m o r e p o s s i b l e , a t l e a s t 
n o t i n t h e d o m a i n o f t h e r e s e a r c h o f mind w h i c h 
i s b e c o m i n g a s p h i l o s o p h i c a l a s s c i e n t i f i c . I n 
t h i s c o n n e c t i o n , t h e i n j u r i o u s n e s s o f a n 
i n t e r d i s c i p l i n a r y o r coramon r e s e a r c h c a n n o t b e 
a t a l i d e f e n d e d c o m m o n s e n s i c a l l y . 

/ j l5 Unfortunately, in real life people are 
certa inly not omniscient. Indeed, possible-
Horlds advocates have always stressed that this 
style of semantics assumes an "ideal" rational 
reasoner, witb infinite computational power. 
But for niany appl icnti ons, one would like a 
1ogi C that provides a more reali s ti c 
repi^esentation of human reasoning. 5 [ 5 ] 

3 , B e l i e f , A w a r e n e s s , a n d R e a s o n i n g 

B e l i e f , a w a r e n e s s , a n d r e a s o n i n g , a s r a t i o n a l 
n o t i o n s , may b e l o n g o n l y t o n o n - s c i e n t i f i c o r 
t o weak s c i e n t i f i c c a t e g o r i e s . F o r e a c h o f 
t h e s e i t i s n e c e s s a r y t o d e v e l o p a p a r t i c u l a r 
l o g i c , o r o n l y one u n i v e r s a l l o g i c , w h i c h c o u l d 
b e a d e q u a t e l y p a r t i o u l a r i z e d f o r s p e c i f i c 
c a s e s . The a u t h o r b e l i e v e s t h a t i n f o r m a t i o n a l 
l o g i c [ 1 1 , 1 2 ] c a n b e p a r t i c u l a r i ž e d o r 
u n i v e r s a l i z e d t o a n y n e e d e d o r a p p l i c a t i o n -
a d e q u a t e e x t e n t . 

' j l S Several new logics for belief and knouledge 
are introduced and studied, ali of which have 
tbe property that agents are not logically 
omniscient. Tn particular,. in these logics, the 
set of beliefs of an agent does not necessarily 
contain ali valid formulas. Thus, tbese logics 
are more suitable than traditional logics for 
modeling beliefs of humans (or macbines) with 
limited reasoning capabili ties. ^ [ 5 ] 

To b e n o t l o g i c a J l y o m n i s c i e n t m e a n s t o b e 
l o g i c a l l y s p e c i a l i z e d o r p a r t i c u l a r i ž e d . T h u s , 
i t i s p o s s i b l e t o c o n s t r u c t s e p a r a t e l o g i c s f o r 
d e s c r i b i n g b e l i e f s , a w a r e n e s s e s , a n d 
r e a s o n i n g s . E a c h o f t h ( ? s e l o g i c s i s 
c h a r a c t e r i z e d by s p e c i a l l o g i c a l o p e r a t o r s , 
w h i c h f i t p a r t i c u l a r n o t i o n s o r s e m a n t i c s . S o , 
we a r e . on t h e way t o s e a r c h f o r u n i v e r s a l 
l o g i c , w h i c h i n p a r t i c u l a r c a s e s c o u l d b e 
i n d u c e d t o t h e n e e d e d p a r t i c u l a r i t y . 

I t s h o u l d b e s a i d t h a t t h e p r o t a g o n i s t s o f 
p r o p o s i t i o n a l l o g i c h a v e t h e i n t e n t i o n t o make 
t h i s l o g i c o m n i s c i e n t i n t h e s e n s e of m a s t e r i n g 
w i t h i t s r e d u c e d m e a n s a n y p o s s i b l e 
p h e n o m e n o 1 o g y . On t h e o t h e r h a n d , i n m a n y 
a p p l i c a t i o n s o n e w o u l d l i k e t o h a v e a m o r e 
a d e q u a t e o r r e a l i s t i c l o g i c , c l o s e r t o t h e 
human way o f r e a s o n i n g . 

/jlB Anotber interesting direction to take is 
that of cons idering quantified versi ons of 
these logics. Here s orne ve ry interesting 
technical and pb ilosophical questions arise. 
For example, since we would like to be able to 
capture sentences such as "He is aware of 
something that I ara not auare of," we seem to 
be forced into allouing states witb different 
domains, and dcaling uitb ali the technical 
complications that arise there. There is s t i l i 
mucb work to be done in finding an intuitively 
motivated logic pouerful enough to describe 
such situations. 5 [ 5 ] 

A r t i c l e [ 5 1 b e g i n s w i t h t h e q u o t a t i o n o f 
T e i l h a r d d e C h a r d i n : "Tbe animal knows, of 
course. But it certai'nly does not know that i t 
knows," T h i s q u o t a t i o n i s s i r a i l a r t o t h a t "He 
i s a w a r e o f s o m e t h i n g t h a t I am n o t a w a r e o f " , 
from t j l 3 . I n [ 6 ] , t h e a u t h o r d e s c r i b e d d e 
C h a r d i n ' s s t a t e m e n t by t h e f o r m u l a )^, a [=, . I n 

t h i s f o r m u l a a i s t h e t h e s o - c a l l e d a n i r a a l ' s 

m e t a p h y s i c s ( a n a n i m a l ' s t o t a l I n f o r m a t i o n ) , f̂ t, 

m a r k s " c e r t a i n l y d o e s n o t know" a n d \=. d e n o t e s 

" k n o w s " . I n g e n e r a l , t h e m e a n i n g o f t h i s 
f o r m u l a w o u l d b e t h a t I n f o r m a t i o n a i s n o t 
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informed that it informs. In the second čase we 
can put the folJowing equivalences: 

•f =_„ ('he' = 'his metaphysics' ) 
u) = p 'something' 
a =_„ ('T' = 'my own metaphysios' ) 

"Df IS aware 
^ =_„ 'is not aKare' a Df 

Now the formula which describes the second čase 
is, for example, 

« ^„ K ^ 
Already in [7] several cases of this kind of 
stateraents are formally described: 

a is informed that it is informed; 
a is not informed that it is informed; 
a is informed that it is not informed; 
a is not. inCorined that. it is not'. 
informed; 
a is informed that it informs; 
a is not informed that it informs; 
a is informed that it does not inforra; 
a is not informed that it does not 
inform; 
a informs that it informs; 
a does not inform that it informs; 
a informs that it does not inform; 
a does not inform that it does not 
inform. 

In t he se formulae , the p a r t i c u l a r i z a t i o n 
(substitution) of the operators )= and ^ can be 
non-uniform. For the f i r s t formula, for 
instance, |=„ )=„ a bas the meaning, a is 
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a 
a 

a 
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T '̂ B 
informed true that 

bas the meaning, 

is believed, e tc . 

<jl7 Two remarkable trends in automation can be 
seen. One is " intel lectual i za t i on " and the 
other is "syste.matization". The former aims to 
improve the performance of mach i nes to the 
level of a human operator. »5 [8] 

To improve the performance of a today's machine 
to the level of a human opera tor may sound 
u n r e a l i s t i c or a t l e a s t n o n - s c i e n t i f i c . 
However, the intention of sc ient i f ic research 
has to remain in the doma in of unknown, 
otherwise i t cannot follow the aim of any 
research: to reveal the unrevealed. 

1^18 The computer is superior to the human brain 
in memory, information retrieval and logical 
reasoning, but inferior in i n t u i t i o n , 
macroscopic Judgment, commonsense knowledge 
penetration, creation, adapta ti on , fle.vible 
thinking and so on. In a uord, the computer can 
perform the part of the left hemi sphere of 
brain but not the right. Therefore, we should 
reconsider the role of the computer as a part 
of th€ man-machine system.. »J [8] 

That computer can perform the part of the left 
hemisphere of brain but not the right may sound 
as a psychologicaJ paraphrase but not as a 
l e g a l s c i e n t i f i c s t a t e m e n t . B e s i d e s , t h i s 
statement is very ambitious even if i t is said 
that computer can perform only a pa r t (wh.at 
functions of the part) of the left hemisphere 

a c t i v i t i e s . Ves, this could be a computer from 
a Science fiction story. But, i t is cer tainly 
a l s o t r u e too t h a t m a ny perforraances of 
computers are comparable to the functions of 
human mind. 

'jl9. . . . speciaJ commonsense knowledge is a meta-
rule which covers the deficit, harmonizes the 
contradiction, and increases the adaptability 
and flexibili ty of the special knouledge, 5 [8] 

Some readers would agree that the las t "cata-
strophe" i s phi1osophical and can hardly be 
brought into a legal sc ient i f ic context. 

4. Philosophy Concerning Computer Science 

'j20 Epistemologica.l issues bave been a concern 
of Western philosophy a t least as far back as 
the Sopbists . . . . Cognitive science, on the 
other hand, is s t i l i in i t s childbood as an 
i n l.erd isci pl i nary pursiiit ivhich attempts to 
integrate the resources of artificial 
intel1igenae, cognitive psychology, philosovhy, 
and perhaps other areas. . . . it is now tirne for 
epistemology to begin to reap the benefits of 
cognitive science. >X< [ 9 ] 

C o g n i t i v e s c i e n c e , a s d e s c r i b e d i n t h e l a s t 
" c a t a - s t r o p h e " , a s a f i e l d of i n t e r d i s c i p l i n a r y 
r e s e a r c h e s s e n t i a l l y c o n c e r n s Al a n d t h r o u g h i t 
t h e e n t i r e d o m a i n o f t h e c o m p u t e r s c i e n c e . 
P s y c h o l o g y a n d p h i l o s o p h y i n f l u e n c e t h e 
r e s e a r c h i n Al a s w e l l a s i n c o m p u t e r s c i e n c e 
q u i t e s u b s t a n t i a 1 1 y . Due t o s p e c i f i c 
r e q u i r e m e n t s o f t h e A l f i e l d , e s p e c i a l l y 
p a r t i c u l a r i z e d p h i l o s o p h i e s e v o l v e , wh ich may 
s p e e d up t h e d e v e l o p m e n t o f a new s c i e n t i f i c 
and t e c h n o l o g i c a l u n d e r s t a n d i n g . 

I^2\ Further, Stefik and Bobrow belong to a 
pred o m i nan t tradition wi th in Al that sees 
l i t t l e value in foundational (called 
"ph ilosophical") guestions. Shortcomings of 
current techniques and systems are seen as a 
transient failure to cover the right details 
and to invent the right clever mechani sms, 
rather than as anything more basic. Instead of 
radical challenge to foundations, they would 
rather see arguments over the technical 
details . . . Tbey imply that if we focus on the 
details of the technology, somehow it uill ali 
work out. They indulge in sci ence-ficti on 
speculations, such as " . . . never computer 
systems . . . might acguire background that ue 
humans bring to bear to understands the uorld 
classes of complexity for computational beings 
that relate in natural ways to Piaget's stages 
novels of Isaac Asimov. This kind of innocent 
optimism about technological achievement has 
been common among Al researchers since the 
beginning of the discipline. 3 [13] 

Obviously, the signatories of the open l e t t e r 
[0] a l s o belong to a predominant and 
additionally subciiltural t radi t ion within the 
domestic computer science, that finds no value 
in philosophical q>jestLoris by which foundations 
could be widened. They cannot see anything more 
basic, but they believe, that the present day 
shor tcomings in computer s c i e n c e a re a 
transient fa i lure , which will vanish through 
tirne when t radi t ional means Mili be developed 
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in those deta i ls which now imply fai lures. And 
r i g h t t h i s kind of cone i ii d ing l e t them 
speculate in the domain of science fiction by 
the same sentences as quoted in the last "cata-
strophe". 

intel l igent mechanistic items. But how can a 
h ar d, sc i ( ;n t i f iea l ly declared d i s c i p l i n e be 
o ther than m y t h i c a ] , if one of the most 
relevaiit goals is the preservation of unreal 
beliefs and of solid professional organization 
(organicism) ? 

5. Of Al Scientists 

Computer sc ient is ts are becoming more and more 
Al s c i e n t i s t s . They are the c r e a t o r s and 
explorers of that what we may c a l l computer 
science and a r t i f i c i a l intell igence. Thus, they 
have their own way of understanding what the 
science in which they create may illuminate, 
enlighten, or bring to the surface of their own 
consciousness . But, there is a s u b s t a n t i a l 
d i f f e r e n c e in thinki. ng between computer 
s c i e n t i s t s and- Al s c i e n t i s t s : the f i r s t are 
more like hard-workers, dwelling in a computer-
specif ic hard and soft d o c t r i n e s ; they walk 
through a computer land like; somnambulists; the 
second are like discoverers, breeding soft and 
d isc ip l inary open doc t r ines . But, there are 
a l so .subst. a n t i a l d i f f e r e n c e s in the 
i nf ormat i ona 1 envi ronmî n ts of thn f i rs t nnd the 
second ones. 

ij22 There are two t,ypes of Al scientists; call 
them P and not-P. Ilere is a simple test to teli 
uhich type you are. You are type not-P if you 
immediately close a book containing sentences 
like this: "We are led, according to Descartes, 
to a/l agent that circunivents the hegemony of 
the mechanical-detei-ministic nexus by virtue of 
its immateriali ty and freedom . . . " If you are 
type not-P, skip this book; you MHI not miss 
any important new clues about writing 
intelligent programs. Type P readers, however, 
will find it a useful and at times illuminating 
d i se uss i on of niayor concepts in the 
philosophical and psychological analysis of 
mind. .J [3] 

The signatories of the open l e t t e r [0] belong 
obvious ly to the not-P s c i e n t i s t s . The 
advantage of P scient is ts is that they can read 
and f ind useful to get i n s i g h t i n to the 
philosophical and psycho1ogical ana lys i s of 
mind. If nothing e l se , the not-P s c i e n t i s t s 
remain narrowed in their "fach" doctrines, and 
u t i l i t a r i a n in respect to any phi losophica l 
eniightenment which might come from new ideas, 
c o n c e p t s , me t hodn1ogies , e t c . The not-P 
s c i e n t i s t s are the real guardians of t h e i r 
scient if ic disciplinos, keeping the p\irity and 
unchangeabi1 ity of their disciplines under the 
severe c o n t r o l . T t i s ev iden t t h a t in 
scient i f ic research the not-P scient is t wiH in 
p r i n c i p l e not suppor t a new, innova t ive 
research achievement. 

IfZS As it is, it is s t i l i one of the bes t of 
the rečen t a t teiiip t s to find, expl a i n o r 
construct the appropriate philosophical and 
psychological context for Al, As such it is one 
of the feu books avai lable on the myth ical 
subject of cogni tive science. 5 ( 3 ] 

No human Information is completely free of 
mythical b e l i e f s . Not only the c o g n i t i v e 
s c i e n c e , but a l so Al and computier sc ience 
include myths in believing tha t i n t e l l i g e n t 
o b j e c t s can be c o n s t r u c t e d through non-

{̂24 The rise of neural computing can be seen as 
part of the i nterplay hetween two schools of 
thought in ai: the cognitists and the artifact 
buiIders. 

The artifaat builders are interested in 
building software systems uhich exhibit 
intelligent behaviour and do not concern 
themselves with uhether the underlying 
mechanisms of the softuare resemble the way 
humans operate or not. The cognitists are 
interested in us i ng the computer as a 
laboratory for exploring notions about the way 
human think. >X< [ 4 ] 

In some way, the not-P and P sc ient is ts can be 
compared to ar t i fac t builders and cogni t i s ts , 
reapecti vely. There exists some congeniality 
between a not -P s c i e n t i s t and an a r t i f a c t 
b u i l d e r . The f i r s t one b u i l d s h i s s c i ence 
i~r(!S])oc t i ve of a rolovant philosophy and the 
second one constructs his a r t i fac t s as useful 
tools or even as plausible toys. On the other 
hand, a P s c i e n t i s t and a c o g n i t i s t i s very 
sensible to philosophy (e.g. Descartes, Pascal, 
Leibniz, Hilbert, Russel, Wittgenstein, e t c ) , 
so he can innovate the ex i s t i ng science by 
bringing a new semantics into the scient i f ic 
context. 

6. Some Comments to the Firs t Part 

The intention of l is ted quotations and comments 
to thera in this part of the discourse was to 
show how some l i s t e d q u o t a t i o n s can be 
understood and m i sunders tood as s c i e n c e , 
science f ic t ion , or mis in te rpre ted sc ience . 
This is the way of Information development in 
the field we call sc ient i f ic research. In the 
area of research, b e l i e f s , awarenesses, and 
reasonings follow wishes, hopes, and cares for 
the f uture, survival , but also for individual 
scient i f ic progress, individual curiosity, and 
certainly the will for power. Scientific world 
is in no way free from personal aspirations, 
narrow interes ts , and ideologies of knoviledge. 
In the history of science this kind of dilemma 
appears as a regular one. "Every triumphant 
theory passes through three stages: f i r s t i t is 
disraissed as untrue . . . " (embryologist Von 
Bear). In this oontext, the signatories of the 
open le t te r [0] raay appear as the guardians of 
what has been sa id a t the beginning of 
Introduction: some of them would want to have 
the science rented to themselves and . . . 
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O RECENZIJAH 
Razumljivo Je, da so recenzije o istem delu 
lahko nekoliko različne, pač odvisno od 
recenzentovega natančnega vpogleda v področje, 
ki ga recenzira, od njegove osebnosti, pa tudi 
od njegovega trenutnega razpoloženja. Težje pa 
razumemo bistveno različnost recenzij istega 

dela. Kot primer bi nanizal recenzijo 
prispevka, ki Je bil poslan na jugoslovanski 
mednarodni simpozij (priloga 1) in odgovor 
urednika ameriške revije (priloga 2), kamor Je 
bil poslan isti prispevek v prevedeni obliki. 
Sodbo o enakosti vsebin recenzije in odgovora 
si ob branju ustvarite sami, 

(I.R.) 

(priloga 1) 

D. ftko se rad ne prllu/aia, niollmo obrazIoSenJe za autora: 
Uvod, zaključek in priložene tri slike dajejo vtis nekakšne 
potegavščine, katere smisel pri najboljši volji nisem mogel 
dojeti. Mislim da bi vodstvo aimpozbija moralo odločno 
protestirati pri avtorjevi delovni organizaciji, oziroma 
opozoriti to organizacijo, da ji njeni člani rušijo strokovni 
ugled. 
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(priloga 2) 

I bel ieve that yQU have an interestin 
1 would like to see more details o-f the 
D+ what it is used for (is it 
Computei—Aided Manu-f ac tur ing, or what 
some o-f th^j^hings contained in it that 
ei-;tensi ve exposi t ion. Forexample, you 
subroutine can be called once only." I 
Mould be more economical to code th^ 
assume you mean is that subroutines are 
at most one invocation o-f the subrout 

g idea -far an article here, but 
language and more description 
•for Computei—ftided Design, 
?) There are questions about 
might be cleared up by a more 

State "singlecal1 rule: every 
-f that were strictly true, it 
subroutines in-line; what I 
not re-entrant — there can be 
ine at any given tirne. 

The artwork is interesting, and I would be happy to publish it 
together with an expanded article, IF you could bear in mind that the 
standard format on this side of the ocean is 8.5" x 11" <2B cm x 21.5 
cm). Usual ly the -foreign submissions that 1 recei ve have margins that 
can be-.J;rimmed; that is not the čase on the drawings. 

I-f you čare to resubmit the article, or any others, 1 will be happy 
to consider them. I don ' t know whether you are a member o-f SIGSMALL/PC 
ornot; i-fnot, and you don ' t get the newsletter, Iwill say that I have 
rewritten your previous contributions -for the sake o-f grammar and 
speli ing; I hope that this causes you no distrees. 

u. 
H. K. Hodge 
E d l t o r , SIGSMALL/PC N o t e s 

A SHORT COMMENT TO ENGLISH READERS 

The u p p e r E n c l o s u r e 1 ( p r i l o g a 1) i s a S l o v e n e 
r e f e r e e ' s r e p o r t t o t h e p r o g r a m c o m m i t t e e of a 
Y u g o s l a v C o m p u t e r c o n f e r e n c e . T h i s E n c l o s u r e 
h a s t o b e c o m p a r e d t o E n c l o s u r e 2 ( p r i l o g a 2) 
w h i c h i s t h e e d i t o r ' s o f S IGMALLS/PC N o t e s 
o p i n i o n o n t h e s a m e p a p e r , T h e E n g l i s h 
t r a n s l a t i o n of E n c l o s u r e 1 i s t h e f o l l o w i n g : 

D. I f t h e p a p e r i s n o t a c c e p t e d we w o u l d l i k e 
t o h a v e an e x p l a n a t i o n w i t h a r g u r a e n t s f o r t h e 
a u t h o r : 

The introduction, conclusion, and the three 
drawings enclosed gi ve the impreaaion of a kind 
of fraud, which to niy best will, I could not 
coaprehend. I think that the committee of the 
sjnaposium must resolutely express a protest at 
the author'3 working organization or let this 
organizfition know that its employees destroy 
its professional reputation. 

( T h e t r a n s l a t o r r e g r e t s t h e i n o o n v e n i e n t 
d i c t i o n ' o f t h e t r a n s l a t i o n o f t h e S l o v e n e 
o r i g i n a l i n t o E n g l i s h wh ich i s t y p i c a l f o r t h e 
h e r o s t r a t i c s t y l e of t h e r e f e r e e ' s o p i n i o n . By 
t h i s d i c t i o n t h e s p i r i t s o f t h e r e f e r e e ' s 
o p i n i o n r e m a i n s t r u e . ) APZ 

SE O RECENZIJAH 

A. P . Z e l e z n i k a r , I s k r a D e l t a 

Ker g r e v p r i s p e v k u "O r e c e n z i j a h " , v k a t e r e m 
j e p r i l o ž e n o t u d i d o k a z n o g r a d i v o , z a z n a č i l n o 
d o m a č o a f e r o , n a j mi b o d o v o l j e n o , d a d o d a m 
s v o j e s k r o m n o m n e n j e k a r v d o m a č e m j e z i k u . 
T a k o j na z a č e t k u p o n a v l j a m v p r a š a n j a o h i s t e r i 
čnem p a m f l e t i r a n j u , r o t e n j u , z a k l i n j a n j u , 
h e r o s t r a t s t v u o z i r o m a o m o t i v a t i v n i h k o n f l i k t i h 
s t a r e j š e g e n e r a c i j e , k i sem j i h n a č e l v [ 1 ] . 
Kako s e o b r a n i t i t e h s t r a s t n i h i n č u s t v e n i h ( i n 
mes toma ž e k a r s o v r a ž n i h ) i z l i v o v i n n j i h o v e 
š k o d l j i v o s t i p r i p r o d i r a n j u n o v i h a k t e r j e v 
o z i r o m a n j i h o v i h i z v i r n i h d o s e ž k o v na d o m a č i h 
p r i z o r i š č i h v o k v i r u i z r a z i t e z n a n s t v e n e 
s u b k u l t u r n o s t i ? A l i bomo m o r a l i z a č e t i r e s n e j e 
i n k o n k r e t n e j e p o s t a v l j a t i v p r a š a n j a , kdo s o t i 
n a š i , nam n e z n a n i a v t o r i t a t i v n i u s m e r j e v a l c i v 
z n a n o s t i , k i p o v z r o č a j o z a r a d i s v o j e p r e ž i v e l e 
s t r o k o v n o s t i b l o k a d e t a m , k j e r j i h d o m a l a n i h č e 
v e č n e p r i č a k u j e . K o t d a smo p r i č a n e k e m u 
r a z v o j n e m u r a s i z m u , k i nam o m e j u j e i n 
p r e d p i s u j e s p o n t a n i n s s v e t o m u s k l a j e n r a z v o j 
d o m a č e z n a n s t v e n e m i s l i . S e v e d a n i k a k o r n e 
t r d i m , d a s o p o j a v i r e c e n z e n t s k e g a r a s i z m a 
p r i s o t n i samo n a p o d r o č j u r a č u n a l n i š t v a i n 
i n f o r m a t i k e , z a s l e d i m o j i h l a h k o t u d i p r i 
f i z i k i h , z l a s t i v s e g m e n t i h i n t e n z i v n e g a i n 
f i l o z o f s k o p o g o j e n e g a z n a n s t v e n e g a r a z v o j a . 

Upam s e v e d a , d a g r e v p r i m e r u n a v e d e n e 
r e c e n z i j e r e s z a o s a m l j e n p o j a v , k a t e r e g a 
n o s i l e c i n i z v a j a l e c i m a v š i r š e m 
j u g o s l o v a n s k e m o k o l j u l e o b r o b n i ( s l o v e n s k o 
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značilni, subku 1 turni ) vpliv. To pa Hevciiu n(> 
odvezuje odgovornosti organizatorjev strokovnih 
srečanj, za katere se taksrie recenzije pišejo. 
Ker, kakšni pa bodo postali domači simpoziji in 
posvetovanja, če bo njihova strokovna vsebina 
odvisna od ljudi, ki nastopajo kot čuvarji 
balkanskega kndoksn? Njim bi vpljnl preprosti 
nasvet, da' v svtjjt̂  fetM;n/,en tsk«; jiarnit.uri? ne 
vključujejo kogarkoli, zlasti pa ne pri vr̂ .itncev 
herostratstva, ki bi bili sposobni zadušiti 
redke pojave domače znanstvene in tehnoloSke 
ustvarjalnosti. 

Seveda bi bila tudi moja reakcija na omenjeno 
recenzijo zgolj čustvena, če ne bi znal 
argumentirati in po svoji vesti interpretirati 
vsebine žaljive recenzije. Organizator 
posvetovanja pričakuje pod D korektno strokovno 
obrazložitev zavrnitve, ki bo sporočena 
avtorju. Pričujoča zavrnitev pa ni le napad na 
integriteto avtorja, temveč je še poziv na 
sankcijo proti ugledu njegove delovne 
organizacije. To pa je hkrati argument, ki ga 
lahko izkoristi nekdo drug, recenzentskemu 
herostratu podoben herostrat, npr. pri 
visokošolski oziroma strokovni. reelekciji 
avtorja. Strokovne utemeljitve zavrnitve 
prispevka v recenziji seveda ni, je pa 
motivativni konflikt, ki se izraža v izjavi, da 
je prispevek informacijsko tako oddaljen od 
informacijskega ozadja recenzenta, da ga ta ne 
more več dojemati pri vsej svoji volji za 
razumevanje prispevka. Prav tu pa nastane 
vprašanje strokovne usposobljenosti recenzenta 
in njegove normalnosti: kakšno je njegovo 
informacijsko strokovno ozadje, da prispevlia ne 
more več dojemati in ga prav zaradi te svoje 
nesposobnosti imenuje potegavščina. Očitno tak 
recenzent nima več kaj iskati v strokovnem 
informacijskem prostoru, v katerem deluje ne le 
kot recenzent temveč kot akter stroke, 
raziskovalec, znanstvenik, pedagog, inženir in 
naposled tudi kot človek. 

k()nkr<.'tMl doli prispevku, ki so utemeljeno 
nesprejemljivi, napačni rezultati, nerazumljiv 
jezik, konkietna poprava in dodelava in kar je 
Se podobnih trdnih kriterijev. Veliko tega pa 
je pokazanega prav v prilogi 2, kjer si je 
uvtorju popolnoma tuj urednik vzel prizadevno 
toliko časa, da mu svetuje in pomaga prek 
oblikovriili in vsebinskih težav. V tem se 
razpoznava konstruktivni mentorski odnos in 
odgovornost recenzenta do avtorja. Seveda se 
recen/.ent Lahko postavi tudi na stališče, da 
ocenjuje posplošujoče takole: znanstvena fanta
stika, lažiznanost, čudne izjave, s stališča 
recenzenta nerazumljivo, sramotno, skrb zbuja
joče, strokovno rušilno, neznanstveno itd. Toda 
prav to se od strokovnega recenzenta ne priča
kuje. Pomislite, kako bi lahko razsojalo sodi
šče, ki bi uporabljalo posplošujoče kriterije 
na nedoločen in volutari s tičen način. V tem 
primeru stroka ne bi bila kaj več od politične
ga voluntarizma. 

Nazadnje bi seveda lahko postavil še vprašanje 
prizivnosti avtorja in njegove delovne organi
zacije. Avtor je del svojega priziva prav 
gotovo izrazil z objavo dokumentov. Vendar je 
tu zasluga za njegovo pozitivno obrambo zgolj 
njegova in se lahko zaradi njegove lastne 
iznajdljivosti dobro konča tudi zanj. Mislim 
pa, da bi morala avtorjeva delovna organizacija 
izraziti tehten pomislek jugoslovanskim organi
zatorjem posvetovanja, ki so spregledali ne
strokovnost in (nezavedno) zlonamernost recen
zenta, predvsem pa nedopustno mešanje stro
kovnih in zasebnih (konf1iktnih ) podmen. Ali to 
pomeni, da balkanski strokovni simpoziji 
blokirajo informacijo prav tam, kjer je ta 
mednarodno relevantna? Ce recenzenti ne morejo 
več pri svoji najboljši volji razumevati 
razvojnih tokov "svoje" stroke po svetu, potem 
pač učinkovito Sirijo svojo strokovno 
nesposobnost povsem nočeš-hočeš na perspektivne 
domače avtorje. 

Prepričan sem, da je gornja osvetlitev vsebine 
recenzije zadostna; sedaj pa bi bilo mogoče še 
povedati, kaj bi v negativni recenziji pričako
val kot pojasnilo za avtorja. Argument za 
zavrnitev bi lahko bil; neoriginalnost, premaj
hna izvirnost, neupoštevanje standardov stroke. 
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