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Abstract
Recogrizing anticipation as a specific form of knowledge and taking specific form of
knowledge realization in a physical syst€m (a program for Feynrnan's universal reversible
quantum computer) one gets a definite algebraic property of quantrnn syste,m's dynamics,
which rypeares to be closely related with characteristic features of biological systems. This
mearut that physical description of biological syste,rns at quantum level must anyhow con-
tain explicit logical compon€Nrt evoked by the systenr's inûinsic knowledge. On physical
level the fact of such knowledge odstance manifest itself in global algebraic properties of
its dynamics. Evolution of biological systems in suoh approach tums out to be an evolu-
tion of certain set of interaction constants of system's hamiltonian which makes it possi-
ble to implernent logical operatiors as summands of the systern's evolution operator.
Keywords: knowledge, anticipatioq qurrtum mechanical computer, Weyl algebr4

biological evolution

I Introduction

The concçt of anticipation as an emergent property of a system, which occurred in
system's reaction on changes of surrounding and enabling system to act in accordance
with its potential futtrre by mears of working out the corresponding aim, requires detail
elaboration in respect to biological syst€rns.

The most popular paradigm in the description of self-organising systems at present is
the stnrcture creation as a sonsequ€,lrce of the loss of stability of less organised state of
opened system under the certain external conditions and its transition to more organised
stable state. In the franework of this paradigm many characteristic features of complex
systems are successfully explained (their purposefulness, leaming ability, evolution). The
esseirtial feature of this ryproach is that it is based on instability of some limit sets in the
syst€rn phase space. This instability is usually understood as the instability of certain
tajectories of the systern dæcribed in the language of classical physics.

Nevertheless, the fiurdamental lwel of the description of any system is the quantum
mechanics level. It is well known that temporal evolution of quantum system in the
corresponding Gilbert space of states is stable due to the firndamental principle of
superposition of quantum theory. Because the abandon a principle of superposition does
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not seem to be acceptable, the proble,rn of consistency of classical of highly
organised systems and quantum sight on reality is arisen.

The necessity of quantum approach to complex systerrs study was proved by
B.Mitugov [1], who showed that every concept of probability, which is the corner stone
of self-organisation paradigm, may be defined properly only on quântum mechanical
basis. V/e hope the achievem€,lrts of classical ryproach to complex ordered syst€,ms may
be brought into agreement with quantum language by the dweloping of quantum mechani-
cal models of the dynamics of knowledge in such sysùenrs.

2 Ontological aspect

The matter is that inhrition to this or that kind of knowledge is inherent in the very
concept of anticipation - the last is the knowledge about the firture events namely.
Knowledge differs from information as such because the fint contains value compo-
nent. From the ontological viewpoint knowledge is a characteristic of being-for-self or
intelligentia while information is an objective characteristics of being-as-such, measure
of its variety. Information becomes knowledge only whe,n involved rn intelligentia
sphere. The'n, anticipate systerns must be of some kind, of intelligentia.

In theoretical biology this caused continuous discussions on reductionism, teleology,
vitalism and organic purposefulness. These are still go on, concenftating on the admit-
ting or non-admitting the existe,nce of some kind of rationality in biological systems
which is considered to be external (God) or internal (rudiments of consciousness) with
respect to them. While, intelligentia does not obligatorily assume the level of rational-
ity, as it was splendidly shown by great Russian philgsopher A.F.Losev in the 20-ies of
XX century in his remarkable work "The Philosophy of Name" [2]. His consideration
was based on dialectics of sense as a symbolic unity of knowledge and existence and
may be briefly prese,nted as follows:

Being-beside-self. Every ele,rnents of such being is external to any other. Such being is
not able to carry out any sense in it.

Physical thing is the first integration an{ surmounting of this absolute discretion of be-
ing. Physical world is the external integration of internally disintegrated elernents of
being, they obey to some se,nse assembling them into a whole out of shapeless over-
spreading pluraltty. The whole can not be derived from its separated parts, it is a spe-
cific sense-induced arrangernent of being, which Losev called as physical evep,npa.
Physical thing is the whole, hence it is physical cvep1nl.to at the same time, which is
not physical as such and related to the area of sense. Sense and materiality are both nec-
essary for actual existence ofphysical thing.

Considering sense as a condition for the reality of every thing requires the inclusion of

being-for-selfcategory into description ofthing. This category represents the essence of
knowledge or intelligenrra. Physical svepTlpo is the lowest degree of intelligentia,
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without it the existence of whole is impossible. According to Losev, physical.evegyqpa.
is the knowledge of elernents about each other without knowledge of any elements
about itself and without knowledge of the fact that they know each other and do not
know themselves.

The next level of intelligentia is Losev's organic ev€pmpd or the principle of irri-
tating organism. That is the knowledge of one thing about the other thing from its exter-
nal side without knowing itself and without knowing the fact that it knows t}re extemal
thing and does not know itself.

Note that in the framework of both these evepylpo's, which are sufficient to define
the specificity of living being, intelligentia does not reach the levels of consciousness or
rationality. Knowledge is "dissolved" in the dynamics of systern, coincides with that
and rernains be the non-physical component of the systern simultaneously. How can this
situation be expressed in physical terms?

3 Physical description

Physical object in which we have to define knowledge is the systern of atomic nuclei,
electrons and electromagrretic field considered from quantum mechanics point of view.

Any application of quantum mechanics requires acc€ptance of some logical
paradigm and it is that which causes continuous debates in foundations of quantum
physics. The main result of them is the developm€nt of specific quantum logic [3,4] and
specific logic of quantum computing [5]. As logic one shall mean not only the logic of
investigator, but logic of the system itselfl which is evoked by the type of its intrinsic
knowledge. In accordance with H.Putnam's thesis logic has constituent physical
importânce for quantum mechanios as space-time geomeûry for gravitation theory [6].

We assume the simplest specific definition of knowledge as certain set of logical
operations - r program - and study closed non-relativistic molecular system of finite

volume with Hamiltonian H and discrete energy spectnrm. Aôitrary state vector lf)of

such systern may be represented as a superposition of states lZ) with definite energy:

lç)=IlrXrlE),
where

frltl= z,lrl, L=0,r,...,æ.

Let our system be consisted of N nuclei and M electrons with Coulomb interaction
between thern. Without loss of generality the non-relativistic Hamiltonian of such sys-
tem may be represented as [7]

Ê=î - * i+ \+û"+ûn ,

(1 )

(2\

2 l

(3)



where operators Tn C{,1 describe the kinetic en€rgy of nuclei (electrons), Vn ry") -

potential enery of nuclei (elecûons) elecûostatic interactiog Ûn, - interaction between
nuclei and electrons:

r^=E*,
t"$4,-,

o"+àffi'
ç -1$ e''e zfr,l i,_i)'

o.'=+ËË #t'

(4)

(5)

(6)

(7)

(8)

We introduced here the masses, electric charges, momenta and radius vectors of nu-

rlrei(M,Zre,Fr,fr,r,J=1,...,,rr)anaelectrons (n,-e,fi1,i1,i=t,...Jrr)correspondingly'

ln secondary quantization representation, an arbitrary state of the systun may be ex-
panded into a series of single-particle states of nuclei and electrons symmetrized ac-
cording to Pauli's exclusion principle. Using the time-dependurt Heisenberg's operators

of creation i,*and annihilation 2, of nucleus in single-nucleus state ls) and Heisen-

berg's operators of creation âo'and annihilation â" of electrons in single-electron

states la), an arbiûary state (1) may be represented as

l€l= >, Ci,:..|;, 1,,-'- À, n* â o,' -a o u' lvacl, (e)
d1.-By

where lvac) is time-inde,pendent vacuum state of the system. Secondary quantized

Hamiltonian from eq.(3) takes now the form

H=lH ,,,À,' À,,+1e"0,,,r,À,' Ào' À,,À0,+lh*,âo" âo'+
! , ! "

P,P,
t , t '

(10)
+lQ 

"o o, o,â o* â o' â o,â 0, +lw,o,oo À,' â o* À oâ o .
s ,a ,
p,Ê

a,c"
F,f'
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If all summands of eq.(10) not contained the electron-nucleus interactions were de-

noted by É0, ttren

Ê=Éo+ûn. . (1  1 )

In Dirac's representation described by the transformation of the operators of observ-
ables and state vectors ofour system according to

(r2)

lç) =lr), --"Ïuuv) ,

The operator of interaction will determine its time evolution:

;îtr*"dt
l€'tl o=f" 

'' 
l€tol ''

where slmbol f means the time ordering, and

l r" = \w,o'oÂ,* d o* À rd o'fi

Inûoducing nuclear operator

é* =Ew*,pÀ,* Ào

and supposing it to be non-zero only for neighbouring transitions
eq.(14) may be rewriting as

l r" 
-2G,' -rd J d o -u + hermitian conj ugation.

Êr**rj,*q,*r*Q,A,*r+hermitianconjugation.

The last expression forrrally coincides with R.Feynman's Hamiltonian of reversible
quantum mechanical computer [8]:

(13)

(14)

(1s)

d -+ a * l, interaction

(16)
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Felmman's Hamiltonian describes quantum systfii containing the n-positiond reg-
ister (n register atoms) and progrum pointer with (k+l) nodes (program atoms). op-
erators Qi*,Qi in eq.(17) are the creation and annihilation operators for i-th two-level
progmm atoms while operators 4 ætrng on the register states realise simultaneously
the logical operations of Boolean algebra. Feynman considered register as the set of n
two-level atomic systerms and proved the negation operation NOT and all other logical
operations as well may be realised by means of the creation and annihilation operators
of the register atoms, in terms of which ,4, from eq.(I7) are proposed to be represented.

Evolution of Feynman computer is determined by evolution operator

:H^ t , îr 2

"o 
fEmman =l+LH._-- t 

tt'ry' 
tr+-... 

h-- 
f_cyûM- 

hz
(18)

If all nodes ofprogram pointer are not occupied (program atoms all are at corre-
sponding vacuum states l0),), the,n the evolution operator tums out to be identity and
there is nothing happened in the system.

If only one node of program pointer is occupied, (one program atom is at the state

It)), tft* such situation remains for all times.

Supposing only one node have to be occupied at any time, Feynman proved: given
zero program node is occupied at zero time and k-th node occurs to be occupied at some
other time, then register state will be multiplied by ttre operator M = At ... ArArA, b
that time. This means that the definite operation of Boolean algebra coresponding to
op€rator M vdll be realised in the computer simultaneously. The sequence in which the
excitation transited from one progam atom to another, is arbifiary excepting the (m+l)-
th atom being excited if m-atom having just been excited sometimes early at least once.

Feynman in [8] does not discussed problem of physical realisation of his model bu!
in our opinion, his approach has direct relation to anticipate systems' theory and model-
ling biological systems. More closely, if progran is realised in any molecular system,
one may consider it as the systern with knowledge, and that is just what is necessary for
arising Losev's intelligentia in that system, given the interaction of the system with sur-
rounding is informative.

The comparison of eqs.(16) and (17) shows that the form (16) chosen for interaction
presupposes identification ofprogram pointer and register with electronic and nuclear
subsystems correspondingly. Lets study what requirements must be specified for nu-
clear operator éoo to make interaction (16) be capable to describe the Fe5rnman's
quantum mechanical computer at least in principle.

I. In Feynman model the negation operator NOT (one of the binary logic main
operations) is represented by the linear combination of the creation and annihilation op-
erators for register atom states. In our notation this means
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Nor <-> Ào' +io (le)

It is easy to see that pure Coulomb interaction between nuclei and electrons, bilinear
with respect to Ào* and Ào $ook at eq.(15)), does not permit one to satisfy eq.(19)

choosing some interaction constants W,o,pp.

Interaction between electrons and nuclear collective excitations are quite appropriate
in this case. Their derivation from Coulomb interactions is based on the existence of
some kind of equilibrium stucture of the molecular system, the deviation from which is
described in collective co-ordinates. The negation operation eq.(19) may be realised, for
example, in the case of Frôhlich Hamiltonian describing the interaction between elec-
trons and nuclei oscillations near their equilibrium positions:

Ê r-o =Ze" r.â"* a p( Ê,* +Ê , ) ,
a,9,n

where ân',É, are phonon creation and annihilation operators, Qopn- interaction con-

stants depending on substance stnrcture. Note that it is Frôhlich Harniltonian, which
forms the basis of superconductivity description. This phenomenon is considered to be
the most vivid exhibition of physical system wholeness by many physicists (according
to Losev, wholeness is physical Evegfnpc, i.e. the manner how physical thing appears
in the spheres of sense). Our approach makes correct the question if superconductivity
phenomenon is a manifestation of some logic occurring through the favowable set of
interaction constants. The detailed discussion of the problem would lead us far away
from the topic but it is worth rerninding that Shrôdinger [9] and later Pattee [10] paid
attention to the possible fruitfulness of drawing parallels of superconductivity and living
matter.

II. The "cyclic recurrence" of atomic states of the register is another important

properry of Feynman's model. He assumed the conditions ,4,-lt)" = l0), ; l,l0), = 0 ,

which give

Q:'f =1; (t,), = o. Qr\

(20)

Hence , the associative algebra generated by the elernents of Weyl algebras of regis-
ter atoms tr,1,,,q: l, occurs to be tinite algebra u/ith (3n+l) generators

l,A",A,',A,./,1. th* evolution operator of the register state is an element of this
algebra and may be represented now as a finite linear combination of terms having form

25



IJ(/:"'u, 
* f','{t),t,. + f,'{t't'a, * 7'i'{,\t,. t,) (22)

with time-dependent coefEcients, and all logical operations ofthe program as well.
Seems, it should be supposed that the occturence of knowledge in the system is re-

flected in its dynanics as the algebraic property of dynamical varieties, which restricts
the possible ways of system's evolution. For example, such restriction is possible due to
the reduction of generally numerable-infinite associative algebra to the finite one. Given
the appropriate initial state, the evolution of 'teduced" system takes place in narrow re-
gion of state space, and what is more, the initial conelations decay very slowly if at all.
This property of "reduced" systems seems make it possible to formulate properly the
concept of creods as the channelled ways of molecular transport in living substance,
which was inhoduced to theoretical biology by Waddington [12] to stress the high level
of its microscopic organisation. Various echo effects [11] occur in such systems too.

4 Biological meaning and prospects

Fast reconstnrction of elecûonic "program pointer" with respect to more slow nuclei
motions change the systun program in accordance with the influences of surrounding.
That is why these influences tum out to be informative. Electromagnetic fields may play
an outstanding role in such information transfer due to the fact that interaction of pho-
tons with electrons has the sarne shape as eq.(15) with phonon operators replaced by
photon ones. Such reconstnrction of electron subsystem leading to "reprogramming of
molecular computer" seems to be responsible for the effect of mutual "recognition" of
biomolecules, as in en4rme-substrate interactions.

Evolution of biological systems in such approach turns out to be an evolution of reg-
isters and programs contained in living substances. Moreover, life origin itself is con-
nected with the realisation of certain set of interaction constants Qop, rWsa,pf , which

makes it possible to implement logical operations as summands of evolution operator.
The enormous reduction of information in the transition from associative algebra

with numerable-infinite number of generators to the algebra with frnite one in the pres-
ence of knowledge seems up to make it possible to clariff main characteristic properties
o f anticipate systerns.

Thus, recognizing anticipation as this or that form of knowledge in the spirit of
A.F.Losev's philisophy and taking a specific form of this lnowledge realisation in physical
system (program for the Feynman's universal reversible computer), one gets a definite
algebraic property of systern dynamics, which in its tum appeares to be closely connected
with some characteristic feature of biological systerns. In our oppinion this means that
physical description of biological systerns at quantum level must anyhow contain explicit
logical component.

Posessing its own logic, the systern prescribes the logic of its investigation. The most
important compon€nt of this "extemal" logic is the searching for the global generative
characteristics, determining the holistic features of the system dynamics. That is why the
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symmeftic and topological approaches are of great importance for modem quantum
description of complex systems. Only after the determination of global properties the
problem of their dynamical realisation on microscopic quantum level and the problem of
the most suitable material for such realisation is setting up.

At present paper u/e confine the study of logic to the level of finite-order logic, on
which knowledge may be represented as an algorithm. Being applicated to anticipative
systerns such as biological organisms, this restriction is relevant if the algorithm concept is
broader than any Turing machine. The reason for that conclusion is the peculiarity of
information organisation of biological systems, for which the frurctional integration of
sensor and infonnation-processing eleme,nts is characteristic.

On the organism level the excitation of se,nsoric modalities or irritaton directly affects
not only the "data region" states of the programm processed, but the states of processor
elernents themselves ûoo. Turing algoryttrms are really based on recoursive definition of
calculated function. If the state of processor element changes due to exteinal action"
another function is to be calculated. Only the result of calculation enables us to judge what
function has been calculated with some octent of certainty. It is wident that this situation
can not be described by any Turing machine. Than" it seems promising to study how the
syste,m's intinsic knowledge manifests itself in the dynamics of the syst€tn, if it is
represearted by some incursion logic according to D.Dubois [13] rather than a Turing
machine. Namely, we suppose the processor elernents of the system in the absence of the
external influeirce are performing some cyclical computation (basic cycle). Under such
inftue,lrce the tansitions of some of the processor elemerfs ûo other states occur. As a result
the basic cycle is broker off. Discrepancy between the results of the running process and
basic cycle characterises the exte,rnal factor. It is task ofthe system activity to restore basic
cycle. On the physical level this restoration implies the realisation of some quantum
analogue of classical phase space athactors in the systern Gilbert space. The restoring
algoritbm lenght is a measure of the external factor complexity according to
A.H.Kolmogorov's definitiorq while the algorithm of restoring itself is a certain incursion
algorithm t14]. It resolves qpical incursion proble, and can not be re,presented by Turing
machine. Anticipation in such system manifests itself as a correspondence of the restoring
algorithm with ext€mal factors. In biological terms basic circle represent vital activity of
living system while the restoring algoritbn - its psychic or mental activity and subjectivity
in general.

To develop the quantum mechanical model of such systems the algebraic and quantum

logic interpretations of quantum mechanics must be used srryplernented by both classical
and quantum information processing theory [15]. As a physical realisation of their basic
cycles the Berry's phases [16] are promising inparticular'
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