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Science operates by reduction, whereby we separate nature into simpler parts that we
attempt to understand individually under the assumption that the whole is understand-
able as the sum of its parts. Reduction implies symmetry, according to the conceptual
formulation ofsymmetry as immunity to a possible change. That is so because, ifa part
of nature can be understood individually, then it exhibits order and law regardless of
what is going on in the rest of nature, which is immunity (of aspects of that part of
nature) to possible changes (in the rest of nature). Three ways science commonly
reduces nature - observer and observed, quasi-isolated system and surroundings, and
initial state and law ofevolution - are considered and the symmetry implied by each is
examined.

1. REDUCTION

For the purpose of our discussion we take nature to mean the material universe with
which we can, or can conceivably, interact. The material universe is everything hav-
ing a purely material character. To interact with something is to act upon it and be
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acted upon by it. That implies the possibility of performing observations and mea-
surements on it and of receiving data from it, which is what we are actually inter-
ested in. To be able conceivably to interact means that, although we might not be
able to interact at present, interaction is not precluded by any principle known to
us and is considered attainable through further technological research and devel-
opment. Thus nature, as the material universe with which we can, or can conceiv-
ably, interact, is everything of purely material character that we can, or can conceiv-
ably, observe and measure.

That is my own conception of nature. If your conception is different from mine,
please set it aside for the time being, as the following discussion is based on the
definition of nature just presented.

We live in nature, observe it, and are intrigued. We try to understand nature in
order both to improve our lives by better satisfying our material needs and desires
and to satisfy our curiosity. And what we observe in nature is a complex of phe-
nomena, including ourselves, where we are related to all of nature, as is implied by
our definition of nature as the material universe with which we can, or can conceiv-
ably, interact. This possibility of interaction is what relates us to all of nature and,
due to the mutuality of interaction and of the relation it brings about, relates all of
nature to us. It then follows that all aspects and phenomena of nature are actually
interrelated, whether they appear to be so or not; whether they are interrelated in-
dependently of us or not, they are certainly interrelated through our mediation.
Thus all of nature, includingHomo sapiens, is interrelated and integrated.

Science is our attempt to understand the reproducible and predictable aspects of
nature. But how are we to grasp this wholeness, this integrity? When we approach
nature in its completeness, it appears so awesomely complicated, due to the inter-
relation of all its aspects and phenomena, that it might seem utterly beyond hope to
understand anything about it at all. True, some obvious simplicity stands out, such
as day-night periodicity, the annual cycle of the seasons, and the fact that fire con-
sumes. And subtler simplicity can be discerned, such as the term of pregnancy, the
relation between clouds and rain, and that between the tide and the phase of the
moon. Yet, on the whole, complexity seems to be the norm, and even simplicity,
when considered in more detail, reveals wealths of complexity. But, again due to
nature's unity, any attempt to analyze nature into simpler component parts cannot
but leave something out of the picture.

Holism is the world view that nature can be understood only in its wholeness or not
at all. And that includes human beings as part of nature. As long as nature is not
yet understood, there is no reason a priori to consider any aspect or phenomenon of
it as being intrinsically more or less important than any other. Thus it is not mean-
ingful to pick out some part of nature as being more 'worthy' of investigation than
other parts. Neither is it meaningful, according to the holist position, to investigate
an aspect or phenomenon of nature as if it were isolated from the rest of nature.
The result of such an effort would not reflect the normal behavior of that aspect or
phenomenon, since in reality it is not isolated at all, but is interrelated with all of
nature, including ourselves.

On the other hand lies the world view called reductionism, which is that nature is
indeed understandable as the sum of its parts. According to the reductionist posi-
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tion nature should be studied by analysis, should be 'chopped up' (mostly concep-
tually, of course) into simpler component parts that can be individually understood.
(By 'parts' we do not necessarily mean actual physical parts; the term might be used
metaphorically. An example of that is presented in section 5.) A successful analysis
should then be followed by synthesis, whereby the understanding of the parts is
used to help attain understanding of larger parts compounded of understood parts.
If necessary, that should then be followed by further synthesis, further compound-
ing of the compound parts to obtain even larger parts and attaining understanding
of the latter with the help of the understanding achieved so far. And so on to the
understanding of ever larger parts, until we reach an understanding of all of nature.

Now, each of the poles of holism and reductionism has a valid point to make.
Nature is certainly interrelated and integrated, at least in principle, and we should.
not lose sight of this fact. But if we hold fast to extreme holism, everything will
seem so fearsomely complicated that it is doubtful ifwe will be able to do much sci-
ence. Separating nature into parts seems to be the only way to search for simplicity
within nature's complexity. But a position of extreme reductionism might also not
allow much science progress, since nature might not be as amenable to reduction as
this position claims. So science is forced to the pragmatic mode of operating as if
reductionism were valid and adhering to that for as long as it works. But it should
be kept in mind that the inherent integrity of nature can raise its head at any time
and indeed does so. The most well known aspect of nature's irreducibility is
nature's quantum character (Davies and Brown, 1986; Davies 1980).

2. SYMMETRY
Symmetry at its most fundamental is the possibility of making a change that leaves
some aspect of the situation unchanged, or, most succinctly, symmetry is immunity
to a possible change (Rosen, 199Oa, 199Ob). This is the conceptual formulation of
symmetry. It might also be called the qualitative formulation of symmetry, in con-
trast to the group-theoretical formulation, which might be called the quantitative
formulation of symmetry. The latter is expressed in terms of transformations (or
operations), transformation groups, equivalence relations, equivalence classes,
symmetry transformations (or symmetry operations), and symmetry groups, and
can be developed from the conceptual formulatIOn (Rosen, 1983). For the
description and treatment of many derivative applications of symmetry in science
the group-theoretical formulation is the appropriate one. But for the account of
the fundamental manifestations of symmetry in science it is the conceptual
formulation that is the more suitable (Rosen, 199Ob).

As an example of symmetry, consider a uniform metal plate in the shape of an
equilateral triangle. There are many changes that might be imposed on this system,
and among the possible changes there are those that indeed leave some aspect of
. the system unchanged. For example, rotating the triangle by 1200 or 2400 about its
center within its plane is a change, but does not affect the appearance or macro-
scopic physical properties of the system. Thus the piece of metal of this example
possesses symmetry under these rotations with respect to appearance and macro-
scopic physical properties. If the metal were not uniform or the triangle were not
equilateral or had a corner chopped off, the system would not possess this symme-
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try. It must be emphasized that there are aspects of the system that are not left un-
changed by these rotations. For example, molecular positions are certainly altered.

Reduction in science, the separation of nature into parts that can be individually
understood, implies symmetry. The point is that if a reduction separates out a part
that can be understood individually, then that part exhibits order and law regardless
ofwhat is going on in the rest of nature. In other words, that part possesses aspects
that are immune to possible changes in the rest of nature. And that is symmetry, by
the conceptual formulation of symmetry presented above. It is then possible to
make a change (in the rest of nature) that leaves some aspect ofthe situation (some
aspect of that part of nature) unchanged.

Reduction of nature can be carried out in many different ways. As the old saying
goes, there's more than one way to slice a salami. We will now consider three ways
reduction is commonly applied in science, three ways that nature is commonly
'sliced up,' and will examine the symmetry implied by each.

3. OBSERVER AND OBSERVED

The most common way of reducing nature is to separate it into two parts: the
observer - us - and the observed - the rest of nature. This reduction is so obvious that
it is often overlooked. It is so obvious because in doing science we must observe
nature to find out what is going on and what needs to be understood. Now what is
happening is this: Observation is interaction, so we and the rest of nature are in
interaction, are interrelated, as was pointed out above. Thus anything we observe
inherently involves ourselves too. The full phenomenon is thus at least as
complicated as Homo sapiens. Every observation must include the reception of
information by our senses, its transmission to our brain, its processing there, its
becoming part of our awareness, its comprehension by our consciousness, etc. We
appear to ourselves to be so frightfully complicated, that we should then renounce
all hope of understanding anything at all.

So we reduce nature into us, on the one hand, and the rest of nature, on the other.
The rest of nature, as complicated as it might be, is much less complicated than all
of nature, since we have been taken out of the picture. We then concentrate on
attempting to understand the rest of nature. (We also might, and indeed do, try to
understand ourselves. But that is another story.) However, as we saw above, since
nature with us is not the same as nature without us, what right have we to think
that any understanding we achieve by our observations is at all relevant to what is
going on in nature when we are not observing? The answer is that in principle we
simply have no such right a priori. What we are doing is assuming, or adopting the
working hypothesis, that the effect of our observations on what we observe is
sufficientlyweak or can be made so, that what we actually observe well reflects what
would occur without our observation, and that the understanding we reach under
this assumption is well relevant to the actual situation. This assumption might be a
good one or it might not, its suitability possibly depending on the aspect of nature
that is being investigated. It is ultimately assessed by its success or failure in
allowing us to understand nature.
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As is well known, the observer-observed analysis of nature is very successful in
many realms of science. One example is Newton's explanation of Kepler's laws of
planetary motion. This excellent understanding of an aspect of nature was achieved
under the assumption that observation of the planets does not affect their motion
substantially. In general, the reduction of nature into observer and observed seems
to work very well from astronomical phenomena down through everyday-size phe-
nomena and on down in size to microscopic phenomena. However, at the micro-
scopic level, such as in the biological investigation of individual cells, extraordinary
effort must be invested to achieve a good separation. The ever-present danger of
the observation's distorting the observed phenomena, so that the observed
behavior does not well reflect the behavior that would occur without Observation,
must be constantly circumvented.

At the molecular, atomic, and nuclear levels and at the subnuclear level, that of the
so-called elementary particles and their structure, the observer- observed analysis
of nature does not work. Here it is not merely a matter of lack of ingenuity or in-
sufficient technical proficiency in designing devices that minimize the effect of the
observation on the observed phenomena. Here it seems that the observer-observed
interrelation cannot be disentangled in principle, that nature holistically absolutely
forbids our separating ourselves from the rest of itself. Quantum theory is the
branch of science that successfully deals with such matters (Davies and Brown,
1986; Davies, 1980). From it we learn that nature's observer-observed disentangle-
ment veto is actually valid for all phenomena of all sizes. Nevertheless, the amount
of residual observer-observed involvement, after all efforts have been made to sep-
arate, can be more or less characterized by something like atom size. Thus an atom-
size discrepancy in the observation of a planet, a house or even a cell is negligible,
while such a discrepancy in the observation of an atom or an elementary particle is
of cardinal significance.

One aspect of the symmetry implied by the observer-observed reduction, when the
latter is valid, is that the behavior of the rest of nature (i.e., nature without us) is
unaffected by and independent of our observing and measuring. That behavior is
thus an aspect of nature that is immune to certain possible changes, the changes
being changes in our observational activities. It is just this symmetry that allows the
compilation of Objective, observer-independent data about nature that is a sine qua
non for the very existence of science. It IS intimately related to reproducibility, which
was also shown to be a symmetry (Rosen, 1989a, 1989b).

Inversely, another aspect of this symmetry is that our observational activity is un-
affected by and independent of the behavior of the rest of nature, at least in certain
respects and to a certain degree. For example, ifwe had an ideal thermometer, we
would make exactly the same temperature measurement regardless of the system
whose temperature is being taken. (In practice, of course, things are not so simple.)
The symmetry here is that our observational activity is an aspect of nature that is
(at least ideally) immune to changes in what is being observed. This symmetry, as
limited as it might be in practice, allows the setting up of measurement standards
and thus allows the meaningful comparison of observational results for different
systems. For instance, we can meaningfully compare the temperature of the sea
with that of the atmosphere.
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4. QUASI.ISOLATED SYSTEMAND SURROUNDINGS

Whenever we reduce nature to observer and the rest of nature, we achieve simplifi-
cation of what is being observed, because, instead of observing all of nature, we are
then observing only what is left of nature after we ourselves are removed from the
picture. Yet even the rest of nature is frightfully complicated. That might be over-
come by the further slicing of nature, by separating out from the rest of nature just
that aspect or phenomenon that especially interests us. For example, in order to
study liver cells we might remove a cell from a liver and examine it, still living,
under a microscope.

But what right have we have to think that by separating out a part of nature and
confining our investigation to it, while completely ignoring the rest, we will gain
meaningful understanding? We have in principle no right at all a priori. Ignoring
everything going on outside the object of our investigation will be meaningful if the
object of our investigation is not affected by what is going on around it, so that it
really does not matter what is going on around it. That will be the case if there is no
interaction between it and the rest of nature, i.e., if the object of our investigation is
an isolated system.

Now, an isolated system is an idealization. By its very definition we cannot interact
with an isolated system, so no such animal can exist in nature, where nature is, we
recall, the material universe with which we can, or can conceivably, interact. The
state of our present understanding of nature, as incomplete as it might be, is still
sufficient to preclude the existence of systems that are somehow observable yet are
isolated from the rest of nature. The known anti-isolatory factors include the vari-
ous forces of nature, which can either be effectively screened out or can be attenu-
ated by spatial separation (Davies, 1986). Additional anti-isolatory factors involve
quantum effects and inertia, which can be neither screened out nor attenuated.
Thus even the most nearly perfectly isolated natural system is simply not isolated,
and I therefore prefer the term quasi-isolated system for a system that is as nearly
isolated as possible.

The separation of nature into quasi-isolated system and surroundings will be a
reduction, if, in spite of the system's lack of perfect isolation, there are aspects of
the system that are nevertheless unaffected by its surroundings. And the fact of the
matter is that the investigation of quasi-iSOlated systems does yield considerable
understanding, thus proving quasi-isolation to be a reduction of nature. Indeed,
science successfully operates and progresses by the double reduction of nature into
observer and observed and the observed into quasi-isolated system and its sur-
roundings.

One side of the symmetry implied by this reduction is that those aspects of quasi-
isolated systems that are not affected by their surroundings are aspects of nature
that are immune to possible changes, the changes being changes in the state of the
surroundings. This symmetry is intimately related to predictability, which was also
shown to be a symmetry (Rosen, 1989a, 1989b). Inversely, due to the mutuality of
interaction or of lack of interaction, there are also aspects of the surroundings of
quasi-isolated systems that are immune to certain changes in the state of the quasi-
isolated systems. That is another side of the symmetry implied by this reduction.
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The previous two ways of reducing nature - separation into observer and the rest
of nature and separation into quasi-isolated system and its surroundings - are lit-
eral applications of the reductionist position. The present way of reducing is a
metaphorical application, or a broadening of the idea of a part of nature. Rather
than a separation that can usually be envisioned spatially - observer here, observed
there, or quasi-isolated system here, its surroundings around it - the present
reduction is a conceptual separation, the separation of natural processes into initial
state and law of evolution.

Things happen. Events occur. Changes take place. Nature evolves. That is the
relentless march of time. The process of nature's evolution (where 'evolution' is
intended in the general sense of temporal development) is of special interest to sci-
entists, since predictability, one of the cornerstones of science, has to do with
telling what will be in the future, what will evolve in time. Nature's evolution is cer-
tainlya complicated process. Yet order and law can be found in it, when it is prop-
erly sliced. First the observer should separate him- or herself from the rest of
nature. Then he or she should narrow the scope of investigation from all of the rest
of nature to quasi-isolated systems and investigate the natural evolution of such
systems only. Actually, it is only for quasi-isolated systems that order and law are
found. (This statement is really more flexible than it might sound. The demand of
quasi-isolation can be relaxed, along with a softening of what is considered order
and law.)

Finally, and this is the present point, the natural evolution ofquasi-isolated systems
should be analyzed in the following manner. The evolution process of a system
should be considered as a (continuous or discrete) sequence of states in time,
where a state is the condition of the system at any time. For example, the solar
system evolves, as the planets revolve around the Sun and the moons revolve
around their respective planets. Now imagine that some duration of this evolution
is recorded on a reel of photographic film or on a videocassette. Such a recording is
actually a sequence of still pictures. Each still picture can be considered to
represent a state of the solar system, the positions of the planets and moons at any
time. The full recording, the reel or cassette, represents a segment of the evolution
process.

Then the state of the system at every time should be considered as an initial state, a
precursor state, from which the following remainder of the sequence develops,
from which the subsequent process evolves. For the solar system, for instance, the
positions of the planets and moons at every single time, such as when it is twelve
o'clock noon in Tel-Aviv on 20 October 1989, say, or any other time, should be
considered as an initial state from whichthesubsequent evolution of the solar sys-
tem follows.

When that is done, when natural evolution processes of quasi-isolated systems are
viewed as sequences of states, where every state is considered as an initial state ini-
tiating the system's subsequent evolution, then it turns out to be possible to find
order and law. What turns out is that, with a good choice ofwhat is to be taken as a
state for any quasi-isolated system, one can discover a law that, given any initial
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state, gives the state that evolves from it at any subsequent time. Such a law, since it
is specifically concerned with evolution, is referred to as a law ofevolution.

For an example let us return to the solar system. It turns out that the specification
of the positions of all the planets, moons, etc. at any single time is insufficient for
the prediction of their positions at later times. Thus the specification of states
solely in terms of position is not a good one for the purpose of finding lawful
behavior. However, the description of states by both the positions and the
velocities of the planets, moons, etc. at any single time does allow the prediction of
the state evolving from any initial state at any subsequent time. The law of
evolution in this case consists of Newton's three universal laws of motion and law
of universal gravitation.

So the reduction needed to enable the discovery of order and law in the natural
evolution of quasi-isolated systems is the conceptual splitting of the evolution pro-
cess into initIal state and law of evolution. The usefulness of such a separation
depends on the independence of the two 'parts', on whether for a given system the
same law of evolution is applicable equally to any initial state and whether initial
states can be set up with no regard for what will subsequently evolve from them.
Stated in other words, the analysis of the evolution process into initial state and law
of evolution will be a reduction, if, on the one hand, nature indeed allows us (at
least in principle) complete freedom in setting up the initial state, i.e., if nature is
not at all concerned with initial states, while, on the other hand, what evolves from
an initial state is entirely beyond our control.

This reduction of evolution processes into initial states and laws of evolution has
proved to be admirably successful for everyday-size quasi-isolated systems and has
served science faithfully for ages. Its extension to the very small seems quite satis-
factory, although when quantum theory becomes relevant, the character of an ini-
tial state becomes quite different from what we are familiar with in larger systems.
Its extension to the large, where we cannot actually set up initial states, is also suc-
cessful. But we run into trouble when we consider the universe as a whole. One rea-
son for this is that the concept of law is irrelevant to the universe as a whole
(Rosen, 1981, 1991). Another reason is that it is not at all clear whether the con-
cept of initial state is meaningful for the universe as a whole; I do not think it is
(Rosen, 1987).

The symmetry that is implied by reduction into initial state and law of evolution
follows immediately from the independence of the two 'parts', as described in the
paragraph before last. On the one hand, laws of evolution are an aspect of nature
that is immune to possible changes, the changes being changes in initial states. On
the other hand, initial states are an aspect of nature that is immune to possible
changes, where the changes are hypothetical changes in laws of evolution, in the
sense that initial states can be set up with no regard for what will subsequently
evolve from them. This symmetry, too, is intimately related to predictability (Rosen,
1989a,1989b).
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