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Abstract
In this paper, entropy is portrayed as a property which is dependent on the levels of
description (LODs) laken into account. LODs are abstractions in terms of which an
observed system may be described. They highlight different qualitative or quantitative
aspects of a system. For nested systems, the oulcome of a measurcrnent depends on the
observer's position and extension, his intemal differentiation and assignmeat
conditions. The concept of inærface complexity as a measure of entropy is introduced.
Finally, a differentiation is suggested between ÂS 1""aol, ÂS lpseuco-exo) and ÂS (exo), which
correspond to the inside, pseudo-outside and outside perspectives, respectively.
Keywords: entropy, endo-observers, pseudo-exo-observers, exoobservers, interface
complexity

I Introduction

Entropy is a relative measure. We do not measure an absolute value but only
differences in entropy, either in the form of a decrease or an increase. The outcome of
such measurements depends on the observer's intemal differentiation, his positicrr and
extension and the interfacial cut between the observer md the rest of the wodd.

As we cannot look at orn rmiverse from the outsideo i.e. from an exo-p€f,spective, we
have to describe it from within, i.e. ù,om the endo-perspective F]. Only a sryer-
observer would be able to monitor tre entire universe from an exo-perspective. This
zuper-observer would be located orûside the system he observes, on an inviolaie level in
Hofstadter's serrse, i.e. on a LOD which cannot be manipulaæd from embedded LODs
[2].In fact, individuals on Se trnbedded LODs would not even suspect the exrstence of
the super-observer's LOD, rmless they were faced with a strange loop or a tangled
hierarchy.

An observer can only difficrentiiat€ between an open or a closed system if the
borderline between the ernbedding and embedded system has been made out and
crossed. Only from the perspective of the ernbedding system may we draw conclusions
about boundary conditions. For most observers, however, this is not a real option, as
they are embedded in a subsystem. Unless they have managed to widen their
perspective by looking at the system ttrey are located in from the outside, all they can
talk about is interface reality, i.e. the way phenomena present themselves on their
world-observer interface.

A temporal limit must be taken into account when we talk about observation. As
mortal observers who wish to describe the universe we ile embedded in. all we can
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actually observe is a glimpse, an almost negligible fraction of the timespan of the
universe. Therefore, we have to talk about freeze-frame observations, which in general
do not allow us to make assumptions ahut temporally embedding systems if we do not
have access to them. The only way out would consist of an observer extension, i.e. in an
obseryer's engulfing of embedding systems and integrating these into his measuring
chain. This re-arrangement of the interfacial cut is the only way we may take account of
embedding systems. It is not possible to do so from an inside perspective, as the
borderline to the nextæmbedding systems has to be crossed in order to define the
embedded system as either an open or a closed one.

An anlaogy can be drawn berween an observer who interprets a multi-layered signal
as a one-dimensional one and thus falls for an auditory illusion and certain observer
types who measrur€ entropy from an endo-perspective. Both would be at the mercy of a
level-hopping dynamics. Another possibb observer type who is subjecæd to level-
hopping would be a super-observer who does not display the intemal differentiation
necessary to lock into the nested LODs of the systern observed- This is the classical
outside perspective. It disregards possible one-to-one mappings between observers
whose intemâl differentiation links qri1fo the LODs of the embedding environment. This
renders it irrpossible for an outside obsewer, who is not embedded in the system he
wishes to describe, to link LODs betwem subsystems and himself, let alone to register
consonançe between these relations. There is only one observer type who may
overcome these difficulties and not fall for an illusion: an observer who is embedded in
the system he wishes to observe and who is aware of the stmcture of his fractal temporal
interface. He is in a position to gmw into an extended observer by assigning his
immediate and not-so-immediate surroundings to his side of the interfacial cut. ln
contrast to this priviledged observer type, the notion of an pseudo-exo-observer is
introduce{ who is under the impression that he does not fall for an illusion. This
pseudo-exo-observer exemplifies many a scientist's endeavour to describe the system he
is embedded in from an outside perspective without realizing that he is committing a
logical fallacy based on over-contexûralization

2 Embedded and Embedding Subsystems

There is a persisting conviction that entrropy in the universe increases - a notion I
believe is not tenable for two reasonsr First, nobody knows the extensions of our
universe, whether it is frniæ and what it actually consists of. Therefore, I think it is
rather brave to claim that, in total, entropy increases, if this total refers to the entire
universe. Second, an observer monitoring this universe or parts of it, must obviously be
located somewhere, i.e. within a subsystem. rWithin this subsystem, this observer can
carry out a measurement only within a very limited timespan. These facts are usually
disregarded.

Let me illustrate this by means of a thought experiment: lmagine a universe which
consists entirely of of ice cubes and hot water bottles, nested inside each other. Now
funagine a number of observers, each situated in an ice cube or a hot water bottle.
Observers located in an ice cube will register a increase in entropy, whereas observers
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located in a hot water bottle would register an decrease in entropy. This is so because

for the observer located in the ice cube, the embedding and embedded hot water bottles

will make the sandwiched ice cube melt and thereby increase the enropy of the

subsystem. Analogously, for an observer in a hot water bottle, entropy would decrease,

as the embedding and embedded ice cubes would cool down the water [3].
It is importar$ to keep in mind that when these observers take their measurements,

they do this within a very limited period of time. Against the background of the time

scale of an evolving universe, these measurements may be regarded as freeze-frames-

Therefore, the argument that in total, errÛ:opy will eventrrally increase or decrease

(depending on whether the outermost embedding system is an ice cube or a hot water

bottte) is firtile, as all these embedded observers may register is a change in entropy

$'ithin a very limited temporal inærval. It is a snapshot of the evolving universe which

is taken by these observers, not a measurement comprising aeons of interactions. These

snapshots taken by the individual observers are the result oftheir endo'perspectives-
'ihese endo-perspectives are perspectives from within - the views of observers who

are embedded in the system they wish to observe. These observers have no access to

olher observers located in the embedding or embedded subsystems. If they cannot look

at their own subsystem from tbe perspective of the next system embedding their own.

they are not in a position 1o make any stat€ments about the boundary conditions

utrt"t*S their own iubsyste.m. A level-crossing *'ould enable thern to do so. Only an

immortal strper-observer located ougide the system he wishes to observe could span ûre

time the universe exists md take accormt of all nested subsystems from an exo-

W spectile - m outside Perçective.- 
F;r the individual mortal observers (mortal refers to the fact that they have only a

very limitul timespan within which they may carry out measuements) who are located

in the various zubsystems, this all-encompassing perspective is out of reach' In fact.

fbcy would not even suspect thattb€re is a wids perçective which embraces several or

all iubsystems, as they can neither cross the borderline into the embedding s-vst€rn nor

make contact with obsen€rs loc€ûcd in æ eznbedding or an embedded subsystem- ln

fæt, they would not ev€n ùrrve a clue about ttre existence of these nested and nesting

refersnce frames.
Only a srper-observer located outside ûe syt€m he wishes to observe is not

sgbjected to this limiting obscrver-time fræne: his object of study is tre universe as a

whole.
The ignorance of individual e,ndo-observers resulting from a limited interval of

observation and the inability of the super-observer to take the perspective from within

embedding and ernbedded subsystems define their respective observer frames.

3 AssignmentConditions

As an observer who is located in a subset of the hot-water-ice-cube-universe is

atready embedded in what he is observing, he cannot monitor the universe from the

outsidê, from the exo-perspective. His endo-perspective is best analyzed by following a

125



phenomenological approach which deals with the observer-world inærface. The
interface reality generated by this observer-world inærface is the object of this paper.

The term interface reality also goes back to Otto Rôssler's endophysical description
of the world [4]. Rôssler also suggested that, when we describe an observer-world
interaction, we have to take account of the assignment conditions, which stlatp wlwtpan
of a system belongs to the observer and what part belongs to the world. He had
microscopic assignment conditions in mind when he developed the idea Here, however,
I shall refer ta the macroscopic manifestations of assignment conditions.

The inærfacial cut may be set between the observer's brain and a measuring chain or
directly between the observer and the orûside world. The observer could also be a smart
detector with anticipaæry faculties, i.e. a detector which can modif the shucture of its
interface along the way.

4 The Observerts Nested Interfrce

I believe a temporal observer-world imerface, th Now, is fractal, that it has a nested
structtre generated by the observeraûd the norldarormd him. Why is tbat? Allow me to
take you on a short excursion into phenomenology: The nested structue of the
obscver's Now, his only accæs to tùs worl{ wæ first described by the German
philosopher Edmund Hussert [5].

Husserl pointed out that when we listen to a tune, we hear a succession of musical
notes. But we don't perceive simply a susoession of unrelaæd notes - we hear a tune.
We are able to do this because we inæmally connect the note we have just heard with
the present one and the tone we anticipate to follow it. But we don't cormect them in an
arbitrary way: we remernber a tone (retension) and anticipaæ the nE:rt tone Qrotercion)
within the consciorxness of the presenq the Now. As we do this over and over, we
create a nested temporal paûern within the observer's Now.

Without memory of the preceding note and no anticipation of the next one, we would
only perceive a succession of isolated, unrelated notes. But Érs we are able to perceive a
tune and not just a succession of isolated notes, we must âssume the observer's Now to
provide lor both succession and simultaneity. Succession and simultaneity within the
Now generate a nested, fractal structure. Agailu it is this extended structure of the Now
we have to assume to explain our ability to perceive a tune or any other time series as a
meaningful entity.

5 Fractal Time

In my Theory of Fractal Time, I have taken account of the observer's extended Now,
which is shapod by nested retentions and protensions, by differentiating between Âtknerl,.
Àta.pr, and Ât6"nrr [6]. At1*61', the length of time, is the number of incompatible
temporal extensions in a time series. It measures the succession of events on one LOD.
Âta.prr', the depth of time, is the number of compatible temponal extensions in a time
series. It measures simultaneity and provides the framework time which allows us to
stnrchrre events in Ât6o*6'. It is important to realize that there is no Ât6nr6 without Ât6"06
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- there is no succession without simultaneity. Âto-"itv, the fractal dimension of time, is
the temporal dersity of a time series.

Newtonian time metrics may be defined as a special case of fractal time. It is the set

of successive intervals measured in uni6 of 4t645, on nesting level co, i.e. Àto"otr' : co'

An example for such a fractal time series is given by the frequency ratios of musical
notes which are played simultaneously. The simplest frequency ratio between tlvo
musical notes is 2:1, which defines the intervat between them as an octave. An oboe A,
for exampleo has a frequency of 440 Hz. Therefore, the next higher A played on this
musical instrument would have a frequency of 880 Hz, and so on:

"The idea of consonance is ultimately grounded in the notion of commensurability,
an ess€ntial in Greek mathematics. We recognise consonance when we perceive a
certain number of vibrations of one frequency exactly matching a certain number of
another frequency." [7]

The consonance created by such overlapping frequencies which are easily

translatable into each other by their fr,equencies generates Âtrcogth and Âto*tr'.

6 A Different Set of LoD-Dependency for Dissipative Systems

Tlus differentiation into LODs is not limited to linear systems, which allow a precise

simultaneous arangemeît into embedded subsystems, as in the musical example above.
Also systems lacking specific borderlines which define the individual nested subsystems

may be related to an obserlcr in tÊrrns of mutual LODs.
herministic chaos describes non-linear systems which display sensitive

dependence on initial conditions (SDIC). IIya Prigogine used the SDIC property of

chaotic systems to explain irreversibilty as the result of an infinite entropy bærier [8].
No matter how far ore zooms into a phase space which describes the dynamics of an

underlying system, one always encounters trajectories leading to differing developments
of the systern. Therefore, the problern cannot be resolved by a better rcsohÉion - coûIle
graining effec.s are irrelevant for such systems. Yet, there is a usefirl method to define
iubsyslems for such dissipative systems. The subsystems mây be linked to the
observer's internal differentiation, as not only the outside chaotic sysûems to be

monitored display SDIC. The obsener's internal dynamics also shows various levels of

chaotic behaviour [9]. Both the observer's internal dynamics and that of the system
observed therefore create their own individual erttropy bariers as a result of their SDIC.

As zooming &om one LOD to the next does not change the situation for systems
which are govèrned by deterministic chaos, the only promising way to relate LODs is

between syitemr, i.e. relating the observer and the system to be observed in terms of

their internal diffeientiation (LODs). Below (8. Interface Complexity), I shall ty to

relate such deep nestings on the inside with those on the outside'

t27



7 Physical Theories Reflect the Temporal Limitations of Observer
Typest Referential Frames

The observer's Now is a limitation encountered by anyone who wishes to develop a
theory about the universe. This limitation also reflects the way our physical theories are
constructed. This was shown by Pôppel [0] and others. Therefore, when talking about
observer types and referential frames, we have to keep in mind that we are discussing
anthropocentric notions. Let me differentiate between two observer types who generate
very different referential frames: non-fractal and lractal observers.

A non-fractal observet, who can perceive only isolaæd notes in a tune or isolated
eveûts in a time series, would not be able to ob'serve either successive or simultaneous
evertts. Succession, sirmdtaneity and mernory forrnation would be unknown to him. as
he would not be able to gederate a Temporal Fractal Perspectve through continuous
nesting. He would live in an eternal succession of unconnected Nows, in which no
leaming or reflection could take place I l].

A non-fractal observer frame lacks a differentiation into levels of description: all
incoming stimuli may be measured" but not put into a translatable relation. This is so,
because at least one framework time is required to provide a background against which
successive impacts fmm the outside world may be related in the first place. Non-fractal
observer foames may therefore be defined as being limited to Atuepur : I (as a result,
Âfrene{h cannot be defined" as no internal relAions between the individual registered
events can be established).

A fractal observer, on the other hand" is able to observe events on a number of LODs.
He has an interface differentiated in both dimensions, Aqgn$ and Âtr"ptr,. He can perceive
both sucsession and simultaneity. This allows him to generate a Temportrl Fractal
Perspectivq observing simultaneity and succession of events directly, in real time.
Agatn, a non-fractal obsener has a less differentiated interface: without Âta"pn, he can
perceive neither simultaneity nor succession (as there is no At1**x, without At6*,1).

Therefore, a fractal observer frame space may be defined as having two temporal
dimensions at its disposal, which may be measured in Âtk gd, and Âta*6,, respectively. In
order to differentiate further between observer fypes and their retèrence frames, I would
like to introduce the notion of interfuce complexity.

8 Interface complexity

lnterface complexity (IC) may be measured in the number of simultaneous un-
ploiting performances carried out by the observer. To explain the notion of un-plaiting.
I shall start with an example from the field of auditory illusions. I shall then draw an
analogy to entropy.

LODslotserverl

IC: ------
LODslworld)
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Complete congurence would result in IC = l.

8.1 Example 1: Tfte Shepard Scale

"A Slæpard tone is a sound consisting of a superposition of tones separated by
octaves. When played with the base piæh of the tone moving upward or downward,
it is refened to as the Shepard scale. This creates the auditory illusion of a tone that
continually ascends or descends in pitch. (...) This can be constructed by creating a
series of overlapping ascending or descending scales (...) Overlapping notes played
at the same time should be exactly an octave apart, and each scale should fade in and
fade out" so that it is hard to hear the begirming or end of any given scale." [12]

The discrete She,pæd scale displays a selÊsimilarity in its signal, which prompts an
arrditory illusion because the listener focuses only on pitch relations and thereby tries to
extract a one-dimensional signal from a multiJayered one. If 8 scales are played
simultaoeously and tlre observer regisers a rise in piæh as a result of arranging
ascending tones on one LOD.

LODq66u6t"4: I

IC: -----_---_- , IC: 1/8
LODsls6sq:8

In the Shepard scale example, the listener tries to extract a onedimensional signÂl
from amulti-layered sne. But if the signal is muhi-layered to start with" a muhi-layered
interface uiould siqlifi/the signal for the listener. By differentiæingûe Lapm fuough
a multiJayered interÊce, i.e. by rm-plaiting it, the listener does not perceive an auditory'
illusion - hc heæ prallcl distinguishable tone seguences or rny switch his ctmtion
between LODs. This way, the observer has created a choice regarding his perccption
and cognition.

Interface complcmity is neasured in AtdÊDrh matchings, i.e. the nwnber of one-to-one
rnappings of LODs to the mmifestations of the obserner's assigmt
conditions and those belonging to the world. Maximum interface cornplexity (IC:l) is
defined by complete congrsenc€ behveen the LODs belonging to the manifestations of
the observer's assignmeirt conditions and those belonging to the world-

A non-ûactal obserer cannot rn-plait the stimulus, as he cannot process stimuli
simultaneously on rnore than one LOD - he cannot generate ôto"pn. A fractal obsefler
can generate a higher degree of Àta*ru he can carry out numerous simultaneous un-
plaiting performarces, i.e. rm-plait a complex structure into a more 5imple one. In order
to be able to do this, however, he needs to learn how to differentiate between the
individual layers of the multi-layered sigrral and adjust his intemal difflerentiation
accordingly.

To a fractal embedded observer, the world appears more simple than to a non-ûactal
observer, as he can make more sense out of it or knock more sense into it and can

t29



navigate through the world more easily. As a rule of thumb, dl individuals who are able
to communicate are fractal observers and all reference fzmes which are muûrally
translatable into each other display a fractal nterface.

8.2 Example 2: Entropy

For nested systerns, enûopy is a multiJayered meiuiure of complexity. What is
normally measured, entropy in Àt kûgô, is only a onedimensional abstraction of the
entire system. If, however, the observer tried to extract a one-dimensional signal from a
multi-layered one, he would jump from one LOD to the next in Ât a.po, and thus
experience the entropy-analogue to an auditory illusion.

Let me draw the analogy to auditory illusions step by step. Neither entropy nor tlæ
musical scales described above describe absolùe values but focus on the relative
differences in entropy or the relative intervals, respectively. The ever-increasing qtropy
and the ever-ascending tones are both the result of focussing on a onedimensional
signaVmeazurement rather than registerhgthc overlapping nested systems individually
and simultaneously. For changes in enûopy, ûre level-hopping results from an
abstaction which manifests itself on the interface of a fractal observer who has not
learned to consciously differentiate LODs- He does not register the individual
subsystems as separated entities but selects subseB sandwiched by systems with
increasing entropy only. This is the result of his inæntionalism which is based oû his
knowledge about the second law of thermodynamics. Although the observer is aware of
the fact that some subsystems, such as a refrigerator, may decrease entropy, he
automatically contexhralizes this subsystern by e,rrbedding it into the next level of
description: the fridge and the power plant which generates the electricity to nrn the
ûidge. At this point he is likely to set an artificial cut and define these subsets
collectively in the first step in his entropy balance as the system which consists of both
subsystems, namely the fridge and the po\ner plant, which together cause an increase in
entropy. The observer's expectation or anticipation is fulfrlled as a result of his selective
absfiaction. Just as the listener focusses only on pitch relations following an ascending
scale, the observer measuring enûopy expects the next-embedding subsystem to rectiff
the'fridge anomaly' and therefore registers only steps of entropy production. This is the
result of the observer's desire to contextualizq i.e. to look at subsystems which are not
isolated (which exchange matter and energy with their embedded and embedding
systems) only in context with their s,andwiçhing neighbours. If, however, as I pointed
out earlier, we can agree that, as mortal, embedded observers, all we can observe and
measure are freeze-frames within this nested universe, these sandwiched subsystems
may pragmatically be treated as isolated systems. We may disregard the individual
boundary conditions, as the resulting effects are negligible for very short time intervals.
lf the nesæd system observed consists, for example, of 5 subsystems (2 of decreasing
entropy and 3 ofincreasing entropy, nested inside each other so that layers ofincreasing
and decreasing ÂS alternate), with entropy increasing in the innermost and outermost
subsets. then
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LODsrotc",vol= 2
rc : ---- IC:2/5

LODslç6616y= 5

This observer does not arrive at IC = 5/5, as all he selects as valid outcomes of his
measurement are the two nested subsystems which are sandwiched by those systems for
which AS incrcases. Both the illusion of an ever-ascending tone and the impression that
entropy increases appeax on our observer-world interfaces as the result of a filtering
effect. This frltering effect is caused by the structure of our inærfaces. Fractal observers
may be trained to re-interpret multi-layered signals as simultaneous individual scores or
as subsystems with increasing and decreasing entropy. If an endo-observer has learned
to differentiate between simultaneous subsystems, he generates a fractal temporal
inærface by means of which he can make out a beginning and an end within the nested
subsystems and is able to treat them as isolated, independent systems measured as
freeze-frames with a minimal timespan.

An observer who has not learned to differentiate LODs, i.e. identi$ his subsets,
experiences an entropy analogue to an auditory illusion. He interprets the multi-layered
processes as one event and remains at the mercy of a level-hopping-induced illusion: the
illusion that continued contextualization leads to a'true'measureme,nt. This may subject
him to the illusion tbat he is able to describe a nested system ftom the outside, i.e. from
the point of view of a super-observer locaæd outside the system he wishes to observe,
turning him into a pseudo-exo-observer). This, however, is not possible. Consequently,
we have to set artificial limits to our contsxtualiz.ation and admit that our embedding
game is necessarily determined by our observer position and perspective. Bormdary
conditions ma;v only be taksn into accormt if one has already crossed the respective
boundary and, having taken a step back, may then look at the embedded systerL from
outside that sysæm. It is not possible to tqlk about bormdary conditions from within.
Hofstadter described this attempt as a stange loop or tangled hierarchy:

"Something in dre system jumps out and acts on the system as if it were oalside the
system." [2]

A pseudo-exo-observer, i.e. an embedded observer rvith a tactal Emporal interface
who has rct letrned to treat embdded subsystems as independed system.s, would
suffer from the need to ovsr-contextualize. This is not a healthy approach, as the result
of over-contextualization is an idealized construct which carmot be matched by rr
observation which is limiæd to a freeze-frame (which, alas, is all we can hope for as
mortal, embedded observers). The exo-perspective of the super-observer and the
pseudo-exo perspective of the over-contextualizing endo-obsenrer are idealized
perspectives which cannot be established.

The good news is that there is room for improvement in the shape of an extended
observer. An endo-observer whose internal differentiation resembles that of the hot-
water-ice-cube-universe would match internal and extemal LODs. If the interface
complexity measured showed complete congruence, the observer would not register any
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increase or decrease in entropy. This may happen in the case of an extreme observer
extension - a notion I shall introduce below.

9 Observer Frame Extensions

For an embedded obseryer, entropy either increases or decreases. This change in
entropy is measured witlrout knowledge of the boundary conditions, as the embedding
system is not accessible. (The boundary conditions mey only be defined if both the
embedded and the emMding systems are describable, i.e. accessible).

It is, how€v€r, possible to conceive of m extended observer whn, as a result of an
i6i&ç an intelligant Buss, a theory he has developed, or an actual extension of his
reas{tring chain and interfacial cut in en&vours to take accourt of
ditÊrent endo+bserver perspectves as well as of a possible exçobserver's perspective.
If this gifted observer's intemal stmcture matched thar of the ice-cube-and-hot-water-
bderuiverse, each subset of the observer would be in aone-ûo-one mapping with each
subst of the hot-water-bottle-ice-cube-rmiverse. In this case' this observer would not
regist€r any change in entropy (if he takes account of all embedding and embedded
subsjrstems): His reference frane would display *he same stnrcbrc as the entire subset
of thc universe he encomFass€s. Thercfore, his internal diffferentiation, his high degree
of internal complexity, would condense the degree of the complexity (here: ÂS) of the
ourcide wodd on his observa-world interhce to next to nothing

To introduce the concept of an obsener extelsion, consider how men see and feel
their cars as a physical extension of their own bodies. (Women don't do this). Things
which extend an observer or a detector range from glasseq hearing aids, guns, dogs,
cyberspace goggles, gravitational lenses, etc. to complex selection effects such as social
and linguistic conventions.

An extended observer has transformed his immediate temporal embedding
environment into part of the measuring chain an4 in the wake of it, assigned the
pneviously embedding environment to the observer side of the inærfacial cut. This
measuring chain may be extended arbitrarily with the effect of the interfacial cut being
shifted outwards, thus increasing the physical and ternporal extension ofthe observer.

Teryoral €,mbedding for a brain would consist of nested memory and anticipation
(reænsion and protension) within the observer's Now, thus extending the obseruer's
Now through repeated nesting.

A shifting of the interface by means of observer extension would result in difFering
measrning results for observers of unequal extensions: An insrease in observer
extension changes the endo-perspective, which takes account ofinterface reality only.
As a result, a subset of the rrnivese which was not part of the obsewer has been
assimilated by him and will change the structure of his interface. At the same time" an
increase in observer extension decreases the ntrmber of embedding systems which are
accessible from the exo-perspective.

Observer frames may thus be defined by the strucfure of their temporal interfaces.
The main distinction is to be drawn between exo-observers, pseudo-exo-observers and
endo-observers. Endo-perspectives form the more convincing observer frames, as they
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do not commit the logical frllacy pointed out by Hofsadær (v,hich pezudo-exo-
observers are subjected to). And endo-observer who is aware of the structure which
forms his temporal ftaetal interface would measure complete congnrence for the above
example with 5 nested zubsystems:

LoDqou""ol= 5
IC: ------ I C :  I

LODqa64= 5

A pseudoexo-observer would also measure complete congruenoe. This, however,
would be the result of the logical fallacy he commits by pretending he can jump out of
the system he is located in and act upon or observe this system as if he were outside it.
An endoobserver without over-contextualization habits measures ÂS1*6oy wtrich
corresponds to IC= 1/5 in the above example. An pseudo-exo-observer measures ÀS(exo),
which takes ac,count of embedding systems, be they accessible or not (for an exo'
observer, they are accessible; for a pseudo-exoobserver, they are not). The pseudo-exo-
observer would measure complete congruence (IC = l), albeit an illusory one.

For an oro-obstrva, IC is not defined as we cannot specify i6s nrrrnh of LODs at
his disposal. In fact, we cannot make æy assrrnptions about this obselwet's intemal
differentiation- Forthis type of exo-observet, ÂSlexoy increases, as he sees the tmiverse
ftom tbe ornidc d ûsefore trre6 it as m isolated syst€m-

An endo-observer who is in a position to consciously relate his internal LODs to
multi-layered sienals ulhich penetrate his interface from the outside world may grow
inæ an exteniled observer (as described in 9. Observer Frame Extensions). By re-setting
tbe intcrfrcial cut everytime he assigns pæts of the outside world to his side of the
interfrce, hc oay, tt l€ast theoretically, gnorl/ as læge as the entire rmiverse and thus
cncornlnqs fu very systm bÊ wisheat to observe. This is, of course, an sxtngme
example and the self-referEntial cntanglenært resulting from an observer who
erconrpassês ùÊ cdirc unirsse tead would led' ta an infiniæ regttss of slf-
obscrtndi@.

It follmns tlut dropy is a ncasure of complexity which depends on ùe nrmrber of
LODs in cxisence m 

.'!e 
obssreer's inter&ce, his internal diffcrentidion, position ad

extemion,
and the assignment conditions, which determine the strucûre of the obssrrer's tunporal
tactal intcrâce.

A fractal obacrvq or dEtector which represents an observer frame with a fractal
temporal int€rface is an example of stong anticipation [3], as the interfacial structue
contains a modcl of both the observer and lhe ortside world. This manifests iæelf in tbe
ability of such systems to avoid the blind level-hopping which an observ€r who is not
awwe of the stnrchre of his fractal temporal rntertaee is subjected to. An embedded
fractal observer who is aware of the structure of his interface may interpret multi-
layered events, which as impacts from the outside world shape his interface, as a multi-
Iayered stnrchrc- For human observers, tbis matching ability is very likely the result of
a selection etrect [4].
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To summarize, we may conceive of four observer types who measure entropy (in the
form of interface complexity) in very different ways:

Table 1: Observer T
obsener types un-plaiting

performances
measured in IC

increase or
decrease in ÂS

accountability logical
coherence

The endo-
observer who is
not aware of the
structure which
forms his fractal
temporal
interface

I C :  I / 5 ASrenooi increases falls for a
temporal illusion

logially
coherent

The endo-
observer who is
aware of the
structure which
forms his fractal
temporal
ifterface (and
who may turn
into an extended
observer)

I C :  l AS1*ant neither
increases nor
decreases

does not fall for a
temporal illusion

logially
coherent

The extended
observer aware
of the structure
which fbrms his
fractal temporal
interfàce and
able to reset the
interfacial cut

I C :  I ÂSr"naor neither
increases nor
decreases

does not fall fora
temporal illusion

logially
coherent

The exo-observer
(an idealization)

IC = not defined for an exo-
observer, ÂS1exo)
probably
increases, as he
sees the universe
as an isolated
system

falls for a
temporal illusion

logially
coherenl

The (over-
contextualizing)
pseudo-exo-
observer

I C = l is under the
impression that
ASlpseudo<xo)

neither increases
nor decreases

is under the
impression that
he does not fall
for a temporal
illusion

commits a
logical
fallacy
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1l Conclusion

So, is there an overall increase in entropy in the universe? My answer to this question
is: not necessorily. Entropy may increase or decrease, depending on the number of
LODs taken into account, the observer's position and extension, the limited timespan
available for observation and measurements, as well as the position of the interfacial
cut.

A distinction between endo-, pseudo-exo and exo-observers needs to be drawn. Only
an embedded fractal endo-observer who can consciously relate to the outside world on
various nested LODs simultaneously and is able to ffeat them pragmatically as isolated
systems (for very short timespans, i.e. freeze-frames) is in a position to escape a
temporal illusion. This is also true if this fractal endo-observer grows into an extended
observer. Endo-observers who are not aware of the structure which forms their temporal
fractal interface are doomed to engage in a level-hopping exercise. Pseudo-exo-
observers are under the impression that they do not fall for a temporal illusion. This,
however, is a logical fallacy, as they pretend they may jump out of the system they are
embedded in and observe this system as if they were outside it (and may thus define the
boundary conditions for the system they are embedded in). An exo-observer does de
facto not exist. It is a mere idealization and therefore subject to speculation regarding
this observer's internal differentiation and perspective.

To conclude, a differentiation between observer frames is necessa4l when we talk
about the interpretation of multi-layered signals or changes which take place within
nested systems. as the measurements of ando-observers differ from those taken by exo-
observers or pseudo-exo-observers.
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