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Abstract: The most fascinating feature of time is that thierao time at all. This study introduces the
concept of event-driven time. Time is considerewant of changes or events that set up a locatktlo

in each system. With such an approach, every systegits own local time. Time does not exist witho
changes in the system. As two systems interacgf, deeerate a sequence of interaction events that ar
being added to the internal pool of events in egsitem. Any observation is made with the local tohe
the observer system and this fact changes thewarsetocal time by adding observation events ® th
observer’s time count. Local time in any finite atldsed system is finite and obeys the saturation
principle due to limitations of the event counteapacity of the system. Traditional continuous time
convenient approximation for the enormous numbevehts occurring in our world that set up our loca
“clock”. The event-based approach does not conflittt modern physics but proposes a new view of the
fundamental notion of time and brings us one stepec to understanding the world in which we live.
The greatest mystery of the notion of time is thate is no time at all.
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INTRODUCTION speed of light (the group speed) is an invariant
constant that cannot be exceeded.
Time is the most fascinating feature of mattene T Relativity and quantum mechanics have opened a

concept of time has always been a cornerstonelof ahew page in human understanding of space-time and
theories in physics and other disciplines of ndturamatter. Both approaches are dealing more accurately
sciences. In the past, people thought of time as with the concept of an observer and its impact fen t
universal outside clock ticking independently ofttea  observation. In his study on the uncertainty pptei
and space, just tracking all processes in the usive Heisenberg wrote “l believe that the existence haf t
Isaac Newton in his Principia, Newton, 1687 (Newtonclassical ‘path’ can be pregnantly formulated as
and Reviewer, 1999) wrote,- “absolute, true andfollows: The ‘path’ comes into existence only whee
mathematical time, of itself and from its own na&fur gpserve it” (Heisenberg, 1927). The essence of this
flows equably without relation to a_m_ything exte_rhal approach implies that the observer changes the

Later, as the theory of relativity (Einstein, 2004 spservable system by getting into an observation
e_merged, the concept of time has become more ylose'nteraction with the observable system.
tied to matter and space. One of two fundamental o iy Bang theory states that the universe and
o s (s o g shace-me orginaed Wih g exloson abo
of light in a vacuum. It states that in vacuumhtig fourteen (spme esumatgs may vary) billion yeas &y

an expanding ball of fire that keeps expanding. Som

propagates with respect to any inertial frame amélli . .
directions with the universal speed c and this dgee more recent studies extend the concept of the BiggB

constant of nature. As a conclusion derived froia th [0 the Self-Reproducing Inflationary Universe (Lénd
postulate, it became evident that time runs difigge  1994) where “the early universe came through tagest
at high speeds of motion of matter (Einstein, 208¢) of inflation, expone_nt|ally rapid expansion in andtiof
well as at gravitational extremes (Hawking, 1998;unstable vacuum-like state (a state with large gner
2001). These results have turned the notion of thélensity, but without elementary particles). Vaculike-
universal clock into a new concept of local clocksstate in inflationary theory usually is associatéth a
being a part of space-time. However, the postutdte scalar field, which is often called ‘the inflatidield.’

the invariance of the speed of light does not retltem = The stage of inflation can be very short, but the
fundamental mechanisms that would explain why theuniverse within this time becomes exponentiallgégr
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For thousands of years human beings have been Thus, events in the observable system are referred
learning how to measure time, but we are yet famyaw to events in the reference system (observer). Hewev
from a clear understanding of what make time runthe question arises, what kind of events must be
What makes time run slowly in matter and space ateferenced. We refer the registered events in the
near-light speeds and near gravitational extrenmes a observable system to the measurable events in the
how does time run differently in condensed mattereference system. For example, as we observe a
versus in ‘“light” matter and space? Was there grocess, we register observable events in the gsece
beginning of time? Will there be an end? Thoughsay, steps of the process we are able to register-a
significant progress has been made in modern physiagefer them to the time measuring events in the
in understanding space-time, the internal structfre observation system as a count of periods between th
time and the fundamental mechanisms that bring timevents in the observable system-say, clock measurin
and matter together have yet to be discovered. events-which we consider the accuracy of the clock.

To answer these questions first we have to
understand what time is. The mystery of time hasThe notion of time: Let's try to analyze time as a
constantly puzzled researchers and some of them hawmeasure of the evolution of matter and space. Didav
already made various attempts to understand isriat any possible confusion, let's consider time as a
structure and the mechanisms that make it flonmeasurable quantity used to specify the order iithvh
(Barbour, 2001, 1994; Brout, 1987; Green, 2005; Dorevents occur in the system. Time periods are being
and William, 1983; Smolin, 1991; Zeh, 1999). Doesmeasured by the number of events which precede or
time exists on its own, is it a part of space, oesltime follow. Thus, for time to run it needs events tacuc
not exist at all (Barbour 2001; 1994; Don and \aili,  Aityan, 2002.

1983; Stenger, 2000).

This study is an attempt to get inside the internaTimeless system: Imagine system Sin which no
structure of space-time and matter and try to uacov events are happening. The state of such a systys st
the possible origin and mechanisms that make time r unchanged and no time is running inside the system.

For time to exist in the system at least one eveumst
Time as a sequence of events: take place, otherwise the system has no time .atlad

The concept of time: It would be a mistake to try to hypothetical system defined above has no grounds fo
understand time by using the notion of time itsglf, having internal time because it shows no evolution
what can we do if every theory in physics that dess ~ changes. The system stays “dead” awaiting for event
motion of matter uses time as a parameter? Lgt'sotr to launch its time mechanism.

set apart the notion of time and see how the cdrafep

time can be derived from the notion of matter aisd i Time between the same events from different
transformations. By no means am | trying to removePbservation views: Assume an observer from our
time from matter and space, rather, just making anvorld (system ®)-where time is running in its natural

attempt to understand its nature and dynamics. course-has managed to make two observations of
another system, S at two different points in time of

our world (S), t; and §. Taking into account that no

observation can be made without interaction and tha
thteraction generates events, a number of eventt mu
Be generated by that observation. For the sake of

Events and the count of changes. We mention time to
refer to the changes in the observable system b
mapping the appropriate events in the observabl

system fo some reference_ events in the referenC’;ﬁmplicity, assume that every observation generates
system. For example, by saying that a tree grewrsy  gingje event. Let's call it an “observation evertius
meter last year, we refer to the changes in hagtte  fom the perspective of our world, the time elapsed
tree as one full circle of the earth around the.sunpetween these two observations is equab tott. that
LiKEWise, if we say that the distance between tWOCan be a Second, day’ month, year or any Othmcpeﬁ
buildings has not changed during the last week, wgime from the perspective of system.3\ssume that
refer to no changes in the distance between twenly a single event separates these two obsergaiion
buildings as seven full rotations of earth arouschkis. system §, or in other words, just a single bit or
If we say that a process takes 8.5 sec we refallto quantum of time has elapsed iy $etween two
registered events in the process as the referarmpgse observation events ilS
in the time registration device, say, one tenthaof
second is a reference event that can be regishgréte Time in different systems. The above example
time counting device. illustrates that time driven by events runs
41
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fundamentally differently in different systems. Fhi m

conclusion is completely in synch with the spaoesti o————e

concept contemplated in the theory of relativity.

However, there is a conceptual difference betweerFig. 1: An event

these two approaches. While relativity just asdesta )

the fact of different time scales in different gyst ke

move at different speeds, event-based time describe $— o oo o .S o

the internal mechanism that makes time run difféyen ’ * ’ o '

This mechanism is responsible for time itself and f Fig. 2: Sequential events

the differences in the clocks in different systefisne

in each system is being generated by the everttsain

system, while near-light speeds or super-gravitatio

forces could be just one of the factors causingVeMEzia

variations in the occurrence of events that gemerat  The distance between any two close events shown

different courses of time in different systems. in Fig. 2 has no meaning, no value and cannot be
For a more general example, let's consider arineasured within the system itself. The fact thaheo

interaction between two quasi-independent syst@ns, distance, either equal or different, is shown betwthe

and $, which engages a much smaller number ofevents in Fig. 2 is just for illustrative purposésery

events than the number of events occurring withiche event is a single quantum of time. The time,

system in the course of interaction between theesys  t, (€] ,.,.€.n1n ) that elapsed in systerg, between

If the number of internal events, &nd T, between two  eventse,,, and e, by definition is a count of the

consecutive interactions between systemsu®l $ is  sequential events that occurred between the former

different, say T>Tg, then the internal time that elapsed mentioned events, i.e. Eq. 1:

between such interactions i 8 T, which is a longer ,

time than the internal timesThat elapsed ingbetween  to (& Gonapen )= T (1)

the same interactions.

@ o o
Sy © Crrokes ChaN- kel

Any two events in a system can be ordered by “<”".
For example,e;,,, < €,, .., means thate;,,, preceded

but other events may occur between them.

- . . where, T*"v s a count of the sequential events that
Definitions of event and time: Let's assume that there is Skt q

no time at all. Matter exists and is permanentignging  occurred between eventg,,, and e, ., Which is
its state. Let's pall thg change of _state an event. equal to N in the example shown in Fig. 2.

Event € is a single transition between two states
of system S with no intermediate states Observation p.ath:. Consider system ,Sand all
events occurring in the system. For the sake of
T simplicity, we presume that all events are meadarab
shown in Fig. 1. by their energy level and we will use notatiefor

Time in system Sis a running count of events that el ..,- Let’'s mark the events we want to track or observe
occur in the system. Thus time is just the count of™

events as shown in Fig. 2. Events can be ordened HN system 3 as an observer. We call such events
0n|y the “next/previous” re'ationship that constitsi a observation events. The observation events marked b

sy and s;,
betweens! and s} . An illustration of an event is

sequence of events. We will use sigll ™ to show the crosses in Fig. 3 constitute the observation path:
next/previous relationship. . For example, Q, (i +K) =(0%,08,,08, ... 'y )

€ 1 < €,,,., Means that evesy,, ,,is next toe;,,, or,

vice versa, event{,,, is previous te,,,,,. Let's call The observation path measures time between the

such “neighboring” events close events. In otherdsp °Pservations, thust,(07,0,) is the time between

there are no other events between close evenlisastt observationO! and0?, . In the example given in Fig.

within the current accuracy of measurement. It may3, the time in the observation path runs as follows

happen that as we increase the precision of event

registration, more events will be registered in thet (of o, )=3

system and some previously deemed close events (©0°,.0F,)=4 @)

will no longer be close. Thus the notion of close @ ™' ™

events is subject to the precision of measurement. ta (Ofika, i )=1
42
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Thus one can count specific time intervals between (OO £,(0%,.0%,) 1,008 .05
qbservatlon_events in systena_Snd these periods of A A —_—
time are defined by the events in the system. o o, o oy o

Time saturation: Every finite and closed system has a 35 X Ao e ORKTOK

finite number of possible states and hence a finite © = o Sa S S S S
number of possible events. This leads to the caiaiu

that such a system may exhaust its time countingrig. 3: Observation events
capability and consequently must reset its intetinas.

Timeless systems. Consider an elementary system that
has only one possible state, implying that no event ¢
may occur in the system. Such a system has nodtme

all. For instance, a photon may stay in its curstate  Fig. 4: System &
until the photon is absorbed by some other system.
Emission of the photon and its absorption are thlg o

0% ® 0% ®

.m__
[ J
-
-

|

g %

|
|
ef e

tO,.0,,,) £0,:0,,0) tO,1-0,11)

events in the photon’s life. 0, 0., 0., Opra  Oux
. . T e e e e S S o
The notion of speed: The notion of speed elaborates .| |o | o o | o o, | fen

changes in geometric space per time. Both geometric |
space and time space (events) have a discreteenaturs,. ¢ & ¢ o & ob
and thus speed represents changes of the position i

geometric space per discrete time interval thesagés  Fig. 5: Completely compatible systemse®d $

take place: _ -
Completely compatible systems can share their time

and the time in a combined systesx S, = g0 §, is

(3) a superposition of times in systeryg &d system S
Thus time measured in the observation path of the
combined system S runs as Eq. 4:

v = Dxa (07,0
tq (O:] ’q:—l )

where, vq is speed,Axq (0,0, ) is a change of the
position in geometric space ang(o?,cf, ) is the time
interval between observation®fand ©of,. Time  t(O%.0%)=5 4)
interval t, (O, Cf,) represents the minimum time tu(O%ks O )=3

between two close observation events because déhere
no observations between observati@fsand Of, . One

of the conclusions of the notion of speed givenvehie

that the commonly accepted definition of speed as, (o?,0% )=3

~ dx X . _ @ Of,)= S

v=22im 2% is no longer valid att<t,(©f,cf,)  @(OF:Ok)=4 ©
dt  ac-oAt t, (O, Ok )=1

i+K -1

tag (Oioq3 'O?g )=6

In contrast to the time specific tq, Bnly that runs as
Eq. 5:

and must be replaced with the definition given qn &
as shown in Eq. 2. For the time between systeyian&

Local timein subsystems: S; to be shared, every event in the combined system
Completely compatible systems. Two systems are must be observable from both subsystems.
completely compatible by time if their combined etge
can be ordered into a single sequence of events.

According to the definition above, two systemg, S
and §, are completely compatible by time if the
“next/previous” order can be set to all their congn .

L vice versa.

events. In other words, both systems constitutgles As follows from the definition of parallel systems
system in terms of time. Assume that systensf®wn  me in parallel systems cannot be tied up to one
in Fig. 3 is combined with system Shown in Fig. 410 gnother due to the incompatibility of their eveatder.
define a new joint syster= § O gas shownin Fig. 5. The events in parallel systems cannot be cross-erde

43

Parallel (Non-Compatible) systems: Two systems, S
and $ are parallel (non-compatible) by time if none of
the events of system ,Scan be ordered as
“next/previous” with any of the events in systega8d
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t,(0F,08)

t, (0F,0%)
Fig. 6: Orthogonal systems &nd § Fig. 7: Time in two systems
For example, if no other information in available,

systems Sand $ shown in Fig. 3 and 4 are parallel. Systems Sand § share two common states,
However, as soon as an observer identifies bothllphr s ands®® . These common states may occur as a result

systems the observer itself becomes a link betwleen ; ; :
systems through the observation events that mdies tOf mterr_:tctlon betweenu? ndh_$h._5uapposed o::)serh\/_a'ﬂon
initially parallel systems no longer parallel. Wallw ~€VENts in system,&reo;, which isef,, ando; , whic

come back to analyze this phenomenon later. is €f,,. Similarly, suppose observation events in system

In parallel systems there is no way to say whic s L 5 L .
one of two events in different systems occurrediezar FSB areOf, which is€},, and 03, which is €}, . With no

or later than the other one. other interactions between the systems they haiye on
two cross-time reference points ead: and O for S,

Orthogonal (Partially Compatible) systems: Two and O} and O} fors,. This means that the following

systems are orthogonal (partially compatible byedirif
the systems are not completely compatible by timie b cross-order of events can be established:
at least one event of one of the systems can berexd

as “next/previous” with at least one of the evenftthe ~ S1™ G2 and o> &, for S—

other system. An example of orthogonal systemisda/s
in Fig. 6. Both systems share a common stéfe st
allows for a “next/previous” order between evefj of Sod, and B> B, for S-S

system $ and evente;,, of system $as well as
between evente’, of system $ and evente®, of Where, “~" denotes the direction of view. Thus from

system $ Though time in systems,Sand § are [N€ Perspective of ;Sfour eventsiey., €.s.6.i 6.5}
basically incompatible, the history of both systeras occurred_ between the measurements, while from the
be compared with reference to evedt i.e. can be perspective of & only two eventsfef,,,€’,;} occurred

referred to the common stat® that belongs to both,S between the same reference points, i.e.:
and § as a reference point. Such “intersection” creates
a common point of reference in the history of the l (01, C;)=4
systems incompatible by time. Though it is imposib t;(0f,0})=2
to say which event, for example’ orée’, occurred

earlier or later than the other, one can easily thay Eg. 6 explicitty shows that time is running
event & in S follows event & in S,. Thus in differently in § and § and different counts of time
orthogonal systems some events from different ayste elapsed between two mutual observations. Theraeare

can be ordered by time while some events cannot other time references between these two systenms. Fo
example, it is impossible to set any order between

Time viewed from different systems:. Consider two eventsef,, andé’,,.

subsystems, ;Sand §, that interact only by two

observation events, i.e., they share two commaiessta Time absorption: As two systems interact, they add

as shown in Fig. 7. interaction events on top of their internal eveatsl
44
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hence increase the number of events in each systerr System S, System Sp
Thus every interaction between two systems adds up ta(ef, et = T ty () = T o
the time count in each of them. One can say ttdt e —_——

P o o
Crert ez Gz Gl

the interacting systems observes the other if yiseem

is capable of counting time. Consider two indepatde
systems, Sand $ and some time intervals in those
systems Eq. 7:

t, (e . €, )= 1:;32
, (7)

ty (€ &)= TP

Observer So

Assume that interaction between systemar®l $
has generated additional everts?, ... €%} between

events €, and €, in § and additional events

{eff, ... &} between event&l, and €, in §. As a Observing time in two systems Imagine two

result, the time count in both systems has changed absolutely identical but separate and not intemgcti
Eq. 8: systems, gand §, that go through the sequence of

events as shown in Fig. 8.

Fig. 8: Observation of two systems

Ev(eﬁl,éiz =t .8t € B3 :&if + Q;i Assume that the sequence of events in system S
3 ) (8) e, e ,. ¢ .8 ) is identical to the sequence of
to(eh €)= b G Gy § & 3 ﬁ * ;F events in systemgS{e}, . €},,.€,,.&,,}. Itimplies that

the internal time in system, &om the view of system
S, runs identically to the internal time in systerp S
from the view of systemgEq. 9:

(V- - R - = 4 &1 '[3@2 ?@3 5@4 9 9

Let’'s call this phenomenon time absorption. It is
clear that with more interaction between theseesgyst
more time is being added to both of them.

Observation and observer:

Observation, observer and existence: Anything we L ,

know about our world must be observed otherwise we OF the sake of simplicity, let's assume that gver

have no chance to know about it. For example, if afgvent in $and gresults in the emission of a particle,

entire other world exists somewhere in the universesay, a photon that can be observed by systeri&h

even close to us-but we are unable to interact wjth time for § and $ from system $runs differently for

then it does not exist for us until we find a way t S, and $:

interact with that other world and observe it. By

observat!on ‘we mean more than j_ust explicit (e, 6, €. B F (€8s, €D

observation, i.e., an observation made directlyoly B (b

senses. Some observations are implicit; for example o(6aboz s Ra F b B fu

humans do not explicitly observe the chemical

content of food they eat but the chemical content Furthermore, every event in, & registered with

impacts the human metabolism and finally the humarevery other event in observeg, $.e., the observation

body. In this study, observation refers to a geherashows the same time periods between the events

meaning of interaction without differentiating observed in Swhile the time periods observed between

explicit and implicit observation. __events in $ are different in § The time periods
~We unde_rstand the observer as a system thatds abstveen the events in, 8bserved by &un as (2, 2, 2)

to interact with the observable system and doebyso e the time between the events indbserved by §

explicit or implicit observation. run as (3, 4, 3)

Though the major focus of this study is on the ) .
observation of time, the concept of observation and  1hUS two identical systems, &nd $, that have

observer can be applied to any other types ofdentical local internal times may be observed with
observation. This concept is completely in linehatite ~ different times by the observer. The scale of psees
concept of observation and observer commonlyoccurring in two identical systems may also be sictw
accepted in modern physics. by the fact of observation.

45
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Impact of observations on the local time in systems: |
Every observation adds up events in both the observ

system and the observable system. In the macradworl D Now,
the number of observation events is negligibly $enal | ™ | | | |

than the number of bulk (internal) events in every T >® 1 O R B
system. Therefore, in the macro world we neverstegi Gt Cew G Cwe G G

any impact of the observation on time. Howevethé
number of bulk events in the observer system is
comparable or greater than the number of observatio

events generated by the observation, then the ingfac - 9: Back tracking along the time thread by view

the observation must start playing a significarie rio from Now
the flow of time. &, & 15
Consider two systems, @nd $, where $is an 14, << Te (15)

observer and Ss an observable system. Fundamentally,

there is no difference between an observer and ahe€ads to:

observable system because both systems are olgservin

each other as they interact. In the present exawipleave  to(ef, & ,)= 1 (& & »> 1 &, B, (16)
identified the observer and the observable systestfer

convenience, so all further considerations are also This implies that the time course in observegr S

applicable in the opposite direction. was dramatically changed due to the observation.

Weak impact observations: Assume that the number Normal observations: The fact that in our normal day-
of internal bulk events in observeg 8 much higher to-day observations we do not register the impdct o
than the number of observation events in the oleserv each observation on time just implies that the nemat

In this case, Eq. 11 shows the differences in timepylk events in our world is much higher than the

similar to Eq. 10: observation events we are registering. As we starting
. to extreme areas where the number of observatientev
T:a:mf >> Tﬁf (11) becomes comparable with or higher than the number o
bulk events, we most likely start registering apaat of
that leads to Eq. 12: the observations on the system clock.

- ] M ultidimensionality of time:
to(€h €)= § (& s (12)  virtual time threads At any particular moment

(evente!' ) in system § events can be tracked back to

past events along the time thread that led to tineent
state of the system as shown in Fig. 9. In otherdgjo
Equal impact observations: Assume that the number the system itself knows its history. However, an
of internal bulk events in observeg & comparable observer is capable of knowing the history of sys&
with the number of observation events in the okeerv only to the degree of observation events that Bk

This implies virtually no changes in the time
course of the observer generated by the observation

In this case, as with Eg.10 and 13: with the observer. If an observer places himselbra
of the past states of system &hd tries to predict the
i =T (13)  next event, he will face multiple possibilities disethe
" ' uncertainty or probabilistic nature of the evemtsthie
that leads to Eq. 14-16: system as shown in Fig. 10.

Thus from the perspective of Ngvevente , is a
to(el,, & )= L@, B,y t & %3 2tfe e (14) certain event that was a member of the time thread
leading to Now. On the other hand, from the
This implies that the time duration in the observe perspective of evente!, several different threads
is about to double due to the observation. <a, B, v, ...> have chances to be realized and thread

<a> leading to Now is just one of them. For the
Strong impact observations: Assume that the number observer located at Newall other threads f v,...>
of internal bulk events in observeg 8 much less than except thread & shown in Fig. 10 can be considered
the number of observation events in the observer. lvirtual threads, i.e., the threads that were pdsdioit
this case, as with Eq.10: not realized from the perspective of Now
46
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in the time threads cannot be compared or orderéd w
future events in the other threads unless thesmadisr
will intersect in the future.

Assuming that our universe goes through an
infinitely large number of events that originateiaimite
number of virtual time threads, one can concludsg th
time has an infinite number of dimensions.

Thus every state of matter in our universe opens a
possibility for multiple virtual events that createtual
time threads. Then, every virtual time thread mgaljt s
into multiple time threads at every further event.a
finite system the number of virtual threads is ¢éalmt
finite, while in an infinite system the power oktket of
all virtual threads is infinite {8 which makes it
uncountable or continuum.

Fig. 10: Dual view at the causality thread As long as disorder increases as the universe
evolves, it creates more and more virtual threaus a
hence dimensions of time.

Now,,

The past and the future: As mentioned above in a
discussion on virtual time threads, all past evénots
previous events) on the time thread viewed baak fao
position on a time thread, such as Nptave occurred
with certainty while future events are yet uncertai
This makes a substantial difference between thé pas
e and the future. One can say that the past is aesequ

of events that have been realized while the fuisira
possibility of events that may occur. Thus any entr

_ observation point is a break point between the aadt
All these threads define orthogonal systems becausge future. which have quite a different nature.

they are not completely compatible by time but have I would like to avoid creating a wrong impression
least a common referenceit, . that the future cannot be predicted by the apptinanf
In general, the virtual threads originated frefn, this theory. Any observable process is a sequefice o

are shown in Fig. 11 which illustrates multiplicipf ~ OPservation events as shown in Fig. 3. These
virtual threads. Virtual threadass is shown in Fig. 11 jn Observation events are a small subset of the other
bold lines. Let's call the virtual threads virtwebrlds. events, referred to as bulk events, happening & th

To summarize the different perspectives from déffer ~ Universe. Thus in predicting a future under the
positions of the observer on thread>s one must note Ssumption that the chosen observation events aave

negligible impact on the bulk events in a systere, w
can consider the bulk events to be the main time
generating events that set up a reference “clooktte
virtual descendant of evemf , from the perspective of observation events in the process as discussedabov
evente . this stu_dy. It_ is clear that such clocks are bdlsica
measuring different counts of time depending on the
] ] ) ) ) process, environment, points of reference and fipeci
Dimensions of time: Every virtual time thread (yngitions of matter. If a process significantlypmots the
represents a new dimension of time. The time in &k events in a system by significantly changihe t
virtual time thread is not compatible with the tinme . mber of bulk events, then setting up a referécioek”
any other virtual time thread except for the common, ihe system may become a more complicated task.
point of reference or points of reference represinty The implication is that such local clocks can be
the common event or events in the past from whichyifferent for different systems, subsystems and
these threads were originated. It implies thavatlial  opservations and that there is no universal clamk f
time threads that originated from any event have th many reasons, at the very least because there is no
common “time” point of reference, while future et®n universal observer.
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Fig. 11: Multiplicity of virtual threads
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The arrow of time: As noted by Stephen Hawking, originates and runs. Though all of us have alrdzehn
“Disorder increases with time because we measuraccustomed to the discrete (quantum) nature ofematt
time in the direction in which disorder increases”and space in modern physics, we still keep conisiger
(Hawking, 1998). time to be a continuous and scalar parameter. The

The event-based approach defines arrow of time a@pproach taken in this study makes time a
the “next/previous” relationship between the events Multidimensional component of the multidimensional
each virtual time thread. However, there is no suctspace and matter. The greatest mystery of themofio
notion as an arrow of time between different timeads ~ time is that there is no time at all. It is a dative
for the events that cannot be ordered into theconcept of the motion of matter. Matter create®timits
“next/previous” relationship. It is quite possibhat ime ~ €volution as a measure of changes in matter ammspa
may not be obeying a straight arrow of time between  This concept of time is believed to provide a new
orthogonal and partially orthogonal time threads. angle of viewing space-time as a unified entityislt

For the finite and closed systems, the arrowroéti  expected to find experimental proofs of the thewry
may reset as time in the system saturates antings ~ astronomy and cosmology, in elementary particles an
the system to some previous and pre-existed Saeh  at low temperatures where the number of bulk events
an effect may change or reverse the arrow of tiitiy ~ Starts deviating from what we have in our normal
the same virtual time thread. With an interactieteen ~ Wworld. For example, a reflection in a cold mirrdraa
different time threads, such effects may occur evefOW temperature is expected to show some red shift
without saturation of time in any specific timeehd. unlike the same reflection at higher temperatures.

Time originated in the universe at the Big Bang,

Transition to the continuous time: To extend the but it runs differently in different systems in the
definition of time given in this study to the worichere  universe and even differently at different stageshe
we belong, one can say that most measurements wolution of the universe. It is quite possibletttime
make represent the observation paths upon a segjuenat the early stages of the universe ran differefityn
of an enormous number of other events occurrirthén  time in our days and what from today’s view woulel b
system that set up the “clock” for the system. setll  a split fraction of a second just after the Big Ban
these other events “bulk events”. These bulk eventgould be billions of years from a point of view sty
make us believe in the existence of the “universato the time of the Big Bang.
clock” ticking with no regard to the processes we  The event-based theory of time presented in this
measure. However, as soon as we start pushing thgudy is believed to be just the first step in a
envelope to the extreme, a more accurate understand comprehensive study in this area. There are stithyn
and interpretation of the notion of time must repla questions to be answered and more detailed thedrg t
such a traditional understanding of time. developed in line with the concepts of this stutty.

Though time is measured as a count of events anglould be interesting to learn more about the irttiéoa
has an inherently discrete nature, actually, time lbe  of matter, space and time and its dependence ogyene
treated as a continuous parameter in large systie;l®s As long as disorder increases as the universe esplv
to an enormously large number of diverse bulk eventthe concept of entropy of time should be considered
per every measurement. The transition from a discre with regard to the arrow of time and
to a continuous description is typical for physarsd  multidimensionality of time. It is very importanb t
other sciences, for instance, the transition fromshow how event-based time describes the fundamental
guantum mechanics to classical mechanics or thiaws of physics. It is quite possible that the ptase of
application of the continuous approach to popufetio invariance of speed of light in a vacuum in theatiglty
dynamics even though the population consists of @and uncertainty principle in quantum mechanics are
discrete number of individuals. Thus continuousetisi  based on the quantum (event-based) nature of time.
just a convenient approximation for the fundaméytal would not be surprising if universal constants lrygics
discrete (quantum) time. In this regard, we havédo become no longer constants but a reflection of the
ready to find out that even continuous time runscurrent state of matter and space. All these andyma
differently in different systems under much broaderother questions will be addressed in our futureaesh.
conditions than has been defined by relativity affe The greatest mystery of the notion of time is that

there is no time at all!
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