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Abstract. Following Smolin, we proceed to unification of general relativity and quantum 

theory by operating solely with events, i.e., without appealing to physical systems and space-

time. The universe is modelled as a dendrogram (finite tree) expressing the hierarchic 

relations between events. This is the observational (epistemic) model; the ontic model is based 

on p-adic numbers (infinite trees). Hence, we use novel mathematics—not only space-time 

but even real numbers are not in use. Here, the p-adic space (which is zero dimensional) 

serves as the base for the holographic image of the universe. In this way our theory relates to 

p-adic physics; in particular, p-adic string theory and complex disordered systems (p-adic 

representation of Parisi matrix for spin glasses). Our Dendrogramic-Holographic (DH) theory 

matches perfectly with the Mach’s principle and Brans-Dicke theory. We found surprising 

informational interrelation between the fundamental constants, h, c, G, and their DH-

analogues, h(D), c(D), G(D). DH-theory is part of Wheeler’s project on the information 

restructuring of physics. It is also a step towards the Unifying Field theory. The universal 

potential V is nonlocal, but this is relational DH-nonlocality. V can be coupled to the Bohm 

quantum potential by moving to the real representation. This coupling enhanced the role of 

the Bohm potential. 

Keywords: unification of general relativity and quantum theory; dendrogram; hierarchic 

relations between events; p-adic numbers; holographic image; Mach’s principle; Brans-Dicke 
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1. Introduction 
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This paper is the first step towards unification of general relativity (GR) and quantum theory 

(QT) on the basis of Dendrogramic Holographic (DH) theory [1,2]. The latter is based on a 

representation of the universe composed of events by dendrograms and at the ontic level by p-

adic numbers [3]. Zero-dimensional p-adics serve as the basis of the holographic image. The event 

basis of physical theories was also used in the works of Wheeler [4], Smolin, and Barbour [5,6,7], 

Rovelli [8]. (Systems are not present in DH-theory.)  

DH-theory can be considered as a part the Wheeler’s ``it from bit’’ project [4] on the 

information structuring of physics. However, our reconstruction is not as straightforward as 

Wheeler’s. The bit encoding is used for hierarchic relations between events in the universe 

described as dendrograms. Branches of dendrograms are strings of information.   

The paper is not about ``quantization of GR”. Following Smolin event-physics [5,6], we 

unify GR and QT on the basis of a new theory and mathematics, i.e., the p-adic number system [3].  

Both classical and quantum random systems are represented by ensembles of dendrograms [1,2]. 

Quantumness is coupled to simplicity of dendrograms. This simplicity characterization of 

quantumness is also the basis for Smolin’s theory. In contrast, we do not aim to reconstruct the 

traditional quantum formalism, but rather we use the test-characterization of the quantum-like 

properties of dendrogram-ensembles as via CHSH-test [2].  

DH-theory is also a step towards the creation of Unifying Field theory. The events’ 

dynamics on dendrogram D is determined by the universal potential V representing hierarchical 

relations between events. By moving from the p-adic to real representation, V can be realized as 

Bohm’s quantum potential [1]. Thus, the latter can be considered as the universal (information) 

field. DH-theory is nonlocal w.r.t. dendrogramic geometry, but this is informational nonlocality 

and not nonlocality in real space-time. 

Now we say a few words about p-adic theoretical physics. In 1987, a hypothesis of the possible 

p-adic structure of space-time was considered by Volovich [9]. This hypothesis was formulated 

in the framework of string theory, and it was supported by consideration of the p-adic analogue 

of the Veneziano amplitude and discussion on the main properties of the p-adic string theory. 

Since that paper, p-adic theoretical physics has been intensively developed [9]-[15] consistently 

with the development of the string theory ([9], [16]—[19]) and complex disordered systems [20] 

(p-adic representation of Parisi matrix for spin glasses). One of the problems in this domain of 

science was the absence of coupling with real experimental data. In string studies, the p-adic 

structure of space-time was coupled to the Planck scale and the gap between this scale and the 

scale of the present physical experiment was too big; one could not expect direct experimental 

verification (the ``usual string theory’’ over real has the same problem). We stress that one of the 

aims of p-adic theoretical physics was restructuring GR and cosmology [21]. This p-adic approach 

to GR was thus promising.  
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1.1. Dendrogram coupling of p-adics with experimental data 

The natural question arises: Can p-adic theoretical physics be somehow coupled to real experimental 

data? (And, without going to the deepest level of space-time, to the Planck scale.) Furthermore, 

can such coupling contribute to the development of gravitation theory? We answer these 

questions positively. The positive answer to the first question was given in papers [1,2] in the 

framework of Dendrogramic Holographic (DH) theory. In this theory, experimental data, i.e., a time 

series, are represented (with some clustering algorithm) by dendrograms, i.e., finite trees. 

Dendrograms represent hierarchically interrelated events—the event decomposition of the 

epistemic universe created by an observer O.  

By increasing data collection, O can construct larger dendrograms. The limit of such 

dendrograms is the infinite tree. This is the set of p-adic integers Zp, and it represents the ontic 

universe. Hence, in DH-theory p-adic theoretical physics provides the ontic description of ``reality 

as it is.” In principle, it can (but need not) be identified with the Planck scale physics. Thus, within 

DH-theory p-adics are coupled with experimental data via dendrogram-representation.  We shall 

discuss DH-theory in more detail in section 2.  

1.2. Dendrogram representation of geometry corresponding to metric tensor 

In GR, space-time geometry is determined by a metric tensor g=(g_{ij}). This geometry can be 

represented by its geodesics. We can speak about the geodesic images of geometries—the geodesic 

universe.  In this framework, the simplest ``universe’’ is just a single geodesic. In DH-theory, we 

start with such geodesic universe. We then represent it by a dendrogram D=D(g) and get the 

dendrogram universe. Our basic tool is numerical simulation. We consider DH-images of batches 

of geodesics with discretized time and the corresponding D-universes. As an illustrative model, 

we selected the Schwarzschild metric and considered batches geodesics in a neighbourhood of a 

black hole. In the D-universe, we introduced analogues of the basic structures of ``ordinary 

physics” (based on the real analysis) especially the analogues of the basic constants of nature. 

The D -universe is the hierarchic representation of interrelation between events generated by 

(discrete) dynamics along geodesics. This is the special information portrayal of these events which 

is constructed by a clustering algorithm. (Generally, different algorithms create different D -

portrayals. However, as was shown in [2], DH-theory is stable w.r.t. selection of an algorithm.) 

For any D-universe, its treelike structure determines the universal potential V_i, depending 

on event i and branch i of D. This is the fundamental potential determining the hierarchic relations 

between events in D. (DH-theory is about relations between events, not interactions between 

systems, cf. Wheeler [4].) In this paper, we consider the D-universes constructed from batches of 

geodesics for the Schwarzschild metric (in a neighbourhood of a black hole). Each D-universe 

generates the universal potential 𝑉𝑖 =  𝑉𝑖(𝐷). 
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1.3. Mach’s postulate in the dendrogram representation 

We now move to the DH-theoretical approach to gravitation theory. We start with basic 

coupling of DH-gravity with Mach’s principle [22]: 

``[The] investigator must feel the need of… knowledge of the immediate connections, say, of the masses 

of the universe. There will hover before him as an ideal insight into the principles of the whole matter from 

which accelerated and inertial motions will result in the same way.’’ 

In DH-theory, this principle is not a postulate, but the fundamental property of the model. 

Representation of the event-structure of the universe by dendrograms expressing the 

hierarchically ordered relations between events immediately leads to Mach’s principle. In a 

dendrogram, each point or branch of a tree is indivisibly coupled to all other points. This Machian 

constitution of DH-theory is closely coupled to the non-mainstream pathway in development of 

gravitation theory going back to Einstein’s paper (1911) [23], then Sciama (1953) [24], Dicke (1957) 

[25], and finalized in Brans-Dicke theory of gravitation (1961) [26].  

1.4.  Dendrogram counterparts of the light velocity and the gravitational constant 

In the DH-framework, the light velocity c is not constant. This is in the spirit of Einstein’s paper 

[23] in which c depends on the gravitational potential Φ (see also Sciama, Dicke and Brans [24]—

[26]). The gravitational constant G is not a constant either. In DH-gravity, each dendrogram-

universe D is characterized by its own constants c and G, thus c= c(D) and G=G(D). They are 

coupled to the universal potential V_i. 

By analysing the dendrograms obtained from the batches of geodesics for the Schwarzschild 

metric (in a neighbourhoods of a black hole), we discovered the interrelation between c(D) and 

G=G(D): The fraction of their logarithms is approximately constant w.r.t. D corresponding to 

variety of different batches of geodesics. The most striking is that this log-fraction approximately 

coincides with the corresponding log- fraction for physical constants c and G.  

Some heuristics beyond this rate coincidence is that 𝑙𝑜𝑔2 𝑛 gives the number of digits in the 

2-adic expansion of a natural number n. This can be treated as an information measure. Thus, we 

found interrelation between the information encoded in c(D) and G(D). To couple this 

interrelation to real physical constants, the latter should also be interpreted as information-

quantities as done by Wheeler [24]. 

We summarize the above discussion. We constructed dendrograms for batches of geodesics 

corresponding to the metric tensor. These geodesics and, hence, dendrograms, carry information 

about the basic constants of nature. We invented D-analogues of these constants reflecting 

information encoded in real physical constants.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 October 2021                   doi:10.20944/preprints202110.0176.v1

https://doi.org/10.20944/preprints202110.0176.v1


1.5. Dendrogram approach to quantumness 

One of the aims of the DH-gravity project is the creation of a theory of quantum gravity 

through unification of quantum and classical theories.1 Some steps towards this unification were 

done in our previous papers [1,2]. In DH quantumness and classicality are not sharply separated. 

Quantum events are represented by simpler dendrograms, complex dendrograms can be treated 

classically (cf. Smolin [6]). How can one distinguish quantum events from classical ones? Here, 

we apply the strategy used in randomness theory (in the spirit of von Mises and later Martin-

Löf), namely, by using tests. In later work [2], we applied this strategy with the CHSH inequality 

violation test. 

In quantum mechanics, the Planck constant quantifies the irreducible uncertainty in the form 

of the Heisenberg relation. We also quantify the irreducible uncertainty of the dendrogram 

representation by introducing an analogue of the Planck constant for a dendrogram D, h=h(D). 

Surprisingly we found the log-fraction interconnection between the dendrogramic light velocity 

c=c(D) and the Planck constant h=h(D). It is approximately constant for varying D (corresponding 

to batches of geodesics in the Schwarzschild metric). Moreover, as in the case of c and G, the 

dendrogramic log-fraction coincides with the log-fraction for the physical constants c and h. In 

such a consideration it is natural to use the information interpretation of the physical Planck 

constant h (see again Wheeler in [4]). 

1.6. It from bit: dendrogram realization of Wheeler*s program 

In his celebrated article [4], Wheeler presented the detailed program of the information 

reinterpretation of physics and in particular rGR2: ``It from bit. Otherwise put, every it — every 

particle, every field of force, even the spacetime continuum itself — derives its function, its 

meaning, its very existence entirely — even if in some contexts indirectly — from the apparatus-

elicited answers to yes or no questions, binary choices, bits.’’ 

We highlight the information viewpoint [4] on the Planck constant h: ``The quantum, h, in 

whatever correct physics formula it appears, thus serves as a lamp. It lets us see horizon area as 

information lost, understand wave numbers of light as photon momentum, and think of field flux 

as bit-registered fringe shift. Giving us “its as bits”, the quantum presents us with physics as 

information.’’ 

 
1 So, we do not plan to quantize classical gravitation theory nor to create gravitation theory with the mathematical formalism of 

quantum field theory.  
2 In [4] Einstein’s geometrodynamics is mentioned a few times as the basic physical theory for the information reconstruction. In 

particular, Wheeler supported the “it from bit” idea by pointing out that ``the surface area of the horizon of a black hole, rotating 

or not, measures the entropy of the blackhole.’’ In this discussion he appealed to the information interpretation of a quantum of 

action h.  
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Wheeler’s critique of the mathematical models based on real numbers is supporting for our move 

to dendrogamic and in the limit to p-adic physical models. See again [4]: ``No continuum. No 

continuum in mathematics and therefore no continuum in physics.” The DH-approach is based 

on a representation of physical reality (treated as reality of events in the universe) by 

dendrograms. These are treelike ordered sequences of bits, i.e., information strings. 

2. DH-theory: Dendrogram-representation of events and zero-dimensional p-adic 

holography 

Here we say more about DH-theory (see [1] for the detailed presentation). Here, instead of 

physical systems, an observer O forms events by splitting experimental data into blocks and 

exposing these blocks to a hierarchic clustering algorithm. (For example, O divides the given time 

series of data into blocks of a fixed size p.) In this way O creates the epistemic picture of the event-

structure in the part of the universe, which is encoded in his data, O-universe.3 If p > 1, then this 

dendrogram picture reflects the hierarchic relations between events. If p=1, then this is the 

standard mapping of data on a real line. As was already mentioned, increasing the size of 

dendrograms (via collection of new data) pushes the limit where O approaches a p-adic model of 

ontic reality given by the infinite tree or p-adic integers denoted by the symbol Zp. 

We remark that points of Zp are branches of the infinite tree encoded by 0/1 sequences: This 

is a metric space.  

By starting from the Zp-model of the universe (i.e., another way around), we create the 

holographic representation of the epistemic universe. The Zp is a zero-dimensional space, and it 

encodes the two-dimensional treelike geometry of dendrograms which in turn serve as codes for 

three-dimensional structures in Euclidean or Minkovsky geometries.4 

Now we discuss the process of creation of the dendrogram universe in more detail. An 

observer O ``looks’’ at the universe (by using measurement devices of all kinds); O defines all 

unique events that he can discriminate. We say that the observer has for each event some 

epistemic level of discrimination. He constructs a finite dendrogram from the unique events at 

this epistemic level of discrimination.  We call it the “universal dendrogram’’ of the observer. This 

is not the ontic dendrogram, which is infinite. Each event is represented on the epistemic 

dendrogram and encodes infinitely many ontic events that are indiscriminate in terms of the 

observer. Each branch of dendrogram, a finite tree, encodes a ball in Zp containing infinitely 

many p-adic points, i.e., elementary ontic events. The O-universe is described by relations 

 
3 Events and not physical systems, objects, are basic blocks of DH-theory.  This viewpoint was strongly emphasized by Wheeler 

who cited [4]. 
4 Geometry of p-adic space exotic (comparing with Euclidean geometry). This is totally disordered and totally disconnected zero 

dimensional topological space. As was pointed out by Volovich [9], such geometry matches with heuristics on properties of 

geometry at the Planck scale. In [1,2], we also discussed matching with Bohms vision of implicate order [27].  
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between discernible events as the dendrogram shown in Figure 1A. Each event in the O-universe 

is uniquely described by its p-adic expansion as in Figure 1B. 

 

 

Figure 1. relational observation of events. A observer O discriminates events A-H and constructs  

an object, a dendrogram, which describes the relations between these events. B Each edge of the 

dendrogram is a binary string of 0’s and 1’s which can be represented as a finite p-adic expension. 

Each  edge summation of its finite p-adic expansion results in a natural number. Subtracting 

between two Edges finite p-adic expansion results in “potential gap”- 𝑞𝑖𝑗. C dendrograms can be 
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constructed by observing events from a single geodesic events or by observing  events from 

serveral geodesics.  

3. Universal potential on dendrogram 

A dendrogram universe D is endowed with a potential and is denoted by V_i. In complete 

accordance with the Mach principle, this potential depends on topology of whole D, i.e., it is a 

nonlocal function of D. It must be emphasized that in DH-gravitation theory, we do not invent 

the metric tensor g=(g_{ij}); we operate solely with the V_i-potential. This is universal potential 

determining all processes on D (which are in fact reduced to jumps between its branches or their 

endpoints on the bottom level of D). In this theory, all interactions are reduced to the universal 

nonlocal potential expressing topology of D.  

For each edge (event) i, the p-adic expansion 𝑉𝑖 represents the potential difference between 

the edge and the rest of the universe events. Thus, the sum of these 𝑉𝑖, these potential differences, 

is the non-referenced potential value 𝑉.5 The potential difference between two edges (events) i 

and j is given by 𝑉𝑖 -𝑉𝑗 =𝑞𝑖𝑗. The potential V represents the ``difference between the observer and 

his universe”; symbolically, we can write 𝑂 − 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 = 𝑉. We can also symbolically write  

(𝑂 − 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒𝑒𝑥𝑒𝑝𝑡 𝑒𝑣𝑒𝑛𝑡 𝑖) − (𝑂 − 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒𝑒𝑥𝑒𝑝𝑡 𝑒𝑣𝑒𝑛𝑡 𝑗) = 𝑉𝑗 − 𝑉𝑖 

We stress that the dendrogram picture is static, and dynamics can occur only upon jumping from 

edge to edge. Thus, the time-role or dynamical evolvement depends only on which event we 

jump to. In classical physics, based on the analysis on the real line, we have 

∆𝑝 = 𝐹∆𝑡  and 𝑊 = ∫ 𝐹𝑑𝑥 = 𝑉(𝑥(𝑡2)) − 𝑉(𝑥(𝑡1))
𝑥(𝑡2)

𝑥(𝑡1)
  

In the discrete case, the second Newton law (scaled to unit mass) has the form: 

∆𝑝 = 𝐹∆𝑖 → 𝐹 =
∆𝑝

∆𝑖
   𝑜𝑟 (𝑝𝑗 − 𝑝𝑖)/(𝑗 − 𝑖) = 𝐹  

∫ 𝐹𝑑𝑖 = 𝑉𝑗 − 𝑉𝑖
𝑗

𝑖
= 𝑝 where the discrete differential 

 (𝑉𝑗 − 𝑉𝑖)/(𝑗 − 𝑖) = ∆𝑝 , where j-i=1 is the minimal step of the discrete variable i. 

 
5 This potential treated as a topological potential can be coupled to the quantum potential of Bohmian 

mechanics [1]. This coupling is not straightforward: One must move from the p-adic representation to the 

real one by using so called Monna map based on p to 1/p transformation. Thus, in DH-theory, the 

universal potential can be interpreted as a non-local Bohmian potential. However, this is merely 

heuristics and coupling between Bohmian mechanics, DH-theory, and gravity is the complex problem. 

We shall work on it further.   
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We now turn to DH-theory. In classical physics a trajectory x(t) is characterized by two 

variables, x for space and t for time. In our framework, these two variables are unified into one. 

The label i of the edge (or the end point of the dendrogram). This i can be represented either as a 

vector with 0/1 coordinates representing the path from tree’s root to the end-vertex lying at the 

bottom level of dendrogram D as a natural number.  In our model, we define an analogue of the 

momentum only for a jump from event i to event j as the difference of potentials between these 

events, i.e., the quantity  𝑉𝑖 -𝑉𝑗 =𝑞𝑖𝑗=  𝑝𝑖- 𝑝𝑗. 

We summarize the above considerations. The topology of the dendrogram is described by 

the p-adic expansions of events encoded in the universal potential field given by the sequence of 

𝑉𝑖 . For each edge, its p-adic expansion 𝑉𝑖 represents the potential difference between the edge 

and the rest of the universe events. Thus, the sum of 𝑉𝑖 , the potential differences, is the non-

referenced potential value 𝑉. Importantly, we do not have time and space coordinates in DH-

theory. They are emergent quantities. Thus, we cannot clearly define the event's momentum. Its 

role is played by the quantity 𝑉𝑖-𝑉𝑗= 𝑞𝑖𝑗, i.e., the potential gap between two events represented by 

branches i and j. This potential gap, 𝑞𝑖𝑗, can be considered as an analogue to the difference of 

kinetic energy from 𝑒𝑑𝑔𝑒𝑖to 𝑒𝑑𝑔𝑒𝑗 and as outlined above as an analog to delta momentum;  𝑞𝑖𝑗 

calculations are shown in Figure 1B.  

 

4. From Mach’s principle to variability of the basic ``constants’’ of nature 

In various studies of quantum gravity, the theory postulates Mach’s principle as first 

assumptions. In a very heuristic way, Mach’s principle states that the inertial forces acting on a 

body are a consequence of the quantity and distribution of matter in the universe. 

On the other hand, DH-theory does not need to postulate Mach’s principle. Mach’s principle 

is in fact a direct consequence of constructing a dendrogram. The dendrogram describes relations 

between matter objects in our observed universe or, even more fundamentally relevant 

terminology, the dendrogram describes relations between our observational “events.” In DH-

theory, an event has no meaning without an observer and the rest of the observed universe (no 

dendrogram can be constructed in such a case, e.g., one observer and one event does not give rise 

to a dendrogram; we can consider the dendrogram only with an observer O and at least two 

events).  

Attempts to follow the Machian perspective in constructing gravitational theory were 

made by Einstein already. Although the general theory of relativity has its Machian signatures, 

Einstein himself admitted he did not fully integrate Mach’s principle in the theory. An early study 

by Einstein [23] suggests that the speed of light “in gravitational field is a function of place” followed 

Mach’s principle very straightforwardly. Sciama [24], in 1953, developed a theory on the grounds 
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of Mach’s principle that suggests “inertia is not an intrinsic property of matter” but a consequence of 

matter relations. Furthermore, his theory “implies that the gravitational constant at any point is 

determined by the total gravitational potential at that point and so by the distribution of matter in the 

universe” coupling local phenomena in the universe as a whole. We further note a study (based 

on Mach’s principle) by Dicke [25], where he formulated a gravitational theory with a changing 

speed of light as a function of relations to the whole universe matter distribution. 

We start with the Einstein derivation [23] where he concluded that 

𝑐 = 𝑐0 (1 +
ɸ

𝑐2
)        (1) 

where𝑐0 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡 𝑎𝑡 𝑡ℎ𝑒 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒 𝑜𝑟𝑖𝑔𝑖𝑛   

𝑐  𝑖𝑠 𝑡ℎ𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡 𝑎𝑡 𝑎 𝑔𝑖𝑣𝑒𝑛 𝑝𝑜𝑖𝑛𝑡 𝑤𝑖𝑡ℎ 𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 ɸ 

But, Sciama’s derivation [24] suggested that 

ɸ

𝑐2
= −

1

𝐺
  𝑤ℎ𝑒𝑟𝑒  𝐺 =

1

𝜌𝜏2
 

 𝑤ℎ𝑒𝑟𝑒 𝜌 𝑖𝑠 𝑡ℎ𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦  𝑎𝑛𝑑 𝜏 𝑖𝑠 𝑡ℎ𝑒 𝐻𝑢𝑏𝑏𝑙𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 𝑖. 𝑒. , 𝑡ℎ𝑒 𝐻𝑢𝑏𝑏𝑙𝑒 𝑙𝑎𝑤 ℎ𝑎𝑠 𝑡ℎ𝑒 𝑓𝑜𝑟𝑚: 

𝑣 =  𝜏 𝑅,                                                                          (2) 

where 𝑣  is the recessional velocity, typically expressed in km/s, and 𝑅  is the proper from the 

galaxy to the observer O measured in mega parsecs (Mpc). 

We also note that by Sciama  

            ɸ = − ∫
𝜌

𝑟
 𝑑𝑉     (3) 

Thus 1 and 2 gives 

             𝑐 = 𝑐0(1 + 𝜌𝜏2)   (4) 

   

            
𝑐

𝑐0
= (1 + 𝜌𝜏2)   𝑎𝑛𝑑   

𝑐

𝑐0
= (1 +

ɸ

𝑐2
) (5) 

Which results in     

                                                                                           
ɸ

𝑐2 =  𝜌𝜏2 =
𝑐2

𝐺
                  (6) 

We note that Sciama as well as Einstein derived these relations in a homogenous and isotropic distribution 

of matter of expending density 𝜌 according to the Hubble law. 

5. Constants of nature as an emergent property of dendrogram topology 
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As was emphasized in the introduction, the dendrogram-universe D is characterized by its 

own constants c, G, and h, so c=c(D), G=G(D), and h=h(D). These constants have the following 

surprising property: The log-fractions |𝑙𝑜𝑔2𝑐 (𝐷)| /|𝑙𝑜𝑔2ℎ (𝐷)|  and |𝑙𝑜𝑔2𝐺(𝐷)| /|𝑙𝑜𝑔2𝑐(𝐷)| are 

approximately constant w.r.t. D where dendrograms are generated by the clustering algorithm 

from batches of geodesics for Schwarzschild metric in the neighbourhood of a black hole.  

|𝑙𝑜𝑔2ℎ (𝐷)| /|𝑙𝑜𝑔2𝑐 (𝐷)|  ≈ 3.91405517948,  or  ℎ (𝐷) =  𝑐(𝐷)𝛼, 𝛼 ≈ 3.91405517948  (7a)                       

|𝑙𝑜𝑔2𝑐2(𝐷)| /|𝑙𝑜𝑔2𝑐(𝐷)| ≈ 1.66610588966, or 𝑐2 (𝐷) =  𝐺(𝐷)𝛽,       𝛽 ≈ 1.66610588966   (7b) 

The log-quantities 𝑙𝑜𝑔2𝑐(𝐷), 𝑙𝑜𝑔2𝐺(𝐷), and 𝑙𝑜𝑔2ℎ(𝐷) give the measure of information contained in 

these numbers. Equations (7a) and (7b) express the stability of the fraction of the amount of 

information used for encoding these basic quantities. Our result is based solely on numerical 

simulation: We hope that it will be supported by an analytic derivation in the future. 

However, the most astonishing feature is the coupling of the dendrogram’s constants with 

the corresponding physical constants determined experimentally: h, c, and G. To formulate this 

coupling, we transfer these physical constants into the corresponding dimensionless quantities. 

Let us set a = 1 m2kg / s, u= 1 m/s, and g= 1 m3/kg s2.. The quantities h=h/a, c=c/u, and G= G/g are 

dimensionless. We can now consider their logarithms 𝑙𝑜𝑔2𝒉, 𝑙𝑜𝑔2𝒄, 𝑙𝑜𝑔2𝑮 ,and find the fractions:  

|𝑙𝑜𝑔2𝒉 | /|𝑙𝑜𝑔2𝒄| = 3.91405517948  ,                                                                     (8a) 

|𝑙𝑜𝑔2𝒄𝟐| /|𝑙𝑜𝑔2𝑮| = 1.66610588966                                                                         (8b) 

The coincidence of the LHSs of (7a) and (8a) as well as (7b) and (8b) is surprising. We cannot 

explain this coincidence theoretically; we interpret it as a sign of that DH-theory matches real 

physics.  

  We will define quantities h(D), c(D), and G(D) below.  

ɸ 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑 𝑎𝑠 𝑡ℎ𝑒 𝑑𝑒𝑛𝑑𝑟𝑜𝑔𝑟𝑎𝑚𝑖𝑐 𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦   𝑉 = ∑ 𝑉𝑖  𝑎𝑠 𝑖𝑛 (1)

𝑛

𝑖=1

 

𝑊𝑒 𝑎𝑙𝑠𝑜 𝑖𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑒 𝑡ℎ𝑒 𝑑𝑒𝑛𝑑𝑟𝑜𝑔𝑟𝑎𝑚𝑖𝑐 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦   𝑐(𝐷) = (𝑚𝑒𝑑𝑖𝑎𝑛(𝑞𝑖𝑗 )) 

 𝑖 ∈ 1,2. . 𝑛 − 1   𝑗 ∈ 𝑖, 𝑖 + 1. . 𝑛  

𝑐(𝐷) is calculated as follows: for each 𝑉𝑖   and 𝑉𝑗   such that 𝑖 ≠  𝑗 we calculate the matrix  

𝑀𝑖,𝑗  = |𝑉𝑖  − 𝑉𝑗| = 𝑞𝑖𝑗 

Then the 50th percentile of the upper triangle values is (𝑚𝑒𝑑𝑖𝑎𝑛(𝑞𝑖𝑗 )) 

𝐺(𝐷) 𝑖𝑠 𝑡ℎ𝑒 𝑑𝑒𝑛𝑑𝑟𝑜𝑔𝑟𝑎𝑚𝑖𝑐 𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑒𝑣𝑒𝑛𝑡𝑠, 
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(ℎ𝑒𝑟𝑒 𝑤𝑒 𝑓𝑜𝑙𝑙𝑜𝑤 𝑆𝑐𝑖𝑎𝑚𝑎)     

2𝛼 ∗ (∑ 𝑉𝑖)/𝑛

𝑛

𝑖=1

   𝑤ℎ𝑒𝑟𝑒 2𝛼 = 1/𝜏2     

ℎ(𝐷) 𝑖𝑠 𝑡ℎ𝑒 𝑑𝑒𝑛𝑑𝑟𝑜𝑔𝑟𝑎𝑚𝑖𝑐 𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑖𝑛𝑔  𝑡ℎ𝑒  𝑠𝑞𝑢𝑎𝑟𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑑 𝑖𝑛  

𝑡ℎ𝑒 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑎𝑙 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙  𝑉 

ℎ(𝐷) = 𝑉2   

which gives estimation of the indistinguishability present in ɸ. 

6. Dendrogram-representation of geometry around Schwarzschild black hole 

In order to construct a dendrogram representing some universe space-time, we decided to use a 

simulation of geodesics of photons emitted in the vicinity of a 2+1 Schwarzschild black hole. The 

Schwarzschild metric describes the gravitational field outside a spherical mass where the  electric 

charge of the mass, angular momentum of the mass, and universal cosmological constant are all 

zero. 

The Schwarzschild metric is given by 

𝑑𝑠2 = − (1 −
𝑟𝑠

𝑟
) 𝑑𝑡2 + (1 −

𝑟𝑠

𝑟
)−1𝑑𝑟2 + 𝑟2𝑑𝜙2  

where 

𝑐 is the speed of light, 𝑟 is the radial coordinate, 𝑟𝑠is the Schwarzscild radius, and 𝜙 is the 

longitude. 

Thus, we produced three sets of geodesics events around a Schwarzschild black hole. These 

geodesics are formed by pulses of light at Schwarzschild radius 

 r=[1.5 1.7 1.9 2.1  2.3 2.5 2.7 2.9] and 

 ɸ=[0 π/2 π π*3/2] in our “universe” 

The output of the simulation is generated data sequences of [t x y] coordinates for each emitted 

photon geodesic. 

1. t=[0,5] where each pulse is 10 photons: 761,600 total events from 320 geodesics 

2. t=[0,10] where each pulse is 10 photons: 1,523,080 total events from 320 geodesics 

3. t=[0,10] where each pulse is 20 photons: 3,046,160 total events from 640 geodesics. 

We first analysed each of the universal dendrograms constructed out of events in universes 1-3 

(Figure 1C). Each such universal dendrogram is constructed in the following way:  

Each geodesic in the Universe was coarse grained by a factor k (jumping from one event to the 

next kth event). Then, we constructed a universal dendrogram from all coarse-grained geodesic 

events. Figures 2A shows values for each of the universes (1-3), the 
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 |𝑙𝑜𝑔2ℎ (𝐷)| /|𝑙𝑜𝑔2𝑐 (𝐷)|  and |𝑙𝑜𝑔2𝑐2(𝐷)| /|𝑙𝑜𝑔2𝐺(𝐷)| ratio compared to the same log-ratios of 

the physical constants determined experimentally upon increasing size of universal dendrogram. 

We note that in different units, selection of the log ratios of the physical constants determined 

experimentally have different values. We show that the scaling of regular units corresponds to 

power scaling of the full dendrogram. Thus, when we use the Kg-m-s units, we multiply each 𝑉𝑖 

by 21 while in the kg-cm-s (|𝑙𝑜𝑔2𝒉 | /|𝑙𝑜𝑔2𝒄| = 2.7850761987, |𝑙𝑜𝑔2𝒄𝟐| /|𝑙𝑜𝑔2𝑮| = 5.01810477316) 

we multiply each 𝑉𝑖 by 2.20  

 

 
Figure 2. Comparison of  the dendrogramic |𝑙𝑜𝑔2ℎ (𝐷)| /|𝑙𝑜𝑔2𝑐 (𝐷)| and |𝑙𝑜𝑔2𝑐2(𝐷)| /|𝑙𝑜𝑔2𝐺(𝐷)| 

ratios to the experimental |𝑙𝑜𝑔2𝒉 | /|𝑙𝑜𝑔2𝒄| and |𝑙𝑜𝑔2𝒄𝟐| /|𝑙𝑜𝑔2𝑮| ratios. A. Values of 
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|( |𝑙𝑜𝑔2ℎ (𝐷)| /|𝑙𝑜𝑔2𝑐 (𝐷)|)/ (|𝑙𝑜𝑔2𝒉 | /|𝑙𝑜𝑔2𝒄|)-1| (blue line) upon increasing size of universal 

dendrogram of universes 1-3 where 𝒉 and 𝒄  are in kg-m-s units or kg-cm-s. 

Values of |( |𝑙𝑜𝑔2𝑐2(𝐷)| /|𝑙𝑜𝑔2𝐺(𝐷)|)/ (|𝑙𝑜𝑔2𝒄𝟐| /|𝑙𝑜𝑔2𝑮|)-1| (red line) upon increasing size of 

universal dendrogram of universes 1-3 were 𝑮 and 𝒄  are in kg-m-s units (universes 1-3) or kg-

cm-s units (universe 4).The mean±std of |( |𝑙𝑜𝑔2ℎ (𝐷)| /|𝑙𝑜𝑔2𝑐 (𝐷)|)/ (|𝑙𝑜𝑔2𝒉 | /|𝑙𝑜𝑔2𝒄|)-1|  for all 

coarse-grained universal dendrograms, in each universe, are represented as shaded blue line 

(mean value) and shaded blue region (std). The mean±std of  

|( |𝑙𝑜𝑔2𝑐2(𝐷)| /|𝑙𝑜𝑔2𝐺(𝐷)|)/ (|𝑙𝑜𝑔2𝒄𝟐| /|𝑙𝑜𝑔2𝑮|)-1| for all coarse-grained universal dendrograms. 

, in each universe, are represented as shaded red line (mean value) and shaded red region (std).  

B. values of the free parameter 2𝛼 = 1/𝜏2 that results in better correpondance between of 

|𝑙𝑜𝑔2𝑐2(𝐷)| /|𝑙𝑜𝑔2𝐺(𝐷)| and |𝑙𝑜𝑔2𝒄𝟐| /|𝑙𝑜𝑔2𝑮| for each universe,1-3, upon universal dendrogram 

size and topology. C. The mean±std of all |( |𝑙𝑜𝑔2ℎ (𝐷)| /|𝑙𝑜𝑔2𝑐 (𝐷)|)/ (|𝑙𝑜𝑔2𝒉 | /|𝑙𝑜𝑔2𝒄|)-1| where 

𝐷 is constructed for each geodesic with coarse graining factor 20-1 for universe 1-3. D. The 

mean±std of all |(|𝑙𝑜𝑔2𝑐2(𝐷)| /|𝑙𝑜𝑔2𝐺(𝐷)|)/ (|𝑙𝑜𝑔2𝒄𝟐| /|𝑙𝑜𝑔2𝑮|)-1| where 𝐷 is constructed for each 

geodesic with coarse graining factor 20-1 for universe 1-3.  

 

We note that 𝐺(𝐷) is also coupled to the dendrogramic Hubble constant. This dendrogramic 

Hubble constant in our model is a free parameter that is adjusted according to size and topology 

of the dendrogram in order for the |𝑙𝑜𝑔2𝑐2(𝐷)| /|𝑙𝑜𝑔2𝐺(𝐷)| ratio to be in accordance with the 

experimental |𝑙𝑜𝑔2𝒄𝟐| /|𝑙𝑜𝑔2𝑮| ratio. We show in figure 2B the change of the factor 1/𝜏2 (see 

equation (2)) with the universal dendrogram size. This analysis suggests that the experimental 𝒉, 

𝒄, and 𝑮  are a consequence of a relational properties of our real universe. Thus, the Hubble 

constant is a relational property that is linked to the size and relational topology of our real 

universe. Other smaller but similar relational topological structural universe must scale the 

Hubble constant. Thus, it remains a free parameter in our formulation. Figure 2B shows how we 

scale the Hubble constant in order to match the experimental ratio |𝑙𝑜𝑔2𝒄𝟐| /|𝑙𝑜𝑔2𝑮|. Currently—

until we find what property of the dendrogram this parameter represents—we are left with the 

one fundamental ratio 

 |( |𝑙𝑜𝑔2ℎ (𝐷)| /|𝑙𝑜𝑔2𝑐 (𝐷)|) that depends solely on the dendrogram topology.   

Moreover, for each geodesic, we constructed its own geodesic universal (figure 1C) dendrogram 

upon increasing k factor of coarse graining. Figures 2C-D show the mean values of the log-ratios  

|𝑙𝑜𝑔2ℎ (𝐷)| /|𝑙𝑜𝑔2𝑐 (𝐷)|  (figure 2C) and |𝑙𝑜𝑔2𝑐2(𝐷)| /|𝑙𝑜𝑔2𝐺(𝐷)| (figure 2D). These are less in 

agreement with the log-ratio of experimentally-determined constants.   For each k (k=1,2…20), 

the log-ratios approach the real values of |𝑙𝑜𝑔2𝒉 | /|𝑙𝑜𝑔2𝒄| = 3.91405517948  , |𝑙𝑜𝑔2𝒄𝟐| /|𝑙𝑜𝑔2𝑮| =

1.66610588966 but with significant less precision than obtained from dendrograms constructed 

from 320/640 geodesics (figure ).  Our coarse-grained universe is constructed from one geodesic, 

with clearly different topology of the dendrogram (compared to a dendrogram constructed from 

several geodesics), we cannot agree with the experimentally tested constants 𝒉 and 𝒄. It seems 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 October 2021                   doi:10.20944/preprints202110.0176.v1

https://doi.org/10.20944/preprints202110.0176.v1


that we do need a universe with more then one geodesic (and probably homogenous and isotropic 

distribution of events) to agree with the experimentally and physically determined constants. 

 

7. Geometrical meaning of constants of dendrograms as similarity measures  

We claim that these dendrogramic constants ℎ (𝐷), 𝑐 (𝐷), and 𝐺(𝐷) are properties that measure 

how much one dendrogram is scale-free similar to another dendrogram. Hence these are 

measures of similartity between any two systems. In our model, one of the systems is the entire 

observable universe with informational properties manifested by the physical constants 

determined experimentally. The second system uses the little universes we created. Heuristically, 

we can envision a dendrogram as a triangle with a discrete base (see Figure 8) where ℎ (𝐷), 𝑐 (𝐷), 

and 𝐺(𝐷) are scale-free properties of this triangle. Let as define these properties in a more 

geometrical way. see figure 3. 

 

 
Figure 3.  Heuristical geometrical description of the dendrogramic properties ℎ (𝐷), 𝑐 (𝐷), and 

𝐺(𝐷). 

 

Thus, when the ratio between two properties of a triangle is close to the same properties ratio in 

a different system, these triangles/universal dendrograms are proportional/similar. Our results 

suggests that if we could make a dendrogram from all the events of our universe, then this 

dendrogram would be proportional to the little universes that we created.   
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8. The emergent p-adic path 

 

Our aim in this section is to describe a dynamical process on the static universal 

dendrogram. (We remind the reader that the epistemic universal dendrogram, with no apparent 

dynamical process, is composed of all events in the real dynamical world of [t x y] coordinates.) 

For that purpose, we again produced three coarse-grained universes: The first with 25,560 events 

composed out of 320 geodesics, the second with 50,920 events composed out of 320 geodesics, 

and third with 67,920 events composed out of 640 geodesics. We also acquired much more 

detailed (30-fold more) data for each of the geodesics.  

We follow the reasoning outlined in our previous study [1] and the D-analogue of the action 

principle suggested by Smolin for the casual set theory; we consider it as phenomenological 

action, and thus: 

𝑉𝑖 = ∑(𝑎𝑗2𝑗)

𝑛

𝑗=1

 

is the measure of distinguishability of edge i from all edges 𝑗 ≠ 𝑖; we mention again that 𝑉𝑖 

represents the potential difference between the edge-event and the rest of the universe events. 

The sum of these 𝑉𝑖, these potential differences to the rest of the universe, is the non-referenced 

potential value 𝑉. The action of this potential field,  𝑆𝑅𝐸, was taken to be proportional to the 

potential value 𝑉 : 

𝑆𝑅𝐸 =  𝑔𝑉 𝑤ℎ𝑒𝑟𝑒  𝑔 𝑖𝑠 𝑎 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 𝑤ℎ𝑒𝑟𝑒  𝑉 = ∑ 𝑉𝑖
𝑛
𝑖=1 . 

 

𝑆𝐸𝐶𝑆 + 𝑆𝑅𝐸 = ∑ 𝑁̃
𝑞𝑖𝑗

2

2

𝑛

𝑖=1 𝑗=𝑖+1

 + ∑ 𝑧̃𝑖𝑃𝑖 + 𝑔𝑉
𝑛

𝑖=1
 

As shown in the results , 𝑞𝑖𝑗 should be maximal through the chronological measurement/dynamic 

process. Thus: 

𝑃𝑖 = 𝑞𝑖,𝑖+1 − 𝑞𝑖+1,𝑖+2 

The variation by 𝑞𝑖𝑗 yielded: 

0 = 𝑁̃𝑞𝑖𝑗 + 𝑧̃𝑖 + 𝑔𝑉𝑖 

As shown previously [6] in the casual set theory suggested by Smolin, the space-time coordinates 

were represented by the Lagrange multiplier  𝑧̃𝑖  after substituting 𝑞𝑖𝑗 and 𝑉𝑖 into the equation 

above. Thus, the space-time intervals are the differences between 𝑧̃𝑖 and 𝑧̃𝑗. As  𝑉𝑖 and  𝑞𝑖𝑗 are 

zero-dimensional p-adic numbers, 𝑧̃𝑖 are also zero-dimensional p-adic coordinate numbers that 

are an emergent consequence of the dendrogramic structure. 

 

7.1. p-adic coordinates of single geodesic dendrogram follow the maximal path  
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In accordance with the above action-variation, we further describe each geodesic in terms 

of the p-adic  𝑧̃𝑖 coordinates (or rather points) resulting in a p-adic path.  GR indicates that the 

chronological path taken by a photon from its emitting point down to the last point in space-time 

is minimal in the Schwarzschild coordinates. For that purpose, we constructed a dendrogram for 

each geodesic. We show that the path on such dendrogram from edge1 to edgelast  results in an 

emergent p-adic coordinate sequence 𝑧̃1 , 𝑧̃2 , 𝑧̃3 … 𝑧̃𝑙𝑎𝑠𝑡  where the sum of 𝑙𝑜𝑔2|𝑧̃𝑖 – 𝑧̃𝑖+1 |𝑝 will be 

maximal suggesting that 𝑧̃𝑖  and 𝑧̃𝑖+1  are p-adically closer and more similar.   

This p-adic chronological path taken is in fact maximal in comparison to any other 

randomly chosen p-adic path from edge1 to edgelast . For each geodesic, we choose 10,000 random 

edge-to-edge paths starting at the chronological edge1 and ending at the chronological edgelast .  

We then calculated for the geodesic and the randomly selected 10,000 alternative paths whose 

𝑧̃𝑖 coordinates by 𝑧̃𝑖 = −𝑁𝑞𝑖𝑗 − 𝑔𝑉𝑖    were 𝑔 and 𝑁̃ = 1 and 𝑖 ∈ 1,2. . 𝑛 − 1 . We then calculated the 

intervals between consecutive 𝑧̃𝑖  as 𝑑𝑠 = 𝑙𝑜𝑔2|𝑧̃𝑖 – 𝑧̃𝑖+1 | This is in fact a degree of similarity, 𝑑𝑠 

between 𝑧̃𝑖 and 𝑧̃𝑖+1 .  

 

For the chronological sequence and the randomized scrambled geodesic 

𝑝𝑎𝑡ℎ = ∑ 𝑑𝑠𝑛−1
𝑖=1 . For each scrambled geodesic, we calculated the ratio 

𝑝𝑎𝑡ℎ𝑔𝑒𝑜𝑑𝑒𝑠𝑖𝑐/𝑝𝑎𝑡ℎ𝑟𝑎𝑛𝑑𝑜𝑚 where  𝑝𝑎𝑡ℎ𝑔𝑒𝑜𝑑𝑒𝑠𝑖𝑐 is the geodesic from which the 𝑝𝑎𝑡ℎ𝑟𝑎𝑛𝑑𝑜𝑚 was 

scrambled. We plotted the CDFs of all such ratios in all three universes (Figure 9).  

 

 

 

 
Figure 4. The p-adic path on 𝑧̃𝑖  coordinates is p-adically maximal.                           

The ratio 𝑝𝑎𝑡ℎ𝑔𝑒𝑜𝑑𝑒𝑠𝑖𝑐/𝑝𝑎𝑡ℎ𝑟𝑎𝑛𝑑𝑜𝑚 values are above 1 for every geodesic in all universes 1-3 . 
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7.2.  p-adic coordinates of single geodesic edge as part of the universal dendrogram follow a 

maximal path  

 

We next verified that we see this effect also in a universe with 320/640 geodesics when all 

events from all the geodesics are clustered together into a dendrogram.  The only difference is 

that now each geodesic edges are mixed with the other geodesics corresponding edges. We 

identified each geodesic edge in the big universal dendrogram and carried the same analysis as 

in section 7.1 for the calculation of the ratio 𝑝𝑎𝑡ℎ𝑔𝑒𝑜𝑑𝑒𝑠𝑖𝑐/𝑝𝑎𝑡ℎ𝑟𝑎𝑛𝑑𝑜𝑚  (Figure 5). 

 
Figure 5. The padic path on 𝑧̃𝑖  coordinates where 𝑧̃𝑖  is constracted from each geodesics 𝑉𝑖 

embaded in a dendrogram constructed from all geodesics and is p-adically maximal. The ratio 

𝑝𝑎𝑡ℎ𝑔𝑒𝑜𝑑𝑒𝑠𝑖𝑐/𝑝𝑎𝑡ℎ𝑟𝑎𝑛𝑑𝑜𝑚 values are above 1 for every geodesic in universes 1-3. 

 

7.3.  Geodesics as sub-universes. 

We tested whether an event from one geodesic will dynamically transfer to a different 

event in a different geodesic. Thus, we calculated the potential gap   

𝑞𝑖𝑗 , 𝑤ℎ𝑒𝑟𝑒 𝑖 𝑗 𝑎𝑟𝑒 𝑒𝑑𝑔𝑒𝑠 𝑡ℎ𝑎𝑡 𝑏𝑒𝑙𝑜𝑛𝑔𝑠 𝑡𝑜 𝑠𝑎𝑚𝑒 𝑔𝑒𝑜𝑑𝑒𝑠𝑖𝑐, 

 and the potential gap 

𝑞𝑖𝑟 𝑤ℎ𝑒𝑟𝑒 𝑖 𝑎𝑟𝑒 𝑒𝑑𝑔𝑒𝑠 𝑡ℎ𝑎𝑡 𝑏𝑒𝑙𝑜𝑛𝑔𝑠 𝑡𝑜 𝑜𝑛𝑒 𝑔𝑒𝑜𝑑𝑒𝑠𝑖𝑐 𝑎𝑛𝑑 𝑟 𝑏𝑒𝑙𝑜𝑛𝑔𝑠 𝑡𝑜 𝑎𝑛𝑜𝑡ℎ𝑒𝑟 𝑔𝑒𝑜𝑑𝑒𝑠𝑖𝑐.  

We noticed that the mean 𝑙𝑜𝑔2|𝑞𝑖𝑟|,  𝑤ℎ𝑒𝑟𝑒 𝑖  are all edges of one geodesic 

𝑎𝑛𝑑 𝑎𝑙𝑙 𝑟 𝑏𝑒𝑙𝑜𝑛𝑔 𝑡𝑜 𝑎𝑛𝑜𝑡ℎ𝑒𝑟 𝑔𝑒𝑜𝑑𝑒𝑠𝑖𝑐 these values are very distant from mean of  𝑙𝑜𝑔2|𝑞𝑖𝑗 | 𝑤ℎ𝑒𝑟𝑒 

𝑖 𝑎𝑛𝑑 𝑗   are all edges of one geodesic . Figure 6 indicates that on avarege  two edges from two 

different geodesics cannot communicate because their difference is larger than the difference 

allowed by each of the geodesic mean potential gap . This can be seen by dividing the geodesic 

mean 𝑙𝑜𝑔2|𝑞𝑖𝑗 | by each of the two geodesics mean 𝑙𝑜𝑔2|𝑞𝑖𝑟|. When the resulting number is greater 
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than one, this means p-adically that 𝑞𝑖𝑟  is bigger than the average potential gap  inside a geodesic 

(Figure 6).  

 

 

 

 
Figure 6. Events from one geodesic cannot move to another geodesic as the 𝑞𝑖𝑟  values needed are 

bigger than the average potential gap inside a geodesic. The CDFs of the all 𝑚𝑒𝑎𝑛(𝑙𝑜𝑔2|𝑞𝑖𝑗 |)/

𝑚𝑒𝑎𝑛(𝑙𝑜𝑔2|𝑞𝑖𝑟 |) values where 𝑞𝑖𝑗 and 𝑞𝑖𝑟 are defined in section 3.3 in each universe 1-3. 

7.4. Transformation from p-adic coordinates to real space-time coordinates 

In order to understand the relation between the p-adic coordinates  𝑧̃𝑖 and the real space 

time t, x and y coordinates splited the p-adic coordinates  𝑧̃𝑖  arbitrarily into 3 p-adic 𝑡̃𝑝  , 𝑥̃𝑝  and 

𝑦̃p coordinates; 

Each 𝑧̃𝑖 p adic expansion was split in this manner: 

𝑥̃p=2 in the power of the last place of 1 digit of the p-adic expansion 

𝑦̃p=2 in the power of the second last place  of 1 digit of the p-adic expansion  

𝑡̃p=sum of all 2 places of the first digit until the second last 

For example:                                              𝑧̃𝑖 = 0 0 0 1 0 1 1 1 

𝑥̃𝑖 = 0 0 0 00 0 0 1 

𝑦̃𝑖 = 0 0 0 00 0 10 

𝑡̃𝑖 = 0 0 0 10 1 0 0 

 

we then could calculate a three-dimensional  p-adic path interval as 

 ∆𝑝𝑎𝑡ℎ𝑖 𝑝𝑎𝑑𝑖𝑐 = 𝑑𝑠𝑡̃𝑖,𝑖+1 
+ 𝑑𝑠𝑥̃𝑖,𝑖+1 

+ 𝑑𝑠𝑦̃𝑖,𝑖+1 
 

The real t x y path interval as 

∆𝑝𝑎𝑡ℎ𝑖 = (𝑥𝑖 − 𝑥𝑖+1)2 + (𝑦𝑖 − 𝑦𝑖+1)2 + (𝑡𝑖 − 𝑡𝑖+1)2 

 

𝑞𝑖𝑗/𝑞𝑖𝑟 
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The accumulated summation of  ∆𝑝𝑎𝑡ℎ𝑖 𝑝𝑎𝑑𝑖𝑐  𝑎𝑛𝑑 ∆𝑝𝑎𝑡ℎ𝑖  was then fitted with either a linear 

function y=bx or power low y=dxm  the best fitted model was taken as a function between p-adic 

coordinates to real space time coordinates. Figure 7A shows values of m and b parameters  that 

resulted by the fitting to power law or linear law.  Figure  7B shows the CDF of R2 values of all 

geodesics in each universe. Above 91.97 and 94% (in the corresponding universes 1-3 geodesics)  

have the best fit to the linear law with very high R2  values (Figure 7). 

 

 

Figure 7. A. Fitting parameters for the correspondence between the 3D p-adic path of geodesic 

and the real 2+1 geodesic path. Fitting with linear or power laws in each universe 1-3  (blue, 

orange, and yellow CDFs) B. CDFs of R-squared values of the fittings with linear or power laws 

of the correspondence between the 3D p-adic path of geodesic and the real 2+1  geodesic path in 

each universe 1-3. 

Concluding remarks 

We hope that this paper is a step towards realization of Wheeler’s program of the 

information reconstruction of physics. As he wrote [4]: “It from bit symbolizes the idea that every 

item of the physical world has at bottom — at a very deep bottom, in most instances — an 

immaterial source and explanation; that what we call reality arises in the last analysis from the 

posing of yes-no questions and the registering of equipment-evoked responses; in short, that all 

things physical are information-theoretic in origin and this is a participatory universe.” We 

essentially modified Wheeler’s program: The bit-structure expresses not digitalization of data, 

but rather hierarchic relations hidden in physical events occurring in the universe.  

DH-reconstruction is based on exclusion of objects located in space-time modelled with 

real continuum form physics. Following Wheeler [4], Rovelly [8], and Smolin [6], we consider 

physics as theory of events not physical systems. Events are represented by information strings 

of zeros and ones, i.e., branches of dendrogram. This is the epistemic model; transition to the ontic 
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model is done straightforwardly via consideration of infinite trees. Here p-adic numbers arise. A 

p-adic universe preserves the information structure: The ontic events are encoded by infinite p-

adic strings of zeros and ones in line with Wheeler’s project. Topologically, this information 

universe is very exotic and matches Bohm’s image of implicate order [27].  

The DH-theory also matches Mach’s principle. The universal potential V is nonlocal and 

determined by the topology of dendrogram as a whole. In DH-theory, such V plays the role of 

the universal potential determining all elements of theory including analogues of the 

fundamental constants of nature. These analogues are dendrogram-dependent, h=h(D), c=c(D), 

G=G(D). We found that (amazingly) the log-fractions of these D-quantities (expressing 

information about them) are consistent with the log-fractions for the corresponding physical 

constants. This result was obtained for the special GR-model—the Schwarzschild metric in a 

neighbourhood of a black hole. In DH-theory, a collection of geodesics contains (indirectly) 

information about the basic physical constants.   

We did not try to quantize GR. We unified QM and GR through a new mathematical 

representation based on dendrograms (at the epistemic level) and p-adic numbers (ontic level). 

Quantum systems are represented by simple dendrograms and classical by complex ones. In this 

framework, the quantum-classical boundary is not sharp. The main characteristic of the quantum-

like ensembles of dendrograms6 is their simplicity; geometrically, these are trees with short 

branches. The ontic p-adic universe that is geometrically described by the infinite tree is classical. 

Thus, “quantumness” appears only at the level of observation.  

Our main mathematical tool is numerical simulation based on the application of hierarchic 

clustering algorithms and construction of dendrograms (finite trees) from geodesics 

corresponding to metric tensors of GR (in this paper the Schwarzschild metric). Similar to the 

works of Wheeler [4], Smolin [6], and Rovelli [8], space-time loses its fundamental role in DH-

theory. Smolin’s theory was based on the causal structure and not space-time. In DH-theory, we 

consider hierarchic structure instead of causal structure. 

In contrast to Smolin [6], we emphasize that all events are always present in DH-theory (this is 

more in accordance to Barbour’s [29] “always present events’’) and do not need to appear by a 

dynamic process. We note that we do not need to postulate a casual structure, the 

 
6 We follow to the statistical interpretation of quantum mechanics [28]. By this interpretation, quantum states are 
mathematical symbols encoding the ensembles of identically (and in real experiments – similarly) prepared 
quantum systems. However, DH-theory excludes systems and it operates solely with events. Thus, the statistical 
interpretation is applied to ensembles of events. The ensembles of dendrograms whose members have a high 
degree of similarity are treated as quantum-like ensembles. Typically, such dendrograms should be simple: It is 
difficult to realize an ensemble of complex dendrograms (with long branches) whose individuals are very similar. 
“Quantumness” is checked with various statistical tests, e.g., the CHSH-test (see [2]). 
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fundamentality of time, momentum and energy as in Smolin’s study.  In contrast to Barbour, we 

do not require probabilities in phase space to produce the apparent dynamics. 

In future work, we will consider a variety of GR metrics and proceed to the basic GR-phenomena. 

Acknowledgments: Varda and Boaz Dotan, Frida Tzaphnat 
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