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Abstract: Holistic information integrity for managing wicked problems, developing equity is8
getting attention. Artificial intelligence based topologies, dual sensor-information nodes, are9
prototyped to offer more availability, reliability, maintainability for operating healthy urbanism.10
Bipartite spider-webs, cube-connected cycles are aimed in ‘the radial-ring urban-building11
skeleton’ and ‘wetlands and sparsely populated areas’, respectively. Furthermore, honeycomb tori,12
mathematical HT(m), m≥2, for tasks related to wireless communications, are found having two13
mutually independent Hamiltonian paths (MIHP). This parallelism creates dual cipher-coding,14
supports logistic privacy, and helps prevent information distortion due to interferences, faults15
caused by such as clogged water.16
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1. Introduction21

In 1851, a building, Crystal Palace, was built with iron and glass for the first World22
Fair exhibition held in London [1] (pp.15–23). That innovative project was featured with23
efficient construction and space adaptability (or flexibility), having airy, bright, and24
green interior atmosphere or being more healthful than most buildings of that time [2]25
(pp.121–125), [3] (pp.32–33). Quality like healthy and adaptability consequently can get26
more interest, and create the beginning of modern urbanism.27

This international style has been rationally promoted [4] (p.112) since caring28
customers’ economic demand or the highest affordable utility has been accommodated.29
Nevertheless, various aspirations accompanied with empathy had been gotten concerns30
since 1970s, including on billboard aesthetics [5] (Fig. 1(a,b)). In the total life cycle of the31
built-up, adaptability is the critical quality on humanistic care — providing, health,32
safety, energy [6,7], economy [2,8], and related knowledge [8-10] (Fig. 1) — for living in33
contemporary era of resource restriction proactively toward net-zero economy [11,12].34

Besides spatial configurations, adaptable multi-disciplinary personnel collaboration35
is highly needed, including for those whom must be cared of, and even remotely for36
countering pandemics like the COVID-19 [13] (p. 138), [14–16]. Pure autonomy is37
impractical, and the access-controlled fence is needed [16], [17] (p.287). Dealing with38
such challenges are assisted generally through “visible and invisible” (or roughly wired39
and wireless) “sensor–information” (abbreviated as S–I) [18,19] systems. Real-time40
intelligence on holistically dealing with ambiguousness, which can be due to blind-spots,41
image occlusion, and electromagnetic interference [12] (p.14), [20] (p.266), is needed.42
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Figure 1. Sensor－ information networking highly needed, e.g., (a) in trust-building, electricity substation (linked with43
nuclear power), Helsinki; (b) in developing (night-time) economy, casino (with simple cuboids), Macau; (c) in44
environmental control, library (with a rectangular renovated plan), Los Angels.45

2. Scopes46

2.1. Healthy City Demanded in This Century47

The ‘healthy city’ was initiated by the World Health Organization, and its48
complexity had been publicized in the 2012 Lancet Commission. Its principles can be49
recognized as the following: (1). Availability — collaborating urban health through a50
wide range of stakeholders. (2). Equity — promoting inclusiveness as the key focus of51
health policy. (3). Maintainability — aggressively creating and maintaining the urban52
advantage in health outcomes. (4). Intelligence — proactively handling a complexity53
analysis to well know relations affecting urban health consequences. (5). Reliability —54
scientifically proceeding towards effective action on urban health. [4] (pp.7–8), [21]55
(p.26)56

Since the life-threatening pandemics, terrorist attacks, and other environmental57
issues in the context of ‘healthy city’ developing have already been noticed [11] (p.125),58
[21] (p.60), technologies and relational facts need to be developed resiliently [15,19,22,23].59
Without sacrificing the sense of welcome, sustainable environmental control with60
holistic intelligence in planning healthy settlements is getting more attention [24] (p.357),61
[25], [26] (p. 86), [27] (p.8). Such security related collaboration needs experts’ alertness62
and holistic knowledge contributions [24,28]. Nevertheless, urban ‘wicked problems’,63
which, as Rittel & Webber 1973, are hardly forecast, formulated, or responded in64
real-time, can ubiquitously exist [2931].65

Hence, that such availability, inherited with the adaptability to well respond66
uncertain spatial-temporal conditions is rational [32,33]. Innovative, effective methods,67
including mathematical prototyping [30,31,34] and design [30,31,35], can naturally be68
considered. The first step of urban planning [29], goal formulation, is better to be studied69
through the assistance of cybernetic infrastructure. Nevertheless, the availability or70
inclusiveness has been claimed in the Lancet Commission, forming holistic considerations71
through public participation, the topology (i.e., the way in which constituent parts are72
interrelated or arranged) effectiveness, or the efficiency of S‒I network is essential.73

Consequently, the prevailing invisible cellular communication related network74
pattern [36] is analyzed in Section 3.2. Such wireless communications largely applied in75
urbanism have started since this century, and are critically for developing small drones,76
autonomous vehicles. Considering the pros and cons of applying emergent S‒I77
technologies to promote social infrastructure should be proactive, i.e., from strategic78
‘smart cities’ and ‘ITS’ (intelligent transportation systems) perspectives [28,37  39]. In79
summary, this prototyping is oriented to spatial adaptation, or related to topologythe80
science of patterns [26,34]; those denoting regularity are much interested in.81
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2.2. Mathematical Integrity82

Pattern topology had been studied by L. Euler in 1736, on planning a stroll tour of83
passing through every bridge exactly once for ‘Seven Bridges of Königsberg;’—i.e., there84
were two islands abreast in the river—the smaller island had three bridges, the larger85
one had five bridges, totally seven bridges—the two islands were connected each other86
by one bridge. Graphically, to the upper and lower riverbank areas of Königsberg, the87
two (upper and lower) shores of two islands similarly had one and two bridges88
respectively.89

This above mentioned Euler’s planning has four nodes (or places) and seven links90
(bridges), only one node (i.e., the larger island) has five links, and others each has three91
links. Because leaving from each node can be linked by even number of links yet the92
total number of links being seven, thus planning such a tour had been proved93
impractical. This kind of problems is generalized as Eulerian circuit or an undirected94
graph that traverses each link of the graph exactly once [40] (p. 79).95

In contrast, an undirected graph that passes through each node of the graph exactly96
once can be a Hamiltonian cycle if the first node and the last node connected with one link97
or a Hamiltonian path if the first node and the last node are not connected [40] (p. 141). A98
node can represent a work unit (e.g., device maintaining), and the link can represent the99
connection between two work units. Handling all work units one by one accountably is100
efficient and effective if no repetition or loss exists; such project can be analyzed as101
finding a Hamiltonian path or Hamiltonian cycle. Hamiltonian graphs are known102
having computation complexity, or difficult solving characterization [40] (p. 141)—103
essentially similar to the aforementioned wicked problems.104

Seeing that the performance on relational patterns can be confirmed through105
mathematical justifications, prototyping on promoting spatial performance can be106
developed with pattern configuring followed with mathematical analysis. On healthy107
urbanism, human’s safety (dominated by self-control) and security (affected by intrusion)108
is confronted basically with person’s sense organs, e.g., two eyes, two ears, two nostrils,109
and the combination of more than one sense including touch feeling. Both tolerance and110
integrity are clearly shown in living creatures’ sensory mechanism. Thus, dual111
surveillance or plural surveillance can be considered analogically in the S‒I networks112
[18,19], with high security and integrity intentioned pattern configuring. Surveillance113
devices of both line-of-sight (possible direction-varying) and non-line-of-sight (or radio)114
modes can be applied together; i.e, device availability is reasonably hoped.115

Intended for the aforementioned maintainability, the pattern configuring of S‒I116
networks applies Hamiltonian properties to inspect, repair devices systematically117
without loss. On the aforementioned reliability, fault-tolerance is considered, also in the118
field of graph theory. Generally, the whole S–I network prototyping is toward being an119
holistic trust-building and knowledge promotion oriented infrastructure.120

2.3. Place-making synergism of cyber infrastructure121

Well community can be featured with social coordination and supply of various122
demand through the assistance of S–I systems; besides, can manage natural ventilation,123
day lighting, planting, waste [25,41,42], utilities, and other operational tasks of built124
environments. Advanced modes, such as the high speed vacuum tube train,125
autonomous passenger air vehicles, and unmanned aerial vehicles (UAV) or drones126
[43,44] are highly expected to help control carbon emissions, and urbanisation [39,4547];127
nevertheless, to positively develop sustainable scattered land-uses [48], to gain resilient128
resource utilization [49], as well as to increase more urban mobility is hoped.129

Except for built environments, well personnel collaboration, which generally needs130
truthfulness, is essential in task responsiveness. Hence, education or training cannot be131
negotiated [10,50]; moreover, well human resource chain should be collaborated through132
human care [51,52]. Especially facing the necessity to create resources [53] (p. 112), [54],133
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trust building or the interest of synergism is the foundation of successful place-making134
[55  58]. The above comprehensiveness can be simplified and presented in Fig. 2. To135
ensure radio S‒I integrity, sensing availability, reliability, and flexible spatial136
connectivity (Fig. 3), designing spatial patterns of holism [19], [26] (p. 86) is essential,137
including to support wireless communication for vehicles [59,60].138

Figure 2. Urbanism chained with intelligence, e.g., (a) Energy: suburbanisation, desert transformation; (b) Food:139
shipping container as vegetable plant; (c) Health: green sidewalk with smart reverse logistics; (d) Education: affordable,140
autonomous school car; (e) Synergism: livable essentials designed in supply chains; (f) Mobility: drone and smart road.141

Figure 3. Enhancing smart urban growth with sensor-information resilience.142

On considering incident truthfulness and responsiveness, plural (dual) surveillance143
collaborated with ‘multiple-input multiple-output’ (MIMO) technologies has been144
widely utilized in various environments [2] (p. 113), [18,61] (Fig. 4). To support145
resilience in live streaming, systematic maintenance, and dynamic cipher coding on146
privacy protection can be rationally operated through order and parallelism (Fig. 5) —147
i.e., through applications of ‘mutually independent Hamiltonian paths’ (MIHP) [40]148
properties (Section 3).149

Spider-web (SW) [40] networks are prototyped along (main) paths, which can be150
the radial-ring and essentially the very adaptable, resilient urban-building skeleton151
[19,62,63]. Moreover plural surveillance based cube-connected cycles are prototyped for152
deploying in wetlands and sparsely populated areas [19,49]; honeycomb tori (HT) are153
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studied for promoting aerial vehicles flying over off-paths [64] (p.215) through cellular154
communication [10].155

156

Figure 4. Evolving holistic S‒I networks with dual (plural) surveillance.157

Figure 5. Diagnosing interference and ciphering to promote privacy via MIHP, shown as: (a) potential interference158
reasons; (b) diagnosing interference and privacy ciphering via MIHP.159

3. Method160

Just as people’s using two (dual) eyes, two ears, and other sensory organs,161
real-time reliable surveillance needs availability for such as countering blind spots,162
distinguishing slight differences, and message confirming, which are critically related to163
accompanied node fault-tolerance, node reliability, or binarity. Based on such binarity in164
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promoting availability and reliability, S‒I networking with three types is further165
structured with link reliability, systematic maintainability, adaptability to benefit holistic166
information integrity, at present (including on path, water, air, indoor).167

3.1. AI oriented prototyping - developing dependable availability168

Disasters mentioned on Fig. 4, can justify that artificial intelligence (AI) based169
prototyping; just as humans’ multi senses, plural (dual) S‒I surveillance can benefit170
dealing with unexpected incidents. More specifically, olfactory bio-sensors can be171
accommodated to help prevent smuggling, bombs, and fires [19,65]. This can also justify172
designing a reliable networking prototype with adaptability. A consensus [19] has been173
reached regarding the establishment of the resilient roadside dedicated short-range174
communications (DSRC) [37] for problems mentioned.175

Through analysis of acquired data for different positions and corresponding time176
sequences by using MIHP (Fig. 5; see Section 3.2) [10,19,49] so that interferences177
(including those due to radio frequency or material properties), radio multi-path effects,178
and possible other unexpected faults can be cared. A series of such plural179
(dual)-surveillance S‒I nodes could be arranged along a path (Fig. 6) at positions with180
worthy of attention to dynamically support thorough recordings, transmissions, and to181
feature diagnostic responses or alarms owing to such systematic, comparable182
parallelism.183

Figure 6. Spider-web network applications:, area-based DSRC networks.184

Except for difficulties of countering boat collisions, smuggling, and expelling other185
potential hazards in relatively less noticed terrains, waterways can have very adverse186
conditions owing to water’s physical, radio interference possibilities [66-68]. Hence,187
surveillance for this type of S‒I networks generally is waterborne based [19,69,70] (Fig.188
5,7). Monitored vehicles or entities can be concealed behind or camouflaged with other189
entities. Accidents are often resulted from communication and/or surveillance faults.190
Moreover, terrorists often target crowded places, such as airports, for attacks at any time191
and any location even concurrently occur at several different locations. Consequently,192
plural (dual)-surveillance-based S‒I networks are more appropriate for busy or critical193
passages, including for waterways.194

Surveillance’s employing parallel mechanisms, which may already exist on195
airports’ air-sides, can help prevent airport incidents. Collaborative fault-tolerant radars196
or groups of multiple sensors can be deployed at airfields to overcome sensitive197
problems due to such as blind spots, false images, and to quickly repair facilities.198
Nevertheless, such capabilities can be further improved by S‒I networks’ holistic199
performance. Generally, an area-based resilient S‒I network [19,49] systematically200
integrates sensory devices along the path, and at exterior or interior positions; besides,201
cellular communications, global positioning systems, and geographic information202
systems are integrated (Fig. 68).203

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 August 2021                   doi:10.20944/preprints202108.0375.v1Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 August 2021                   doi:10.20944/preprints202108.0375.v1

https://doi.org/10.20944/preprints202108.0375.v1
https://doi.org/10.20944/preprints202108.0375.v1


Sustainability 2021, 13, x FOR PEER REVIEW 7 of 22

Such networks can be adapted for facilitating S‒I operations including when one204
lane of a path is under maintenance, and for accommodating forward, backward205
surveillance directions, probably different scopes. Moreover, such networks are scalable;206
they can be designed to add the number of lanes in a path section, and to be extended207
along a path or survey area (e.g., water) to flexibly response future requirements [19].208

Honeycomb tori can be expected to manage the traffic of unmanned aerial vehicles209
(or drones). That they can hardly be detected by the roadside surveillance due to their210
being small and probably very far, is getting more concerns [19,64]. Such drones are211
being considered to be legally utilized, e.g. for logistic application; however, they should212
be detectable, manageable along each lane of the path, as well as in areas off roadside213
surveillance.214

Figure 7. Buoyant probe perspectives, shown as: (a) relationship between cube-connected cycles (CCC) and hypercubes,215
e.g., with CCC4 and the ring networked module; (b) an evidence of forward-thinking on dealing with issues of216
cross-border health and security.217
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The number of links connecting a node is called the degree; networks that regularly218
have lower degrees are generally economic [71]. The mathematical regular219
optimal-degree (degree being three, the minimal links to a node to fit dual-surveillance220
requirements along a busy path) spider-web (SW) network is prototyped to build221
wireless or heterogeneous sensor-information networks on paths (Fig. 6), and a special222
interference-free cellular communications [19,36] off paths. Another degree‒three223
Honeycomb torus (HT) network, which is isomorphic to the generalized Honeycomb224
torus (GHT) network [40,72], is prototyped for general cellular communication225
applications (Fig. 8). Their fault tolerance (properties: 1-edge Hamiltonian and226
1p-Hamiltonian; see next sub-section) that can be used for enhancing maintenance227
efficiency and effectiveness [73] is proposed.228

Figure 8. Evolution .of generalized honeycomb tori from honeycomb tori.229

3.2. Mathematical Evidence - highlighting connectivity, maintainability, and reliability230

Let D = (V, E) be a graph if V is a finite set and E is a subset of {(a, b) | (a, b) is an231
unordered pair of V}. A path is delimited by (x0, x1, x2, …, xn-1). A path is called a232
Hamiltonian path if its nodes are distinct and span V. A cycle is a path of at least three233
nodes such that the first node is the same as the last node. A cycle is called a234
Hamiltonian cycle or Hamiltonian if its nodes are distinct except for the first node and235
the last node, and if they span V [40].236

A bipartite graph D = (V, E) is a graph such that V = A  B and E is a subset of {(a, b)237
| a A and b  B}; if D ‒ F remains Hamiltonian for any F = {a, b} with a  A and b  B,238
then D is 1p-Hamiltonian. A graph D is a 1-edge Hamiltonian if D- e is Hamiltonian for239
any e  E. Moreover, if there is a Hamiltonian path between any pair of nodes {c, d} with240
c  A and d  B, then the bipartite graph D is Hamiltonian laceable. Notably, laceability241
is used with respect to connectivity to ensure that extended areas are integrated (or vice242
versa) and an area can be managed hierarchically yet effectively.243

The bipartite spider web (SW) network (Fig. 6) is proved to be 1-edge Hamiltonian244
and 1p-Hamiltonian [40,74]. Thus, the fault tolerance involved is systematically based245
(i.e., prototyped to capably deal with unexpected incidents at any time and location,246
including several locations concurrently). Moreover, SW(m, n) is Hamiltonian laceable247
[75], Fig. 6.248

The cube-connected cycle graph, CCCn, has n2n nodes labelled as (l, x), where l is an249
integer between 0 and n − 1 and x is a processor node with an n-bit binary string. That250
n-bit binary string can also be the basis of a hypercube, Qn [40], which consists of 2n251
nodes but n2n-1 links (Fig. 7(a)). If u = bn−1 … bi … b0 be an n-bit binary string, for any j, 0 ≤252
j ≤ n − 1, let (u)j denote the binary string bn−1 …bj … b0. In CCCn, two nodes (l, x) and (l’, y)253
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are adjacent if and only if x = y and |l − l’| = 1 or l = l’ and y = (x)l. In the l = l’ case, x and254
y only differ in position l. The edges that connect (l, x) to its neighbours (l + 1, x) and (l −255
1, x) are cycle edges. These cycle edges form a cycle called a fundamental cycle of length256
n, naturally with link fault-tolerance, and is defined by x, which can represent a probe257
(or a node) composed of ring-networked processors. L(n) is the set of all possible lengths258
of the cycles in CCCn (Fig. 7(a)). For n = 2, CCCn is simply a cycle graph of length 8.259

Two Hamiltonian paths, P1 = (u1, u2, … , un(D)) and P2 = (v1, v2, … , vn(D)), of D260
from u to v are independent if u = u1 = v1, v = un(D) = vn(D), and ui ≠ vi for every 1 < i <261
n(D). A set of Hamiltonian paths, {P1, P2, … , Pk}, of D from u to v are mutually262
independent if any two distinct paths in the set are independent from u to v [76]. SW(m,263
n) was found to exhibit the MIHP performance between any pair of bipartite nodes264
[19,49] (Fig. 5). Notably, MIHP is considered for fault or interference diagnosing, and265
dynamically providing ciphered information, which can offer real-time private266
information to secure logistic, transportation operation and protect public welfare.267

Honeycomb tori, HT(m) m ≥ 2, have the same node sets as planar honeycomb268
meshes, HM(m), but with regular node degree being three by having wraparound links.269
Generalized honeycomb tori, GHT(m, n, d), d being any integer, (m - d) and n being270
even, are the graph with 1-edge Hamiltonian if n≥4; 1p-Hamiltonian if n≥6 or m = 2, n ≥ 4271
[77], and Hamiltonian laceable [78]. GHT(m, 6m, 3m) is isomorphic to honeycomb tori,272
HT(m) (Fig. 8) [10,72].273

Hence, assuring that MIHP phenomenon exists in the honeycomb configurations to274
enhance the application in wireless communication [36] is studied from generalized275
honeycomb tori, GHT(m, n, d), n≥4, d=n/2. Five types are studied and aimed at n≥12,276
and each type can be classified into three sub-types. This study is shown as the legend277
and the other following figures (Fig. 9-24).278

Figure 9. Legend.279

4. Phenomenon－Dual MIHP in Cellular Communication Pattern, HT280

Just as many other studies, testing and observing along with adjustments and281
designs is needed. Each of all five types contains limited nodes, and only arithmetical282
techniques need to be used (but time and care is needed). After the comparable dual283
path patterns (Fig. 10-24) being established, achieving scalability can be assured because284
embedding location and direction can have quite enough flexibilities to achieve a well285
composition. A mathematical explanation for all figures in this section is shown in286
Appendix.287

4.1. Type A — even m≥2; l (end-node horizontal distance)= 0, 2≤l≤d-2, or d; end-node columns’288
width-separation odd289
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290

Figure 10. GHT(even m≥2, n≥12, d=n/2), MIHP, end-nodes at 2 col., separation odd, l=0.291

Figure 11. GHT(even m≥2, n≥12, d=n/2), MIHP, end-nodes at 2 col., separation odd, 2≤l≤d-2.292

Figure 12. GHT(even m≥2, n≥4, d=n/2), MIHP, end-nodes at 2 col., separation odd, l=d.293
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4.2. Type B  even m≥2; l: 1, 3≤l≤d-3, or d-1 ; end-nodes at the same column294

295

Figure 13. GHT(even m≥2, n≥12, d=n/2), MIHP, end-nodes at the same col., l=1.296

Figure 14. GHT(even m≥2, n≥12, d=n/2), MIHP, end-nodes at the same col., 3≤l≤d-3297

Figure 15. GHT(even m≥2, n≥12, d=n/2), MIHP, end-nodes at the same col., l=d-1.298

4.3. Type C  even m≥4; l: 1, 3 ≤ l ≤ d-3, or d-1; end node columns’ width-separation even299
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Figure 16. GHT(even m≥4, n≥12, d=n/2), MIHP, end-nodes at 2 col., separation even, l=1.300

Figure 17. GHT(even m≥4, n≥12, d=n/2), MIHP, end-nodes at 2 col., separation even, 3≤l≤d-3.301

Figure 18.HT(even m, n≥8, d=n/2), MIHP, end-nodes at 2 col., separation even, l=d-1.302

4.4. Type D— odd m≥3; l: 0, d-1, or 2 ≤ l ≤d-3; end-nodes at different columns303
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Figure 19. GHT(odd m≥3, n≥6, d=n/2), MIHP, end-nodes at 2 col., l=0 (Ɫ=12 plus a pair of LE).304

Figure 20. GHT(odd m≥3, n≥10, d=n/2), MIHP, end-nodes at 2 col., 2≤l≤d-3.305

Figure 21. GHT(odd m≥3, n≥10, d=n/2), MIHP, end-nodes at 2 col., l=d-1.306

4.5. Type E— odd m≥3; l: 0, d-1, or 2 ≤ l ≤d-3; encodes at same column307

Figure 22. GHT(odd m≥3, n≥10, d=n/2), MIHP, end-nodes at same col., l=1.308
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Figure 23. GHT(odd m≥3, n≥10, d=n/2), MIHP, end-nodes at same col. 2≤l≤d-3.309

Figure 24. GHT(odd m≥3, n≥6, d=n/2), MIHP, end-nodes at same col. l=d (Ɫ=12 + a pair of LE).310

5. Discussions311

5.1. Further Parallelism Research312

In the MIHP search study, the composition of embeddings and extensions can be313
considered topologically as evolved nodes of the basic pattern. Observation and trials314
are needed at present; heuristic means are applied as the following: (a) same direction,315
(b) blocking, (c) non-divisibility, (d) reasonable linear extension, (e) reasonable X-helix316
extension, (f) reasonable network configuration, and (g) effective combination. Applying317
present experiences on shape studies, which are related to embedding locations and318
directions, to get ideal configurations through computing is considered a future work.319

5.2. Resilient Urbanism Developed Through Living Features320

Seeing that wicked, global changing related disasters, have happened more321
frequently, the appropriateness of plural (dual) surveillance approach of the ITS seemingly322
needs to be studied. Similar to people’s using two eyes, two ears, and other sensory, a323
real-time reliable surveillance need such creatures’ environmental managing mechanism,324
i.e., availability,to counter blind spots, to distinguish small differences, to confirm325
receiving messages, and/or to care node fault-tolerance or node reliability. In prototyping326
systematic availability, the methodology of this research can be described as design based.327

Effective maintainability of a relative large amount of nodes, especially on those328
security related ones, should care the sequential inspection without loss and repetition329
[73]; such operation is the proved mathematical Hamiltonian. The Hamiltonian cycle330
also can support some edge fault-tolerance (reliability); more fault-tolerance can be331
supported through 1–edge Hamiltonian and/or 1p–Hamiltonian, which can casually332
help the network element’s repairing (different from the need of the probe application).333
Proved laceability of the bipartite SW and GHT network helps establish network334
hierarchies and the aerial, morphological connectivity, or space adaptability in335
promoting smart urban growth. The cube-connected cycle is considered for the probe336
application; it can support availability on both terms — Hamiltonian and plural337
surveillance. Prototyped mathematical models can also support scalability, which helps338
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accommodate different conditions, such as on adjusting the path expansion, extension and339
the traffic facilities.340

5.3. Mobility Enhanced Through Resilient Wireless Systems341

The incorporation of spider-webs and honeycomb iori, e.g., with MIHP, can342
potentially increase operational flexibility, integrity promotion, and privacy related343
cipher coding for cellular or wireless S‒I systems as in [19] and Fig. 8. The VANET344
(vehicular ad-hock network in ITS) through stochastic passing vehicles’ assistance can345
easily have missing. To promote radio information integrity along paths, dedicated short346
range communications (DSRC) are needed and plural (dual) surveillance approach is347
suggested [19]. Advancing surveillance control technologies interacted with cellular348
communications, e.g., for managing radio-advanced unmanned vehicles are more needed349
nowadays. Consequently, the MIHP performance of SW and HT can benefit the privacy350
protection from the coding through the active radio frequency identification [19]. Plural351
(dual) surveillance nodes can be incorporated with MIMO technologies and cellular352
communications to have their inherent application possibilities.353

In general, prototyped mathematical networks are with fault tolerance,354
Hamiltonian order, connectivity, scalability, countering electromagnetic interference,355
protecting privacy through cipher coding, and reliable accuracy through plural (dual)356
detection. Moreover, the grid path pattern can be adapted to the radial-ring pattern [62],357
with which the spider-web network prototype can consequently form a resilient area358
(path) network of (sensor-information) networks, which offers dependable networking359
holism (availability, reliability, and maintainability) [73, 79‒81], flexibility (future360
land-use coordination), adaptability (transportation, logistic coordination) [19], and361
synergism. Thus, providing three types of sensitive and reliable sensor‒information362
networks incorporated with contemporary cellular communications for place security and363
development is proposed.364

6. Conclusions365

In challenging contemporary societies, sound globalization, economic366
dependability for surfing resources and confronting complexities is needed. Through367
artificial intelligence oriented distributed computing and mathematical integrity,368
sensor  information networks are prototyped intentionally for ubiquitous, humanistic369
spatial management. Spider-webs and cube-connected cycles are aimed in ‘the370
radial-ring urban-building skeleton’ and ‘wetlands and sparsely populated areas’,371
respectively.372

Honeycomb Tori, proved having two mutually independent Hamiltonian paths, are373
prototyped for further service enhancing, including those surveillances on modern small374
drone with wireless, cellular communications. Evidences can indicate that375
plural-surveillance based networking of availability, reliability, maintainability, and376
morphological connectivity to respond urban wicked problems in real-time is critical.377
Trustworthy operation of maintenance, dynamic cipher coding of privacy assurance, or378
countering interference (e.g., caused by clogged water) can be through the platform of379
order and parallelism.380

Such mutually independent Hamiltonian path properties, and adaptable scalability,381
reliability, can benefit developing proactive suburbanisation economy, remote yet382
holistic interactions, cross-border transport/logistics, and temporary but care sensitive383
facilities. AI network patterns on changing urbanism, including perspectives of health,384
utility effectiveness, safety, and/or peace are consequently promoted.385

Appendix－Mathematical Explanation of Section 4386

In GHT formation, MIHP can probably not be easily found in some cases, whose387
end nodes are ‘adjacent’ and vertical dimension or the total number of nodes is388
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relatively small. The honeycomb (hexagonal) torus HT(2) is isomorphic to GHT(2, 12, 6).389
Especially after MIHP being justified on ‘Fig. 10 of Type A (n=12 and R-embed=0)’ and390
‘Fig. 13 (n=12) of Type B’ (next sub-section), whose end-nodes are adjacent in GHT, the391
honeycomb torus, HT(m) and m≥2, have fully MIHP performance can be expected.392

On Fig. 10, R-embed needs two directions to support in-dependency. Lt 0K881K,393
074817, 154405, and 038413 can have same direction and embedding scale as Rt’s, though394
“154405” can get conflicts, whereas the X(-helix) extension (or XE in short) does not exist395
[i.e., X=0] : (1). ‘3R=4B+1’ [i.e., R(16)+B(4)=R(4)+B(20)+4], R-embed towards right; (2).396
‘R=4B+1’ [i.e., R(12) +B(4)=R(8)+B(20)+4], R-embed towards left (yet also for X≠0 here).397

For Type A, one standard X extension gets a node increment, 8+R(8)+B(8). The node398
increment in general embedding is the multiple of 4, but the start position separation of399
X extensions (XE in short) is 2. The mathematical non-divisibility can benefit causing no400
conflicts, especially on the embedding of the same direction, or R embeddings of Fig. 10.401

Blocking, i.e., having constantly equivalent or even larger buffers can help prevent402
conflicts which are due to (embedding) direction difference. On B embeddings of Fig. 10,403
“Lt 084 12 vs Rt 128 08”, “Lt 188 02 vs Rt 024 18”, “Lt 044 1J vs Rt 1J4 04” and “Lt 144 0J vs404
Rt 0J4 14” can consequently get conflict-free.405

We consider shortest, longest holizontal distance of endnodes of Type-A networks406
in Fig. 10, Fig. 12, respectively. Fig. 11 deals with others; XE for blocking is needed or407
designed; linear extensions (LE in short) need to have acceptable configuration as case B.408

Toplogically, LE and XE can be considered as special nodes. On Fig. 11, case A, XE409
helps prevent “Rt 018 11” having conflicts with ”Lt 178 07”. Through XE, lead or lag of410
original nodes can be changed yet conflict-free. The visible location of nodes 06, 12 of411
case A or nodes 00, 14 of case B of the pair networks are different, but nodes of412
physically same position are conflict-free if we check through tracing the route of XE413
than we can get confirmation.414

Fig. 12, Lt XE starts at node 03 and Rt XE starts at node 10 originally with a lag415
distance, 2. Because XE is rhythmic and the embeddings are ’multiple of four’ based so416
that extra add-in 2 can cause mathematical nondivisibility and create XE physically417
conflict-free. Similarly, Lt/Rt 124 00 can be conflict-free.418

On Fig. 13, case A, Tp 0O8 1O needs to cmpare with Bt 1M8 0M though they are419
conflict-free due to blocking. Tp 0O8 1O has common contents, which are kept lagging420
within Bt 014 11. Nodes 04, 0L, 1L can be visibly different due to XE, but physically same421
positioned nodes can be conflict-free, confirmed as the aforementioned tracing method.422
Case B, the Lt embedding can be equally divided into two parts, and each responses to423
embeddings totally having same quantity but different contents; consequently, for424
example, Lt 1KL 0K responses to Rt 014 11, 134 03, 054 15, the contents are conflict-free.425

On Fig. 14, case A, Lt 174 07 has different direction of embedding as that of Rt 074 17426
even though their contents are same, yet their conflicts can be avoided by buffering. Lt427
094 19 or node 19 can have no conflicts because that LE length (E) being 4 is expelled. Lt428
038 13 can keep leading on its same contents in Rt 014 11, and can keep leading on its429
same contents in Rt 058 15 if XE is not built up or can keep lagging on its same contents430
in XE. Lt 054 15, 0K4 1K can keep leading. Case B, node 08 can have no conflicts because431
that LE length (E) being 6 is expelled. Lt 144 0J, 084 12, 104 06 can have enough distance or432
have no conflicts with Rt 0J4 14, 124 08, 104 06 if embedding exist. Lt 168 00 and 1J4 04433
counted together can have same embedding scale–i.e., 12 as that of Rt 164 00 and 188 02,434
and can have same direction, so that they can have no conflicts, based on their sequence.435

On Fig. 15, Lt 184 02 has same embedding direction as Rt 18L 02 and can be counted436
together with Lt 0J8 14 in getting an equivalent block to let Lt 184 02 keep leading and Lt437
0J8 14 keep lagging — compared to the same embedding content of Rt 128 08 and 004 16.438
Rt 128 08 has same embedding direction as Lt 1JL 04; its same contents of Lt 1JL 04 can439
keep their lagging, with Rt 004 16 as the buffering.440

On Fig.16, R-embd can have four typical sections with similarities in the compared441
two patterns. L/Rt OK4 1K, 194 09, and 178 07, and (Lt)138 03/(Rt)138 03 can be considered442
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as equivalent nodes in two different patterns, although the last one also can be adapted.443
The former three sections can keep their original order without conflicts; the last one can444
be conflict-free due to the non-divisibility of four as well as the basic distance of nodes445
13 being two. Rt 1388 03 is adapted to 134 03 if the XE physically exits; the contents of Lt446
138 03 still keep lagging, including those compared to same nodes on XE. Due to the447
non-divisibility of four and the basic distance of nodes 39 (the start of XE) being six, the448
XE can be conflict-free.449

Fig.16, B-embd (L/Rt) 084 32, 0J4 34 can be collectively considered as a single node,450
and keep their original order and conflict-free. Lt 028 38 has same contents with same451
embedding direction on Rt 024 38 and those on Lt can keep leading. Yet, Lt 028 38 has452
same contents with different embedding direction on Rt 364 00 and those on Lt can keep453
lagging due to buffering from such as Lt 178 07, 044 3J. Lt 044 3J has same contents with454
same embedding direction on Rt 068 30 and those on Lt can keep leading. Yet, Lt 304 06455
has same contents with different embedding direction on Rt 068 30 and those on Lt can456
keep leading due to buffering from such as Rt 364 00, 0J4 34.457

On Fig.17, case A, two B-embd directions are needed to prevent conflicts of nodes 2J,458
1J (if ‘R=0, B=1, e.g., E=0 or not’). Lt 004436 and 064430 can keep lagging to Rt 364400 and459
304406 of same contents, even though with different directions, due to enough buffering.460
In Lt/Rt, their 324408, 0J4434, 04443J, and 384402 have consistent directions and same461
contents. It is easy to find that Lt 324408, 0J4434 can keep leading, and Lt 384402 can keep462
lagging, while Lt 04443J need to be checked. Firstly, assuming 04443J can be conflicted if463
E=0, from eq. (R+B)(4+2E) =2E+4R+4B+4, this assumption cannot be true. Then, assuming464
04443J can be conflicted if E≠0, from eq. 4B+8R=4+2E+4B+R(4+2E), or R(4-2E)=2E+4, or465
E=2(R-1) (R+1)-1 , this assumption still cannot be true. The above checks can support466
04443J conflict-free.467

Fig. 17, case A, (B≥R, except for ‘R=B=0 if 8≥E≥4’) as the meaning implied in 8, Rt468
074817 can be adapted into 074417 and XE if XE>0 (i.e., XE exists) or 074817 if XE=0 (XE469
does not exist). No matter when XE exists, Lt 174407 keep lagging due to enough470
buffering even though directions of compared Rt 074817 are different. With the right471
(protrusive) direction and XE=0, Rt 074817 can keep leading compared to Lt 094419 due to472
having same direction and enough bufferings (due to accumulated embeddings). Lt473
094419 and Rt 0K841K can have some common contents and same direction. With the474
right direction, or style: E being positive, Lt 094419 can keep leading to Rt 0K841K due to475
having enough separation. With the left direction, or style: E being 0, the non-divisibility476
can help them conflict-free because Lt 09 leads Rt 0K four nodes in basic patterns, while477
node 09 is naturally counted two before node 0K (J=10, K=11, 11-9=2) in column 0. Due to478
enough buffering, e.g., Rt 034413, 04443J (checking from the right side), compared to Lt479
1K480K, the same contents in Rt 0K841K can keep lagging. Lt 038413 can be adapted into480
034413 and XE if XE exists or 038413 if XE does not exist. Lt 038413 or Lt XE adaptively481
have some common contents of Rt 034413, 014411 and Rt XE, and can be conflict-free due482
to their same direction and enough separation. The content, direction, and neighbor483
04443J of Lt 154405 and Rt 154405 is same so that Lt/Rt 154405 can be conflict-free.484

Nodes 10, 20, 21, and 31 of Lt/Rt pattern need restriction, i.e., 8≥E≥4, to prevent485
conflicts while B=0=R. Lt/Rt 27 and 37 are visually located at different positions if XE has486
been applied, yet the conflict-free of the same positioned nodes can be verified487
stepwisely along the XE. While XE does not exist, Lt 27 and 37 can keep leading.488

Fig. 17, case B, restrictions such as R>B, rational E values, and ‘B=0=R if 8≤E≤4’ can489
let nodes 15, 16, 20, and 10 conflict-free. R-embd, due to have enough separation, Lt490
0K481K can keep lagging with its common contents of Rt 0K441K; the former also can491
keep leading its common elements of Rt 014411; Lt 174407 can keep leading its common492
elements of Rt 078417. Rt 014411 can keep lagging to its common contents of Lt 038413. Lt493
094419 can keep lagging with its common contents of Rt 194409; their content difference,494
LE, shown in its right-embedding can pass conflict checking on Rt 0K441K, specifically495
on XE=0, because a round of XE generates typical ‘16+R(8)+B(8)’ nodes to help the Rt496
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ones keep leading. On XE=0, Rt 034813 in its right-embedding can pass conflict checking497
on Lt 054415, the former has common contents of Lt 038413 and keep lagging.498

The following two examples are hoped to confirm that the requirement499
differentiation is needed. First, on preventing the conflict of Rt 078417and Lt 174407, the500
equation, supported with the left protrusive style of R-emb. and the right protrusive501
style of B-emb., proves that Lt 17 can keep leading: ‘12+6E+R(8+4E) +B(12+ 2E)’ –502
‘R(12+4E)+B(4)’, or ‘6E+(8 +2E)B-4R+12’>0. Second, on preventing LE conflicts due to503
contexts related to adaptation, the equation, supported with the right protrusive style of504
R-emb and the left protrusive style of B-emb., proves that Lt 094419 can prevent LE505
conflicts by adjusting requirements: assuming ‘R(4+2E)+(R-1) (4+2E)+B(4)+2=2E+R(4)+B506
(12+2E)+10’, or ‘(4R-2B-4)E=8B-4R+12’, or ‘E=(-1)+(6B+8) (4R-2B -4)-1 ’, then no solution507
can be found in the requirement domain; i.e., the possible E is intentionally restricted to508
nothingness. If B=R/2, the denominator ‘4R-2B-4’ is ‘6B-4’, and ‘4R-4’ if B=0. We may get509
a possible even E, E=6 if ‘B is 0, 1’ and ‘R is 2’; however, this possibility is expelled in the510
domain through design.511

If XE>0, those adaptations located on Lt XE can keep leading; nodes 23, 33, 09,19, 29,512
and 39 of both patterns can be found conflict-free through tracing their XE routes. Lt513
004436, 34440J, 3J4404, and 064430 have same contents but different embedding directions514
with Rt 364400, 0J4434, 04443J, and 304406; they are conflict-free and keep the original515
leading-lagging order due to enough separation. Lt/Rt 324408 and 384402 have same516
contents and keep the original leading-lagging order.517

Fig. 18, the extension direction of LE attached nodes need be checked to verify no518
conflicts on them. Shown as the left/right superscript modules, let B=Br if B<R, and Bl=R,519
Br=B-Bl, if B≥R, Node 15, assuming conflicts exist first, then Bl(8+2E)+Br(4)+ E+2=R(8+2E),520
or E=(-4)+2(1-2Br)(2Bl-2R+1)-1; it is irrational. Similarly, node 21, no reasonable E can521
solve the equation, Bl(8+2E)+E+2=R(4+2E), E=(-4)+[2-4(Br+R)](2Bl-2R+1)-1. The LE522
attached to node Rt 36 has same extension direction as that of Lt 35, and can keep523
lagging, but node 36 itself can keep leading.524

Fig. 18, the embedding of Lt 268 16 or 228 12 versus Rt 20L 10 has the same extension525
direction, and location separation for possible conflict must be 2(mod 4), which is526
impossible if separation is 0(mod 4). Rt 338423 can be conflict-free with Lt 318421 and527
334423 due to same embedding direction and enough separation. Similarly, Rt 374827 and528
Lt 318421 can be conflict-free. Rt 254435 and Lt 354825 can be conflict-free due to the529
assistance from Rt 338423 and enough separation even though their embedding direction530
are different. Lt 354825 can be conflict-free with Rt 374827 due to same embedding531
direction and enough separation.532

Fig. 19, R-embd. 05Ƚ 15 in both patterns can essentially has no influence because533
they can be considered as conflict-free specific nodes. All specific LE attached nodes534
have same direction without conflicts. Interchanging B-embd can create enough535
separation and conflict protection.536

Fig. 20, The XE of both patterns starts at the same location. The XE can cause537
adaptations only in R-embd. Assuming XE=0 first, the common contents of Lt 09L 19 and538
Rt 018 11 can be kept leading in Lt, while the common contents of Lt 09L 19 and Rt 078 17539
can be kept lagging in Lt due to the networked order; similarly, the common contents of540
Lt 074 17 and Rt 078 17, Lt 05415 and Rt 054 15 can be kept leading.541

Then assuming XE>0, due to enough separation, including LE, the adaptation542
caused by XE can be conflict-free. Through XE tracing, nodes 12, 22 of one pattern can be543
conflict-free to their corresponded real positioned nodes, instead of 12, 22 of another544
pattern. Each pattern has four B-embd. Their contents are pair-wise same, but two pairs545
are embedded in different directions. All of them can be conflict-free due to enough546
separation.547

Fig. 21, case A, R being 0, all B embeddings can be considered as specific nodes due548
to their identity. With enough separation, all B-embd. and LE attached nodes can be549
conflict-free. Case B, with enough separation, all B-embd. R-embd. and LE attached550
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nodes can be conflict-free. For example, conflict-free Rt 02 gets support from R>0.551
R-embd. adopts composing style to build up a balancing platform to avoid conflicts;552
specifically, Rt 264 16 and 208 10 can get an equivalent and same-direction embedding553
scale like Lt 24L 14.554

Fig. 22, LE attached nodes can be conflict-free due to enough separation. Lt 078 17555
can well keep lagging with Rt and help Lt 13L 03 prevent conflicts with Rt 078 17. Rt 194556
09’s common contents in 13L 03 can keep lagging. Rt 134 03 can keep leading with Lt 13L557
03 due to enough separation.558

Fig. 23, the conflict-free of both patterns is supported by same direction, enough559
separation, and non-divisibility of four. Lt 004 25 can keep lagging to Rt 004 25; their560
difference, LE in the embedding can keep leading to the LE of Lt 274 02. Rt 274 02, 234 08561
escape collisions (≡ 0(mod 4)) with Lt 274 02, 238 08. respectively, due to distance (≡562
2(mod 4)). Rt 218 06 can keep lagging with the same contents in Lt 238 08, 294 04 due to563
enough separation.564

Fig. 23, if XE>0, different from others, nodes 03, 13, 23, 08, 18, 28 will appear at565
different locations in the pattern comparison. Nodes 18, 28 of Lt pattern lag if XE=0, so it566
can keep lagging if XE>0. As for other four nodes, those of Lt are two nodes behind567
those of Rt and the start location of XE; hence, the XE generated those new LT four568
nodes still can be two nodes behind those of Rt.569

Fig. 24, no collision can be found in LE attached nodes; for example, on sensitive 13,570
the second one of both patterns, has same direction. Lt 05Ƚ 15 and Rt 03Ƚ 13 have same571
embedding content and direction, so they have no conflicts. Other nodes can easily be572
found conflict-free.573
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