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Abstract—Considering disaster sensitivity especially in devel oping large-scale, multiple-use parking structures, we
propose dual-surveillance based SCADA (supervisory control and data acquisition) networks modeled from
Generalized Honeycomb Tori -i.e. GHT(m,n,0)/GHT(m,n,n/2), which are proved 1-edge hamiltonian if n>4;
1,-hamiltonian if n>6 or m=2, n>4, mand n can be specified in a node matrix for a parking structure. These networks
are optimal-degree and have nodes ’/links’ fault-tolerance. They are aimed to be spatially integrated with the helix
circulation. Their sequential-order hamiltonicity can benefit systematical maintaining/repairing in parking structures.
Moreover, they can benefit energy saving, human-center image and safety/security owing to their efficiency and
reliability. Besides, referring to NFPA parking code, instead of the sprinkler, such highly reliable security systems can
potentially be adopted as alternative fire-protection methods to prevent water damages; hence, they can help provide
flexible land-uses, including logistic distributing places. Therefore, their adaptability and reliability can benefit
sustainable urban development.
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1.0 Introduction

In this paper, we introduce basic terms related to generalized honeycomb torus first, then we discuss its application to
parking structures.

1.1 Definition

Usually, computer and communication networks are represented by graphs where nodes represent processors and edges
represent links between processors. In this paper, the graph representation we follow [2]. Let G = (V, E) isagraphif V
isafinite set and E isasubset of {(a, b) |(a, b) isan unordered pair of V}. We say that V isthe node set and E isthe edge
set of G. Two nodesa and b are adjacent if (a, b) € E. A path isasequence of hodes such that two consecutive nodes are
adjacent. A path isdelimited by [Xo, Xq, Xo, ... Xn.4] - A path is called a hamiltonian path if its nodes are distinct and span
V. A cycleisapath of at least three nodes such that the first node is the same as the last node. A cycleiscalled a
hamiltonian cycleif its nodes are distinct except for the first node and the last node and if they span V. A graph iscalled
hamiltonian if it has a hamiltonian cycle. A graph G=(V, E) is 1-edge hamiltonian if G - eishamiltonian for any e € E.
A hamiltonian bipartite graph G is 1;-hamiltonian if G - F remains hamiltonian for any F= {a, b} witha e Aandb € B
where A and B are the bipartition of G.
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Figure 1. Floor-to-Floor Helix Circulation for Both Users & Managers

The generalized honeycomb torusis defined as the following. Assume that m and n are positive integerswhere nis
even. Let d be any integer such that (m-d) is an even number. The generalized honeycomb rectangular torus,
GHT(m,n,d) isthe graph with the node set {(i,j)| 0 <i <m, 0 <j < n} suchthat (i,j) and (k) are adjacent if they satisfy
one of thefollowing conditions:. (1). i=k and j = I+1( mod n); (2). j=I and k=i-1if i+] iseven; and (3). i=0, k=m-1, and
I=j+d( mod n) if j iseven.



When d=0, GHT(m,n,0) can possibly be called honeycombed rectangular torus HReT(m,n), when mand n are
positive evenintegers[3, 4]. HReT(m,n) isthe graph with the node set {(i,j)| 0 <i < m, 0 <j < n} such that (i,j) and (k,1)
are adjacent if they satisfy one of the following conditions. (1). i=kand j = 1+1( mod n);and (2). j=1 and k=i-1( mod m)
ifi+) iseven.

It is proved that GHT(m, n, 0) or HReT(m,n) is 1-edge hamiltonian, if n>4 and 1,-hamiltonian, if n >6 or m=2, n>4
[3, 4], and when m and n are positive integers with n and m-n/2 being even, GHT(m, n, n/2) is proved 1-edge
hamiltonian if n >4 and 1,-hamiltonian if n >6 or m=2, n>4 [10].

Thus, the fault-tolerance we engaged on is systematically based.

1.2 Application

The design of accessible and safe infrastructure is a political and economical issue, especially since anti-terrorism has
been becoming global concern [1]. “Wayfinding is the ability to understand where you are and to find where you want
to go in abuilding and then to recollect the path of travel when departing”, and it isamajor circulation concern of
parking structures for both users and ownersin many functional aspects. Generally, the helix circulation pattern has
been recommended for dealing with the wayfinding issue [6] (Figure 1). Although, the el ectronic auto-guidance system
can help parking-garage users get their orientation now, the helix circulation patternis still agood and a passive strategy
for security management, owing to its simple continuity-order [1, 15].

Some parking supplies, often near the airports, are toward the large-scale and multiple-use garage pattern, due to
technological and economical development. They are being demanded to provide information of the available spaces,
location, expected time or cost for potential users, and may be planned as part of the whole intelligent transportation
system (ITS). However, the large-scale parking structure is rather disaster sensitive dueto relatively less
compartment-protection mechanism intrinsic in this building type. Therefore, some of them, especialy after the
September 11 event, indeed need careful concern in contra-terrorism, providing humanism environment, and critical
real-time satisfying services.

Therefore, a SCADA (supervisory control and data acquisition) network integrated with the helix circulation and
with distributed intelligence is worthwhile for managing the large-scale parking structure.

2.0 Significance

2.1 Developing Dual-Surveillance Based Networks

However, massive networks having relatively high probability of failure especially require areal-time fault-tolerance
mechanism. In addition to fault tolerance, the dual-surveillance system can be featured with better functionality just as
the human beings can have better vision by two eyes instead of by one (and node fault-tolerance, [7]).

Thus the proposed SCADA network prototypes in this article are dual-surveillance based, with optimal degree
(three connected linksto anode) and have both nodes’ and links’ fault tolerance.” We configure so-called GHT(m,n,0)
and GHT(m,n,n/2), which are mathematically classified in the Generalized Honeycomb Tori (GHT), for the
aforementioned networks as the prototype, and m and n are the scope of anode matrix in a parking structure (Figure 2,
3). Their quality inherent hamiltonian properties, such as “token-passing” approach in information processing, have
been proved, and both configurations are proved having high fault tolerance for either nodes or edges [3, 4, 10]. Fault
tolerance indeed has already been proposed in newly established large-scale parking structures based on the information
viatheinternet. In this paper, the fault tolerance which we are engaged in, does not only mean some redundancy, but is
a systematic and beneficial property with mathematical proof.

Such afault-tolerant GHT-SCADA network, which isintegrated with the helix circulation pattern of parking
structures, can have high reliability and can be spatially featured with related services, including direction guiding, and
security protecting. This naturally sequential-order hamiltonicity can al so benefit systematical managing or repairing in
the parking structures. Therefore, thishighly reliable network can benefit energy saving, human-center image and safety
[security.
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Figure 2. Integration of GHT(m,n,0) with Helix Circulation
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Figure 3. Integration of GHT(m,n,n/2) with Helix Circulation




In addition, as we are now in arapid aging world, parking-structure design should concern more on providing
demand-responsive environments especially for the elderly and the handicapped [6, 14]. Hence, considering the
aforementioned highly reliable SCADA networks can help offer continuous and thoughtful cares for protecting
parking-structure users. From the vision of human welfare, making pedestrian travel safe and accessibleisdeemed asan
important element for future urban infrastructures [18], and it can benefit the economical development of places [11].

2.2 ldeal Height with Freight Distribution

We need consider the story height for carrying the elderly or the handicapped by the van. The clear height of anideal (i.e.
level of serviceis A / LOS-A standard) parking garages should be higher than nine feet. Moreover, airport parking
structures are typically hoped to design with the LOS-A standard [6].

Such an environment can offer another beneficial possibility because parking spaces are potentially able to provide
an alternative placefor freight distributing [16]. It should be mentioned that thereisatrend to use smaller truck with low
floor and low noise in the city which may be congested in sometime or at somewhere [13, 16]. Smaller truck-capacity
can well coordinate with high frequency asthe strategy, since timing is avery important issue for contemporary freight
services. Some small trucks, featured with facilitating embarkation and disembarkation, are being developed, for
example: Hino Dutro, which is advertised to be the ideal truck for urban distribution in the 21% century
(www.hino.co.jp).

Moreover, it is especialy important for air-freights which generally use smaller containers (or ULDs) and have a
high-profile growth rate now [17]. Air cargo containers are mostly designed for using in the lower deck of the airplane,
and their height is restricted by sixty-four inches [19]. Therefore, by using small trucks, air-freight can potentialy be
handled in our proposed parking spaces. In this paper; however, we consider the feasible pattern for freight distribution;
more specifications are needed to consider, such as conditions for different goods or vehicles.

2.3 More Caring, More Adaptability for the Future

Strategically keeping freight in transportation modes instead of warehousing or inventory stocking often can help save
thetotal cost. Hence, from the perspective of place marketing or regional planning, providing coordinative and flexible
alternative spaces for freight handling is a good strategy for developing the place. Besides, we also consider this
proposal from the sustainable point of view. If we do not consider providing enough freight handling spaces as an
infrastructure element, growing city logistics may be toward using some street spaces for freight handling. Therefore,
some bad situations can be expected, such as ruining pedestrian space/ quality, or even urban sprawl which is seriously
deemed as getting the land-use cancer [8].

Furthermore, the new NFPA (National Fire Protection Association) parking code [12] is being promoted using
reliable fire prevention system instead of overly counting on the sprinkler system. Thiskind of highly reliable network
system can help prevent potential water damages through careful security design. Besides, our proposed networks can
coordinate with new technology, such as RFID (radio frequency identification, [9]); hence, the proposed parking space
can be an adaptabl e platform, or can be used for crossdocking, which is based on well integrating information, facility
(including to concern both fire protection and water damage) and transportation [5].

Moreover, owing to the flexible and reliable nature, the proposed networks for parking structures can provide more
adaptable means for other possible uses or multiple-uses, for examples: logistic stations, museums, offices or taxi /
paratransits’ parking spaces. Therefore, the proposed networks can be helpful for urban development in a sustainable

way.

3.0 Conclusion

The parking supply is being built toward large-scale garages globally. They are demanded to provide information of the
available spaces, location, expected time or costs for potential users, and may be planned as parts of the whole
intelligent transportation system. However, especially after the September 11 event, the large-scale pattern is indeed
need careful concern in contra-terrorism, providing humanism environment, and critical real -time satisfying services.
Hence, a SCADA (supervisory control and data acquisition) network with distributed intelligence is worthwhile for
integrally managing the large-scal e parking structure. Moreover, massive networks having relatively high probability of
failure especially need areal-time fault-tol erance mechanism. In addition to fault-tolerance, the dual-surveillance



system can be featured with better functionality just asthe human beings can have better vision by two eyesinstead of by
one (and node fault-tolerance). Therefore, the proposed SCADA network prototypes are dual -surveillance based, with
optimal degree (3 connected links to a node) and have both nodes’ and links’ fault tolerance.

The Generalized Honeycomb Tori, GHT(m,n,0) and GHT(m,n,n/2) have been prototyped for the af orementioned
networks. Their quality inherent hamiltonian properties, such as “token-passing” approach in information processing,
have been proved. Such aGHT-SCADA network isaimed to be spatially integrated with the helix circulation pattern of
parking structures, and featured with related services. This sequential-order hamiltonicity can also benefit systematical
maintaining or repairing in the parking structure. Therefore, this highly reliable network can benefit for energy saving,
human-center image and safety / security.

Besides, referring to the new NFPA parking code, such highly reliable security systems potentially can be adopted
as aternative fire-protection methods instead of overly counting on the sprinklersin order to prevent water damages.
Therefore, they can provide more flexible means for other possible uses, for examples: logistic distribution stations,
museums, offices or taxi / paratransit parking spaces. Furthermore, their adaptability and reliability can be helpful for
urban development in a sound and sustainable way.
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