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摘要 

 

 一般環形網路(度數(degree)為二)往往考量有一條"節線"容錯(fault tolerance)的特
性與提供可有序地查核維修的機制，但對於網路上"節點"之破壞防患通常最多僅考量
備份(spare)的觀點，但備份的節點在平時並未構成整體營運的一部份，一旦事變其啟
動時差等因素會影響即時應變的能力；本論文提出節點成對、度數為三的蜂巢矩形環

圈(HReT, honeycomb rectangular torus)與一般化蜂巢環圈(GHT, generalized honeycomb 
torus)網路模式供隧道內偵測控制資料擷取(SCADA)網路之應用。本論文數學証明蜂
巢矩形環圈網路的特性：證明蜂巢矩形環圈上任一節線斷落，網路上各節點可維持漢

彌頓特性；在縱向節點數目至少為六或橫向節點數目僅為二但縱向節點數目至少為四

的狀況，證明蜂巢矩形環圈上任一對異性之(biparpite)節點損壞，網路上其他各節點仍
可維持漢彌頓特性。本論文數學証明一般化蜂巢環圈網路的特性：証明蜂巢矩形環

圈、蜂巢環圈(HT, honeycomb torus)可以同構成一般化蜂巢環圈網路；蜂巢環圈可屬
一種管形之一般化蜂巢環圈網路；並證明管形之一般化蜂巢環圈網路可保有環狀之漢

彌頓特性，有利於在單管形空間配置同時具有節線與節點容錯性暨提供可有序地查核

維修的機制。 
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Abstract 
 

The ring network of regular degree-2 nodes is generally utilized for links' fault 
tolerance as well as providing a mechanism supporting orderly inspection and maintenance, 
and spare may be arranged to support nodes' fault tolerance. However, spares are 
inefficiently used in normal conditions and may have difficulties to support real-time 
processing. Therefore, in this dissertation, HReT (honeycomb rectangular torus) and GHT 
(generalized honeycomb torus) networks of degree-3 dual-nodes are studied for promoting 
the capability of the SCADA (Supervisory Control And Data Acquisition) network in 
tunnels. The following HReT network features are mathematically proved: HReT (m,n) is 
1-edge hamiltonian, and HReT(m,n) is 1_p-hamiltonian if and only if either n ≥ 6 or m = 2 
and n ≥ 4, HReT(m,n)-F can keep hamiltonian when F={a,b} with a in A and b in B, A and 
B are bipartite nodes’ groups. The following GHT network features are mathematically 
proved: HReT network and HT (honeycomb torus) can be isomorphic to GHT network, and 
HT can be a specific single-tube shaped GHT which can keep hamiltonian when one edge 
is broken and have both links’ and nodes’ fault tolerance as well as a mechanism supporting 
orderly inspection and maintenance.  
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Name
 Location
 Length

(km)


Completion

Date


Remarks


Sei
-
kan
 Tsugaru
 Strait
 53.85
 1988


Channel
 English Channel
 50.45
 1994
 34 
people trapped in a fire accident, 

Nov. 18, 1996.
 Diamantidis
 et al, 

2000, www.apt
 -
p.com
 /aptdiaster.htm


Daishimizu
 Japan
 22.22
 1982


Simplon
 --
 II
 Switzerland 
 --
 Italy 
 19.82
 1922


Simplon
 --
 I
 Switzerland 
 --
 Italy 
 19.80
 1906


Vereina
 Switzerland
 19.06
 1999


Shinkanmon
 Japan
 18.71
 1975


Appennino
 Italy
 18.51
 1934


Qunling
 I & II
 China
 18.46
 2001


Rokko
 Japan
 16.22
 1972


Furka
 Base
 Switzerland
 15.44
 1982


Haruna
 Japan
 15.30
 1982


Severomuyskiy
 Russia
 15.30
 2001


Gorigamine
 Japan
 15.18
 1997


Monte
 Santomacro
 Italy
 15.04
 1987


St
 Gotthard
 Switzerland
 15.00
 1882


Source: Encyclopedia Americana Online, March, 2003
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Name
 Location
 Length 

(km)


Completion 

Date


Remarks


Laerdal
 Norway
 24.51
 2000


St.
Gotthard
 Switzerland
 16.92
 1980
 Truck crash killed 8+ people, 

Oct. 24, 2001,
 Vuilleumier
 et 

al, 2002; www
 .structurae
 .de


Arlberg
 Austria
 13.97
 1978


Frejus
 France
--
Italy
 12.90
 1980


Mont
--
Blanc
 France
--
Italy
 11.61
 1965
 Truck carrying flour and 

margarine caught fire and 

killed 35+ people, Mar. 24
 —


26, 1999,
 Vuilleumier
 et al,  

2002; www
.structurae
 .de


Gudvanga
 Norway
 11.43
 1991


Folgefonn
 Norway
 11.13
 2001


Kan
—
etsu
(Southbound)
 Japan
 11.06
 1991


Kan
—
etsu(Notthbound
 )
 Japan
 10.93
 1985


Gran Sasso
 d
’
Italia (east 

direction)


Italy
 10.18
 1984


Gran Sasso
 d
’
Italia (west 

direction)


Italy
 10.17
 1995


Source: Encyclopedia Americana Online, March, 2003
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Name
 Location
 Length 

(km)


Completion 

Date


Remarks


Tokyo Aqua
 Tokyo Bay, Japan
 9.58
 1997


Bomlafjord
 Norway
 7.92
 2000


Hvalfjardargong
 Iceland
 5.77
 1998


Hitra
 Norway
 5.65
 1994


Vagatunnilin
 Faeroes
 4.94
 2002


Drogden
 Denmark
 3.52
 2000


Kanmon
 Kanmon
 Strait, Japan
 3.46
 1958


Burnley
 Australia
 3.40
 2000


Mersey Queensway
 England
 3.23
 1934


Musko
 Sweden
 3.00
 1964


Source: Encyclopedia Americana Online, March, 2003
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 0.5(
n)
0.5


torus
 (
n)
0.5
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(a). Cluster of

planar links

(a). a link of nodess

degree= 1 for end


nodes


(b). a ring of nodes

degree=2


(c). a double ring of dual nodes with

horizontal  links


degree=3
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(a). Cluster of

planar links


(a). clusters of

horizontal links


(b). clusters of

vertical links


(c). clusters of  interwoven horizontal

and vertical links


(An HReT network  can integrate even-number clusters of dual nodes with degree 3 regularly.)
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