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ABSTRACT
Highly reliable traffic networks on highways and roadways are very important

during abnormal periods, such as during disasters. Network reliability can be improved
effectively by focusing on the most important key link in the network. Although many
indices have been proposed for identifying the most important key link, numerous
shortcomings associated with these indices make it difficult to obtain a good solution for
evaluating network reliability improvement. In addition, an investment strategy based on
local government support is also important for improving network reliability. However,
the capital available from local government for traffic restoration is usually limited
after a disaster. This paper therefore proposes an optimal method of network reliability
improvement based on local government support combined with limited capital. To
determine the efficiency of the model for network reliability improvement, simulations for
a simple parallel network and a simple bridge network are conducted. A general algorithm
for identifying the most important key link in any network is then developed based on these

simulations. Lastly, a rational conclusion for network reliability improvement is presented.

Keyword: Network reliability, Reliability increase, Local government support, Importance
index, Disaster.

1. Introduction

It is important to maintain a highly reliable traf-
fic network of highways and roadways for abnormal
periods, especially during a disaster. However, the
traffic systems of disaster areas may be seriously
damaged, and deciding which damaged road should
be improved first to maintain or improve traffic net-
work reliability is very difficult. In general, network
reliability can be greatly improved by improving the
key link in the network; the most important key link
is the link to improve network reliability to the great-
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est degree. Thus, indices such as reliability impor-
tance (Rl) (Barlow ef al., 1975) and criticality impor-
tance (CI) (Henley et al., 1981) have been proposed.
However, these indices have their own shortcomings
for finding the most important key link in some types
of networks. In addition, at the first stage of a disaster,
the cost of repairing the damaged traffic system is im-
portant for improving traffic network reliability.

In China, local government is responsible for re-
construction after a disaster, even though the govern-
ment most likely has limited capital. Therefore, maxi-
mizing traffic network reliability as soon as possible
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primarily depends on local government support after
a disaster in China. In practice, the decisions of local
government in selecting the most important key link
are affected by many factors, such as the population
of the disaster area near a damaged road, the damage
level of other roads, the economic status of industrial
areas near a damaged main road, and so on. For ex-
ample, the Chinese government first allocates the
most resources to repair damaged roads in disaster re-
gions that are considered the most essential for strate-
gic or economic reasons.

However, local government support was first
overlooked in current indices such as probability im-
portance and criticality importance. Nevertheless, to
improve network reliability after a disaster, the effect
of local government support on finding the most im-
portant key link should be taken seriously and dis-
cussed carefully.

2. Current Importance Indices

The concept of importance indices has long been
proposed in the field of systems engineering, but has
appeared in only a few papers in the transportation
field (Barlow, 1969). Importance is defined as the de-
gree of magnitude to which an improvement in link
reliability contributes to system reliability. The indi-
ces of importance proposed in this paper are based on
connectivity reliability (also referred to as terminal
reliability).

2.1. Terminal Reliability

The terminal reliability of a highway network is
defined as the probability that two given nodes over
the network are connected with a certain service level
of traffic for a given time period (Iida and Waka-
bayashi, 1989; Wakabayashi and lida, 1992). Similar-
ly, link reliability in the network is defined as the
probability that the traffic reaches a certain service
level for a given time period. Terminal reliability, R,
is given by an expression using minimal-path sets, as
follows (Iida and Wakabayashi, 1990):
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where F, is the S th minimal-path set andpis the total

number of minimal-path sets. This calculation method

is based on the Boolean absorption method (Waka-
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bayashi and lida, 1992). Here, X, is the binary indica-
tor variable for link a:

a

2

1, if link a providesa certain service level,
0, otherwise.

Link reliability, 7,, is defined as

r,=E[X,]. A3)

The terminal reliability of a traffic network de-
pends on the network structure and link reliabilities.
Therefore, two basic approaches have been taken to
improve network reliability: to improve the network
structure or to improve the reliability of the links. The
focus here is on identifying which links should be im-
proved to maximize the improvement in network reli-
ability.

2.2. Birnbaum Structural Importance

(1) Definition of Birnbaum structural importance

To find the key link for improving terminal reli-
ability efficiently, the Birnbaum structural importance
index was proposed (Birnbaum, 1969). Birnbaum
structural importance is defined as

OR(r)
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Fig. 1 Simple series and parallel networks

Birnbaum structural importance indicates the im-
pact of a link, such that an increase or decrease in the
reliability of the link affects increase or decrease in
terminal reliability. Birnbaum structural importance is
also known as reliability importance.

(2) Advantages and shortcomings of Birnbaum
structural importance
Although Birnbaum structural importance has
the potential to improve network reliability, it has a
disadvantage, which is discussed in this section.
For the case of two links in a series network as
shown in Fig. 1.a, terminal reliability R4z is shown in

Eq. (5):
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R,=rr,.

(5)
Here, 7, and r, are the reliabilities for link 1 and link
2, respectively.

For the case of two links in a parallel network as
shown in Fig. 1.b, terminal reliability Rz is shown in
Eq. (6):

R, =1-(-r){1-r). (6)

The two values of Birnbaum structural impor-
tance for a series network, R/, and RL, are obtained

from Eq. (4) and Eq. (5) as

Rl =r;and RL=r1. (7)
It follows that
RIL>Rb, if ni<r. (®)

Eq. (8) indicates that improving the least reliable
link in a series-type network is most effective for im-
proving terminal reliability. This fact is easily ex-
panded for large series-type networks. This result for
improving, managing, and reconstructing a network is
the expected result.

RI, and RI for these two links in a parallel net-
work are obtained from Eq. (4) and (6) as

Rl =1-r;and RL=1-ri. 9
It follows that
RI <RDL, if ri<n. (10)

The result from Eq. (10) indicates that improving
the most reliable link in a parallel-type network is
more effective for improving terminal reliability. Usu-
ally, however, it is difficult to improve a more reliable
link, whereas it is rather easy to improve a less reli-
able link (Barlow and Proschan, 1975). This result is
counter to what one would expect for improving,

managing, and reconstructing a network.

2.3. Criticality Importance

(1) Definition of criticality importance

Because of the shortcoming of Birnbaum struc-
tural importance, the criticality importance index (CI)
was proposed. CI is the ratio of the proportional im-
provement in network reliability to the proportional
improvement in link reliability (Henley and Kuma-
moto, 1992):

_OR/R _

I, =
ar,/r,

PI

(11)

T
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R

(2) Advantages and shortcomings of criticality
importance

Criticality importance also has a shortcoming,
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which is discussed in this section.
For the case of two links in a series network, it
follows from Eq. (4), (5), (7), and (11) that

cr, =10
R

=Cl,. (12)

This result suggests that the criticality impor-
tance index is the same for both links in a series net-
work. However, in a series network, it is reasonable to
strengthen a less reliable link, and this is thus a short-
coming of the criticality importance index. In addi-
tion, it does not provide information to distinguish
between two links in terms of improving network reli-
ability.

For the case of two links in a parallel network, it
follows from Eq. (4), (6), (9), and (11) that

1 —nr
Cry Z%a 13)
and
r,—nr
Cl,==2—= R‘ 2 (14)
It follows that
ClL <Ch,ifrni<ra. (15)

Therefore, the criticality importance index also
indicates that in the case of a parallel-type network,
improving a more reliable link further increases the
terminal reliability of the network. The results for a
parallel network provided by both R/ and CI suggest
that a less reliable link should be ignored in a parallel
system. In other words, people who live along a less
reliable link would be neglected after a disaster. This
is not reasonable planning for disaster prevention and
reduction. Thus, this result is not expected.

2.4. Advanced Criticality Importance
(1) Definition of advanced criticality
importance proposed by Wakabayashi

Based on the shortcomings of Eq. (10), (12), and
(15), Birnbaum structural importance and criticality
importance do not reflect the fact that it is more diffi-
cult to improve a more reliable link than to improve a
less reliable link. Thus, it is convenient to define im-
portance as the proportion of the marginal change in
terminal reliability against the marginal change in link
reliability. Changing the definition of the equation in
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reliability engineering, the criticality importance in-
dex proposed by Wakabayashi (CIW) is defined as Eq.
(16) (Wakabayashi, 2004):
{_ AR(r)/R(r)} _pI,
Aq, 14,

where g.=1-r, is the unreliability of linka.

-7,
b

(16)

cw, = lim

Aq,—0

(2) Advantages and shortcomings of advanced
criticality importance
For the case of two links in a series network, it
follows from Eq. (4), (5), (7), and (16) that

cw, =121 (17)

n
and
1-r,

CIW, = . (18)
p)

It also follows that

CIW, > CIW,, if ri<r. (19)

Thus, in a series-type network, advanced critical-
ity importance has the same property as Birnbaum
structural importance, and this property from Eq. (19)
is exactly as one would expect.

For the case of two links in a parallel network, it
follows from Eq. (4), (6), (9), and (16) that
_(I=-n)-r)

cm, =CIw, . (20)

n+tnrn—nn

From Eq. (20), although the advanced criticality
importance index is better than that proposed by Hen-
ley and Kumamoto (1981), this index is the same for
both links in a parallel network, so it does not provide
information to distinguish between them in terms of
improving network reliability.

The indices RI, CI, and CIW discussed above,
because of their own shortcomings, cannot be used to
select the most important key link of a traffic net-
work. Therefore, a good solution cannot be obtained
by these indices for evaluating the improvement of
network reliability. In addition, although the cost-ben-
efit ratio is also important (Nicholson, 2007), these
indices cannot predict the increase in cost for improv-
ing link reliability when link reliability increases.
Thus, traffic network reliability increase in accor-
dance with a different investment strategy by local
government should be discussed.
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3. Model of Improvement of Traffic Network
Reliability Based on Local Government Support

As described in Chapter 2, a different investment
strategy by local government is useful for selecting
the most important key link. In fact, only limited capi-
tal may be available for improving link reliability at
the first stage of a disaster. In general, different local
governments use different investment strategies and
provide different support to improve network reliabil-
ity in China. Thus, the effect of local government sup-
port on repairing damaged traffic systems should be

discussed based on limited capital.

3.1. Local Government Support

In China, local government plays an important
role in reconstructing a damaged traffic network and
maintains traffic order after a disaster. Not only is the
limited capital appropriated from the Ministry of Fi-
nance and that from the local finance department dis-
tributed to disaster areas by local government, but all
kinds of nonmaterial support such as volunteers, psy-
chological counseling for victims, and so on are also
arranged by local government. In other words, local
government can provide material support and nonma-
terial support. In general, material support is usually
considered to be money or goods, and nonmaterial
support includes many aspects such as civil technolo-
gy support, volunteers for reconstructing the traffic
system or maintaining traffic order, and so forth.

In addition, a pairing support policy is being im-
plemented in China. Pairing support is a system to
support disaster areas by activating nationwide help.
Other local governments of non-disaster areas provide
special partnership assistance support, especially non-
material support, to the local government of a disaster

area when a disaster happens.

3.2. Assumptions before Modeling
Some assumptions are given so as to discuss the
efficiency of local government support in maximizing
improvement of network reliability in the case of lim-
ited capital:
1) The cost of making the link reliability of link
a reach 1.0 tends to infinity when local gov
ernment does not provide any support for link a.
2) The maximum capital for improving network
reliability is limited.
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3) Although reliability equals zero, the original
cost does not equal zero because of the basic
work for increasing the link reliability.

4) The support provided by local government for
a certain link is limited.

5) The support provided by local government for
a certain link is only nonmaterial support be-
cause nonmaterial support is more varied than
other factors at the first stage of a disaster.

3.3. Modeling

Based on the abovementioned assumptions, the
relationship between the increase in cost and the in-
crease in link reliability can be formulated.

If the available capital for a link with reliability
r, is C, the cost of improving link reliability increas-
es as link reliability increases by assuming the pro-
portion of marginal capital dC, against marginal link
reliability increase dr,, and the relationship between

dC, and dr, is shown as follows:

dcC,
dr,

e2y)

T
=oe .

a: Positive constant, where d(,/dr, equals o
when 7, equals zero.

A, Non-negative constant that is local govern-
ment support for link a, where £, equals
zero when local government cannot provide
any support, and d(,/dr, tends to infinity.

Based on Eq. (21), the cost-reliability function is

shown as Eq. (22):

rﬂ

C, =aBe’ +C,. (22)

Because of assumption 3), G is the value of
(C,—0of3) when r, equals zero. When the link reliabil-
ity of link « increases from 7, to r, +Ar,, the required
capital is calculated as

(23)

If N links are in the traffic network of a disaster
area, the total capital for improving network reliabili-
ty is shown in Eq. (24):

N

Cincrease = z §Ca . (24)

a=1

At the first stage of a disaster, the capital for im-
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proving network reliability is invariably limited; thus,
maximizing network reliability increase based on lim-
ited capital becomes a nonlinear optimization prob-
lem, shown as the following:

Maximize: R=R-R;;

Subject to: r;y <1, <Lie(l,n)

Cincreaxe = C’
B <B;
r =D (D<). (25)

B: An exogenous variable that reflects entire lo-
cal government support in the damaged traffic
network;

C: A constant that means the limited capital for
traffic restoration;

D: A constant;

n: Number of links in the whole network;

7;0: Original reliability of link i ;

R : Current traffic network reliability;

Ry Original traffic network reliability;

OR: Network reliability increase.

4. Simulation of the Model

In this chapter, to find the most important key
link, the most optimized improvement of the whole
network reliability as a standard nonlinear optimiza-
tion problem is simulated by using the mathematic
software LINGO for a simple parallel network and a
simple bridge network.

4.1. Effect of Government Support on a Simple
Parallel Network

To find the most important key link, the following

three cases show the difference in the original link reli-

ability between two links in a parallel network based

on different levels of government support between two

links: a very small difference ( 7,,= 0.45 and r,, = 0.55),

h, =03 and r,

a great difference ( %

=0.7), and a very
great difference (7, =0.1 and r, =0.9).

(1) A very small difference in the original link
reliability between two links

Figure 2 includes four cases that show improve-

ment of link reliability and network reliability based

on local government support for two links whenr,=

0.45 and r,, = 0.55. The primary horizontal axis of ev-

ery case in Fig. 2 is local government support for link

1, the secondary horizontal axis is local government
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Fig. 2.c Local government support for link 1 is greater

Fig. 2.d Local government support for link 1 is smaller

Fig. 2 Results for a very small difference in original link reliability between two links

support for link 2, and the primary vertical axis is the
reliability increase of the links and traffic network. As
shown in Fig. 2.a, if local government support for two
links is the same and relatively small, a less reliable
link should be selected as the most important key link.
On the other hand, a more reliable link should be se-
lected if local government support for two links is the
same but relatively great as shown in Fig. 2.a. From
Fig. 2.b and Fig. 2.c, when local government support
for two links is different, the link providing more lo-
cal government support should be improved first and
the other link should be ignored.

(2) A great difference in original link reliability
between two links

Figure 3 shows the reliability increase based on

local government support for two links when /o = 0.3

and r, = 0.7. Link 1 should be selected as the most

important key link if it satisfies one of the following

1) Local government support for link 1 is much
greater than that for link 2 as shown in Fig. 3.d;
2) Local government support for two links is rela-
tively small as shown in Fig. 3.a, Fig. 3.b, Fig.
3.c and Fig. 3.e when local government sup-
port for link 2 is not greater than that for link 1.
Link 2 should be selected as the most important
key link when the above two conditions cannot be
satisfied.
Any link can be selected to improve at the point
at which the curve of link 1 crosses that of link 2 in
Fig. 3.a~c.

(3) A very great difference in original link
reliability between two links

Figure 4 shows the reliability increase based on

r,=0.1

and r, = 0.9. Link 1 should be selected as the most
important key link only when local government sup-

local government support for two links when
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Fig. 3.d Local government support for link 1 is much greater

Fig. 3.¢ Local government support for link 1 is a little smaller

Fig. 3.f Local government support for link 1 is smaller

Fig. 3 Results for a great difference in original link reliability between two links
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Fig. 4.d Local government support for link 1 is much greater

Fig. 4.c Local government support for link 1 is a little smaller

Fig. 4.f Local government support for link 1 is smaller

Fig. 4 Results for a very great difference in original link reliability between two links

government support for link 2 is not greater than local
government support for link 1 as shown in Fig. 4.a~e.

On the other hand, link 2 should be selected and
link 1 should be ignored when local government sup-
port for the two links is relatively great as shown in
Fig. 4.a~e. or when government support for link 2 is
greater than that for link 1 as shown in Fig. 4.f. A spe-
cial point for attention is that the reliability of link 1
begins to increase when the reliability of link 2 be-
comes 1.0 as shown in Fig. 4.e and Fig. 4.f ( ,, = 0.9;
the reliability increase of link 2 reaches 0.1).

Obviously, after the reliability of a higher-reli-
ability link (7;, = 0.9) becomes 1.0, the lower-reliabili-
ty link will be improved no matter to what extent it
receives local government support as shown in Fig. 4.
In other words, there must be a positive reliability in-
crease of link 1 if that of link 2 reaches 0.1.

In general, local government support for differ-
ent disaster areas will not be considerably different.
Therefore, link 1 as a less reliable link should be se-
lected

Fig. 5 A simple bridge network

as the most important key link when government
support for two links is relatively small as in the
abovementioned three cases. On the other hand, a
more reliable link should be selected when local gov-
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ernment support is relatively great as shown in Fig.
3.a~c, Fig. 3.e, Fig. 4.a~c, and Fig. 4.c.

4.2. Effect of Government Support on a Simple

Bridge Network

As shown in Fig. 5, a simple bridge network is
used here. The network has four nodes and five links.
The minimal-path sets of this bridge are shown as:
Pi={1,2}, P,={3,4}, P={1,5,4},and P+= {3, 5, 2}
where P and P, are the primary minimal-path sets
(Ilida, Y. et al., 1988, 1990) (Wakabayashi, H. ef al.,
1991, 1992).

Since the independent path set is a set of links in
a series system, the reliability of one path set is a
combination of link reliability (Wakabayashi et al.,
1992). When the most important key path set is found,
the most important key link belonging to the most im-
portant key path set can be found according to R/ and
CIW . The reliability of every path set is shown in the
following:

RB)=rr,, RB)=rr,, RE)=rrr, RE)=rr,. (26)

The exact value of network reliability for the
bridge network is shown in Eq. (27) by using Boolean
absorption (Wakabayashi, H. et al., 1992).

R)=rr, +rp, +rrr, +rnn, —nnnr, =R

4
THIETS =R =BT A 2T

4

@7

To simplify the simulation, only the original reli-
ability of link 1 and link 3 varies, and the original re-
liability of the other links is fixed as 0.5.

Three cases of difference in original reliability
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between link 1 and link 3 are presented based on local
government support for all links, and the three cases
are as follows: a small difference (r10= 0.4 and r3=
0.6), a great difference (710= 0.3 and 3= 0.7), and a
very great difference (710= 0.1 and 3= 0.9). The origi-
nal reliability of every minimal-path set is different as
R(P1) > R(P>) > R(Ps) > R(Ps) in all cases.

(1) Case 1: A small difference in original link
reliability between link 1 and link 3

Figure 6 shows the reliability increase based on
the level of local government support for all links
when r10= 0.4 and r3= 0.6. The primary horizontal
axis of every case in Fig. 6 is local government sup-
port for link 1 or link 3, the secondary horizontal axis
is local government support for other links, and the
primary vertical axis is the reliability increase of ev-
ery minimal-path set and the traffic network.

From Fig. 6, if local government support for all
links is the same and relatively small, a less reliable
primary minimal-path set, P, should be selected as
the most important key path set, and link 1 of P is the
most important key link. On the other hand, a more
reliable primary minimal-path set, P», should be se-
lected if local government support for all links is the
same and relatively great, and link 4 of P> should be
selected as the most important key link.

When local government support for link 1 and
link 3 is different, minimal-path set P, should be se-
lected as the most important key path set by satisfying

one of the following conditions:

1) Local government support for the links of P,
is much greater than that for the links of P;

010 020 030 040 050 060 070 080 090  Supportfor 010 020 030 040
the

0.16

0.50

2) Local government support for all links is rela-
tively small and local government support for
the links of P, is smaller than local govern-
ment support for the links of P:.

P, should be selected as the most important key

path set when the above two conditions cannot be sat-
isfied.

(2) Case 2: A great difference in original link
reliability between link 1 and link 3

Figure 7 shows the reliability increase based on
local government support for all links when 7= 0.3
and r3= 0.7 and the reliability of other links is 0.5.

In this case, if local government support for all
links is the same, the results for finding the most im-
portant key link are same as those for Case 1.

When local government support for link 1 and
link 3 is different, P, should be selected by satisfying
one of the following conditions:

1) Local government support for the links of P>
is greater than that for the links of Pi;

2) Local government support for the links is rela-
tively great and local government support for the links
of P is not much greater than local government sup-
port for the links of P».

Py should be selected as the most important key
path set when the above two conditions cannot be sat-
isfied.

(3) Case 3: A great difference in original link
reliability between link 1 and link 3
Figure 8 shows the reliability increase based on
the variety of local government support for all links
when rio= 0.1 and 3= 0.9 and the reliability of other
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links is 0.5.

Minimal-path set P, should be selected as the
most important key path set by satisfying one of the
following conditions:

1) Local government support for the links of P>

is much greater than that for the links of Pi;

2) Local government support for links is rela-

tively great.

The minimal-path set P, should be selected as
the most important key path set when the above two
conditions cannot be satisfied.

According to the abovementioned three cases of
a sample bridge network, when minimal-path set P, is
selected as the most important key path set, link 1
should be selected as the most important key link to
improve traffic network reliability because r10< 7.
When minimal-path set P is selected as the most im-
portant key path set, link 4 should be selected as the
most important key link to improve traffic network

reliability because r4< 3.

4.3. An Algorithm for Finding the Most
Important Key Link in the Traffic Network

In this section, an algorithm for finding the most
important key link in any traffic network is proposed.

The basic procedure for finding the main mini-
mal-path set and calculating the exact value of the ter-
minal reliability of the minimal-path set was proposed
by Wakabayashi. Thus, we start with the algorithm for
the minimal-path set. The algorithm is shown as fol-
lows.

Step 1: Let N be the number of minimal-path
sets. The original reliability of all links in every mini-
mal-path set is first stored in memory. For example, the
original reliability of the links in the ith minimal-path
set is stored in memory as two-dimensional array.
Origin[i][]. Then, the original reliability of all the
minimal-path sets is calculated and stored in memory
as array Rops[]. Then, local government support for
all links is stored in memory as array GSFL[].

0.70

010 020 030 040 050 060 070 080 090  Supportfor 000 020 030 040 050 060 070 080  Supportfor 010 020 030 040 050 ‘Support for
025 other links 025 other links 020 ohter links
018
0.20 / 2016 P
g —<Path set 1 —Path set 1 Sos —Path set 1
g s T Pathet2 T i"‘u /\ // = Path set 2
e ~&~Path set 3 ~=—Path set 3 En.lo set3
= =
E 010 —e—Pathsetd || ~+—Pathset4 || 5008 - ~4—Path set 4
3 N &0.06 =
& —Traffic —4Traffic —aTraffic
0.05 Network Network 0.04 Network
0.00 ., Support for 0.00 3 Support for 0.00 Ny—o—o—o Support for
000 020 030 040 050 060 070 080 0.90 020 030 040 050 060 070 080 090 link 1 030 040 050 060 070 080 090
Fig. 8.2 Local government support for all links is the same Fig. 8b Local government support for link 1 is a little greater Fig. 8.c Local government support for link 1 is greater
0.10 020 030 0.40 0.50 Support for 000 020 030 040 050 0.60 070 080  Supportfor 010 0.20 0.30 0.40 050 Support for
0.18 other links 025 other links 014 other links
016 . 012
g 0.20 2
z 014 H —<Pathset1| Z
é o —<Pathsetl || S § 0.10 —<Path set 1
g0 2 —%—Pathset2 | 2
= oo TPathse2 (12 15 i P < Path set 2
" ——pathset3 || £ “S-Pathset 3 | 2 ~e-Path set 3
g 008 z —e—Pathser 4| Z 0.06
2 ~-Pahsetd |2 010 E o Path set 4
™ —a-Traffic || & —=Traffic || & 0,04 —aTraffic
0.04 Network 005 Network Network
002 0.02 * * e,
0.00 Supportfor | .00 Supportfor || .00 = Support for
Tink 1 020 030 040 050 060 070 080 090 [t 0.50 0.60 0.70 0.80 0.90 [t

Fig. 8.4 Local government support for link 1 is much greater

Fig. 8.¢ Local government support for link 3 is a little greater

Fig. 8.1 Local government support for link 3 is much greater

Fig. 8 Result for a very great difference in original link reliability between link 1 and link 3

123



S. FANG, H. WAKABAYASHI

Step 2: The primary minimal-path sets are ascer-
tained first. The least reliable primary minimal-path
set and the most reliable primary minimal-path set are
selected by reading array Rops[]. The least reliable
primary minimal-path set is marked LP and the most
reliable primary minimal-path set is marked HP.

Step 3: The problem of finding the most impor-
tant key minimal-path set is changed into the problem
of finding the most important key link in a parallel
network. LP can be considered the least reliable link
in a parallel network and HP can be considered the
most reliable link.

The critical point for local government support
based on the value of LP and HP is calculated by us-
ing Eq. (23) and Eq. (24). Then, local government
support for all links is judged to be relatively great or
relatively small.

Step 4: Local government support for the links
of LP and HP is compared. If the difference in local
government support between the group of links be-
longing to LP and the group of links belonging to HP
is not great (in general, local government support for
every link is not considerably different), then one pro-
ceeds to step 5, or else proceeds to step 6.

Step 5: According to step 3, if local government
support for all links is relatively small, LP is the most
important key minimal-path set and the least reliable
link of LP is the most important key link. If local gov-
ernment support for all links is relatively great, HP is
the most important key minimal-path set and the least
reliable link of HP is the most important key link.

After this judgment, one typically proceeds to
step 7.

Step 6: This step is the special situation after a
disaster. In general, this situation will not often hap-
pen.

When local government support for the links of
HP is greater than that for the links of LP, HP is the
most important key minimal-path set and the least re-
liable link of HP is the most important key link.

When local government support for the links of
LP is greater than that for the links of HP, two selec-
tions are available:

If the original reliability of LP is not much
smaller than HP, LP is the most important key mini-
mal-path set; or else one proceeds to step 5.

Step 7: End.

This algorithm is not suitable for all kinds of net-
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work, and so this is a potential unknown shortcoming.

5. Conclusion

In general, because of economic regional differ-
ences and limited resources, the central government
cannot provide sufficient support for every disaster
area after a mass disaster; local government support
sometimes becomes more important for disaster pre-
vention and reduction. In addition, because of the lack
of material support after a disaster, post-disaster re-
construction may need to be sustained for somewhat
longer; local government support is particularly im-
portant in this case.

In this paper, a method for improving traffic net-
work reliability of roadways and highways was pro-
posed based on local government support.

First, the current indices of traffic network reli-
ability including R/, CI, and CIW were introduced and
the shortcomings of these indices were identified.

Second, an improvement model of traffic net-
work reliability based on local government support
was proposed because of the circumstance in which
only limited funds are available to reconstruct a dam-
aged traffic system at the first stage of a disaster.

Third, to determine the model based on local
government support for improving traffic network re-
liability, simulations of a parallel network and a sim-
ple bridge network were carried out based on limited
capital for traffic restoration as defined in Eq. (24).
From these simulations, the following conclusion is
obtained.

When local government support for all links is
relatively small, the least reliable link located in the
least reliable primary minimal-path set should be se-
lected as the most important key link to improve the
traffic network. Conversely, when local government
support for all links is relatively great, the least reli-
able link located in the most reliable primary mini-
mal-path set should be selected as the most important
key link to improve the traffic network.

Based on this model simulation, an algorithm for
finding the most important key link in a general net-
work was developed.

However, only two simple networks were simu-
lated for determining the proposed model in this re-
search. It is unclear whether the abovementioned con-

clusions can be obtained from larger and more
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complex networks. Furthermore, it is also unclear
whether the abovementioned conclusions can be ob-
tained when there is a change of entire limited capital
for traffic restoration.

In future studies, larger and more complex net-
works should be simulated, the efficiency of traffic
network reliability improvement when there is a
change of entire limited capital for traffic restoration
should be further discussed, and the algorithm for
finding the most important key link in general net-
works should be further developed.
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