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A transportation system can be modeled as a network. For a route in the network, there could be
problems that cause that particular route to be temporally unoperational. The effect of this unoperation
could effect a local decision to iselect another route to transport, or global causes the entire network to be
malfunction all together. Therefore, unreliability of the network affects the suppliers and the customers
both.

The performance of an unreliable network is usually measured through the reliability value of the
network. Naturally, a network with a higher reliability value is considered a better network. Many studies
have evaluated the reliability of the unreliable network in many aspects and under various constraints.
The network reliability alone, however, may not be a good measure to determine if that is a good network
due to the lack of the transportation cost consideration. Hence, this research proposes a network evaluation
methodology that considers both the reliability of the network and its transportation cost simultaneously.
The methodology calculates the expected value of the reliability and its associated costs, and yields a
Reliability Cost Index (RCI). The RCI value is obtained in two different ways in this research: 1) exact
calculation, and 2) Monte Carlo simulation. The exact calculation gives the exact value of RCI, but the
calculation is rather tedious. Monte Carlo simulation yields an approximated value of RCI, but the method
can be easily coded and performed on a computer. Our test results show that the time required for the
exact calculation method to obtain the value of the RCI depends upon the size of the network, whereas the
time needed for Monte Carlo simulation to calculate RCI depends on the varience of the costs in the
network.

This research applies the RCI methodology in a bagged cement transportation network in the
north-east region of Thailand. This particular transportation network comprises of 2 modes of
transportation: truck and train. Both modes are outsourced. The unreliability of this network is introduced
by the uncertain decision of the truck service providers on whether to transport the bagged cement for the
company or not, based on the current transportation conditions.

To calculate RCI, we first need to estimate the probability of being able to use each of the edges
in the network. In the transportation network example above, an edge represents a transportation service
provider. Thus, the probability that any of the edges is usable depends on the probability that the
corresponding transpiration service provider will accept to transport or not. The edges in the network can

be divided into 3 groups. The first group represents the train connecting the plant in Saraburi province to
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the company’s warchouse in Ubonrajchathani province. The second group represents the truck service
’providers transporting between the same plant and warehouse. The last group represents the truck service
providers who transport the cement from the plant directly to the customers. The probability of the edge
representing the train is determined from the past transportation records. The probabilities of the edges
representing the truck service providers are evaluated from a questionnaire.

From the first round of interview, we found that factors that influence the decision of the truck
service providers. These factors are transportation service price, oil price, contractual agreement, back
hauling, and transportation season. Using these factors, the truck service providers were asked to answer
the questionnaire simulating various transportation conditions. The truck service providers might answer
“accept or not accept” in each of the set of the conditions.

The probabilities of the edges are then modeled from the data obtained from the answers above.
Since the data are dichotomous, they are not suitable for a linear regression model. A logistic regression
offers better probability estimates of these edges.

With the probabilities and transportation cost data ready, the reliability and the RCI can now be
calculated. Considering the reliability of the network alone may lead the company to offer a high
transportation price to the service provider and yet not reflecting the cost of not being able to transport in
the network at all. The consequences of the mismatch between the increases in the transportation price and
the network reliability are likely to lead to unnecessary high transportation cost to the company.

When analyzing the same network with RCI, the results showed that there was a certain
transportation price that considers tradeoffs between the increase in the reliability and the expected cost of
the entire network. Any transportation prices that are higher than this particular price will unnecessary
increase the network reliability, whereas if the transportation prices are lower than this price the expected

cost of the network will be greatly incluenced by the unreliability of the network.





