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A Heuristic Algorithm for the Pickup and Delivery

Vehicle Routing Problem with Outside Carrier Selection
Ching-Wu Chu * G. Peter Zhang 2

ABSTRACT

The Vehicle Routing Problem with pickup and delivery is an important and
practical problem for logistics managers. In reality, when facing fluctuations of
demand, logistics managers may consider using an outsider carrier to satisfy partial
customer demand when the customer demand is greater than the total capacity of
owned trucks during the peak season. That is, the logistics managers must make a
selection between a truckload (a private truck) and a less-than-truckload carrier (an
outside carrier). Selecting the right mode to transport a shipment may bring significant
cost savings to the company.

In this paper, we address the problem of routing a fixed number of trucks with
limited capacity from a central warehouse to customers with known demand and
supply. A heuristic algorithm is developed for routing the private trucks with
simultaneous pickups and deliveries and for the selection of less-than-truckload
carriers by minimizing the total cost function. Computational results and suggestions
for future research are presented.

Keywords: Vehicle routing problem with pickup and delivery; Carrier selection,

Heuristics; 0-1 integer programming; Logistics
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1. Introduction

Vehicle routing with pickup and delivery is an important and practical problem
for logistics managers. In many sectors of the economy, transportation costs amount
for a fifth or even a quarter (lumber, wood, petroleum, stone, clay, and glass products)
of the average sales amount [16]. Thus appropriately identifying and modeling the
problems and developing algorithms to solve them have been the continuing research
effort in the last several decades.

A variety of vehicle routing problems (VRPs) have been studied in the literature
to address different practical situations. Typically different vehicle routing problems
address different practical situations. Our motivation for this study stems from
observations on a local logistics company. This company owns different types of
trucks and its main business is delivering food and beverages to wholesalers. The
wholesalers often need to return some food, recyclable glass bottles for beverages,
and baskets for food at the time when the logistics firm deliveries food and beverages.
Since the business hours of the wholesalers are fixed, the delivery time window
constraint is not a major concern. However, the company is facing fluctuations of
demand from its customers. When the customer demands are greater than the total
capacity of owned trucks during the peak season, the company has two strategies to
use: using overtime and using outsider carriers. Since the overtime cost is much
higher than that of using an outsider carrier, sometimes using an outsider carrier is a
more attractive option.

Regarding carrier selection, a logistics manager can make a choice between a
truckload (a private truck) and a less-than-truckload carrier (an outsider carrier). A
private truck allows a company to consolidate several shipments, going to different
destinations, and in a single truck. A less-than-truckload carrier usually assumes the
responsibility for routing each shipment from the origin to the destination. The freight

2
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charged by a less-than-truckload carrier is typically much higher than the cost of a
private truck. Choosing the right customers to be served by outsider carriers may yield
significant cost savings to the company.

In this paper, we address the problem of routing a fixed number of trucks with
limited capacity from a central warehouse to customers with known demand and
supply. The objective of this paper is to develop a heuristic algorithm to route the
private trucks with pickups and deliveries simultaneously and to make a selection
between truckload and less-than-truckload carriers by minimizing a total cost
function.

The literature on the vehicle routing problem with pickup and delivery (VRPPD)
is scarce compared to that on the traditional vehicle routing problem. In general, the
VRPPD literature can be classified into three main categories:

(1) delivery-first and pickup-second VRP,

(2) mixed pickup and delivery VRP, and

(3) simultaneous pickup and delivery VRP.

Over the past decade, the delivery-first and pickup-second VRPPD problem has
been studied by Anily [2], Toth and Vigo [17,18,19], Salhi and Nagy [15], Gendreau
et al. [7], and Osman and Wassan [14]. A more detailed review of this type of

VRPPD can be found in Nagy and Salhi [13].

Several researchers focus on the mixed pickup and delivery VRP. Golden et al.
[8] proposed a “loaded-based” approach by inserting backhaul (pickup) customers
into the routes formed by linehaul (delivery) customers. The inserting procedure
adopted a penalty factor by considering the number of delivery customers left on the
route. Casco et al. [4] presented a modified “loaded-based” insertion procedure. The
remaining delivery load on the route after insertion was weighted with a penalty

3
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multiplier and added to the extra travel distance. Mosheiov [12] explored traveling
salesman problem with pickups and deliveries. It has been shown that if the solution is
infeasible because of overload on some arcs, the feasibility can be obtained by
reinserting the depot into the arc with the maximum load. Salhi and Nagy [15]
extended the insertion procedure of Casco et al. [4] by inserting backhaul customers
in clusters, instead of inserting one at a time.

Min [11] was the first to explore the simultaneous pickup and delivery VRP. A
cluster-first/route-second approach was proposed to solve a public library routing
problem with one depot, two vehicles and twenty-two customers. Within the routing
phase traveling salesman problems were solved to optimality as subproblems. Halse
[9] considered different version of vehicle routing problems, including the one with
backhaul. A cluster-first/route-second approach was proposed for solving VRPPD
with the first stage focused on assigning customers into vehicles and the second
stage using a 3-opt procedure during the routing phase. Solutions to problems with
up to 100 customers were reported. Gendreau et al. [7] developed heuristics for
traveling salesman problem with pickups and deliveries. First, the traveling salesman
problem was solved. Then, the route was determined based on the results of first
stage by taking pickups and deliveries into consideration. Dethloff [6] studied the
simultaneous VRPPD from a reverse logistics point of view. Both the mathematical
formulation and insertion-based heuristic algorithm were provided. The proposed
algorithm was successfully applied to a real-life problem. Recently, Nagy and Salhi
[13] proposed a heuristic algorithm to solve simultaneous VRPPD. The concepts of
weak and strong feasibility were found helpful in tackling the VRPPD. Their
algorithm is also capable of solving multi-depot problems. Recently, Tang and
Galvéo [20] developed a tabu search algorithm to solve the vehicle routing problem
with simultaneous pickup and delivery. Computational results for a set of 87 test

4
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problems were reported.

Little research has examined the problem of choosing between a
less-than-truckload and truckload carrier. Ball et al. [3] considered a fleet planning
problem for long-haul deliveries with fixed delivery locations and an option to use an
outside carrier. Agarwal [1] studied the static problem with a fixed fleet size and an
option to use an outside carrier. Klincewicz et al. [10] developed a methodology to
address the fleet size planning and to route limited trucks from a central warehouse to
customers with random daily demands. Recently, Chu [5] introduced a heuristic to
simultaneously select customers to be served by external transportation providers and
to route a limited number of owned heterogeneous trucks without taking the pickup
into consideration.

In general, our research described here differs from previous one on fleet
planning or vehicle routing in that it modifies the Clarke and Wright method by
shifting the performance measure from distance to cost and also incorporates the fixed
cost of different types of trucks into the model. In addition, we simultaneously
consider the routing of a heterogeneous fleet of vehicles with delivery and pickup and
the selection of less-than-truckload carriers. A mathematical model is also proposed to
represent and solve the problem. To our knowledge, this scenario has not been
considered in the literature.

The rest of the paper is organized as follows. The next section formulates the
mathematical model for our problem. Section 3 presents the heuristic algorithm.
Computational results are reported in Section 4. Finally concluding remarks and
suggestions for future research are provided in Section 5.

2. Mathematical model
To simplify our analysis, we formulate our mathematical model based on the

following assumptions:
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1. A single-warehouse system is considered; all trucks start at the warehouse and
return back to the warehouse.

2. Goods may be simultaneously delivered and picked.

3. The requirements of all the customers are known and each customer’s requirement
cannot exceed the truck capacity.

4. Each customer is served by one truck (either by the private truck or the
less-than-truckload carrier) and all customers’ requirements must be met.

5. The cost of operating the truck fleet consists of a fixed cost and a variable cost.
The principal items in the fixed cost include personnel, insurance, and truck
depreciation. The main component for the variable cost is fuel, which is usually
proportional to the distance trucks traveled.

The integer programming model and the relevant notations are given below:

min Z=Zm:FCk+Zn:Zn:Zm:Ciijijk+Zn:CLiLi
k i ik i

subject to

3 Yy <= m (1)
k=1

Zm:Y,k+Li:1 i=12 ..,n) (2)
k=1

Zn X ijk = Ylk (I = 1’2! ’ na k = 1;2; y m) (3)
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ZqiuikSQk (k=12,...,m) (7)
i=2
Zy -qiUy +p;Vy < Zy + M(1-X)
(i=1,2,....,mj=12,...,nk=12,...,m;i = j) (8)
Z <MY Xy (i=23,...,mk=12,...,m) (9)
=1
i#]
Z.<Q, (i=12,...,mk=12,...,m) (10)
Y. -U, =0,
ik ik - (11)
Y, -V, =0 (i=12,...,n;k=12,...,m)

injk’Li’Yik’ Ui, Vi, Zig E(O’l)

i: {i=0,...,n}, the index set of customers (let the index 0 denote the warehouse);
J:{j=0,...,n}, the index set of customers;

k: {k =1,...,m }, the index set of trucks;

n: the number of customers;

m: the number of trucks;

FCy: fixed cost of private truck k;

Cijk: the cost of truck k traveling from customer i to customer j;

CL,;: the cost charged by the less-than-truckload carrier for serving customer i;
gi: the delivery of customer i;

pi: the pickup of customer i;

Qi: the capacity of private truck i;

Zi: the load on private truck k while it departs from customer i;
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|1 if truck k travels from customer i to customer j,
"1 0, otherwise,

ik

_ |1 if the demand of customer i is deliveried by truck k,
| 0, otherwise,

ik

1, if the supply of customer i is pickuped by truck k,
0, otherwise,

|1 if the service of customer i is satisfied by the less - than - truckload carrier,
' | 0, otherwise,

_ |1 if the service of customer i is satisfied by the private truck k,
*“ 1 0, otherwise.

The objective of this model is to route the private trucks and to make a selection
of less-than-truckload carriers by minimizing a total cost function.

Constraint (1) ensures that at most m trucks are used.

Constraint (2) defines that each customer is served either by a private truck or a
less-than-truckload carrier.

Constraints (3) and (4) guarantee that a truck arrives at a customer and also
leaves that location.

Constraints (5) and (6) ensure that the delivery and pickup of a customer is
served by the same truck.

Constraint (7) ensures that the total load transported by a truck cannot exceed the
truck capacity.

Constraints (8) and (9) are flow equations for pickup and delivery.

Constraint (10) imposes an upper bound on the total load transported by the truck
in any given section of the route.

Constraints (11) ensure that the delivery and pickup of a customer is served by
the same truck.

3. The Heuristic Algorithm

In this section we describe our algorithm, called TLPD-LTL, for solving the

vehicle routing problem with simultaneous pickup and delivery, and the selection of
8
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less-than-truckload carriers. The heuristic algorithm can be decomposed into three
main steps. In the following, we describe this algorithm by examining its main steps
separately.

3.1 Selection

The first step requires the selection of a group of customers, who will be served
by the less-than—truckload carriers. In this step, we check if the demand is greater than
the total capacity of owned trucks. If it is not, we skip this step and implement the
next step directly.

In order to minimize the total cost, we have to design a procedure that can
achieve this goal. In reality, the freight charged by the less-than-truckload carrier is
usually higher than the cost handled by a private truck. It is obvious that we should
arrange the customers in ascending order based on the freight charged by the
less-than-truckload carrier and choose the customers with the lowest cost.

The detail for selecting the customers is described as follows:

(1) Calculate the total demand from all customers.

(2) Calculate the whole capacity of owned trucks.

(3) If the total demand from all customers is greater than the capacity of owned

trucks, go to step (4), otherwise skip this procedure.

(4) Subtract the capacity of own trucks from the total demand, which is the
unsatisfied truck capacity.

(5) Arrange the customers in ascending order based on the freight charged by
the less-than-truckload carrier. Starting at the top of the list, do the
following.

(6) Sum up the demand of each customer until the total demand is greater than
the unsatisfied truck capacity. The corresponding customers will be the first
group of candidates served by the-less-than-truckload carrier.

9
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(7) Calculate the total cost charged by the less-than-truckload carrier based on
the first group of customers in step (6).

(8) Using the data in step (5), sort the customers in descending order based on
the demand. Sum up the demand of customers until the total demand is
greater than the unsatisfied truck capacity. The corresponding customers will
be the second group of candidates served by the-less-than-truckload carrier.

(9) Calculate the total cost charged by the less-than-truckload carrier based on
the second group of customers in step (8).

(10) Choose a group of candidates with a lower total cost based on steps (7) and
(9). The corresponding customers will be served by the-less-than-truckload
carrier, and the remaining customers in the list will be served by private
trucks and will be used to construct an initial solution.

3.2 Initial solution construction

The initial solution construction step is composed of four procedures: construct,
remove, check, and rearrange.

The construct procedure is designed to generate the initial routes. The Clarke and
Wright’s savings algorithm is used to solve this problem by making two modifications.
The first modification is a shift in criterion from distance to cost. The second
modification is a change in the savings calculation.

The mathematical relationship of the savings linking two customers is a function
of the mix of a less-than-truckload carrier and a private truck. There are three possible
mixes serving a pair of customers: (1) two less-than-truckload carriers, (2) a private
truck and a less-than-truckload carrier, and (3) two private trucks.

Before explaining the revised savings calculation, we list the relevant notations
as follows:

Sij = savings from consolidating shipments to customer i and j into the same truck.

10
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LTL; = the total cost charged by the less-than-truckload carrier for serving customer

TL;j; = the total cost of a private truck that travels from warehouse to customer i,
then from customer i to customer j and finally returns back to warehouse.
FC(Z) = the fixed cost of the smallest truck that can serve a demand of Z.
djj = the distance from customer i to customer j.
v = the cost of traveling a mile for private truck($/per mile).
Figure 1 illustrates the revised savings calculation from linking two customers

under each of the three possible mixes.

11
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1.Carrier mix serving customer i and j: Less-than-truckload and Less-than-truckload
Independent Shipments Consolidated Shipments

Independent Cost: Consolidated Cost

LTL+LTL, L
Revised Savings Sj= LTLi+ LTL;-TL;;
=LTL;+ LTLj —FC(Zi + Zj) - (d()i + dij+ djo) \Y

2.Carrier mix serving customer i and j:Truckload and Less-than-truckload
Independent Shipments Consolidated

AL
S ~ @/\CD/@

Independent Cost: Consolidated Cost
FC(Zk+ Zj)+(d0k + dkj+ djo) v+ LTL; FC(Zk+ Zj+ Zi)+(d0k + dkj+ dji+ d; o)

Revised Savings Sij: LTL+ FC(Zk+ Zj) —FC(Zk+ Zj+ Zi) + (djo - dji- d; o) \'

12
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3.Carrier mix serving customer i and j: Truckload and Truckload
Independent Shipments Consolidated Shipments

Independent Cost: Consolidated Cost
FC(Zk+ Zj)+(dok + dij+ djo) v FC(Zk+ Zj+ Zi+ Zp)+(dok + dij+ dji+ din+ dno) v

+FC(Z; + Zn)+(doi + dint dpo) v
Revised Savings Sij: FC(Zk + Zj)+ FC(Zi + Zh) - FC(Zk + Zj+ Zi+ Zh) + (djo + dOi— dji) \Y

Figure 1. Savings calculation from consolidating two customers.
The detail for the construct procedure is described as follows:

(1) Calculate the savings for all pairs customers based on revised savings scenario
1in Figure 1.

(2) Arrange the savings in descending order. Starting at the top of the list, do the
following.

(3) Find the feasible link in the list which can be used to extend one of the two
ends of the currently constructed route.

(4) If the route cannot be expanded further, terminate the route. Otherwise, choose
the first feasible link in the list to start a new route.

(5) Repeat Steps (3) and (4) until no more links can be chosen.

(6) Output all the temporary single-customer routes (served by the
less-than-truckload carriers) and multi-customer routes.

(7) Calculate the savings for single-customer routes based on revised savings
scenario 2 in Figure 1.

(8) Sort the savings in descending order. Starting at the top of the list, do the

13
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following.

(9) Find the feasible link in the current multi-customer routes which can be used
to extend the route.

(10) If the route cannot be expanded further, terminate the route.

(11) Repeat Steps (9) and (10) until no more links can be chosen.

(12) Output all the routes.

The remove procedure is simply a service routine designed to remove any route
which contains no customers. It is possible for the construct procedure to generate an
empty route, because a high fixed cost may result in no positive revised savings. If
this happens, customers are randomly assigned to the route as long as the truck
capacity is not exceeded.

The check procedure examines the feasibility of routes generated from the
construct or the remove procedure. Let arrival(x) and leave(x) denote the total load of
a truck arriving at customer x and the total load of a truck leaving from customer X,
respectively. Arrival(x) and leave(x) can be easily calculated as follows: leave(x )=
arrival(x) -q(x) + p(x), where q(x) is the delivery of customer x and p(x) is the pickup
of customer x; arrival(x) is simply equal to
leave(x-1), where x-1 denotes the precedent customer in the route. Within this check
procedure, for any x, arrival(x) < truck capacity and leave(x) < truck capacity are
examined. If there is a violation, then the rearrange procedure will be executed. If
there are no violations on the truck capacity, then the program will skip the rearrange
procedure and go to the refining procedure directly.

The rearrange procedure is designed to achieve the feasibility of routes. Since
both the total delivery and total pickup in a route do not exceed the truck capacity,
rearranging the ordering of customers in a route can generate a feasible route easily.
Define reduce_load(x)= q(x) - p(x), where reduce load(x) is the decease

14
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(reduce_load(x) > 0) or increase load (reduce_load(x) < 0) of a truck while the truck
makes a delivery to customer x. This procedure arranges the customers in descending
order based on reduced_load(x) in infeasible route, which will produce a feasible
route.
3.3 Refining procedure

A refining procedure is applied to the solution obtained through the initial
solution step. This procedure is composed of a succession of intra-route and
inter-route arc exchanges which are well known in the literature.
3.3.1 Intra-route improvement

Each route is improved by applying a refining procedure which considers all the
feasible exchanges of two arcs belong to the route (the so called intra-route
two-exchanges, Toth and Vigo [20]). Given a route, a two-exchange is obtained by

replacing arcs (m, n) and (p, q) with arcs (m, p) and (n, q), as illustrated in Figure 2.

Figure 2. Example of intra-route two-exchanges.
3.3.2 Inter-route improvement
In this step, a set of routes is obtained by using further local search procedures.
These procedures are based on the so called inter-route one-exchange, two-exchanges
and two consecutive vertices exchanges, illustrated in Figures 3-5, respectively.

For each node m (belonging to route a), the one-exchange corresponding to its
15
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insertion after node p (belonging to route b), is obtained by removing arcs (I, m), (m,
n) and (p, g), and replacing them with arcs (I, n), (p, m) and (m, q), as illustrated in

Figure 3.

Figure 3. Example of inter-route one-exchange.

For each node m (on route a), the two-exchanges corresponding to its exchange
with node g (on route b), are obtained by removing arcs (I, m), (m, n), (p, g) and (q, ),

and replacing them with arcs (1, q), (g, n), (p, m) and (m, r), as illustrated in Figure 4.

Route b Route a Route b

Route a

Figure 4. Example of inter-route two-exchanges.
For two consecutive nodes m and n (on route a), the two consecutive vertices
exchanges corresponding to its exchange with two consecutive nodes g and r (on route
b), are obtained by removing arcs (I, m), (m, n), (n, 0), (p, q) (g, r) and (r, s), and

16
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replacing them with arcs (I, q), (g, r), (r, 0), (p, m), (m, n) and (n, s), as illustrated in

Figure 5.

Route a Route b Route a Route b

Figure 5. Example of inter-route 2 consecutive vertices exchanges.

3.3.3 Search Procedure

A search procedure is designed to search for a better solution. From the results of
extensive experiments which are not shown here, we are aware that the
implementation sequence of intra-route and inter-route improvement procedure might
have impacts on the quality of solution.

The improvement procedures mentioned above include intra-route
two-exchanges, inter-route one-exchanges, two exchanges and two consecutive
vertices exchanges. The possible permutations of four different improvement
procedures are only twenty-four. Therefore, a loop procedure consisting of arranging
the possible sequences of intra-route and inter-route improvement is applied on the
solution obtained in the initial solution construction phase and the check procedure
mentioned before is also applied during the search process to avoid the route
infeasibility. The purpose of this loop procedure is in a sense similar to that of the
tabu search method to escape from a local minimum. Once a better solution is found

after completing the improvement phase, the best solution record is updated. We

17
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repeat the above improvement processe until all possible permutations of four
different improvement procedures have been implemented.
4. Computational results

Since there are no standard instances available for our problem, we generate
sixteen test problems to evaluate the efficiency and accuracy of our algorithm. The
coordinates and demands (deliveries) of all test problems are adopted from vehicle
routing test banks with the supplies (pickups) of all test problems randomly generated
based on half of the demand or twice of the demand. The vehicle capacities and
relevant costs for sixteen test problems are shown in Table 1 and the detailed
coordinates, pickups and deliveries of customers are given in the Appendix.

The solutions produced by the heuristic algorithm are compared to the optimal
results from the mathematical model mentioned in section 2. The heuristic algorithm
was written in FORTRAN language and the mathematical model was solved using the
software LINGO version 8.0. Both of them were implemented on a PC with a 2000
MHz processor. Computational results on sixteen test problems are reported in Tables
2,3,4,5and 6, respectively.

For problem 1-1 and problem 3-1, our heuristic algorithm obtains the optimal
solution. As shown in Table 2, both the mathematical model and the heuristic
algorithm yield the same total cost $1571 and $10757, respectively. The two different
approaches also obtain the same results in routing customers (see Table 3 and Table
5).

Table 2 shows that the solution time for the mathematical model increased
dramatically with the size of the problem. Notice that the execution time reported here
doesn’t include the time for sub-tour breaking. Computationally, exact algorithms for
the VRP are restricted to solving problems of only up to about 25 customers. Even
though the Lagrangean relaxation is used for solving the problem, it is still difficult to

18
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find the optimal solution in a reasonable computing time. On the other side, our
heuristic algorithm requires little time to solve the problem. Every problem takes only
less than a second. The CPU time of test problems is not very sensitive to the problem
size.

From Table 2, we find that the heuristic algorithm obtains the optimal or
near-optimal solutions. The average percentage deviation from the optimum for the
twelve test problems is 2.43% and the execution time for all test problems is less than
a second. It is an encouraging result in terms of both time and accuracy.

In order to test whether the solution time of the algorithm is not sensitive to
larger size of problem, we have solved additional four test problems with the
customer size of 32, 50, 75 and 100. Because the VRP is very difficult to solve with
mathematical model even for relatively small sizes, only the average computation
times to run the heuristic and the final routes are reported. These results are presented
in Table 6. Though the solution time increased with the problem size, it increases
gradually rather than dramatically. Even with the size of 100 customers, it takes less

than five seconds to obtain the solution.

19
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Table 1
Vehicle capacities and relevant costs for sixteen test problems
Vehicle . .
Problem . Fixed Cost ($) Variable Costs  ($)
Capacities (cwt)
TL $1.5/per mile
11 75,65 600, 500 LTL $9/per mile
TL $1.5/per mile
1-2 75,65 600, 500 LTL $9/per mile
TL $1.5/per mile
1-3 75,65 600, 500 LTL $9/per mile
TL $1.5/per mile
1-4 75,65 600, 500 LTL $9/per mile
2-1 110, 100, 90 900, 800, 700 TL#&S//SSI rrr?illls
9.2 110, 100, 90 900, 800, 700 T&f;g}gg rrr?i'l':
23 110, 100, 90 900, 800, 700 T&f;g}gg rrr?i'l':
2-4 110, 100, 90 900, 800, 700 -II:'II_'E;QS//&?: nTi'I':
31 10000, 9000 5000, 4500 -II:'II_'E;QS//&?: nTi'I':
3.9 10000, 9000 5000, 4500 TL#&S/ISSJ :n“i'l'g
3.3 10000, 9000 5000, 4500 TL#&S/ISSJ :n“i'l'g
3.4 10000, 9000 5000, 4500 -IIL'II_'E%$95//S§: rrr?illls
. 4500, 4500, 4000 | 3000, 3000, 2000, TL $1.5/per mile
4000, 4000, 4000 | 2000, 2000, 2000 LTL $9/per mile
TL $1.5/per mile
5 230,230,220 | 1200, 1200, 1100 LTL $9/per mile
6 230,230,220, | 1200, 1200, 1100, TL $1.5/per mile
220, 210, 210 1100,1000,1000 LTL $9/per mile
7 800, 600 1500,1400 TL $1.5/per mile

LTL $9/per mile

TL: Truckload (private truck), LTL: less-than-truckload (outside carrier)
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Table 2
Summary results
Problem Optimal Solution Heuristics .%.
Total Costs [CPU Time | Total Costs |CPU Time Deviation
1-1 1571 212 1571 0.052 0.000
1-2 1883 217 1890.5 0.036 0.398
1-3 1730 216 1736 0.044 0.347
1-4 1590.5 252 1733 0.040 8.959
2-1 2973 889 3243 0.112 9.082
2-2 3099 921 3132 0.124 1.065
2-3 2938.5 824 3021 0.112 2.808
2-4 2958 876 3088.5 0.031 4412
3-1 10757 2237 10757 0.220 0.000
3-2 10994 2423 11127.5 0.184 1.214
3-3 12917 1534 12930.5 0.212 0.105
34 12849.5 1653 129515 0.220 0.794
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Table 3

Detailed results for test problems with ten customers

Problem Optimal Solution Heuristic solution

Route 1: 1- 8- 9- 4- 11- 5-|Route 1: 1- 8- 9- 4- 11-
1 5 1

1-1 Route2:1- 7- 2- 3-10- 1 Route2:1- 7- 2- 3-10- 1
customer 6 is served by LTL customer 6 is served by LTL
Route 1: 1- 8- 4-10- 11- 1 Route 1: 1-8- 4- 10-11-1
Route 2: 1- 7-5-6-1 Route 2:1- 9-3- 1

1-2
customers 2, 3, 9 are served by | customers 2,5, 6, 7 are served
LTL by LTL
Route 1:1-10- 9- 8-11-1 Route 1: 1- 6-10-9-1
Route 2:1- 6- 4-3- 1 Route 2: 1- 4-3-11-8- 1

1-3
customers 2, 5, 7 are served by | customers 2,5, 7 are served by
LTL LTL
Route 1:1-10- 9- 11-2- 1 | Route1:1-3-9-4-10-1
Route 2: 1-3- 4-7-6-1 Route 2: 1-8-7- 6-1

1-4

customers 5, 8 are served by LTL

customers 2, 5, 11 are served by
LTL
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Detailed results for test problems with fifteen customers
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Problem Optimal Solution Heuristic Solution
Route 1: 1- 10- 11- 12- 8- 1 Route 1:1-12-15-16° 1
) Route 2: 1- 10- 11- 6- 2-1
Route 2: 1- 6- 14- 9- 15-1 Route 3° 1- 3- 8- 14- 4- 9- 1
21 Route 3: 1- 13- 7- 2-3- 1 '
customer 5 is served by LTL customers 5,7,13 are served
by LTL
Route 1: 1- 10- 11- 12-
8- 1
Route 1: 1- 9- 8- 12- 11- 13-1 Route 2: 1- 16- 2- 3- 14-
Route 2: 1- 10- 4- 2-7-1 6- 1
22 Route 3: 1- 15- 14- 6- 3- 1 Route 3:1- 4- 15- O-
customers 5 isserved by LTL 1
customers 5,7, 13 are served
by LTL
o e o & |Routeli112-11 3-10-1
oute 2: 1- 3-13-11-12-10-1 Route 2° 1- 15- 14-  2- 13- 16-
2.3 Route 3: 1- 4-16- 8-7-6-09- 1 Route.3: 1-6-7-8- 5 4-1
. customer 9 isserved by LTL
Route1: 1- 2-15- 5-3- 1 | Route1:1-7-4-2-11-12-9-1
Route2: 1- 6- 4-16- 8-7-1 |Route2:1-5-8-16- 6- 1
2-4 Route 3: 1-10-14-13-11-12-1 | Route 3: 1- 15- 14- 13- 10- 1

customer 9isserved by LTL

customer 3isserved by LTL
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Table 5

Detailed results for

test problems with twenty-two customers

Problem Optimal Solution Heuristic Solution
Route 1: 1- 23- 18- 15 21| S0 b 28 A8 L
20- 22- 12- 3- 4-  17-
16- 1 17- 16- 1
3-1 Route 2 1- 8- 9- 5 6 Route 2:1- 8- 9- 5- 6-
10- 11- 14 7- 2= L
- 11 14- 7 2= L Customers 13, 19 are served b
Customers 13, 19 are served by LTL LTL y
Route 1: 1- 2- 3- 4- 17- 16- e P e e
15- 18- 21- 20- 19- 1
. Route 2: 1- 17- 4- 3- 2- 14- 12-
3.2 Route 2: 1-12-13- 7-14- 11-10-8-9- | o0 ) 0" 10 5" o0 o0 7
6-5-22-1 Customers 8, 19 are served b
Customer 23 is served by LTL 1LTL y
Route 1: 1- 18- 19- 17- 16- 11- 8- | Route 1: 1- 4- 14-13- 2- 5- 6- 7-
7- 9-12-20- 1 9- 8-12-11-10-1
Route 2: 1- 23- 2- 5- 6- 4-14-| Route 2: 1- 23- 18- 22- 20- 19-
3-3 13-15- 3-10-22- 1 17-16- 15- 3- 1
Customer 21 is served by LTL Customer 21 is served by LTL
Route 1: 1- 18- 19- 17- 16- 3- 15- | Route 1:1-17-5- 2- 6- 7- 8- 13-
13- 8-10-11-12-20- 1 22-1
34 Route 2: 1-23- 2- 6- 5-14- 4- |Route2: 1-23-10- 9-11-
7- 9-22- 1 1;- 20:[ 15-14- 4-19-16- 3-

Customer 21 is served by LTL

Customer 21 is served by LTL
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Table 6
Results for larger size of test problems
. Total CPU
Problem Solution Cost Time*

Route 1: 1- 33- 25- 24- 23- 21- 22- 1
Route 2: 1- 30- 17- 29- 26- 19- 20- 28-1
Route 3: 1- 27-1

4 Route 4: 1- 2- 14- 15- 16- 18- 31- 1 16725.5 0.500
Route 5: 1- 3- 12- 9-11-13-1
Route 6: 1- 5- 10- 8- 7-6- 1
Customers 4, 32 are served by LTL
Route 1: 1- 3- 49- 14- 42- 45- 38- 16- 34- 50-
23- 51- 25-24-1
Route 2: 1- 15- 44- 8- 46- 40-10- 22-36- 37- 4-

5 29- 32- 43- 41- 20- 18-5- 6-1 5204 0.964
Route 3: 1- 26- 19- 27- 9- 2- 17- 30- 21- 35-
31- 11-39-1
Customers 7, 12, 13, 28, 33 are served by LTL
Route 1: 1- 67- 65- 57- 32- 60- 21- 61- 43- 70-
72-71-56-42- 1
Route 2: 1- 12- 25- 51- 44- 58- 23- 37- 50- 24-
66- 19- 26- 38- 62- 1
Route 3: 1- 15- 22- 29- 11- 39- 6- 2- 48-
55-16-1

6 Route 4: 1- 10- 33- 54- 59- 63- 40- 20- 74- 64- | 10349 2.852
73-14-75- 1
Route 5: 1- 34- 49- 17- 45- 28- 9- 36- 4-
30-53-46- 1
Route 6: 1- 41- 3- 47- 31- 18- 35- 8- 52-
13- 7- 1
Customers 5, 27, 68, 69 are served by LTL
Route 1: 1- 55- 22- 68- 40- 24- 88-100- 30-
36- 10- 82- 52- 21- 31- 71- 70- 2- 53- 19-
83- 46- 49- 20- 91- 67- 66- 72- 33- 64- 11- 63-
15- 44- 39- 87- 17- 45- 47-101- 26- 56- 57-
76- 23- 42- 75- 25- 35- 79- 80- 65- 50- 12- 1
Route 2: 1- 43- 38- 92- 86- 48- 37- 99- 16-

! 58- 3- 74- 73- 5- 13- 81- 34- 77- 27- 69- | 099 | 4068
78- 4- 90- 18- 85- 6- 14- 41- 98- 84- 61-
62- 94- 60- 93- 96- 95- 7- 97- 9- 8- 89-
32-51- 1
Customers 28, 29, 54, 59 are served by LTL

*All times are in seconds; the results were obtained on a PC running at 2000 MHz.
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5. Conclusions
Vehicle routing plays a central role in logistics management. In this paper, we
considered a vehicle routing problem with simultaneous pickup and delivery and the
possible use of an outside carrier to satisfy customer demands. We developed both the
mathematical model and the heuristic algorithm. A variety of test problems were
examined with our heuristics. The results are encouraging as our algorithm obtains the
optimal or near-optimal solutions in an efficient way in terms of time and accuracy.
As for future research, it would be interesting to see if other intelligent
optimization techniques, such as Tabu Search, Genetic Algorithms, Ants Colony,
Simulated Annealing and Neural Networks, can be used to solve this problem and
even provide better results. Furthermore, a multi-depot vehicle routing problem with
pickups and deliveries and selecting the outside carriers is worthwhile to explore in
the future.
Acknowledgements
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Appendix: Testing Problems

Problem 1-1

Problem 1-2

No. X, Y) ax) p(x)
1 30 40 0 0
2 37 52 7 14
3 49 49 30 15
4 52 64 16 8
5 20 26 9 18
6 40 30 21 11
7 21 47 15 8
8 17 63 19 10
9 31 62 23 12
10 52 33 11 22
11 51 21 5 3

Problem

Problem 1-4

No. X, Y) ax) | p(Xx)
1 30 40 0 0
2 21 45 18 9
3 45 35 26 13
4 55 20 11 6
5 33 34 30 15
6 50 50 26 13
7 55 45 37 19
8 26 59 16 8
9 40 66 12 6
10 55 65 31 16
11 35 51 8 4

27

No. X, Y) q(x) p(x)
1 30 | 40 0 0
2 37 52 30 15
3 49 | 49 21 42
4 52 | 64 19 10
5 20 | 26 15 8
6 40 | 30 16 8
7 21 47 29 15
8 17 63 26 13
9 31 62 37 19
10 | 52 | 33 16 8
11 51 21 12 24

No. X, Y) ax) | p(x)
1 30 | 40 0 0
2 21 45 18 9
3 45 35 11 6
4 55 20 21 11
5 33 34 19 10
6 50 50 15 3
7 55 45 16 3
8 26 | 59 29 15
9 40 | 66 26 13
10 55 65 16 3
11 35 51 12 6
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Problem  2-1
Problem 2-2
No. X,Y) qx) p(x)

1 40 40 0 0
2 22 22 18 9
3 36 26 26 13
4 21 45 11 22
5 45 35 30 15
6 55 20 21 11
7 33 34 19 10
8 50 50 15 8
9 55 45 16 32
10 26 59 29 15
11 40 66 26 13
12 55 65 37 19
13 35 51 16 8
14 62 35 12 6
15 62 57 31 16
16 62 24 8 16

Problem  2-3

problem 2-4

No. X, Y) ax) | p(Xx)

1 40 40 0 0
2 15 30 37 19
3 25 30 16 8
4 20 50 12 6
5 10 43 31 16
6 55 60 8 4
7 30 60 19 10
8 20 65 20 10
9 50 35 13 7
10 30 25 15 8
11 15 10 22 11
12 30 5 28 14
13 10 20 12 6
14 5 30 6 3
15 20 40 27 14
16 15 60 14 7

28

No. X, Y) q(x) P(x)
1 40 40 0 0
2 22 22 26 13
3 36 26 11 6
4 21 45 30 15
5 45 35 21 11
6 55 20 19 10
7 33 34 15 8
8 50 50 16 32
9 55 45 29 15
10 26 59 26 13
11 40 66 37 19
12 55 65 16 8
13 35 51 12 24
14 62 35 31 16
15 62 57 29 15
16 62 24 10 20

No. X, Y) ax) | PX)
1 40 40 0 0
2 15 30 16 8
3 25 30 29 15
4 20 50 26 13
5 10 43 37 19
6 55 60 16 8
7 30 60 12 6
8 20 65 31 16
9 50 35 8 4
10 30 25 19 10
11 15 10 20 10
12 30 5 13 7
13 10 20 15 8
14 5 30 22 11
15 20 40 28 14
16 15 60 12 6
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Problem 3-1

No.| X,Y) | a® | px) | No. | X,Y) | qx |p&x) | No. | X,Y) | a® | p&x)
1 1266|235 ] 0 0 9 230262 150 | 300 | 17 |[318| 252 | 1100 | 550
2 1295|272 ] 125 | 63 10 [ 249|268 | 1100 | 550 | 18 [329| 224 | 1250 | 625
3 1301] 258 | 84 42 11 256|267 | 4100 | 2050 | 19 | 267 | 213 | 1120 | 2240
4 1309|260 | 60 | 120 | 12 [265]257 ] 225 | 113 | 20 |275| 192 | 1600 | 800
5 12171274 | 500 | 250 | 13 | 267|242 | 1300 | 2600 | 21 [303 | 201 | 1500 | 750
6 | 218|278 | 300 | 150 | 14 [259|265| 1250 | 625 | 22 |208 | 217 | 1175 | 588
7 1282|267 | 175 | 88 15 [315]233 11500 | 750 | 23 [326] 181 | 75 38
8 2421249 | 350 | 175 | 16 |329| 252 | 1150 | 3300

Problem 3-2

No.| X,Y) | a®x | px | No. | X,Y) [a® | px) | No. | X,Y) | ax) | p(x)
1 266|235 0 0 9 [230]262] 150 | 300 | 17 [318]252| 750 | 375
2 12950272 ] 400 | 200 | 10 [ 249 | 268 | 450 | 225 | 18 |329| 224 | 1400 | 700
3 1301|258 | 1200 | 600 | 11 256|267 | 700 | 350 | 19 [267| 213 | 1000 | 500
4 1309 ] 260 | 40 20 12 12651257 | 550 | 275 | 20 |275] 192 | 500 | 1000
5 121712741 80 | 160 | 13 [ 267|242 ] 650 | 325 | 21 |303]| 201 | 2500 | 1250
6 | 218|278 | 2000 | 1000 | 14 259|265 | 300 | 600 | 22 [208| 217 | 1700 | 850
7 12821267 | 750 | 375 | 15 |315]233 1300 | 650 | 23 [326] 181 | 1100 | 550
8 242249 | 1500 | 750 | 16 [329]252| 700 | 350

Problem 3-3

No.| X,Y) | ax | px | No. | X,Y) [a® | px) | No. | X,Y) | ax) | p(x)
1 266|235 0 0 9 32214371500 | 750 | 17 [296 | 418 | 1300 | 650
2 1292 ] 495 | 700 | 350 10 [323]433]150 |75 18 | 261 ]384 | 700 | 350
3 1298 427 | 400 | 200 11 3241433250 | 125 | 19 [297 ] 410 | 750 | 375
4 1309 | 445 | 400 | 200 12 3231429 1600 | 800 | 20 |315] 407 | 1400 | 700
5 1307 | 464 | 2000 | 1000 | 13 | 314|435 1450 [225 | 21 |314] 406 | 2500 | 1250
6 336|475 | 900 | 450 14 [ 311]442 1700 |350 | 22 [321]391 ] 1700 | 850
7 1320 439 | 600 | 300 15 304427 1550 | 275 | 23 [326] 181 | 1100 | 550
8 [321] 437 | 750 | 375 16 293|421 | 650 | 325

Problem 3-4

No.| X,Y) | ax | px) | No. | X,Y) | a® |px) | No. | X,Y) | ax) | p(x)
1 266|235 0 0 9 32214371500 | 750 | 17 ]296 | 418 | 1300 | 650
2 1292 ] 495 | 1200 | 600 10 [323]433] 150 | 75 18 | 261|384 700 | 350
3 1298|427 | 40 20 11 [324]433] 250 | 125 | 19 297|410 | 750 | 375
4 1309 ] 445 | 80 40 12 3231429 ] 1600 | 800 | 20 | 315|407 | 1400 | 700
5 1307 | 464 | 2000 | 1000 | 13 | 314|435 450 | 225 | 21 |314 | 406 | 4000 | 2000
6 336|475 | 900 | 450 14 [ 311442 ] 700 | 350 | 22 [321]391 | 600 | 300
7 1320 439 | 600 | 300 15 304|427 ] 400 | 200 | 23 [326] 181 | 1000 | 500
8 321437 | 750 | 375 16 293|421 | 300 | 150
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Problem 4

No. X, Y) qx) | px) | No. X, Y) ax) | px)
1 292 | 495 0 0 18 | 297 | 410 | 550 275
2 | 298 | 427 | 700 350 19 | 315 | 407 | 650 325
3 | 309 | 445 | 400 200 20 | 314 | 406 | 200 400
4 | 307 | 464 | 400 800 21 | 321 | 391 | 400 200
5 | 336 | 475 | 1200 | 600 22 | 321 | 398 | 300 150
6 | 320 | 439 | 40 80 23 | 314 | 394 | 1300 | 650
7 | 321 | 437 80 40 24 | 313 | 378 | 700 350
8 | 322 | 437 | 2000 | 1000 | 25 | 304 | 382 | 750 375
9 | 323 | 433 | 900 450 26 | 295 | 402 | 1400 | 700
10 | 324 | 433 | 600 1200 | 27 | 283 | 406 | 4000 | 2000
11 | 323 | 429 | 750 375 28 | 279 | 399 | 600 1200
12 | 314 | 435 | 1500 | 750 29 | 271 | 401 | 700 350
13 | 311 | 442 | 150 300 30 | 264 | 414 | 400 800
14 | 304 | 427 | 250 125 31 | 277 | 439 | 400 200
15 | 293 | 421 | 1600 800 32 | 290 | 434 | 1200 | 600
16 | 296 | 418 | 450 225 33 | 319 | 433 | 40 80
17 | 261 | 384 | 700 350
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Problem 5
No. X, Y) qx) | px) | No. X, Y) ax) | px)
1 30 | 40 0 0 27 | 271 | 68 7 4
2 37 | 52 7 14 28 | 30 | 48 15 8
3 49 | 49 30 15 29 | 43 | 67 14 28
4 52 | 64 16 8 30 | 58 | 48 6 3
5 20 | 26 9 18 31 8 | 27 19 10
6 40 | 30 21 11 32 | 37 | 6 11 6
7 21 47 15 8 33 | 38 | 46 12 6
8 17 | 63 19 10 34 | 46 10 23 12
9 31 62 23 12 35 | 6l 33 26 13
10 | 52 | 33 11 2 36 | 62 | 63 17 9
11 51 21 5 3 37 | 63 | 69 6 12
12 | 42 | 41 19 10 38 | 32 | 2 9 5
13 | 31 32 29 15 39 | 45 | 35 15 8
14 5 25 23 46 40 | 59 15 14 28
15 12 | 4 21 11 41 5 6 7 4
16 | 36 16 10 5 42 10 17 27 14
17 | 52 | 41 15 8 43 | 21 10 13 7
18 | 27 | 23 3 6 44 5 64 11 2
19 17 | 33 4] 21 45 | 30 15 16 8
20 13 13 9 18 46 | 39 10 10 5
21 57 | S8 28 14 47 | 32 | 39 5 10
2 | 62 | 4 8 16 48 | 25 | 32 25 13
23 | 42 | 57 8 4 49 | 25 | 55 17 9
24 16 | 57 16 8 50 | 48 | 28 18 9
25 8 52 10 20 51 56 | 37 10 20
26 7 38 28 14
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Problem 6
No. | X,Y) [a®) |p&x) | No. | (X,Y) |a®) |p&x) | No. | X,Y) |aX |pX)

1 40 | 40 0 0 27 | 41 | 46 | 18 9 53 | 54| 38 19 38
2 22 | 22 | 18 9 28 |55 134 | 17 9 54 | 55| 57 22 11
3 36 | 26 | 26 13 129 3516 29 15 | 55 | 67| 41 16 8
4 21 145 | 11 22 30 | 52 1 26| 13 26 56 | 10 ] 70 7 14
5 45 1 35 | 30 15 | 31 | 43 | 26 | 22 11 5T | 6 | 25 | 26 13
6 55120 | 21 11 32 131 76| 25 13 58 1 65| 27 14 7
7 331341 19 38 | 33 | 22 | 53 | 28 14 | 59 140 60 | 21 11
8 50 | 50 | 15 8 34 | 26 | 29 | 27 14 | 60 |70 | 64 | 24 12
9 55 1 45 | 16 8 35 | 50 | 40 | 19 10 | 61 |64 4 13 7
10 [ 26 | 59 | 29 15 | 36 | 55 |50 ] 10 20 | 62 |36 ] 6 15 30
11 | 40 | 66 | 26 13 | 37 | 54110 12 6 63 130 ] 20 18 9
12 | 55 | 65 | 37 19 | 38 | 60| 15| 14 28 | 64 | 20| 30 11 6
13 | 35 | 51 16 32 39 | 47 | 66 | 24 12 65 | 15] 5 28 14
14 |62 |35 | 12 24 | 40 | 30 | 60 | 16 8 66 | 50| 70 9 18
15 | 62 | 57 | 31 16 41 | 30 | 50 | 33 17 67 | 57| 72 37 19
16 | 62 | 24 3 16 42 |12 | 17 | 15 30 68 | 45| 42 30 15
17 | 21 | 36| 19 10 | 43 |15 | 14 | 11 6 69 | 38| 33 8 4
18 | 33144 | 20 10 | 44 | 16 | 19 | 18 9 70 150 4 11 6
19 9 |5 | 13 26 | 45 | 21 | 48 | 17 9 71 |66 8 3 6
20 | 62 | 48 | 15 8 46 | 50 1 30 | 21 42 | 72 159 | 5 1 1
21 1 66 | 14 | 22 11 47 | 51 | 42 | 27 14 73 135] 60 6 3
22 | 44 | 13 | 28 14 48 | 50 | 15 | 19 10 74 | 27| 24 10 5
23 126 | 13| 12 6 49 | 48 |1 21 | 20 10 75 140 | 20 20 40
24 | 11 | 28 6 12 50 | 12 | 38 5 10 76 |40 | 37 8 4
25 7 | 43 | 27 14 51 | 15 | 5 | 22 11

26 |17 | 64| 14 28 52 129 1 39 | 12 6
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Problem 7
No. | X,Y) |a® |p&x) |No. | X,Y) |a®x) |p(x) | No. | X,Y) |aX) |px)
1 13513 0 0O | 3565|555 | 14 7 69 | 56 | 39 | 36 | 18
2 |41 149 | 10 5 | 36| 63|65 16 | 70 | 37 | 47 | 6 3
3 |3 |17 7 14 |1 37| 2 | 60 3 71 | 37 | 56| 5 3
4 | 55|45 13 7 13812020 16 | 72 | 57 | 68 | 15 8
5 [5120 19 | 10 | 39 | 5 5 16 8 73 | 47 |16 | 25 | 13
6 | 15|30 26 | 13 | 40 | 60 | 12 | 31 16 | 74 | 44 | 17 5
7 125130 3 6 | 41 |40 25| 9 5 75 | 46 | 13 4
8 | 20 | 50 3 42 | 42 | 7T 5 10 | 76 | 49 | 11 | 18 9
9 | 10 | 43 18 | 43 | 24 | 12| 5 10 | 77 | 49 | 42 | 13 7
10 | 55 | 60 | 16 8 44 | 23 | 3 7 4 78 | 53 |43 | 14 7
11 | 30 | 60 | 16 & | 45 | 11 | 14 | 18 9 |79 |61 |52 3 6
12 120 (65| 12 | 24 | 46 | 6 | 38 | 16 8 80 | 57 | 48 | 23 | 12
13 | 50 [ 35| 19 | 10 | 47 48 | 1 2 | 81 |5 |37 6 12
14 |30 [ 25 ] 23 | 12 | 48 56 | 27 | 14 | 82 [ 55|54 | 26 | 13
15 | 1511020 | 10 | 49 | 13 |52 | 36 | 18 | 83 | 15| 47 | 16 8
16 | 30 | 5 8 16 | 50 | 6 |68 | 30 | 15 | 84 | 14 |37 | 11 | 22
17 | 10 |20 | 19 | 10 | 51 | 47 | 47 | 13 | 26 | 8 | 11 | 31 | 7 14
18 | 5 [ 30| 2 4 52 | 49 | 58 | 10 5 86 | 16 | 22 | 41 | 21
19 | 20 | 40 | 12 6 53 | 27 |43 | 9 18 | 87 | 4 | 18 | 35 | 18
20 | 15| 60 | 17 9 54 | 37 | 31 | 14 7 88 | 28 | 18 | 26 | 13
21 | 45| 65] 9 18 | 55 | 57 | 29 | 18 9 89 | 26 | 52| 9 18
22 [ 45120 | 11 6 56 | 63 | 23 | 2 4 90 | 26 | 35 | 15 8
23 [ 45110 | 18 9 |57 |53 ]12] 6 3 91 | 31 | 67| 3 2
24 |55 5 | 29 | 15 | 58 | 32| 12| 7 14 192 | 15| 19 1 1
25 | 65 | 35 6 | 59 | 36|20 | 18 9 |93 | 22|22 2 4
26 | 65 | 20 12 | 60 | 21 | 24 | 28 | 14 | 94 | 18 | 24 | 22 | 11
27 | 45130 | 17 9 61 | 17 | 34| 3 6 95 | 26 | 27 | 27 | 14
28 | 35|40 | 16 8 62 | 12 | 24 | 13 7 96 | 25 |24 | 20 | 10
29 | 41 | 37 | 16 8 63 | 24 | 58 | 19 | 10 | 97 |22 | 27 | 11 | 22
30 |64 42| 9 18 | 64 | 27 | 69 | 10 5 98 | 25 |21 | 12 6
31 | 40 | 60 | 21 11 | 65 | 15|77 ] 9 18 199 | 19| 21 | 10 5
32 |31 |52 |27 |14 |66 62|77 20 | 10 [100|20 |26 | 9 18
33 135169 |23 |12 |67 49|73 25 | 13 |101| 18 | 18 | 17 9
34 | 53|52 11 6 68 | 67 | 5 | 25 | 10
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Ocean Energy Industry in Taiwan: A Survey
and Analysis of Bioenergy

Hsuan-Shih Lee Cheng-Chi Chung Ying-Chen Hsu

ABSTRACT

There has been a general awareness about environmental protection in recent
years, and the idea of “going green” has been popular around the world. Because of
economic growth and an energy crisis, the developmental trend of energy may be
turned from expendable to renewable energy. Ocean energy is the richest resource
among all renewable energy. Therefore, the development and use of ocean resources
is the most important energy issue. Due to the lack of fossil fuel, it is critical to
develop renewable energy in Taiwan. The greatest advantage among Taiwan’s natural
resources is the surrounding oceans. However, ocean energy is still a growing industry,
and is lacks enough supporting policies in Taiwan. For further investigation and
analysis of ocean bioenergy in Taiwan, this paper uses a PEST questionnaire and
adopts SWOT analysis, to get a thorough understanding of its overall and business
environment. Results show that developing ocean bioenergy in Taiwan and its
economic benefits have been recognized. It is also shown that Taiwan has the superior
nature conditions, human resources, technology and creativity to pursue it. However,
ocean bioenergy in Taiwan is still in an initial stage. Technical development,
government policy and regulation, capital investment, and the supply chain system all
require the government’s assistance and planning. The findings of this paper can be a
good reference in assisting ocean bioenergy companies in operational
decision-making, as well as government agencies in formulating supportive energy
policies.

Keywords: Ocean energy, Bioenergy, Energy policy, PEST analysis
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A rainbow In the blue ocean: A self-narrative
research of a female Seafarer

Yi-Ping Chang  Ki-Yin Chang Jiunn-Liang Guo

ABSTRACT

Taiwan is located in the hub of Pacific Ocean shipping. Shipping industry has
created enormous economic benefits. However, in recent years, the lack of Taiwanese
seafarers and the maritime manpower shortage have become common phenomena. If
female human resources can be integrated in the seafaring, such predicaments can be
alleviated. This study adopted the self-narrative approach of qualitative study, and
used the diary of a female seafarer as the narrative materials. The diary spanned 20
months, including two identity stages - Deck cadet and Training ship-officer.
Moreover, this study selected the four relation dimensions, power, production,
emotion and symbol, in “gender relations” proposed by Connell (2002) as the
framework to discuss the current gender status of seafarer workplace, in order to fully
and authentically reflect a female seafarer’s mood and predicament in seafarer
workplace. Furthermore, this study discovered different aspects of a female seafarer in
workplace based on the interpersonal interaction and relationship on the boat. Because
female seafarers are rare, the materials of this study are precious. In addition to
unveiling the secret of a female seafarer, this study also broke the gender myths and
gender stereotype of maritime workplace.

Keywords: Female seafarer, Self-narrative, Gender relations, Gender myths
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The Hedge Performance of the Dynamic Hedge
Ratios in the Baltic Dry Index Futures

Heng-Chih Chou Gin-Shuh Liang Chih-Yuan Wu

ABSTRACT

The International Maritime Exchange (Imarex) opened the electronic trading to
the BDI freight rate futures since 18 June 2008, which attracts more shipping
operators to join in the transaction, thus increasing market liquidity, and making the
freight rate futures market more efficient. The performance of the freight rate futures
is affected by the estimated efficiency of the hedge ratio. An efficient hedge ratio
estimation can help capture the dynamic changes of the correlation between the spot
and futures prices. In this paper, the BDI and BDI futures are explored, and the
sample period is from 24 June 2008 to 7 May 2010. Three alternative hedge ratio
estimation models, Minimal Variance Hedge Ratio (MVHR), Constant Conditions
Correlation model (CCC) and Dynamic Conditions Correlation model (DCC) are
applied and compared The empirical results show that the best performance of
in-sample fitting is the hedge ratio estimated by CCC model; but the hedge ratio
estimated by DCC model has the best performance for the out-of-sample data.

Keywords : Freight rate futures, Hedge ratio , Hedge performance, CCC Model,
DCC Model
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BT oM S 2B FHF T HALFE SRR BER RS
A RY Tt ﬁ’%%ﬁEL‘%”§L~iﬁﬂ%ﬁ%§~£%“
SR LRSS R AR SR

(=) A#Zx 74 (Infrastructure Marketing )

BB HD THOERY o AHERETHTRRMER LS F Y B8
B @ﬁf/‘_ﬁ. ~ ’}}‘i‘i%‘ ~ E{j f; "}%—&)é._i ’ %ﬁ;;l‘l ES q\iﬁ"ﬁ = 4 mé?{@f X 2 (ﬁ:’]"-i’;/,w ’
2008) c 4rd HATHFE L EFIRARL T AP OPEFF 0 P T F
BRFES "X 2R ER A2 F WRAEE FE M- R "R o

(z) % %748 (People Marketing)

B EAAREFBRFAY A THNLFELETR AP M
ek gy a v Bt it i i@ o Kotler, Hamlin, Donald {- Haider (2002) 3
AAREHTLHFL AP P E CEFRRR AR REF LA TRR IR
Sl Beehp sk M2 BHEAFAFA S AIRFAEONET B L o7
/;%'iﬁ_ﬁv#s‘r%ﬁ,ﬂ;;\%ﬂ Fae AT N nE R AR 4 o

==
5

BEEHERPREFR IR AT R FHE TR RS BT
REETRBAERTNIF B EFIERED - TR FREF AR X o FM o 4o
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HES-ELE B3 FHLLRERNE 27T AR LB

TR Foer ER TS FHELLPEFR TR ARSF L ERE K
FAER P HRE & 99T 7 RAL-i82 F M7 FH LR PEFE =6 ER e >
o eI e dE (L2 B HEE m%<ia@~kﬁﬂ\ﬁ£g’
2012; Kotler, Hamlin, Donald & Haider, 2002; van Limburg, 1998) > & & ~ #& ~
/w\%‘r’ﬁ B 35 7 Féﬂ’ﬁ‘ﬁ“ﬂ% SRERAL TR IS FH LR B EFR TR 2

il N AL 3 poaicE ol £33 45 (38248, 1999; Alhroot
& Alalak 2010; McKee&Wang 2006) > g2t E RBEF AT o A o b
H2 2 AALGRRIH S FAR LR aniae ¢ % 2 4 RS 0 2L
e EE *xfﬁrﬂiﬁ'ﬁ FHnE LT EFE o

N N -t IR FNthY SR S PRy S & 3 1
FRE e o poA AR E AL o Bl AL AR BT FH R M 2
A ITERE S NARD S ARV BREIAREY FHELPY i:f‘_'—]',%’f-lp’]‘ﬁm
SRR FEEHR A B AT R TR G R AR L B FH LR R
BRF o mH i P RE R nFE 2ok - 2 Fad F4 LR
FRRERFE I B TRE PR ERE ST R4 DERARRF T F 02
Mok RS R B

K % 47;% (Analytical Hierarchical Process, AHP ) i & & * f7 fx 2 /w2
FOECB R BRI R AT o K AT E U K kéf#*‘*f’v AP A B
A AATEERR NP FES PR HEG LS T ARt ER o s
YRR Bt n E 2 R gl R WA AT (BRI R
1989a - 1989b) :

1 BB A S 4R @kt pik e

2. BT > E - Kk ABOBERE b
FERS DT s FR R AR E NS S R FAL
AR R AR

4. KB SRTE R F b BAZE - 51 (Saaty, 1980) 0 FAZ M RlERE A K 2
Ao

S. B AEK PN FIL TR R
N A SR

Zadeh ##23+ 1965 & # 1) ik & & 12 % (Fuzzy Sets Theory) (Zadeh, 1965 ) »
WEAABSDEZ JEH U E HFEFE S ORLAcE oAy AR o Flt
ROE I R EELA R B R iRy B AT B B4R (220 T

14 ) # ¥ 4 sk 2k o Csutora and Buckley (2001) 325 K B 472 2R
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BERET - Lo L5 -

Eaall S ES iMJ WOREREG SR A BLIRACE BT Fla ORI S K s
WiAPS & OB R a2 UE PRI RBET AL AT 0 TR AT
A3 J1* Chang (1992, 1996 ) =#7#& J1i3 & ek & B 4772 > 11 = iig;-ﬁ%.fxy
o 2 o S e > v ge Fl A 472 (Extent Analysis Method ) » 3-8 &
TRERFOREE I WA AT EREE m%ﬁﬁ%uéﬁ%T:

1 2 8 hfihs & 0 i

B K 3 3 R o AN BER G o e R F AR AT o F
BART A Lk astiEmR t R o AEEHS 8 RS B AHE & s
B FEHS AR REET LK P3RS R i S bl e > 1 Y
AL IR S R L i A REEE M > B e
M =[M] 1)
MK 3G = B & & ik = ¥ st
My BT oERRE S K e S A HF I B fEa pHE 5 jBFR 4
ooendE &ML Bz & o ik

Mj; = (I, My, ui)
N: %37 & oo T—lpﬁ‘m
Iij TR ATERLEARR LK) E

BLREFZ THE

m; P S R TG
Uy 3P S AR RAFR LA E

Mij:(l,l,l), Vi=j;and Mji:}(/l . Vi, j=12,...,n
ij

R el il

FLRE o
GHFEER (1,1,1)
FEEE 1,13)
h3%d %2 7 1,2,3)
WEE (1,3,5)
N (3.4.5)
HE & (3,5.7)
N (5.,6,7)
BEE (5.7,9)
h3%d %2/ (7,8,9)
.méféa (7,9,9)
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WA K A8 A

\f“!«
mh

PEFE 27T — U AKRD 56

2. ’F“L—ET e f"r’?"@“@

£ X =X, %y, o X, } 2~ B4 % & (ObjectSet): & U = {u,u,, .. u,} L
- i p & & (Goal Set) - iz43 Chang (1992, 1996 ) r’v’ﬂ%@&%‘r,‘z & - B
A wA A rE R ARE RS AT I WO BCE TR RR T Fp R
BPETEMBEEAFE > L1407

1 2 .
Mgi’Mgi’“.’Mg]i’|:1’2""’n (2)
2o o MI(G=1,2.,m) 2= & H0p ik

F 0 B4 = 2 Hi0 57 & §° B 2 (Fuzzy synthetic Extent Value) S; » € & 4cT

~SwielEEug| 0

PAfEYT M) S BEELEE M BRI EL 8

4 F

m ) m m m

Z“ﬂ;=[2'p21mp2uj] (4)
-1 -1 =1 =1

j=

Zli,Zmi,ZuiJ ©)

-1
N & : 1 1 1
{ZZMQ‘} = ’ ’ (6)

V(M= My)=sup fuy, (x),uy, (y)] (7)

y>xX

V(M,=M,)=hgt (M, " M,)=uy (d)

1, if m,>m,
0, if I, >u
- 1 2 (8)
-4, ,otherwise
(mz _UZ)_(ml _Il
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BEREN L EE -

B dEzs M frMy4p2 € eshd & 0 50 v My o My > F - & R
V(M 2M,) 4V (M,>M,) 2@ -

4. FEPFCO VR
- Bl B H T KB EM (=12, k) 2T AT

V(M 2M,;,M,,...,M )=V[M =M;)and (M > M,)

and ...and (M >M )]=min V(M >M;),i=12,...k ®©)
B3k -
d'(A)=minV(S, >S,) (10)

2 k=12,...,nk=i - #3EL

1f“tﬂ
A

= (d'(A),d"(Ay),-- d'(A)) (11)
24 A@=12..,n) 5Nk~ %
5. 1A

LR EE SRS

W =(d(A),d(A),--,d(A)) (12)
W L - R E

B 2iAlRs FHELETFE BTG ES

- MBS FHEERETEE RS

AR ST EHER DR AR < e 119 R LT 2B 3 B 2006,
924501999 § & &~ FIEE ~3F4d > 2012; Alhroot & Alalak, 2010; Kotler,
Hamlin, Donald & Haider, 2002; McKee & Wang, 2006; van Limburg, 1998 ) » & 12
AR A A Eb o 2 RARKRD JI}"«I—E}_,JDmf‘j—pRZg.—E\;;L P r]}i;ﬁ-‘zt‘;]\rﬁ:_J
(http://tour.klcg.gov.tw/h/h01_0l.asp )> % & Fs ¥ AErde 2 LK %25 F 4
ELRESD FHE LB s *ﬁﬂ’ﬁ—%;&ﬁs%’ﬁ
Sk A ARSD FHELPEFR O ARG S Z R LR EG L
ﬁiw?ﬁ’mﬁm%&*ﬁ%@1WToLwﬁﬁﬂﬁrWﬁﬁﬁJﬁ%ﬁﬁ
BEAEARXABRTERFZ LG G bldo By L v B RE AR
PAEF BT R HEAST R RS IAE N o
TEEARXARL ? 35l 4z ‘%«é»’ Glde s Her R IR2 Jh B B~ 2 FIYERE
bl 28 B FATAR bk"‘&a?“‘%ﬁi#fﬁ TRRER A R EBT A
AR X ARTREZAHEL > AR CEHAPHE AP RS

’
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FoegiEk
TR AR

A LA

(3
B E

=
s et H OB L2
(i

— & ¢ v #(Cu)

— & % it AL 77 (Cp)

A5 9 (7 4(Cy) poE g i3(Cu)

— B 7 % 2>(Cup)

— & & B B (Cis)

— & Ak F(Ca)

— = F % 7 (Cyp)

2514 (7 4(Cy) n

a (Ca)

F
'+
i

— B F 47 45(Ca)

A8 (Cas)

|
|
o
(%

o ok N ok B T S 3 R B

— A~ A2 2K (Ca)

— i 2 AL H o % (Ca)

A IE L 74 (Cy) g 8 E R (Ca)

— & B & F 2 K (Cun)

— F T ZF K (Ca)

— &% @ 7 #(Ca)
— * L # F(Cyp)
% F 17 44 (Ca) 2 A % F(Ca)

— & % it 4 (Cu)

7 A a2 R (Cu)

BLlARSS FHELRPPTIFASER
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2 2AB5BW 7

HERPEFZEGFRHECHLTE

i S ek £ %R
AXL

i

PAR Y P BRI A KT N R BEE S LR RS Y
Bl -BH 2L B R H2BT o

R 1Y AL TY

B REMAR I FE RS FEL B 28 B

b rBREA LB L o

st
)
I
SRy
!

/i«fﬂ’”ﬁ'l—i":}—“iﬁﬂ'%ﬁﬁ ?’%;’fgg;ﬁi;‘éilli
LBk B PET °

BT > ¢ 7 ERE > gﬁtﬁé"QiQi‘Iﬁiﬁ.Qi’Uliﬂ'%Qi‘i"
i m AT Ao h s IR -

ﬁ\%i’é"f‘ ER X é.i,ﬁ;f'#« oy Hrk e i—HIE'_“_'_EE”" sl @’ﬁ%llf

i @ s E R R R R AR -

%48 (1999);
F A E (2012);
Alhroot = Alalak
(2010)

2504 4

Fej A AT ) g BEB RIS o Ao FR)RE N

2 ] ==
i RIS
N P R T NS \&q;% I Bl RS Ao F ALK F
. : FAB O AL I RFOFE -
N Fren RBB T, f o PRMELE A ey | TVEAE (1999);
i ﬁi&%;%&ﬁ%mﬂ—ﬁ#w%ﬁ“*ﬁﬂ° ehiee fe Weng
2006
B % AR EEEHGERER G FEL A Fof T L TR
7 o LERFEAENGRLY o
+ Bt Flee @i R RL LSRR ARG AEL AP 2
R dadi ENES EXI R ¥l
AR 4
BAEL AR 0 AR PRI AT B TE
A B r .
ARALER u@~L1 TRty -

fﬁ%?%ﬁ*lﬁ ¥®T ’£K¢P{$%§iéﬁ’éﬁ

#48 (2008);
Kotler, Hamlin,

ke 3 ok SE VR AR A ;
PEER B pEErE R cFEMAREL B Donald 4= Haider
P ﬁﬂﬁ%ﬁ%;%%ﬁﬁﬂ’u%@&ﬁﬁ%iﬁﬂi%%Qma
%35 o BE Fod &3 AEFE -RBEZRITHFE -
g WRTAEL D FA  RGTEE AR LT RS
HFT 2 - . '
FaRTER BERTESF - FIHGERTAHER -
EN Y-
-~ . BoE P ERERN TEFLPARTA B BIRABRL
gL BECLATRA O TERLANGA ST RRALR
BTy wrh g
ey Rl A % E A R 2 GRRA 2RIRI R DA
v EIRAEAR S EE S A LRGSR - Kotler, Hamlin
N FMASNELE R A /LL%:"{PE ‘Syf‘i“ B = L3R 414 | Donald {- Haider
E 2L EWIRE NEMERLIGF L FE (2002); van
L 5L AT PR RBE 0 A FBETA A A N BB L) Limburg (1998)
* kenL ¥F %> Hiw0 b2 AH -
o X et B0 AR LR R f 2 L LR
LA b H = DI
IR RF kBB A 3 REE ML o




HAF EE 8 FHEE SR — AR 50l
SRS FHER TR RS
(-) FHEE

d 345w Féﬂ’fi»@*»‘g\— EUBEELAMT I E TR A VEE
237 #ﬁ‘.)% e kinci (2003 ) ﬂ&gp’%ﬁ.}% BP TR E o 2 Bt &
Jﬁiﬁ—% FABREDZEELADME LT R TP AFTEASNWMARBE

bR, %mﬁﬂh %ﬁﬁ fd zFE}ﬂ‘%’r‘ ﬁ?ﬁfﬁ’;&fr’ FieAKE Féﬂ'é‘-\ﬁﬁ‘_ﬁ@q
'? 2 ’fgi‘ AL R ARE R il’.’zﬁﬂav—'rﬁ{j‘l"w SRR
PrRDE LI ABRD LA Ak AR AREEAHART mf’é’?‘frﬂ‘ X
g i LI antE L o fefE F 7 %ﬁﬁmélfv}_% P TR B E Aok A3
z‘,’gJ‘—g_z\,’A\Qjﬁ\:ié\”ﬁfﬁgﬁg'ﬁﬁ?%j\?#f @ ek 3 91T o

£3BAEEAALATR

Ve 7 B &
T S L e A W X He . L)
A
e 13 65% 8 40%
L 7 35% 12 60%
k3
30 kT 4 20% 3 15%
31-40 & 7 35% 4 20%
41-50 & 3 15% 6 30%
51 -60 & 2 10% 6 30%
60 f 12+ 4 20% 1 5%
Bk s
AR EE 2 10% 2 10%
PR ¥ 5 25% 12 60%
1¥ 5 25% 1 5%
T 5 25% 2 10%
pd X 3 15% 3 15%

(2) ok 452 B W ARBT A EREPTE TR

SR d f (F40 S EBEEs R A) UR L PARST FH LR
BFTR RS RA LG ORI 35 LS
RROEE > T A 12 F L0 wH L Z S0l 2245 5 LR
B B L R e T2 R TR LR iEe SRR LR -
$MIEE AR T

B E AL R S R

Bz LA T4 (C) s sl 74 (C) s AAZERFH (Co)o
A RFH (Cp) v IR f?m s B R IE Gk 4 B pET iSL o o ik
(1) 2 F & Pl S am'd > 4ok 4 9750 o § b MR R R - R
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BEREN L EE -

¥ ¥_ (Consistency Index, C.l.) > d % 4 ¥ B &+ #Fiid Amax 5 4.010 ~ - &
XN ( Consistency Index, C.l.) % 0.003 - "£# 45 % & (Random Index, R.l.) &
0.90 ~ — &+ F & (Consistency Rate, C.R.) % 0.004 » 5] % C.R.E | > &
0.1 Flpt » BEHEFRHG FFEHOP S HPRAELE G - R -

2ABERLFGHES S L 0P S R REE

C: C. Cs Cs
C. (1.000,1.000,1.000)  (0.806,0.979, 1.327)  (1.145,1.419,1.881)  (1.239, 1.558, 2.052)
C, (0.753,1.021,1.240)  (1.000,1.000,1.000)  (1.372, 1.838,2.426)  (1.063, 1.371, 1.885)
Cs (0.532,0.705,0.873)  (0.412,0.544,0.729)  (1.000, 1.000, 1.000)  (0.635, 0.948, 1.320)
C, (0.487,0.642,0.807) (0.531,0.729,0.940)  (0.758, 1.055,1.574)  (1.000, 1.000, 1.000)

Amax =4.010;C.1.=0.003;R.I.(4) =0.90;C.R.=0.004< 0.1

HEZ IR FEERE

Wk A RS HoR A OB i D R (3) D X (6)EE 5 T
BTG PR PR -

CHES

Sc. = (4.190 ,4.956 ,6.621) ® (1/21.055 ,1/16.809 ,1/13.732 )
= (0.199 ,0.295 ,0.456 )

S., = (4.188,5.230 ,6.551) ® (1/21.055 1/16.809 1/13.732)
= (0.199 ,0311 ,0.477 )

S, = (2.579 ,3.197 ,3.922 ) ® (1/21.055 ,1/16.809 1/13.732 )
= (0.122 ,0.190 ,0.286 )

S, = (2.775,3.426 ,4.321) ® (1/21.055 ,1/16.809 1/13.732 )

= (0.132 ,0.204 ,0.315 )

L

Bl TR ipe R L FRESY @)t Y > T L E R E R
ZEEUN T S

. =3 &= 2L F
- F Ht—,}i@ &

V(Sc, 2S.)=0.940, V (S, >S,)=0.1, V(S >S,)=1

V(Sc,2S.)=1V(S, 2S.)=1 V(S 25,)=1

v

V(Sc, 28c,)=0.453, V(S >S.)=0.417,V (S, >S,)=1

V(S¢, 2S.,)=0.560,V (S, >S,)=0.519, V(S, >
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HASF FhE: B FHERPETNFLF] AR L6l
H e EBHCLT i

55 (9)frst (10) g 2 o EPE - BIEGHG Db T R 0 ERE e

T

d'(C)=minV (S, >S. ,Sc. .S, ) =0.940
d'(C,)=minV (S, =S ,Sc ,S¢,) =1

d"(C;) =minV (S¢, =S¢ ,Sc,,S¢,) =0.417
d'(C,)=minV(S¢, >S,,Sc ,Sc,) = 0.519

Fp o TR EE S R
W'=(d'(C,),d'(C,),d'(C,),d'(C,)" =(0.9401,0.417,0.519)"

L
BEEEWRBEFIRLE > A4 - BRARACZEEFE W
W =(d(C,),d(C,),d(C,),d(C,)" =(0.327,0.348,0.145,0.180)"

HII D EERERRELE

fwb.ﬂ? IHIe AR 0 E A A (C) il FH (G A
HEXFH (Co)~ AWGFH (C) v AR T LA TFENDELE -

AR TR
’%%%%ﬁ ﬂmﬁmiﬁﬁﬂmﬁ

e “‘373
S A
e
".‘"_"l\“\
e

v

Ea
v e
[rh
&
F
|
[

105



ERCE i g GEARS

205F NBLATR R AR RLERE SR
#HE R B
et mgps  PEER BWER o EREn ERPEE

TR —— BEE EpELE —— BEE EplELE
/%R (# %) # %) #¢) %)
5% 74 0.327 0.332

i 0.310(1)  0.101(3) 0.274(2)  0.091(3)

BV AR 0.237(2)  0.078(5) 0.304(1)  0.101(2)

BT F iE 0.179(3)  0.059(6) 0.247(3)  0.082(5)
B &> 0.149(4)  0.049(9) 0.152(4)  0.051(8)

Rk R 0.125(5)  0.041(11) 0.023(5)  0.008(20)
1Rk 0.348 0.284

AR N 0.297(2)  0.103(2) 0.288(2)  0.082(4)

iRy 0.344(1)  0.120(1) 0.215(3)  0.061(6)

R 0.242(3)  0.084(4) 0.372(1)  0.106(1)
B FATAR 0.043(5) 0.015(18) 0.043(5)  0.012(18)

+ B At 0.073(4)  0.026(16) 0.082(4)  0.023(15)
Az u g 0.145 0.204

AAAAEX 0.267(1)  0.039(12) 0.094(5)  0.019(17)
@ PE R 0.260(2)  0.038(13) 0.293(1)  0.060(7)
F R R 0.257(3)  0.037(14) 0.181(4)  0.037(14)
BB STER 0.223(4)  0.032(15) 0.251(2)  0.051(10)

BER T ER 0.011(5)  0.002(20) 0.181(3)  0.037(13)
Y 0.180 0.179

LR 0.267(3)  0.048(10) 0.241(3)  0.043(12)

LB 0.321(1)  0.058(7) 0.272(2)  0.049(11)

2RE 0.277(2)  0.050(8) 0.290(1)  0.052(9)

I 0.107(4)  0.019(17) 0.130(4)  0.023(16)

LA LR 0.028(5)  0.005(19) 0.067(5)  0.012(19)
DR ARG 2R E R L e

DR R B LR G B E B A TR R T2 Bk o
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HAF ELE B FHELRERNE2E] — L AK 56l

- SR I—xp’f#m i A

dABanER BT ARBS FHERPETE D
LEEA Y- Rk M0 @4 (SEHREE =0372; 2L E =0.332)

AR 3D FaEhER  BER PP ENF - YR ART FHY 15
ST A5G o T RSB EA B BB F AR 0 R B Ak B AR L
TR AE R F5 AR LELBARRRADEL R~ 2 KA 2 PFL

AR HiEz it (AEAE FEF B - Waa B > F BN
TRNUULP S o RIS o CHBRAT ALY L F A ¥ 2 S M E L)
2B L A AER R - TR BN RS BN EARDE L Al B
B % F BN RIRS D BT 4 o I ERA L RS 5 BE RS
FREBTHIZ B w PRL

H

mRa oo wlesld 74 ﬂ%ﬁﬁﬁﬁﬁé%ﬁﬁﬁé%ﬁiﬁ&§$&e
AR (BE#EELE =0348; gL E =0284) d KT * ARy
oo N H/ERF T A DRE D [f] (do! G ABKDF S FAPSF -~ A2
>@iy%ﬁﬁm%&%*uwé FE 0 LHEROB C R LR

mé rw%ﬁﬁxmwoﬂy,ﬁ Bl Bk R TR am il 4 0 £
e FEAKBRE D FHPEF 2T m:{;ﬁ ot rEREYS Vot AR
féi\m@f‘j—ff@—\ 4 :fa‘_}% T B ]77@’? J‘_)—ymﬁ,%‘kﬁ’-ﬂﬁzi P oA %ﬁ\:} ‘};Laﬁ«é, P =R

TR ERAR RST N Ee A BRI RS R TR P R E R
i 1§ B._L_\}R - ] }fz‘;—%.‘fuhg,lb»’? BB 0 5 ,#ﬂ}g ,_‘f‘j-;a e I

At DA g T Al Tl 4 T T A REH 2R s B ERG T A
HEXGEH I ARD s FH L FRES Rl (BEELE =0145) 4
THFERELZ AT PR FIFERPART LB L EERSEL A A E %
BRT ?ﬁﬂ*{ﬁ“méﬁf£’*kﬁﬂﬁ”i&#% B enAA AR o e g
BEAGT O ORAPER P TAHER Y JHaPARBBE S FH 0L L PR
# oﬁﬂ“ﬁ*%* REom o AR R AGLG § 3 A Rl G BT R GA  H

waaiwamﬁdéﬁg‘gwff (EAELEE =0179)0 Fpt 4o 2 A
F RS B R S T B2 AEF S F RSO G E s 2
B FY¥ 428 854

IS FRECEREE AT

KA SERFRERRLE BT EET I /B LA 3 A TR
BRP > BEARKS FHREE T BT RER AN LT OFSE  (BEE
i —0.120)‘“«4)3%&'?%(%%’ BELE =0103) T v (BEHRLE =
0101)c fhthdt ¥ fre Bd o HIEF 5 R RSIBEH Kk SE - 7 F 4

—\
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IR R HERE DABEAZFRE A TSI FHEE - &P
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e S S S} ‘M’i‘?:? f‘l\!’»m% FAMK S > L FRE 2 BRI RERE > Fa
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REHRR R 5 AMGUSAL 1 EHB B T g

Vo LA Rk A S (BEREE 0041 B ARE
® =0008) L AFE N A RNAREIL b FIn BB R D ARS
BEMN LR PR L d N ERF BRI e A B

‘f;’ﬁ’éxﬁ&_f«ﬂ‘; PRAEHET EALLTEAZ B L T HREARE
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The Study for Importance of City Marketing—
A Case Study of Keelung City

Hsiu-Fen Lin I-Heui Yeh

ABSTRACT

Based on the city marketing perspective and customer-oriented behavior, the study
attempts to figure out the critical factor of Keelung city marketing development.
According to the collected and analyzed city marketing literature, this study develops
four evaluation dimensions of Keelung city marketing, including image marketing,
attraction marketing, infrastructure marketing, and people marketing. Then it comes
out twenty criteria of four dimensions for Keelung city marketing. By using fuzzy
analytic hierarchy process (FAHP), this study develops a fuzzy evaluation model of
Keelung city marketing, taking tourists and residents as the example, comparing
relative-weights by applying four evaluation dimensions and its criteria of fuzzy
evaluation model. The results indicated that tourists considered “attraction marketing”
to be the most important factor affecting Keelung city marketing. Moreover, residents
weighted “image marketing” as the most important factor affecting Keelung city
marketing. The results also prove the feasibility and practicality of the fuzzy
evaluation procedure on Keelung city marketing proposed by this study. The fuzzy
evaluation model will help governments and tourism industries to facilitate tourism
promotion and marketing, and provide an important reference for improving traveling
services.

Keywords : City Marketing, Keelung, fuzzy analytic hierarchy process,
importance analysis
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