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ABSTRACT

Vehicle routing problems belong to a class of problems defined as NP-hard. These
are of the most difficult problems in the class NP. Due to this classification, the optimal
solutions involve highly computationally complei algorithms that are often uneconomical
for industrial use. Since no polynomially optimizing algorithm exists to solve problems in
NP, heuristic algorithms have been used to generate good to near optimal solutions in a

‘reasonable amount of time for general industry applications.

This thesis presents an heuristic constructive élgoﬁthm to minimize the routing of
-less-than-truckload shipments from a regional satellite distribution center. The method is
' constrained by weight and mileage traveled per trip. Furthermore, the method also works

to maximize the amount of full truckloads being routed by establishing a minimum weight
at which to validate a full truckload. The algorithm was designed for efficiency, flexibility,
ease of use, and the ability to generate a solution in a reasonable amount of time for all the

regional satellite distribution centers.
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INTRODUCTION

One could argue that, until recently, American corporations have accepted
transportation and logistics methods “as is” with few questions asked about efficiencies
although the transportaﬁon and logistics costs have Béen quite substantial. Only in the
last few years has corporate management started asking qﬁestions and looking for ways to
create efficiencies in this area.

~ One such area of transportation and logistics that can yield great improvement is
vehicle routing. This area has been the subject of extensive study for the past few
decades, see for example [1], [2], [4], [5], [6], [7].

A vehicle routing problem(VRP) is common for many types of industries and
government agencies. The aim of most VRPs is to efficiently assign the delivery of
goods to customers. These problems are typically constrained by capacity, mileage
and/or fleet size.

Basically there are two types of algorithms to solve a vehicle routing problem:
optimal and heuristic. Optimal algorithms yield solutions with an optimal or exact
solution in a finite number of steps. These algorithms are usually based on a branch and
bound approach[8]. The optimization algoﬁthm for a VRP is defined as NP-hard[9].

Therefore, while a solution can be found, the computational time becomes uneconomic as
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the size of fhe problem becomes larger. Optimal algorithms are successful for problems
with relatively few route locations. At present only relatively small instances of VRP
have been solved optimally[1], [3].

The second approach to vehicle routing problems is heuristic algorithms which
are capable of finding near-optimal and sometimes optimal answers in a reasonable
amount of time. Heuristic algorithms can be categorized into four general types: (1)
Constructive algorithms; (2) Two-phase algorithms; (3) Incomplete optimization
algorithms; and (4) Improvement methods.[1]

Recently the Coors Brewing Company in Golden, Colorado has been employing
operations research methodology to make improvements in their logistics and operations..
Qne'such topic for study is the routing of less-than-truckload shipments to distributors.
Since Coors pays for a full truckload delivery regardless of whethér or not the truck is
full, they would like to minimize the number of trucks sent out without a full load.

A “drop-shipment” is a term for grouping less-than-truckload shipments into a full
truckload shipment and making deliveries to more than one distributors in a single route.
In other words, the truck “drops™ each order/shipment at each stop along the route.
Currently, operators of Coors’ satellite distribution centers manually try to “marry up” the
l.ess-than-truckload- (LTL) shipments with other LTL shipments to create a full or near-
full truckload of orders. This is done on a weekly basis. This manual system does not

have uniform guidelines and is currently not tracked or monitored. Coors would like to



T-4766 3

implement system wide parameters and methodology to minimiz¢ the routing of less-
than-truckloads.

The algorithm to solve tl/le VRP for less-than-truckload shipments will need to
consider the following: (1) all LTL orders routed must originate from the same satellite
distribution center; (2) LTL orders routed are limited to a maximum mileage per day; (3)
LTL orders grouped together must be less than a maximum weight; and (4) certain
distributors will be ineligible to be grouped in drop-shipments. The algorithm will also
restrict delivery of shipments less than 75% full, measured by weight, except for those

‘subject to special state laws.

This thesis presents a heuristic constructive algorithm that will be used to solve
the vehicle routing problem to minimize the routing of less-than-truckload shipments for
Coors Brewing Company at the Columbus satellite distribution center. This algorithm
will be compared to other algorithms used to solve similar vehicle routing problems.

Additionally, actual examples will be presented to prove its effectiveness.
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OVERVIEW OF DISTRIBUTION

Coors utilizes a four-tier distribution system. This essentially means that Coors
products visit four stops before they reach the consumer. Products are plré)duced and
packaged at one of the three breweries/packaging facilities. After the products have been
packaged, they are shipped to a Coors Satellite Distribution Center (SDC). Currently,
Coors has 21 SDCs. From the SDCs products are delivered to distributors. There are
approximately 650 distributors in the United States. The distributors then deliver the
products to retailers.

Coors Brewing Co. considers the distributors as their customers. The satellite
distribution centers maintain inventories and are responsible for servicing the customers
in its area.

Coors pays for the transportation from the brewery/packaging facility to the
distributor. This cost is incorporated into the cost of the product. Thus, if Coors can
reduce their cost of transjportation, they will ultimately be able to recoup more profit.

Approximately 10% of Coors distributors sell about 50% of their sales volume.
The other 90% sell the remainder. Coors is able to take advantage of large volume
discounts in transportation costs to these high sales volume distributors. The reduction of

transportation costs results in the form of direct shipments from the breweries (bypassing
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the SDCs) and from the use of shipping orders in full loads. Direct shipments are often
shipped by rail or in‘termodal/piggybackl .

Since the remainder of the distributors do not receive such large volumes of
orders, their orders are supplied by the satellite distribution centers. These orders are
usually shipped in full truckloads; however, some distributors receive less-than-

-truckloads. A less-than-truckload (LTL) is an order that does not constitute a full load. A
full load is 45,000 pounds. Less-than—truckload orders are usually delivered via drop
shipments.

The routing of drop shipments is a vehicle routing problem. By using a VRP

algorithm one can improve on the transportation efficiencies of shippiﬂg LTLs.

' A truck-rail service. A highway trailer is loaded by a shipper and is driven to a rail terminal, where it is
loaded on a rail flatcar; the trailer-on-flatcar combination is moved to the destination terminal by the
railroad, where the trailer is offloaded and delivered to the consignee. [14]
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PROJECT INTEGRATION

In the past few years Coors Brewing Company has devoted a considerable effort
to the development of their “Computer Integrated Logistics” system (CIL). A critical
task of CIL is the development of the Load Configurator/Order Picker. The Load
Configurator and Order Picker will determine optimal vehicle loads based on current
production schedules, current inventory and actual vehicle characteristics[13].

“The primary goal of the project is to use computer and Operations

Research technology to improve load configuration efficiency over the

current system. Load efficiency is being measured by annual

transportation cost and warehouse productivity.”[13]

The Load Configurator’s focus will be on orders combined into full loads.
Distributors receiving drop shipments will not b;: evaluated. The question of how these
drop shipments will be configured is separate because it requires different information
from the standard Load Configurator problem[13].

Meanwhile, it is understood that the problem of drop shipments must be
addressed. The intent of this thesis is to address this problem and provide an answer for
Coors Brewing Company to implement within the Computer Integrated Logistics system.

Figure 1 shows a flowchart of how the drop shipment project will fit into the Satellite

Load Configurator/Order Picker.
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Figure 1 - Satellite Load Configurator/Order Picker Flowchart
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VEHICLE ROUTING PROBLEM

The type of vehicle routing problem this thesis will explore deals with routing to
multiple demand points with multiple vehicles from a single supply site for several
supply sites. Additionally, it will explore combining less than full loads into a full -
‘vehicle-load’. The objective is to minimize the miles traveled on each route while
maximizing the number of full truckloads (or vehicles) sent to the demand points.

A vehicle routing problem is classified as a combinatorial optimization problem
meaning the problem may be subdivided into certain subproblems[3]. The vehicle
routing problem involves an assignment problem in which loads are assigned to certain
vehicles and a traveling salesman problem in which the vehicles are routed to minimize
the distances.

Problems which have a known polynomial' algorithm such as assignment
problems are said to be in class ‘P’[9]. Problems such as the traveling salesman problem
(TSP) known for their inherent difﬁculty are in the class: ‘NP’ - non-deterministic
polynomial[9].

1In addition, the traveling salesman problem (TSP) belongs to a class of problems

within all of NP which are known as the most difficult problems[9]. Therefore, if a
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polynomial algoﬁthm were found to solve the TSP it would solve all NP problems. The
reason this can be deduced is found in the concept of “transformability’[9].
The concept of transformability can best be explained as follows by an excerpt

from Colin Reeves book, Modern Heuristic Techniques for Combinatorial Problems,

Suppose you have a problem ‘A’ which can be solved by an algorithm
‘A;’. If one can transform every part of another problem ‘B” into ‘A’ in
polynomial time, then one can use algorithm ‘A,’ to solve ‘B’. The class
of problems of ‘A’ is at least as large (and probably larger than) the class
of transformed problems of ‘B’. The class of ‘B’ are in a sense a special
case of the problems of ‘A’. Thus, it is reasonable to regard ‘A’ as being

. at least as hard (and probably harder than) ‘B’. [9]

This concept is exhibited in Figure 2.

If a problem ‘A’ is such that every problem in NP is polynomially transformable
to ‘A’, then ‘A’ is called NP-hard[9]. Additionally, if the problem ‘A’ belongs to the NP
class, it is then said to be NP-complete[9]. Hence, these are the most difficult of all
problems in NP. Since the vehicle routing problem can be transforrﬁed into a traveling

salesman problem and the TSP is NP-hard, the VRP can be classified as NP-hard.

Al
B solution
Al
Algorithm A1
Problem B can solves A
be Transformed A
to Problem A in

Figure 2 - Transformation in Polynomial Time
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THE CASE FOR HEURISTICS

By definition a heuristic “is a technique Which seeks good (or near-optimal)
solutions at a reasonable computational cost without being able to guarantee either
feasibility or optimality”. [9] Depending on the heuristic the solution can fall within a
range of feasible (an acceptable solution) to near-optimal (an extremely good solution).
In contrast to a heuristic is complete enumeration in which every possible solution is
evaluated to find the optimal solution.

Consider the traveling salesman problem classified as NP-hard which
demonstrates the exponential growth in computing time as the size of the problem grows.
The goai of the TSP is to minimize the distance traveled to N cities by a salesman. The
salesman may start at any of the N cities but must visit each of the N cities one time and
return to the original city. Since the starting city is arbitrary there are (N-1)! possible
solutions (or (N-1)/2 if the distance between every pair of cities is the same regardless of
the direction.) As the size of the problem grows larger, using the complete enumeration
approach to find an optimal solution becomes uneconomical as it increases computing

time exponentially to find a solution for (N-1)! routes.
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The early emphasis of operations researchers was to find an exact solution for a
problem. From this era severél exact algorithms were developed to find solutions more
efficiently than complete enumeration[9].

An example of such is the branch and bound method.[8] While these first
algorithms were capable df solving some small problems, they were less capable of
* solving larger problems because they were computationally inefficient. Since then,
researchers have been looking for a “polynomial optimizing algorithm” to solve problems
such as the TSP.[9] As no such algorithm has yet been found, the case for an heuristic

algorithm is strong.
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INCOMPLETE OPTIMIZATION ALGORITHM METHOD

One heuristic approach for vehicle routing is called incomplete optimization or
combinatorial optimization. Charles E. Noon, John Mittenthal and Rekha Pillai in “A
TSSP + 1 Decomposition Strategy for the Vehicle Routing Problem™[3] introduce a new
decomposition strategy for the VRP which separates the assignment of the vehicles to
demand points from the determination of the individual routes. They solve a VRP with a
combinatorial optimization problem using Lagrangian relaxation..

The authors’ approach to the vehicle routing problem is a two step process. First,
the vehicle dispatcher must assign “reward values™ to each customer such that each
customer will be visited by exactly one vehicle[3]. Next, based on the assigned reward
values and the travel costs, the drivers have the responsibility to choose which customers
to visit and then determine the route. This approach deviates from the standard vehicle
routing problem in that the driver (or salesman) is not required to visit every customer
and the driver gets to choose which customers to visit. This is called a “TSSP +1”
problem because the problem has been subdivided into two problems[3].

In order to maintain the Noon, et. al. approach, a “TSSP + 1° problem must be
solved for each vehicle. In the special case that the authors examined all the ‘TSSP + 1’

problems were identical for each vehicle. In other words, they only needed to solve one
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subproblem in order to solve the whole problem. For this case of identical vehicles the
linear programming relaxation of a set partitioning representation of the problem was
capable of providing a feasible solution[3].

However, this differs from the Coors problem because each subproblem is not
identical. This is a highly complex version of the problem addressed by Noon, et.al.
Since the authors use a set partitioning approach with linear programming relaxation, as
the number of customers increases, the problem representation becomes infeasible due to
size to solve even for medium-sized problems.[3] Noon, et.al., conclude with the
comment that “these issues (the larger problems) will be taken up in future work.”[3]

Therefore, this approach is not an alternative for the Coors problem.
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IMPROVEMENT METHODS

Improvement methods are search schemes that examine successive ‘neighbors’ of
a solution. The objective function is allowed to deteriorate in order to avoid a local
minimum for the solution[1]. “As arule, these algorithms are designed to be open ended
and their running time, which can sometimes be quite large, is not a polynomial function
of the size of input.”[1]

Two such improvement methods are the metaheuristic methods of simulated
annealing and tabu search. The basis to both of these heuristic methods is the
neighborhood search. A neighborhood search is the process of locating a better solution
within the current solution’s neighborhood. A neighborhood of a current solution is the
set of new solutions that can be reached by making a sil(nple operation. A simple
operation is the removal of an object from a solution or possibly an interchange between
two objects in a solution.

Tabu search was proposed by Glover [11] and uses the neighborhood search
technique while maintaining a history of the instances encountered during the search
process. Certain inst‘ances are considered ‘tabu’ for a time while the search process
examines other areas of the solution space[10]. This is done to overcome possible local

minima in the solution set.



T-4766 15

Tabu search is based on the following: (1) the use of flexible memory structures
designed to allow for evaluation criteria and historical search information; (2) an
associated mechanism of control; and (3) the incorporation of memor); functions of
different time spans to implement strategies for intensifying and diversifying the
search[10]. While tabu search can be used and has been used to solve vehicle routing
problems, a recent article by Gendreau, Hertz and Laporte describes a specialized method
of tabu search developed specifically for the VRP. M. Gendreau, A. Hertz and G.
Laporte in “A Tabu Search Heuristic for the Vehicle Routing Problem” (Management
Science, 1994) describe a new version of a tabu search heuristic to solve VRPs called
TABUROUTE. The algorithm works to develop a set of least cost vehicle routes
considering that (1) every stop must be visited at least once; (2) every stop is associated
with a non-negative demand; (3) every stop includes a service time that is included as
part of the actual route time; (4) every route starts and ends at the depot; and (5) other
side constraints - not defined in the paper[1].

This paper’s approach is to repeatedly use a generalized insertion procedure to
generafe neighbor solutions until the best solution is found. This approach does solve the
problem; however, the computational time required is generally longer than classical
heuristics and may prove to be unsuitable[1].

Ad&itionally, set-up time to work the problem through tabu search is significant.

The tabu search algorithm must be set up individually for each problem. Each problem
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must have a defined proper neighborhood and target analysis, as well as tabu and
aspiration candidates[10]. If a problem is subject to frequent redefinition, tabu search can
bea timely means to solve it. Since Coors’ market and distribution strategies are likely
subjects for change, it is likely that this method may not be appropriate.

Simulated annealing is another metaheuristic classified as an improvement
method. The approach for simulated annealing is to perform a random search of a
solution’s neighborhood for a better solution. Simulated annealing continuously tries to
improve the solution. However, as in tabu search methodology, some inferior solutions
are accepted in order to avoid local minima. The main difference between simulated
annealing and tabu search is that simulated annealing has no memory.

The idea of simulated annealing was first published in 1953 as an algorithm to
simulate the cooling of material in a heat bath[9]. “The algorithm simulated the change
in energy of the system when subjected to a cooling process, until it converged into a
steady state.[9]” Thirty years later, its use was explored to find feasible solutions for
optimization problems[9]. Today, simulated annealing is widely used as an optimization
technique[12].

In Lester Ingber’s article “Simulated Annealing: Practice versus Theory” he
discusses some of the negative features of simulated annealing. The primary criticism is
that it is too slow. “Another criticism is f(hat it is ‘overkill’ for many of the problems in

which it is used.”[12] The author also mentions that it is difficult to fine tune specific
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problems relative to other techniques. Finally, the author states that he believes simulated
annealing suffers from “over-hype” that has lead to misinterpretation of results and
misuse by transformation of problems into other suboptimal techniques.

With the above comments in mind, this approach does not seem appropriate for

finding an effective solution to the Coors vehicle routing problem.
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TWO-PHASE ALGORITHM METHOD

An example of a two-phase algorithm is described by B. Gillett and L. R. Miller
in “A Heuristic Algorithm for the Vehicle-Dispatch Problem” (Operations Research,
1974). They discuss a mefchod called the sweep algorithm to solve medium to large
vehicle-dispatch problems. The algorithm aims to minimize total distance traveled in
supplying all demand subject to load and distance constraints.

Many vehicle routing algorithms attempt to solve the Vehicle‘dispatch as a one big
problem. The sweep algorithm, however, divides the locations into a number of routes
and then operates (;n individual routes by performing a forward sweep algorithm and a
backward sweep algorithm until an optimum or near-optimum solution is discovered[4].
While this method is successful in solving the problem, it is inefficient as the
computation time increases quadratically with the average number of locations per route
if the total number of locations remains relatively constant[4].

This would be an ineffective method for the Coors vehicle routing problem
because the total number of locations (or supply points) will remain relatively constant

and the average number of locations per route will change each week.
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CONSTRUCTIVE ALGORITHM METHODS

In G. Clarke and J. W. Wright, “Scheduling of Vehicles from a Central Depot to a
Number of Delivery Points” (Operations Research, 1964), their approach is concerned.
with the optimum routing of a fleet of vehicles of varying capacities from a central depot
to a large number of delivery points[2]. Clarke and Wright’s method aims to allocate
loads to trucks such that all merchandise is assigned and total mileage is minimized.

This differs slightly from the problem considered here in that Coors does not
require that all merchandise (or orders of products) is assigned unless state law prevails
that\all orders must be delivered in the week they are issued. Additionally, while
minimizing total mileage is a priority, sending full truckloads is also a goal. Another
slight difference is that each capacity will not vary from each “central depot”.

Consider an exainple of how this method is applied. Suppose a'supplier has
orders for six different customers to deliver in a week. The supplier has two vehicles to
make these deliveries. Each vehicle has the capacity to carry 15 units. Each customer
must receive their order in the week. |

Of course, the supplier could send the vehicles out individually to each customer

and return before heading onto the next. However, the supplier would like to minimize
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the distance traveled during the week without sacrificing deliveries to any customer.

Figure 2 shows a diagram of this example of a single supply point network.

Figure 3 - Clarke & Wright Single Supply Point Network

The black filled node represents the supply point (or the central depot). The six
‘hollow nodes labeled A through E represent the demand points (or customers). The
central depot is connected to each customer by a line which indicates the distance to gach
point. Likewise, each hollow node (or customer) is also connected to the other hollow
nodes (or customers) by a line indicating the distance between each pair.

Furthermore, each customer will receive a certain shipment accounted for in units
for their weekly demand. Table 1 below lists the demand (in units) for each customer.

A B CDETF
| Demand [2[3[10[4]|7 |4]

Table 1 - Demand for Single Supply Site Network Example
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After identifying the demand for each customer, the vehicle availability, vehicle
capacity constraints, and the distances between each site, the next step is to build a matrix
from the distances between the nodes.

The size of the matrix is directly related to the number of supply and demand
points. For a single supply point problem, the matrix will be (N +_1) x (N + 1) where ‘N’
is equal to the number of demand points. Thus, the example will set up a 7x7 matrix.
The distance from node ‘A’ to node “B” will be the AB™ entry in the matrix, and so forth
for each node respectively.

One advantage of this matrix setup is that it allows for unequal travel between
points. In other words, it allows for the travel distance (or time) to be different traveling
from point A to point B than traveling from point B to point A. If the travel times are
symmetric, only half of the matrix need be considered.

The distance matrix created for the example isﬂ shown in Table 2. Notice that
since the distances are symmetric, only one-half of the table is needed. The simplified

distance matrix for the example is shown in Table 3.
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Depot A B C D E F
Depot of 12 18 10{ 15[ 14 13
12 0 20f 13} 22{27{ 19
18] 20 0] 27| 14] 24] 30
10 13| 27 0f 24| 12 5
15| 22 14| 24 0l 11} 20
14 27| 24 12| 11} 0O 8
13 19| 30 5 20] 7 0

| m| O O w| >

Table 2 - Distance Matrix for Single Supply Site Example (showing symmetry)

Depot A B C D E F
Depot 0
A 12 0
B 18] 20 0
C 10 13| 27) O
D 151 22 14] 24 0
E 14 27 24 12 11| O
F 131 191 30 5| 20 7 0

Table 3 - Distance Matrix for Single Supply
Point Example (simplified matrix)
Given the distance matrix, the next step is to compute the distance saved matrix.
The distance saved matrix is computed by calculating the distance for separate round trips
to two demand points from the supply point, then comparing it to the distance from the

supply point to the demand point then to the other demand point before returning to the

supply point.
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For example, to calculate the F E™ entry in the distance saved matrix first calculate
the distance to travel rdundtrip to visit both customer E and F. Since the distance from
the supplier (S) to customer E is 14 and to customer F is 13, a round-trip distance to visit
each is 54. The distance between customer E and F is 7. Therefore, if the supplier (S)
were to travel to customer E then to customer F and finally return to S, the total distance
traveled would be 34. The distance saved by servicing the two nodes in one trip is 20.
This number is what is stored in the FE™ entry of the distance saved matrix. This

example is illustrated in Figure 4.

13+14+7=34

2(14) + 2(13) = 54

13 20

14

Figure 4 - Distance Saved Exhibit

The calculation for each entry in the distance saved matrix is equal to

{2*[distance(S to E) + distance (S to F)] - [distance (S to E) + distance (S to F) + distance
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(E to F)]} for each demand point respectively. Table 4 shows the distance saved matrix

calculated for the example.

A|B|C|D|E|F
Al 0
B| 10
Cl 91 1] O
D| 51191 1 O
E{ -11 8| 12 18] O
F| 6] 1| 18] 8| 20| 0

Table 4 - Distance Saved Matrix
for Single Supply Site Example

From the distance saved matrix one can begin to select routes for customers,
starting with the first pair of customers who has the largest distance saved. This value is
20 in the example representing the pairing of customers E and F. After the largest value
is selected, the constraints must be checked.

The combined demand of units for customers E and F are within one vehicle’s
capacity. Customers E and F’s demand totals 11 units and each vehicle has the capacity
for 15 units. However, because the vehicle is not full, it must be determined whether
other customers could be served on this route.

' The next step is to look in the rows and columns of E and F for the next largest
distance saved. This value is 18 and it occurs for both customer C and D. Either is |

acceptable.
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If we were to choose C, we must evaluate it against the remaining capacity in the |
vehicle. The remaining capacity in the vehicle is 4 units (15-1 1)-. Since the order from
customer C is for 10 units and there is not enough room in the vehicle for all of customer
C’s order, customer C must be rejected.

At this point we would evaluate customer D. Customer D’s order i; for 4 and the
“vehicle is now at capacity so it can be routed for delivery.

The order for the route is determined by the way the distance savings are chosen.
Customer D was chosen because of the distance saved combined with customer E.
Therefore, this vehicle will be routed S-F-E-D-S (where S stands for the supply point.)

This algorithm repeats itself until all remaining customers’ deliveries have been

satisfied. Table 5 shows the results of the example.

Vehicle No. Route Total Distance | Total Load
1 S-F-E-D-S 46 15 units
2 S-B-A-C-S - 61 15 units

Table 5 - Results of Clarke & Wright Algorithm
for Single Supply Site Network Example

This method does not usually yield optimal answers; however, it provides good

solutions that are usuélly better than the random methods. It is also the quickest method
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to employ. It will provide a good solution to Coors vehicle routing problem given some

alterations and tailoring of methodology to make it specific to their problem.
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SITE APPLICATION

A vehicle routing algorithm has been developed for Coors Brewing Company’s
Columbus satellite distribution center as a pilot for the rest of their satellite distribution
center network. The Columbus satellite services distributors in Ohio, Kentucky and West
Virginia.

All of the distributors in the Columbus network receive less-than-truckload
shipments at some point during the year. Some distributors never receive full loads
during the year. Thus, there is a great need for a systematic approach to route these loads.
A map of the Columbus Satellite Distribution Center network is contained in Appendix B
as well as a distance matrix created by MileMaker®© [21].

While there is quite a bit of research that has been accomplished in the area of
vehicle routing problems, there are only a handful of software packages available in the
market. Research of several software houses to investigate their available packages
revealed that no canned software package existed would fit Coors unique situation
without a significant number of customizations. For software company references see
[15],[16], [17], [18], [19], [20]. Hence, there existed an opportunity and need to build a

custom designed system for Coors to use.
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The algorithm used to solved the problem has been modeled from Clarke and
Wright’s vehicle routing algoﬁthm. It has been modified to fit specifications to serve the
less-than-truckload delivery for Coors Brewing Company’s Columbus satellite
distribution center.

For application of the Clarke and Wright algorithm model criteria was defined.
The start of the process will originate with a weekly list of the customers and their
individual demand generated by CIL. The distances or mileage to be considered will be
generated by a software package called MileMaker ® [21]. The assumption will be
made that the number of vehicles available is infinite.

In building the algorithm, there were some additional factors to consider. One
cqnsideration was that no combinations of LTLs could weigh more than 45,000 pounds.
The second consideration concerned the maximum mileage that could be traveled in one
day. The standafd limit for travel is 500 miles per day. Howeve;, the round-trip distance
to some distributors is greater than 500 miles. This meant that a variable mileage per day
maximum had to be established such that it could accommodate the distributors at
distances further than 250 miles from the satellite.

This became a tricky issue as the obvious solution to set a desirable maximum
was not to simply double, triple or quadruple the mileage maximum in order to allow for

drop shipment deliveries. For instance, in the case of the distributor in Henderson,
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Kentucky the distance to Henderson from Columbus is 333 miles, therefore, the round-
trip distance is 666 miles. Since the round-trip distance is over 500 mﬂes, the truck
scheduled to deliver the order would plan on an overnight (or two day) trip. One would
assume that the mileage maximum set would be 1000 miles.

Unfortunately, this did not work because Coors can be charged for out-of-route
mileage. While there are no set standards for out-of-route mileage charges, these charges
occur when trucks deliver drop shipments that are not within the same general vicinity.
An extreme example of a case for out-of-route charges would be a drop shipment that isv
routed from Coluﬁbus, Ohio to a distributor in Cleveland, Ohio and then to onein
Louisville, Kentucky.

Hence, to all.ow for drop shipments to distributors at further distances, a formula
was developed to accommodate them. The mileage maximum formula is determined with
the initial combination chosen from the distance saved matrix and is used until the truck
is routed. The mileage maximum is calculated as follows:

Let: (A,B) represent two distributors who are initial candidates for pairing
drop shipments.

Let: (*) indicate the distributor whose distance is the furthest from the
satellite (S).

Mileage Maximuma = Greater of [30% of [(S-A*) + (S-B)] + 2*(S-A%)]
or 500 miles

A - rounded to the nearest whole number
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An example of the formula calculation is demonstrated below. Let A 'represent a
distributor that is 333 miles from the SDC and B represent another distributor that is 315
miles from the SDC. Assume the distance between A and B is 30 miles. This example is

exhibited in Figure 5.

30

333

315

Figure 5 - Mileage Maximum Exhibit
Since distributor A is the furthest from the SDC, the formula is applied as follows:
Mileage Maximum equals the greater of [.3*(333 +315) +2*333 = 860.4 (which rounds
to 860)] or 500 miles. Therefore, the mileage maximum equals 860 miles.

This formula was designed to keep the drop shipment route within a certain radius
of the distributor that is the furthest distance from the SDC. This formula has been
tested against actual weeks with LTL orders and has proven sufficient.

A third consideration for the problem was to set a minimum weight from which to

reject loads from routing. Since Coors pays for a full load whether or not a full load is
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being delivered, they want to be able to reject loads that are below a minimum weight.
The minimum weight will be set at 75% full or 33,750 pounds. The only exception to the
minimum weight rejection level is for states with FOB status. States with FOB laws
require that goods ordered in a specific week must be delivered that week. In other
words, orders cannot be carried over into another week. Ohio, Kentucky and West
Virginia are all FOB states. Therefore, the weight minimum requirement will ﬁot be
observed in the algorithm for the Columbus SDC.

The fourth consideration is for the recognition of less-than-truckloads orders by
the same distributor. Since there can be multiple LTL orders for the same distributor in
one week, a check will be added to route them tdgether if possible. The orders to the
same distributor will be considered before the distance matrix is built. If the combined
orders to the same distributor add up to a total weight that is at least 90% full (or 40,500
pounds), then the orders will be combined and routed}and not included when building the
distance matrix. However, if the loads combine to greater than a full load or less than
90% full, then they will be put in consideration with the‘ remaining sites and built into the
distance matrix.

The final consideration is for pricing of the routes. The route price is determined
by the rate to the distributor that is the furthest distance from the SDC. Each additional

stop is charged a standard sum. For the analysis we will assume that sum will be
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assumed to be $50. Actual rates for the routes will be masked because they are

considered confidential information.

Figure 6 exhibits a flowchart of the Less-Than-Truckload Vehicle Routing

Algorithm .

32
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Figure 6 - Flowchart of the Less-than-Truckload Vehicle Routing Algorithm
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TESTING OF THE ALGORITHM

To find out how effective this algorithm was, its performance was tested against
10 previous actual weeks’ load marriages at the Columbus Satellite Distribution Center.
The following is a demonstration of the algorithm with an actual week’s drop shipments.

Following the flowchart, the first step is to identify the distributors receiving

LTLs during the week. These distributors are listed in Table 6.

Parkersburg, WV 22,732

Bellaire, OH 16,112
New Martinsville, WV | 1,224
Morgantown, WV 11,032
Kingwood, WV 23,083
Owensboro, KY 33,732

Henderson, KY 9,022
Perrysburg, OH 18,083
Cincinnati, OH 16,414

Clarksburg, WV 21,990

Table 6 - Customer Demand - Example 1
Since each distributor is receiving only one order for the week, the next step is to
calculate the distance matrix. Figure 7 shows a map of the distribution network for the

example.
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Perrysburg@y

COLaMB us

Bellaire,

Figure 7 - Map of Distribution Network
for Example 1

Table 7 shows the distance matrix calculated using MileMaker®.

Morgantown

35

Owen |Hend [Cinc (Bell | Perr|Clar |King {Morg (NMar |Park
Columbus - 315) 333) 110; 129] 122) 181} 224 201 134} 111
Owensboro O 30[ 205| 441| 388| 463| 514 502| 443| 393
Henderson 30 O 223| 459| 396 481| 532| 520 461| 411
Cincinnati 205 223 0 236 194| 261| 312| 300[ 241] 191
Bellaire 441 459| 236] 0] 204 118] 103 80 33 91
Perrysburg 388 396| 194 204 0] 295( 299 276] 234| 231
Clarksburg 463| ~ 481| 261| 118] 295 0] 51 39 54/ 70
Kingwood 514 532| 312| 103] 299| 51 0 23 86/ 121
Morgantown 502| 520] 300{ 80| 276/ 39 23 0l 63f 109
[New Martinsville | 443| 461| 241 33| 234 54| 86 63 0 50
Parkersburg 393{ 411f 191 91y 231 70| 121 109 50 0]

Table 7 - Distance Matrix

for Example 1
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Next, the distance saved matrix is calculated from the distance matrix in Table 7

using the formula from the Clarke and Wright algorithm:

The AB™ distance saved = {2*[distance(S-A) + distance(S-B)] - [distance(S-A) +

distance(S-B) + distance(A-B)]}

Repeating this formula for each customer the distance saved matrix is completed. The
completed distance saved matrix is shown in Table 8. Since the distances are symmetric,

only one-half of the matrix is needed.

Owen |Hend |Cinc |Bell [Perr [Clar {King {Morg |NMar |Park
Owensboro 0 _ '
Henderson 618 0
Cincinnati 220| 220 0
Bellaire 3 3 3 0
Perrysburg 49 59| 38| 47 0
Clarksburg 33 331 30| 192 8 0
Kingwood 25 251 22| 250 47| 354 0
Morgantown 141 14| 11| 250| 47| 343| 402 0
[New 6 6 3| 230 22| 261| 272{ 272 0
Martinsville '
Parkersburg 331 33| 30| 149 2| 222| 214] 203| 195 0

Table 8 - Distance Saved Matrix
for Example 1
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The next step is to select the largest distance saved from Table 8. The largest
value found in Table 8 is 618 which combines Owensboro, KY with Henderson, KY.
Since this is the first combination, the mileage maximum must be cietermined.
Henderson, KY is the furthest distanqe from Columbus at 333 miles. Owensboro is 315
miles from Columbus. Using the mileage maximum formula, we calculate the mileage
maximum is calculated to be 860 miles.

Continuing with the steps of the flowchart, the combined weight of both loads is
42,754 pounds. This does not break the weight limit of 45,000 pounds. The total
mileage is 678 miles. This does not break the mileage maximum. The remaining load
weight available is 2,246 pounds. There is one remaining load that is less than this
Wei_ght. It is an order for New Martinsville. However, after checking the total mileage
for the three stops, we find that the additional stop will break the mileage maximum.
Therefore, we must reject the additional load and save it for further consideration. Since
there are no other loads to consider, the original combination should be routed.

Repeating this process until all possible combinations have been paired yields the

results listed in Table 9.
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Route Total Load % Full
(including SDC)
Owensboro - Henderson 42,754 95%
Kingwood - Morgantown - New Martinsville 35,339 79%
Parkersburg - Clarksburg : 44,722 99%
Perrysburg - Bellaire 34,195 76%
Cincinnati 16,414 36%

Table 9 - Scheduled Routes
for Example 1

The resulting total cost of the drop shipment routes scheduled for this particular
week is $2,353 for five routes. The total cost from the actual schedule of drop shipments
was $2,589 for six routes. The savings realized by using the new method is $236.

However, the actual savings that would have been realized by Coors is much
greater due to discrepancies in billing for drop shipments.” Presently, Coors relies on a
manual billing process for drop shipmenfs because there is no system in place to monitor
the actual occurrences of drop shipments. Due to this situation, the actual savings
realized are very difficult to estimate. Thus, the estimated savings resulting from using
the algorithm and exact billing falls within a range of $236 to $1,853. This range is
estimated from calculating the cost for the low range of savings by the charge for the

furthest distance and additional drop shipment charges and for the high range by charging

for each individual stop.
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.The preceding example is just one showing the savings fora single week, for a
further basis of comparison nine other actual examples have been worked and are
presented in Appendix A. The examples presented in Appendix A represent nine
separate weeks of the year at the Columbus satellite. They vary in the number of less-
than-truckload shipments from four to eighteen destinations. In all but one case the
algorithm provided a less expensive solution.

This instance that created a higher charge occurred in example 10. The reason the
example’s actual cost was less than the cost computed by the algorithm was because
constraints were broken. All loads routed in example 10 were below the minimum
truckload weight and opportunities to maximize the truckload were not taken.

The average savings for the ten examples ranged from $134 to $1,320 per week
which translates to approximately $70,000 to $675,000 per year. Table 10 represents the

cumulative results from the examples in Appendix A.
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Low High

Example | Savings | Savings
1 $236 $1,853

2 $304( $2,018

3 $0 $484

4 $328 | §$1,645

5 $283 $1,351

6 $0 $1,276

7 $50 $1,394

8 $15 $653

9 $143 $1,242
10 ($24) $1,285
Total $1,335| $13,201

Table 10 - Cumulative Results from

Actual Examples

40



T-4766 41

CONCLUSIONS

The preceding algorithm provides an effective and efficient process for routing
less-than-truckload shipments at Coors Brewing Company’s Columbus satellite
distribution center. This process could also be applied to the other satellite distribution
centers.

The method chosen is straightforward and understandable which would make it
easy to implement and use for management as well as for the distribution center
personnel. It is also capable of providing a good solution in a reasonable amount of time.
Additionally, the algorithm was developed to be a generalized method for the entire
satellite distribution center network. The algorithm was designed with flexibility.
Adjustable parameters have been built in to accommodate: maximum mileage traveled
per day, minimum weight requirements at each individual satellite, and the opportunity to
manipulate input and output data.

Furthermore, since the minimum weight constraint would restrict the algorithm
from routing a load that it didn’t consider to be a “full” load, the financial impact may
even be greater in states without special ‘FOB’ laws. These states would have the
potential to possibly double savings. Some additional benefits derived from this method

aside from the financial aspects are: (1) uniform methodology used throughout the
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distribution network for less-than-truckload shipments; (2) automation of a time
consuming manual process; and (3) a means to track and monitor the shipments which in
turn will provide a means for correct billing. In view of these comments this approach
has the potential to provide increased tangible and intangible savings for Coors

transportation and distribution system.
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Table A-1
Example 2
Customer Demand during Week 35
Distributor Weight
Tiffin 27,843
Lima 15,294
New Martinsville 4,872
Parkersburg 16,969
Logan 14,353
-|Welch 17,184
So. Charleston 22,014
Rainelle . 21,891
Weirton 14,658
Bellaire 21,969
Cincinnati 19,488
Brooklyn 20,412
Table A-2
Example 2
Distance Matrix for Week 35
Broo |Cinc|Lima|Bell |Tiff [Loga [NMar [Park |Rain [SCha |Weir [Welc
Columbus 134 110| 91]129| 86| 210 134 111| 262 159| 146| 275
Brooklyn 0] 243] 145[144( 82 311| 174| 182| 351] 259| 121| 363
Cincinnati 243| 0| 130(236)174| 217| 241] 191] 293| 190] 253| 284
Lima 145| 130 0] 214| 63| 297| 220| 201| 350 247 217| 363
Bellaire 144| 236 214/ 0|171] 220 331 91} 236 168| 33| 272
Tiffin 82| 174] 63|171| 0] 296| 198| 189| 348| 245| 170 361
Logan 311f 217 297|220| 296 0] 179| 135] 114 64| 2521 67
New Martinsville 174 241| 220 33| 198| 179 0| 50 182| 127| 66] 231
Parkersburg 182| 191 201} 91| 189| 135 501 0] 175] 83| 123| 187
Rainelle 351f 293( 350{236|348| 114] 182| 175] 0] 104] 243} 95
S. Charleston 259( 190 247|168(245] 64| 127 83| 104 0 200{ 112
Weirton 121] 253] 217| 33{1170] 252| 66| 123| 243| 200 0 304
Welch 363| 284 363|272|361| 67| 231} 187| 95 112 304 0
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Table A-3
Example 2
Distance Saved Matrix - Week 35
Broo |Cinc|Lima|Bell|Tiff |Loga [NMar |Park [Rain|SCha |Wei |Welc
r
Brooklyn 0 1| 80j119|138] 33 94| 63| 45| 34| 159 46
Cincinnati 1 0o 711 3| 22| 103 31 30 79 79 3|1 101
Lima 80| 71 0] 6(114 4 5 1 3 31 200 3
Bellaire 119 3 6] O] 44| 119 230| 149( 155| 120f 242| 132
Tiffin 138] 22| 114 44| O 0 22 8 0 0] 62 0
Logan 33 103 411191 O 0 165| 186] 358| 305| 104| 418
New Martinsville 94 3 51230{ 22{ 165 0 195{ 214 166{ 214| 178
Parkersburg 63| 30 1/149| 8| 186 195 0] 198 187| 134] 199
Rainelle 451 79 31155 O] 358 214 198 0] 317] 165 442
S. Charleston 34 79 31120 0] 305 166| 187| 317 0| 105 322
Weirton 159 - 3| 20[{242] 62| 104 214] 134| 165] 105 0] 117
Welch 46| 101 311321 0] 418 178] 199 442} 322| 117 0
Table A-4
Example 2
Routes Scheduled - Week 35
Route (including SDC) Total Load | %o Full
Welch - Rainelle - New Martnsville 23,987 98%
So. Charleston - Logan 36,367 81%
Wierton - Bellaire 36,627| 81%
Thittin - Lima 43,137 96%
Brooklyn - Parkersburg 37,381 33%
Cincinnati 19,488 43%
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Table A -5

Example 2
Cost Analysis - Week 35

Customer Demand - Week 3

New Cost | Old Cost | Savings
32,748 53,052 >304
Table A - 6
Example 3

Distributor Weight
Rainelle 15,443
Huntington 25,373
Parkersburg 18,071
Bellaire 9,694
Table A -7
Example 3
Distance Matrix - Week 3
Bell |[Hunt [Park [Rain
Columbus 129] 134 111] 262
Bellaire 0] 192 91| 236
Huntington 192 0 102 150
Parkersburg 911 102 0] 175
236 1501 175 0

Rainelle
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Table A - 8

Example 3
Distance Saved Matrix - Week 3

Bell

Hunt

Park

Rain

Bell

0

71

149

155

Hunt

71

0

143

246

Park

149

143

222

198

Rain

155

246

198

0

Table A-9

Example 3
Routes Scheduled - Week 3

Routes (including SDC)

Total Load

7o Full

Huntington - Kainelle

40,816

91%

Bellaire - Parkersburg

77,765

62%%|

Table A - 10

Example 3
Cost Analysis - Week 3

New Cost

Old Cost

Savings

31,067/

»1,067

U
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Table A - 11

Example 4
Customer Demand - Week 8

Distributor

Weight

Youngstown

16,599

Lorain

28,246

Clarksburg

14,381

Kingwood

9,722

Bellaire

16,864

Parkersburg

15,864

Welch

16,957

Logan

19,370

Bluefield

17,871

Mabscott

21,685
24,977

Chillicothe

19,507

Table A - 12

Example 4
Distance Matrix - Week 8

51

Lora

Chil

Bell

Youn

Blue

Clar

King

Loga

Mabs

Park

Welc

Columbus

124

45

129

168

272

181

224

210

225

111

275

Lorain

169

147

94

364

249

239

314

317

185

366

Chillicothe

169

151

208

229

168

219

165

182

98

232

Bellaire

147

151

0

89

270

118

103

220

223

91

272

Youngstown

94

208

89

0

345

167

152

301

296

172

349

Bluefield

364

229

270

345

0

188

229

102

49

185

51

Clarksburg

249

168

118

167

188

0

51

183

139

70

192

Kingwood

239

219

103

152

229

51

0

224

180

121

233

Logan

314

165

220

301

102

183

224

72

135

67

Mabscott

317

182

223

296

49

139

180

72

138

53

Parkersburg

185

98

91

172

185

70

121

135

138

187

Welch

366

232

272

349

51

192

233

67

53

187
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Table A -13
Example 4
Distance Saved Matrix - Week 8
Lora [Chil [Bell [Youn |Blue |Clar |King {Loga [Mabs {Park [Welc
Lora 0 0f 106f 198 321 56| 109 20 32 50 33
Chil 0 0f 23 5 88| 58 50 90 88 58 88
Bell] 106 23 0f 208| 131 192] 250( 119 131t 149 132
Youn| 198 5| 208 0 951 182] 240 77 97 107 94
Blue 321 109] 312| 440 O 286 344] 181 2011 211 198
Clar 56| 58| 192| 182| 265 0| 354 208 267) 222| 264
King| 109 50| 250 240| 267 354 0] 210 269 214] 266
Loga 20f 90| 1191 777 380} 208{ 210 0 363 186f 418
Mabs 32 88| 131 97| 448| 267 269 363 0| 198 447
Park 50f 58] 1491 107| 198| 222| 214 186 198 0| 199
Welc| 33 88| 132 94 496| 264 266 418 447, 199 0
Table A - 14
Example 4
Routes Scheduled - Week 8
Routes (including SDC) Total Load | % Full
Bluefield - Welch 34,828 77%
Logan - Mabscott . 44,347 99%|
Kingwood - Clarksburg - Bellaire 40,967 91%
Parkersburg - Mabscott 37,549 83%
Youngstown - Lorain 44,845 100%
Chillicothe 19,507 43%
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Table A - 15

Example 4

Cost Analysis - Week 8

New Cost | Old Cost | Savings
$3,309 $3,637 $328
Table A - 16
Example 5
Customer Demand - Week 9 & 10

Distributor Weight

Chillicothe 39,107

. 2,436

Parkersburg 23,239
23,847

Clarksburg 14,620
16,929

Bluefield 4911

South Charleston 14,174
Wierton 17,299

Bellaire 9,046
Henderson 12,227
5,924 |

Huntington 21,474
Athens 22,483

Tiffin 22,021

23,613

Kingwood 16,138

New Martinsville 4,812

s
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Table A - 17
Example 5
Distance Matrix - Week 9 & 10

Hend |Athe [Chil|Bell |Tiff |Blue |Clar |[King [NMar [Park|SCha|Weir |Hunt
Columbus 3331 74| 45|129] 86{ 272| 181} 224] 134|111] 159 146| 134
Henderson 0 375|313(459]386( 455[481| 532| 461|411| 369| 476 322
Athens 375 0| 62|122(160| 211| 107| 158 87| 37| 98| 144| 86
Chillicothe 313] 62| O0]151{131f 229|168 219 148| 98| 116| 168 89
Bellaire 459] 122|151 0]171}] 270| 118} 103 33| 91| 168 33| 192
Tiffin 386 160} 131|171 Of 358| 253| 266| 198 189 245} 170 220
Bluefield 455| 211{229|270|358] 0| 188 229 229|185| 114| 302| 160
Clarksburg 481] 107168 118|253 188| 0f 51 541 70 131] 125| 172
Kingwood 532| 158]219]103|266| 229| 51 0f 86| 121 172} 110f 219
New 461| 87|148| 33| 198 229 54| 86 0] 50| 127 66{ 152
Martinsville
Parkersburg 4111 37| 98| 91|189] 185 70{ 121 50, Of 83| 123| 102
S. Charleston 369 98|116| 168|245 114|131 172| 127/ 83 0| 200{ 47
Weirton 476| 144(168| 33|170| 302| 125] 110 66| 123 200 0 222
Huntington 322{ 86| 89(192]|220| 160|172 219| 152|102 47| 222 O
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Table A - 18

Example 5
_Distance Saved Matrix - Week 9&10

Hend |Athe |Chil |Bell |Tiff [Blue |Clar |King [NMar [Park |SCha |Weir [Hunt
Hend 0f 32| 65 31 331 150f 33 25 6] 33| 123 31 145
Athe 32 0] 571 81 0] 135] 148} 140 121 148] 135 76| 122
Chil 65( 57 0] 23 0 88| 58 50 31 58 88 23 90
Bell 3 81| 23 0 44) 131 192] 250 230 149 120{ 242 71
Tiff] 33 0 0] 44 0 0] 14| 44 22 8 0 62 0
Blue| 150} 135/ 88] 131 0 0| 265 267 177 198 317] 116 246
Clar 33| 148] 58| 192| 14| 265 0] 354 261| 222] 209 202 143
King 25| 140| 50| 250 44| 267| 354 of 272] 214] 211 260 139
NMar 6| 121 31| 230 22| 177] 261| 272 0] 195 166] 214| 116
1 Park 33( 148| 58| 149| . 8| 198] 222| 214 195 0] 187 134 143
SCha| 123 135 88| 120 0] 317] 209 211 166f 187 0| 105{ 246
Weir 3 761 23| 242 62| 116 202 260[ 214| 134 105 0 58
Hunt] 145] 1221 90| 71 0] 246] 143| 139 116] 143} 246 58 0
Table A - 19
Example 5
Routes Scheduled - Week 9&10

Route(including SDC) Total Load| % Full

illicothe 41,543 92%

mgwood - Clarksburg - New Martinsvilie 37,879 84%

Bluefield - So. Charleston - Huntington 40,559 90%|

Weirton - Bellaire - Clarksburg 40,965 91%

Athens 22,4831 50%)|

Parkersburg 23,8471 3%

Parkersburg 23,239 52%|

Henderson I8, 151 40%]

Iihn 45,000 100%)|
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Table A - 20
Example 5
Cost Analysis - Week 9 & 10
New Cost| Old Cost| Savings
$3,775 | $4,058 $283
Table A - 21
Example 6

Customer Demand - Week 6

Distributor

Weight

Bluefield

14,872

Huntington

12,300

Bellaire

14.189

Parkersburg

15,481

Morgantown

14,040

Clarksburg

10,717

Kingwood

13,444

Table A - 22

Example 6
Distance Matrix - Week 6

Bell

Blue

Clar

Hunt

King

Morg

Park

Columbus

129

272

181

134

224

201

111

Bellaire

0

270

118

192

103

80

91

Bluefield

270

0

188

160

229

217

185

|Clarksburg

118

188

0

172

51

39

70

Huntington

192

160

172

0

219

207

102

Kingwood

103

229

51

219

0

23

121

Morgantown

80

217

39

207

23

109

Parkersburg

91

185

70

102

121

109
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Table A -23

Example 6
Distance Saved Matrix - Week 6

Bell |Blue |Clar |Hunt [King |Morg [Park
Bellaire 0] 131} 192 711 2501 250 149
Bluefield 131 0] 265| 246] 267| 256 198
Clarksburg 192 265 0] 143] 354] 343| 222
Huntington 711 246| 143 0] 139 128| 143
Kingwood 2501 267 354 139 0f 402 214
Morgantown | 250} 256| 343| 128 402 0] 203
Parkersburg | 149 198| 222 143 214/ 203 0
H
Table A - 24
Example 6
Routes Scheduled - Week 6
Route(including SDC) Total Load| Y Full|
Kingwood - Morgantown - Clarksburg 38,201 35%
Bluefield - Huntington - Parkersburg 42,653 95%
Bellaire 14,189 32%| -
Table A - 25
Example 6

Cost Analysis - Week 6

New Cost

Old Cost| Savings

$1,800

$1,800 $0
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Table A - 26
Example 7
Customer Demand - Week 7
Distributor  ~ Weight
Morgantown 16,643
Clarksburg 21,965
Bellaire 17,650
New Martinsville 3,869
Rainelle 17,153
Henderson 16,972
Table A - 27
, Example 7
Distance Matrix - Week 7
Bell [Clar |Morg [NMar [Rain
Columbus 129 181 201| 134 262
Bellaire 0] 118 80 33| 236
Clarksburg 118 0 39 54 128
Morgantown 80| 39 0 63| 157
New Martinsville | 33| 54| 63 0] 182
Rainelle 236 128] 157 182 0
Table A - 28
Example 7
Distance Saved Matrix - Week 7
Bell |Clar {Morg |NMar |Rain
. |Bellaire 0| 192 250f 230] 155
Clarksburg 192 0| 343 261| 315
Morgantown 270] 363 O 292| 326
[New Martinsville | 230| 261| 272 0| 214
Rainelle 155] 3151 306 214 0
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Table A - 29

Example 7

Routes Scheduled - Week 7

Route(includin

2 SDC)

T'otal Load

Yo Full

Morgantown - Clarksburg - New Martinsville 42,477

94%

Bellaire - Rainelle

34,803

T7%

Henderson

16,972

38%

Table A - 30

Example 7

Cost Analysis - Week 7

New Cost

Old Cost

Savings

1,317

51,367

$50

Table A - 31

Example 8
Customer Demand - Week 5

Distributor Weight
New Martinsville 6,074
Bellaire 19,339
Welch 21,508
Weirton 14,616
Henderson 10,246

59
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Table A - 32
Example 8
Distance Matrix - Week 5
Hend |Bell [NMar [Weir (Welc
Columbus 3331 129 134] 146 275
Henderson 0] 459 461 476] 433
Bellaire 459 0 33| . 331 272
New Martinsville 461 33 0 66| 231}
Weirton 476 33 66 0| 304
Welch 433| 2721 231| 304 0
Table A - 33
Example §
Distance Saved Matrix - Week 5
Hend [Bell [NMar |Weir |Welc
Henderson 0 3 6 31 175
Bellaire 3 0 230] 242| 132
New Martinsville 6| 230 o 214 178
Weirton 3| 242 214 0 117
Welch 175| 132 178] 117 0
Table A - 34
Example 8
Routes Scheduled - Week 5
Route(including SDC) Total Load| "% Kull
Weirton - Bellaire - New Martinsville 20,029 89%|
Welch 10,246 23%
Henderson 21,508 48%)|
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Table A - 35

Example 8
Cost Analysis - Week 5

New Cost | Old Cost] Savings

51,463 | $1,478 515

Table A - 36

Example 9
Customer Demand - Week 50

Distributor Weight
Belaire 19,135
New Martinsville 5,945
Clarksburg 7,027
Kingwood 10,672
Parkersburg 20,399
Bluefield 6,712
Table A - 37
Example 9
Distance Matrix - Week 50
Bell |Blue |Clar |King |NMar |Park
Columbus 129 272| 181 224| 134] 111
Bellaire 0] 270| 118 103 331 91
Bluefield 270 0| 188 229 229 185
Clarksburg 118 188 0of 51 541 70
Kingwood 103[ 229| 51 0 86| 121
[New Martinsville | 33| 229 54| 86/ 0 50
Parkersburg 91| 185 70| 121 50 0
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Table A - 38
Example 9
Distance Saved Matrix - Week 50
Bell |Blue [Clar |King |[NMar |Park
Bell Of 1311 192f 250{ 230{ 149
Blue| 131 0] 2651 2671 177 198
Clar| 192 265 0| 354 261| 222
King| 250{ 267| 354 0] 272 214
NMar| 230[ 177 261] 272 0] 195
Park| 149| 198 222| 214 195 0
Table A - 39
Example 9
Routes Scheduled - Week 50
Route(including SDC) Total Load] % Fkull
Kingwood - Clarksburg - New Martinsville - Bellaire 42,7791 95%
Parkersburg - Bluefield 21T 60%|
Table A - 40
Example 9
Cost Analysis - Week 50
New Cost | Old Cost| Savings
$1,419 | $1,562 $143
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Table A - 41
Example 10
Customer Demand - Week 4
Distributor Weight
Weirton 6,810
Parkersburg 8,486
Bellaire 16,288
Morgantown 16,241
Kingswood - 14,242
Huntington 27,583
Rainelle 5,002
Table A - 42
Example 10
Distance Matrix - Week 4
Bell [Hunt [King (Morg |Park |Rain [Weir
Columbus 129] 134 224 201| 111} 262 146
Bellaire 0| 1921 103 80| 91| 236/ 33
Huntington 192 0] 219 207] 102| 150} 222
Kingwood 103} 219 0 23| 121 171} 110
Morgantown | 80f 207 23 0 109 1571 87
Parkersburg 911 102 121 109 0| 175 123
Rainelle 236 150 171 157 175 0] 243
Weirton 331 222| 110 87| 123] 243 0
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Table A - 43
ExampleJIO
Distance Saved Matrix - Week 4
Bell (Hunt |King (Morg |Park |Rain |Weir |
Bell o 71| 250 250{ 149| 155| 242
Hunt| 71 0| 139 128] 143| 246 58
King| 250] 139 0] 402] 214| 315 260
Morg| 250f 128] 402 0{ 203} 306 260
Park| 149| 143| 214] 203 0] 198] 134
Rain| 155| 246] 315 306 198 0| 165
Weir| 242 58| 260[ 260 134| 165 0
Table A - 44
Example 10
Routes Scheduled - Week 4
Route(including SDC) Total Load| % FKull
Kingwood - Morgantown - Weirton 37,2931 83%
Rainelle - Huntington - Parkersburg 41,071 91%
Bellaire 16,288 36%
IS
Table A - 45
Example 10
Cost Analysis - Week 4
New Cost] Old Cost] Savings
$1,637 | $1,613 ($24)
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Table B-1

Map of Columbus Satellite
Distribution Center Network
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Columbus Satellite Distribution

Table B-2

Distance Matrix for

Center Network

67

Owen Vors Bod Ers Heze Hend Low Los Athe Bms Broo Com Chil Onc Ost Oef Ffy Lims Mons News Pan Spi_ 8el Tt Per Youn Blue Cler wum King logs Mobs Mg NMer Pex Ran SChe Wer Weic Whee

| Cotumbus 35f 15| 238] vs| 2aal 333f z1] v2a] vl oo 134l 17} st vvol 74l 133 vo3] o} el 3a] ves] asf v2e] se) 122] vesf o72l ver| 13a] 22el 210] 225} am| 13¢] 1] 262)
|Owansboro ol 16s) 23 197) 2m) 0] vos] as2f 357} 2zaf ads) am) 2ss| 20s| 259] 333} 200] 31ef 376f 34 201] aarf a7e) 3] asol azs) a3} 304f sval 35| ava] smol em3| 3wt 4
Versiles 16 of a8 77f ;) 1se| sef 3iz] zo1] vo4] 32ef 3ni) v67)  es| 139l 2sl w2ol 2vs| 266] 228} 3s0| ver) 3va) 259] 2201 362 2es| ef 1an) 3s6] 21| 2s0f 2esf 286} 236 267
Berdstown a21) sl of ] vzl ast] aof sss] oar| vas] are] ws| zval vesf vesf ool izl ssel seol 272l ana 205 3sq] amal weaf ace} am| sso] ves] eool 2s7] zes) ssof 3se| 2s2] 3
Enonger wi 7| ] of serl ol es] 28] veo] 27| zsi] za] s} o] eol 7o) viol vas] el i3] ze3] ee] zaof vee] z02| zes| 0] cee] yedd wi| zs| zme] sos| za) ts6] 294
Herevd 2n) ] 7] 187)  of o) o) 3ee) 220) zoof 378| 3se) 199] 188] 238| 356 14a) 314} 3] 265y avo] 260} v35) 330] 3sel 4ovf 154| 298] 23} 339 125) vov) 327] 294f 250f 239,
Henderson 30] sl 151 2153 3; of 122} aes| 375) vaz) ase| aaod :3) 223) 277] a7} 308} 376} 39¢f 36sp assl 2aof esof ams} 3es| soof ess] am] 2o s} 3wl ) se0f as] an) aef
Louiswillo j04f ee) a0l 3} vetl v22] o} 8] 253] 170 3eq) 327) 191} aonf ss) zsof ses| ves] 22l 244l 376} v77| 7] 27s| 295} 378} 3es) asa} z00] arol 2n] 3o 3sef 330] 2e9] 347]
Lorain 2 n2) ysef 2950 o8] aao) dzaf of 177§ emf 20f 76} 189f 227 wen| ves| 227y wzel ol vio) e} 1saf var) el es)  eaf 3ea] 249f 253] 239) mal 3zl e} 7ol 1es| a4
3 352 201} 2e7) reof 2288 375} 2s3f val o) 133 vas| 3] e2f iss| 1eof 208f sal veef izl 67l 208] u1sf 122 veof 1gep ve 2} ro7) _ee] vsef 1ss| tea] 1ss} o7l 37} 2o
Batane 224 soa| 1agf 27| 200] a2} 320} 2] 13: of 233} avel ni 25| ssf 1zod soo] vas| ve3] v3zf 2esy 7s| zz2f vref veaf ve7) zozl z39) i2f 2s0f zcei zesl zref zvel eol 262
Brodiayn as8] 320} 372} 251} 378) ase} 3aa| 28] 1ssf 233) of es] 179] 243] 200f ves] z37] vas| 72} 18] a7f v72) vadl eof vo3l  ve| wen| zsef 262) 224] 31| wme| amnf o7 ve2] 3
iCenton anl ] 5| 234 356} aes| 327] el vasf zvel 66| of 157) 226f wsof 377l zvs| as2) 2] or] o] il e2f vos) vast s soof wes] 2208 12 250] 253] sy wiaf i) 2e0)
Crillicahe 208} a67] 13} e8| eey ;3| ver] ves| e2f | i7el vs7] of g3l m vrep  ss] 132 o se} ann} 7ol vs3| | 167l 208) 228} ves] ms| o] ves| ie2) oov] 14s] e8] 2of
3 2051 es] 9] ef tesl 223] o1} 222) 1s5| 2s) z43) 2o 93] of sep anf wil a3l il a3 27| 76| 23¢] 174f vee 27rf 303) eer| a3} 2l 217l 25| 3w0| 2a1] ;| 2e)
Deyton 259) 133] 163y 62} z38] 277] 16| ol a0l sal ze0f 130] st] sel ol v} 13s) 6] 120l voef 23] o) 202 126) 1s6| ea] 309) 2a7) 70} 397} 2a6] 262] 274f 207) 377} 299l
[Detionce 33] zs6} 300l 17a] asel a7l oeol vos| 208) 137} vad mf vzal am)] ve) ol 23] a2 s20f 1ss] 17| ] 2 a8} z10] a02f 3] 38l 333} 355) 5| ze2] 2a¢3) 3w
Fronidin Fumace 290} 129l 175} m12) vadl  s0sl ves) 227) eal noo| 237} z1s] sl wunf 139f 2328 o) 1908 serf 7124) 269 128} 205| 1sa] 225} zee] 19s) 1 32 23] viod eg) 224] 65| nis) sl
Lima gl 5] 259l vas} 31a] 326] ves) 126] 164] 138} 45| tsel 132] 13of 7s) a2 vsol ol sol vvaf wys] esf 214) 63| r2f 20of 360} 271} 21) 309 2a7] 3} 2me| 220] ;) asw]
Mandtisid 376] 2s6) 300) 17al sosl 39q] 272) el vi7l 163) 72l e2) 108f 1n} 129) v20f wez} o2l  of  sof toel toof 128} 5| 93] vizf an) 208 193 23] zesl 2raf zool ;i) sef am
Newerk 3¢8] 228] 2r2] vst| 2es} 3es) 2as| vio] 67| 132 119 o1} eel 1asf vorf tssf 124] w3l sq of st s} 103} o7) vaol ve2] 2mp 2} @3] vee] 21e) z24] yrs} o8] oo 26
Painesville ag0] 360] «oal 28| aiol aoml 76| sl zoe| zes! a7f 7o) 71} 275t 233] 720 2es] 178} voa] 151) ol 204f 140] visl 13s] sz} 3] 23] 200] 208 3z0] 323l 1es| ;) ¢ 3@
Sprincfield 281 161 205 84 ze0] 299) 177] vsal vis| 76| 72| wver] rof zel z9) vl 28] eol toof vof 204 o) 173} sal mie} 212 2zs] 159} 2681 235 zsv) 2e5] 78] 1ss) 288
Banire sa} 18] 3eqf 2eqf 335] aso] 337) var] 1zz| 2e2] 1aal 62| 151 236 zoz) 73] 205] 21ad 28] vo3f veof 173t of 171f 204] 69 z7o] ws) sz} 03] 2z0] 223) o} 33 | 236
I Tttin 378} 2sef 303l veel 330] 3es| 275 €3] 1eo) 174] s2f vos) 131) w7l azef 73] veay 3} s1] o7] wis] gof 1| of esi 143 3se| 2s3) 220f 266] 206] 31} zaaf 98] 1sef 348
Perrystaurg e8| 279} 373} 202| 36| 3se| 2es| es| ios| 13l vo3) u3e] ne7f 134l v4s| s 225 7ol  o3) a0 n3sl 119) 204f | of veof 334} p05i 256] 280t 3320 a7l 2ve| z34f 2mf 384
| Youngstown s8z] 3e2] aos| 205| ao7l s00) 3ve] el 1e7] verf 78| su) 208} 277] 2a0f 20l 2ee] z02) 2] ve2] 7] 212 e9] 1e3) 16| o] 3es| verf 27i] 12l 3ml zs) ve9f 22| t72] 28
Bluefiold 4251 285] 3Ny 30a) vsel  es5s] 345y 6] 20| 292] 361} 3o0) 229] 303] 309) eoof st eql  321) 27) 30} 299f 270] 358} 394] 345 0] 188} 1607 229] 102 49| 2n7p 220] ves| eS|
! 463] 08) 52| 266) 298] ams) 353] 2e9] 107) 209) 239| tes| 1ss) 2e0) 247] ;3] ves} o) 206] v62] 273} 25| 11e) 253) 2058 ver] vesf o] 72 s1f vea] 13s] o of sa 7o) 328
Humtingeon, 30¢] 140] 3es) 1as] 3z3] 320] 23] st 3} ze2) 200! sal a3l vvof 263 32] 223] 193} vaa] 2e0) vso) veo) ze0) zsel oni veof vizf ol 219f 7l wial 207] " is2) oz} o)
Fm S1¢) 3%6] a0z 317} 339f S32] ol 239f 18] 280} 22e] 74} 208) 312f 3974 336] 236] 3098 223 1984 28] 103] 266 299] 1521 229f sSi} 219 0] 2241 180; 2l &) ) n
Logen ars} el 57l el w2s) 3e3) 2n) 3ve] 1se] zes) 3vi) zsof 1esi 2v7| 2«sp 338 via] 297) essf ovsl a3ze] 235| 220) zes| 3w| o) oo} ves| val ze| ol 72l 22} vzsl 138} 414l
 — ad zsof 2068 257] 197 a32] ol nz) 1e4] 245 ra) 2s3) 182) 2s6) 2624 355) yes] 3l 2raf  c2af 323) 251) 223) i3} 347} zes] asf 139} 113) veol 72l  of 1ee] 12} 138) 39l
5021 24a] 3s0) 305) 327} so0] 3ss) 216 t1es| 27sf z01) 15} 2078 3gof 27} ns| zoaf 2 2000 _375) 15| 2¢s] 6ol 2a3) 276} 29) 217] 39} 2078 23 22l ves| o} 63l 109} 157]

INow Marensuie aa3) 266 332) 7«6y 294) eoi} 339] o7l 87| aval v7aj 1s3| 1as} 2ef zo7f 262 ves| 2zof vsv]  vosf 173| t78| 33| jss| 234 vz2f 229] sef szl ss| yvel 2t 63l ol sof 1ez
Poriers 298| 236] 2e2f 1ol 250l avif 28af ves| a7 teef sl ) oo] ;) a7l 2a3) ms| 2018 se2|  sz] o) assi o1f ea] an) 7o ves| o] i02] vzl tas| v3e) ves] sal of 179
[Rainelle asyy 287] 3: 29d 39| ass] 3m| s 2o} omol asi) 290] 71of z93f 2e9f 3se] 1ss| 3saf an)| ze1] el 2esy 236] 3aB) 384] 26t ss| 28] 50| ;] via]  30f vs7f veg] 7sl o
S, Chesteston 3s) ve7) 233} asvp 17o) 3eaf 247} 262] sl im| 2sal vse) vie] 190! yosl 8] 247 208 sa] 2eef ves) wes) 245] 2ev] 2a8] el wml ard vr2| 64| 6] ase] 127 3 104)
jeton as8) 35| 3my 26| 367] arel 3saf asel vasl 230) ;) esl el 283 2ol 2ee 226f 217) v27] a20] vve] voof 33f 170] 200)  sef 302| v2s] 222] el osol 2seb 7] ee| 123f 243)
a3 2513 oo7) ges| vaz] a33] 3vif 3ee] 2vaf zral 3s3f 302) z32f 28] ovad aos] 177y 363} 23] 27a] 3r2) sovi o7el 361] 3s7] 3esf sif aeed i) 233f 7] 53] ) om]| vsr) 95

439 n§| 362} za2) 3a0) as7] 35| vae] 122] 22| 1] 7o) vas] 234f 200) 240 207] 2] vzsi aof qart am| s vesf 201 es| 27s] 113} 197] sl 2g5) 28] 75} 3e} ss| zm

159)
351
187,
23]
19
179]
369]
247}
262

£
181
259
198
il
190}
156
289

85]
247)

14
3

172§

$4)

7}

127]

104

200}
112)

145]

i

273
a3
253,
297
285
142,
a3
an
366§
29
273}
363
302]
232]
284
212,
4o

363
Ere)
274

a1
272]
361
397]
343

Nlala [B]5 18 =

23]
197}

12|
304}

127]
9]
316,
382
242]
349]
7]
35|
144)
122
220
14
b}
149]
234
200,
240}
207)
212
175,
10)
137]
n
[
168]
201
86}
275
113)
197]

@ fs ot f5 {5 be



