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CHAPTER I

INTRODUCTION



BACKGROUND AND PURPOSE

One of the major contributors to the United States present level of
national eccnomy has been the development of the transportation system,
The trucking industry has played a very important role in the development
of this vast system. Trucks are used to transport, at least part of the
way, approximately three out of every four tons of goods moved commercially
in the United States [11]. Within the cities, virtually all the goods
moved locally are transported by trucks, They are also used to haul more
than 29 billion intercity ton-miles, which is about 38% of the nations
intercity freight tonage, and approximately 22% of the total ton-miles
transperted in the United States., (A ton-mile is a locad of one ton
transported a distance of one mile).

The trucking industry alone has total expenditures (including wages)
of more than $42 billion a year [11]. School bus expenditures for oper-
ation and maintenance of the nation's school transportation system exceeds
$486 million dollars annually [7]., Add to these figures the expenditures
of the railroads, airlines, and water-way shipping and the nations total
transportation expenditures would amount to several hundred billion
dollars annually.

This tremendous annual expenditure for transportation alone indicates
the need to develop methods for reducing the cost of transportation for an
industry, school system, or commercial trucking company.

One particular problem which has attracted a great deal of interest

Is that of finding an optimum solution to a class of problems called the



delivery problem, The delivery problem is a combinaterial problem that is
easily stated but extremely difficult to solve. The general delivery
problem can be stated as one of determining a route or system of routes
for a fleet of delivery vehicles from one or more terminals such that

all customers demands are satisfied and an objective function (total
miles, cost, etc,) is optimized subject to the restrictions (route or
vehicle) which may be imposed upon the system,

The general delivery problem can be classified into three distinct
sub-problems as shown in Figure l: the single terminal, multiple terminal,
and line haul delivery problems, each with deterministic or probabilistic
demands. A discussion of the various methods and formulations for seolving
the deterministic single and multiple terminal delivery problems will be
presented in chapters two and three respectively.

The purpose of this study is to evaluate the various methods proposed
for the solution of large practical single and multiple terminal delivery
problems. In addition, the selection criteria involving a look ahead
feature will be evaluated, This feature will be considered for the
following types of carrier routing problems ;

| (1) Single terminal problem
The selection criteria considered will consist of looking
at a three branch decision tree for each of a given number
of feasible alternative cholces (where an alternative is
a pair of demand points being considered for linking)
before selecting the "best" alternative for linking at
that iteration. The first alternative considered is the

pair of demand points which have the maximum savings in
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distance if they are linked., The second alternative is the
pair of demand points with the second highest savings in
distance. The third alternative is the pair of demand
points with the third highest savings etc.,, until the
desired number of alternatives have been selected. Each
branch of the decision tree for a given alternative, in
effect, considers the consequences of three feasible
sequential future decisions.
(2) Multiple terminal problem
The selection criteria considered also consists of locking
at a three branch decision tree for each of a given number
of alternative choices at each iteration before selecting
the "best" altermative for linking at that iteration. Each
alternative to be considered is the same as in the single
terminal problem,
Several single and multiple terminal problems will be solved so that
the various versions of the look ahead feature can be evaluated and a
comparison can be made with the solutions by other methods. The problems
constructed will consist of twelve problems for each sub-problem, The
twelve problems for each case will be divided into five small problems,
each with ten demand points, five medium-sized problems, each with twenty-
five demand points, and two large problems, each with fifty demand points,
For the multiple terminal problems the ten demand point problems will
have three terminals, and for the twenty-five and fifty demand point

problems there will be five terminals.



The solutions to these problems for the various alternatives will be
evaluated 1in the hopes that some guidelines can be developed for using
the look ahead feature, considering the number of alternatives to

evaluate for the various sizes of problems.



CHAPTER 11

THE SINGLE TERMINAL CARRIER ROUTING PROBLEM



PROBLEM

The problem classified as the single terminal delivery problem,
which will be discussed in this chapter, has been titled the "truck
dispatching” or "carrier routing" problem, It is basically one of
determining routes for a fleet of carriers, delivering a homogeneous
comumodity from a single terminal to a geographical array of demand points,
such that the total miles traveled is minimized, In solving this problem
the methods suggested require the following conditions to be satisfied;

(1) The distance matrix 1s symmetrical.

(2) The demand at each demand point is assumed known and must be

fulfilled.

(3) A given demand point must not appear on more than one route,

(4) The carriers may have different carrying capacities which are

assumed known.

(5) The routes to be determined must all be either "pick up" or

"delivery' routes and not both,

Until recently the method used to solve this type of problem was
trial and error. An experienced man would sit down with a map, knowing
the demands and the capacities of the carriers, and by trial and errox
try to find the routes which would give the minimum miles traveled
consistent with the available carrier capacities,

More recently, several alporithms have been developed for solving

this problem,



SURVEY OF THE LITERATURE

The single terminal carrier routing problem, as stated above, is
regarded as a generalization of the classical traveling salesman problem
which can be stated as: Find the minimum distance route for a traveling
salesman who starts from home, visits each of n specified cities only
once, and returns to his home,

If in the carrier routing problem, the carrier had an infinite capacity
the problem would reduce to the classical traveling salesman problem.
Likewise, if the traveling salesman must return to his home after
visiting t (t<n) cities, then the problem would resemble the carrier
routing problem,

The principle methods which have been proposed since 1959 for the
solution of the single terminal carrier routing problem are branch and
bound {16], and [24], simulation [5], and [22], integer programming [1],

and heuristic programming [6], [7], [10}, [13], [15], [16], [26], and [27].
Discussion and Evaluation of the Proposed Methods

The paper by Pierce [24] gives a good discussion of some of the pro-
posed methods of solution., Pierce proposes a branch and bound solution
to the classical traveling salesman problem using a modification of Little's
et. al. [19] proposed method. Using this to illustrate the basic ideas
of combinatorial programming, he uses this framework to extend the ideas
to different variations of the single terminal carrier routing problem
which include delivery time constraints, capacity, and other carrier

constraints, In the various problem formulations, Pierce discusses the
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feasibility, dominance and bounding considerations, and other criteria
employed during the problem solving process. The problem solution
proceeds from a feasible solution to successively better and better
solutions such that if the procedure is carried out to completion the
optimum solution, if one exists, is found, Pierce does not solve any
example problems nor does he indicate the time required to f£ind a solution,
or if solutions can be found for large practical problems,.

Hayes [16) also gives a discussion of the various proposed methods
of solution for the delivery problem and develops a branch and bound
algorithm in which he uses a direct extension of the branch and bound
algorithm of Little, et al, [19], developed for solving the traveling
salesman problem, In his algorithm, Hayes incorporated two of the pos-
sible modifications which were suggested by Little, et al, The first was
a "go to the right" modification which enabled more nodes to be examined
with decreased computation time, Since the size of the tree grew so
fast with an increase in the number of customers, the second modification
was a ""throw away the tree" modification which was essentially a further
modification of the "go to the right" method. This modification reduced
the number of nodes which had to be stored in memory during the solution
process. The author reported that the "throw away the tree" method was
the most efficent of the two methods but that neither method is capable
of handling larger problems which contain greater than fifteen to twenty
customers,

The prospects of.developing a branch and bound algorithm with a back-
tracking feature, which could guarantee an optimal solution, was attractive

enough to justify research on such an algorithm at the present time in the
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department of Industrial Engineering at Kansas State University. At the
present, the research has not reached a stage of development such that a
statement can be made as to its practicability except that it does show
promise,

Knight and Hofer [18] presented a manual method for a more generalized
carrier routing problem as a result of consulting work performed for a
contract transport firm in London., This method was more concerned with
deciding the best possible way to allocate a given work load to a number
of vehicles than with finding the minimum distance routes through the set
of points. The vehicles in this company were used for collecting and
delivering small consignments according to a strict schedule, which varys
for the different days of the week but repeats itself from week to week,
The method concentrates primarily on allocating the jobs to the vehicles
so that idle time was minimized, with the sequencing of jobs on a specific
carrier emerging as a by-product of the alloeation procedure [18]., This
.method (as can be seen) is for a little different version of the carrier
routing prablem than the one belng considered herein, therefore, this
method was not considered further.

Newton and Thomas [22] used a different approach to the problem in
considering the school bus routing problem. Their method consisted first
of finding a sclution to a classical traveling salesman problem having
the same distance matrix using a near-optimum method of solution and then
partition this one route inte individual routes conforming to the carrier
capacity restrictions., Two valid criticisms of this method was pointed
out by Hayes [16], ¥First, there is no reason to suspect beforehand that

a system of routes which would minimize the total distance traveled could
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be partitioned from an optimal traveling salesman route let alone from

a near-optimal one. Secondly, Hayes gives an example to show the existence
of problems in which their proposed solution would not come anywhere close
to the optimum gsolution. Therefore, in light of these faults, this methed
of solution was not pursued for possible modifications.

A simulation approach to the carrier routing problem was formulated
by Braun [5]., The procedure starts with a random generation of the order
of stops and then loads the carriers by dispatching an available carrier
with sufficient capacity to the first permuted demand point which has not
been assigned to a previous vehicle. A sub-matrix of distances is then
formed for each carrier and a traveling salesman algorithm is applied to
each sub-matrix. Several problems were solved which had been solved
previously by other methods of solutions so that a comparison could be
made. In all the problems except one, the solutions obtained by existing
heuristic programming methods of solution, discussed below, were "better",
where better indicates lower mileage and fewer vehicles., It was also
noted that as the problem size increased, poorer approximations to the
minimum were obtained using the proposed simulation procedure, This
does not rule out simulation as an effective method of solution to the
carrier routing problem, but it was felt that further research in this
area was not justified in light of the success of the existing heuristic
programming algorithms,

Balinski and Quandt [1] developed an integer programming solution to
the carrier routing problem which used a 'cutting plane' algorithm developed
by Gomory [l4]. At the present time, integer programming solutions seem

to be limited to small size problems. The method becomes undesirable as
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the number of customers increase since for relatively small problems the
number of variables needed becomes quite large,

The first heuristic programming formulation was proposed in 1959
by Dantzig and Ramser [10] which produced near-optimal solutions, The °
algorithm first assigns each demand point to a route of its own and then
proceeds by synthesizing pairs of routes stage by stage into single
routes using the distance matrix to detect likely links based upon distance
saved, The first stage synthesis is made according to the constraint that
the total quantity required for the pair does not exceed C/EN_l, where N
is the total number of stages that will be required., The resulting syn-
thesis of the first stage becomes the inputs to the second stage and the
resulting syntheses of the second stage become the inputs to the third
stage, etc, until at the final stage the resulting syntheses define the
completed routes. At each subsequent stage a clasgical traveling salesman
problem must be solved in order to maximize distanee saved so that at the
final stage the minimum route length is given,

Clarke and Wright [6] felt that Dantzig and Ramser gave too much
emphasis to vehicle loading and not enough emphasis to minimizing total
distance traveled, therefore, they formulated a modification of the
algorithm to shift the emphasis to minimizing total distance t?aveled.

To do this, they removed the C/ZN_l constraint applied in the first stage
and replaced it with a requirement that simply specified that the capacity
C was not to be exceeded at any stage., The algorithm also starts by
assigning each demand point to a route of its own. Routes are thenl
combined stage by stage by maximizing the savings (coﬁputed from the

distance matrix) achieved by linking two of these routes, subject to
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the capacity constraints, Thus, the final solution is achieved by combining
smaller routes and single customers into single larger routes until no
further savings can be achieved. This method produced better solutions

than Dantzig and Ramser's algorithm. This solution can be improved by
solving a classical traveling salesman problem for each route, This

method is also feasible for solving large practical carrier routing
problems.

Gaskell {13] performed a comparative study of a visual (trial and
error) method, a multiple:savings method, which was Clarke and Wright's
method, a savings:sequential method, and two other methods he developed
which he called A:multiple method and ﬁ:multipie method., In these last
two methods, he based the measures of priority on distance measures rather
than savings such that both are symmetrical functions. Gaskell concluded
that criteria other than the savings were seﬁsible measures of priority
for forming routes and that the multiple approach method, such as the
Clarke and Wright method, was superior to the sequential method,

In 1967, Cochran [7] formulated a modification of Clarke and Wright's
method which added a truck reassignment routine, and a route restriction
on the total miles that could be traveled on a given route to show that
additional restrictions could easily be added. The truck reallocation
medification was designed to utilize '"freed' carriers which had been
displaced from the initial allocation by a new combination of demand
points, by reassigning the carriers displaced to loads after each pair
of demand points were combined [7). Each new combined demand was then
assigned to the carrier of the smallest capacity which was capable of

carrying this demand. This modification proved.to nake better utilization



of the available carriers, The modified algorithm also proved effective
in solving problems with the restriction limiting the total miles that
could be traveled on a given route,

Hayes [16] also developed a heuristic programming algorithm which
is quite similar to the simulation algorithm developed by Braun [5]. He
describes his algorithm as a cross between a pure random method and a
simulation of the method an experienced dispatcher would employ. The
"beginning custcmers” are initially chosen from certain customers at
a great distance from the central terminal or warehouse and all other
customers are given scores relative to the "beginning customer'. Routes
are then formed by placing customers, in the same general area as the
"beginning customer", starting with the customer with the highest score
and continuing until the carrier capacity is met, While constructing
the routes, care was taken not to isolate customers causing another
route to have a much higher cost because of the necegsity of serving
that customer [16]. Each of the routes formed are then optimized with
regard to miles traveled by solving a classical traveling salesman
problem. This process is repeated a large number of times and the
solutions obtained at one stage are compared to the previous solutions
and the bettexr solution of the two is saved., The algorithm was developed
to solve problems in which the single terminal or warehouse was located

in the center of the scatter of customers, This approach proved to be

15

disadvantageous when solving problems which did not meet this restriction.

Another heuristic programming method somewhat similar to Hayes'

method was proposed by Tyagi [27]. The algorithm starts by first
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determining N, which is the number of routes needed to make all the
deliveries to the given demand points and is computed according to the
capaclty of the carriers and the total amount of deliveries to be made.
The given demand points are then divided into N groups which are formed by
selecting the first point and adding other peoints according to their
proximity to the previously selected point, This is continued until the
inclusion of one more point would exceed the capacity of the carrier,

The other (N-1) groups are constructed in the same manner. This optimum
route for each grouping is then found by solving a classical traveling
salesman problem., The author reports satisfactory solutions were obtained
using the algorithm but only conjectured as to the algorithms ability to
handle large practical problems,

The last heuristic programming procedure which can be found in the
literature is an algorithm developed by Tillman and Cochran [26] which
included a look ahead feature for the selection of points on a route.
Extension of this work is the basis for the present work. This algorithm
will bé discussed in more detail in the next section.

Thus, from the above discussion, it appears that the methods based
on heuristic programming are the only algorithmic approaches at the present
time that are computationmally feasible for solving large practical problems,

For this reason, the following study was undertsken for improving the
selection criteria of the heuristic method which was proposed by Tillman
and Cochran [26]. Their algorithm will be discussed in detail in the
following section, followed by a section suggesting improvements in the

algorithm,
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TILLMAN AND COCHRAN METHOD

The algorithm by Tillman and Cochran [26] is a modification of the
method proposed by Clarke and Wright [6], The present method incorporates
a vehicle reassignment modification and proposes a look ahead feature in
an attempt to find a hetter solution to the gsingle terminal carrier
routing problem,

For the purpose of provliding the reader with the necessary background,
a discussion of the development of the algorithm is presented in the next
section, The terms used in the discussion are as follows:

P, = demand point i, where P, denotes the terminal.

0

d, . = distance between demand points Pi and P,,

3

d, = distance between terminal P, and demand point P

0 i’
q, = demand at point Pi'
C_ = carrying capacity of the nth vehicle.
t = index used to indicate whether the demand points Pi and Pj

are connected to constitute a link,.
Development of the Algorithm

The original development was presented in the paper by Clarke and
Wright [6] and was later modified by Tillman and Cochran {26) who felt
that several major points were not fully explained.

Initially it is assumed that the demand points P Pj’ and P, are

i? k

linked only to the terminal Pys as shown in Figure 2. Three trucks are
initially assigned such that each truck travels from the terminal to a

demand point and back to the terminal in order to deliver the commodity
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Py
PD < > ® Pj
Py
Figure 2: Initial assignment of points on routes.
P,
i
PU < Pj
P

k

Figure 3: Routes formed as results of linking Pi and Pj'

Figure 4: Route formed as result of linking Pj and Pp.



required at that demand point, The direction of travel of these three
trucks are indicated by the arrows, The total distance traveled on all

routes for this initial assignment 1s

0

0 0
2di+2dj+2dk, (L

where the superscript denotes the terminal and the subscript denotes the
demand point,

If the demand points Pi and Pj are linked and one link from the
terminal to Pi and one link from the terminal to Pj are severed, then the

resulting routes would be as shown in Figure 3. The total distance

traveled for all routes in this assignment would be

0 0 0
+
dj +dy g+ dy+ 24 (2)
which is a savings over the initial assignment of
0 0
d, +d, - d, . 3
i k| i,] el

The two trucks which were initially assigned to exclusively serve

demand points P, and P, are removed and a truck of sufficient capacity

|
to carry the combined demand for the two points is assigned to this newly
formed route.

The route in Fipgure 4 is obtained from the routes in Figure 3 by
linking demand points Pj and Pk and severing one link from the terminal
to P, and one link from the terminal to Pk' The resulting assignment has

]

a total distance for all routes of

+d, L, +d +d2, )

19
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which is a savings over the previous routes of

0 0
d. + - d. a 5
; . Sk {5

In this assignment, the truck previously assigned to serve the route
containing the demand points Pi and Pj and the truck exclusively serving

demand point P, are removed, and a truck with sufficient capacity to carry

k
the combined demands of the three points 1s assigned to this resulting
route,

Thus, the savings resulting from linking any two demand points Pi

and Pj to a terminal, PO, can be calculated using the general equation

.0 0 _
si’j = di + dj di,j. (6)

This equation is used to calculate the savings for each pair of points
in the problem, These savings are then used to determine the "best"
routes consistent with the truck availability and capacity constraints
that would optimize the objective function.

In this method, a given demand point can only be linked at most to
two other points, one of which may be the terminal, Thus, whenever a
given demand point is linked to two other demand points, it is not con-

sidered for further linking,
The Algorithm

The step by step computational procedure presented by Tillman and
Cochran [26] will now be given using an example problem to illustrate the

method,
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Step 1.

The first step of the computational procedure is the assigning of
identification numbers to the demand points and filling the distances,
di,j’ in the distance matrix, For an N demand point problem, the demand
points Pi (i=1,2,...,N} are numbered such that demand point 1 is closest
to the terminal, demand point 2 is next closest and so forth, The
distance between two given demand points 1s located in the lower right-
hand corner of the cell, The particular cell containing the distance
between demand points P, and P, is located by reading down column Pi and

i b

across Pj' The first column of the distance matrix contains the distances,

dg, from the terminal P0 to each demand point Pi.
Step 2,

The second step of the computational procedure involves the calculation
of the savings matrix, The savings obtained by linking two given demand
points is calculated from equation (6} and entered in the lower left-hand
corner of the appropriate cell in the distance matrix,

The completed distance matrix for the sample problem containing six
demand points is shown in Table 1. This problem was originally presented
by Tillman and Cochram [25],

Step 3.

The third step involves the formulation of the initial computational
matrix using the same format used to comstruct the distance matrix. A
column vector Q = (ql, qz,...,qN) is added on the left-hand side of this
matrix and initially contains the quantity, 94y which is required at
demand peint Pi (i=1,2,...,N). The remaining cells contain the values of

the index ty 3 which indicate whether the demand points are connected and
¥
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ol L5 35 2

s6l 72 22165 33 3

63| 47 54 {83 22 |74 45 Py

64| 64 38|79 27 Lo0 20 |98 29 5

&2

801 56 62 |8L 38 |71 65 [121 22199 L5 P6

Table 1. Distance matrix showing the distances in lower
right-hand corner of each cell, and savings in
lower left-hand corner of each cell,

B
2
By
2 P2
2 P
3
2 Ph
2 P
5
P
e 6
Table 2. Initial basic solution matrix with the initial
Q vector.
Capacity 12 15 18
Available 2 1 1
Assumed
Available oo 1 1
Assigned 6 0 0

Table 3. Initial truck availability and assignment table.
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constitute a link, The values of the index t, will always be 0, 1 or

i,]

2 according to the three possibilities such that

(a) the index ti o~ 2 if the demand point P, is served exclusively
1

by a truck from the terminal,

(b) the index t, 5 1 if the demand points Pi and Pj are linked
3

i

on a route,

(¢) the index t, ,
1,]

It is assumed in the initial solution that the demand points Pi are

0 if the demand points Pi and Pj are not linked,

linked only to the terminal, therefore, all ti,D = 2 (i=1,2,...,N) and
all the remaining cells have a value ti,j = 0, It was noted above that
a given demand point can only be linked at most to two other points, one
of which may be the terminal PO’ therefore, the following relationship
always exists:

k-1 N

PR T S U I T T, (7)
g0 K3 gt Bk

i.e., the sum of the t along the kth row plus the sum of the t

k,3's i,k's

down the kth column must always equal 2, During the computational pro-
cedure the values of ti,j are adjusted after each pair of points are linked
such that equation (7) holds. This also provides a method of recording
the routes formed as the algorithm progresses.

The initial computational matrix constructed for the example problem
is shown in Table 2., The blank cells in the matrix indicate that the
value of ti,j =0,
Step 4.

The fourth step is concerned with the initial assignment of trucks to the

demand points which were assumed to be linked only to the terminal. The
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quantities, Qs required at each demand point Pi are assumed to be such
that an initial assignment of one truck to each demand point is possible.
The truck availability and assignment table is constructed such that

the truck capacities, Ci’ are ordered from the smallest to the largest

(i,e., C, < Ci+l (i=1,2,...,n)). In cases where the quantity required

i
at a given demand point is larger than the capacity of the largest available
truck, the demand Is split into one or more loads equal to the capacity

of the largest truck and only the remainder of the requirement, which is
less than the capacity of the largest truck, is considered during the
solution process, This satisfies the assumption made above that all

the demands are such that qi.i Cn’ where Cn is the capacity of the largest
truck. Whenever there are not enough trucks available to make the iInitial
assignment of one truck to each demand point, "dummy trucks' with the
capacity of the smallest truck are assumed to be available so that an
assignment can be made. The algorithm emphasizes combining smaller loads
into larger ones, therefore, a reassignment of the trucks previously
assipgned takes place after each pair of demand points are linked., This
reassignment procedure appears in Step 9 of the algorithm below.

There are four trucks available in the example problem, two with 12
units of capacity and one each with 15 and 18 units capacity. The initial
assignment of trucks discussed above would require 6 trucks which is more
than are available, therefore, an infinite number of trucks with 12 units
of capacity are assumed available. These extra trucks constitute the
"dummy trucks" mentioned above, The initial truck assignment of six trucks
of 12 units capacity and none with capacities of 15 and 18 units for the

example problem is shown in Table 3.



Step 5.

An attempt is now made to link the demand points which result in the
averall maximum savings by looking at the resulting savings for two
successive feasible linkings before a linking is made, Recall that the
Clarke and Wright method {[6) was to select the cell with the largest
savings which is feasible and link these two demand points at each
iteration. This procedure may not result in the maximum overall savings.
This is the reason for looking at the consequences of two successive
linkings before deciding which pair of points should be linked., This
method proceeds as follows:

(a) Select the cell with the maximum savings that can be feasibly

linked and assume that this pair of peoints are linked,

(b) From the remaining cells after step a, select the cell with
the tremaining maximum savings that can be feagibly linked,

Add the savings obtained in steps a and b and associate this
savings with the first pair of points considered in step a,

{e) Disregard the actions of steps a and b and for the second
alternative start over except this time select the cell with
the second highest savings that can be feasibly linked. Assume
that this pair of demand points are joined.

(d) TFrom the remaining cells after step c, select the cell with
the remaining maximum savings that can be feasibly linked.

Add the savings obtained in steps ¢ and d and associate this
savings with the pair of points considered in step c.

(e) This procedure is continued for the third alternative starting

with the third highest savings, until all feasible alternatives

have been investigated in the problem,

25
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The total savings associated with each alternative are searched to
determine the maximum and the alternative (which is the first pair of
demand points assumed linked in each case) associated with this maximum
total savings is selected as the pair of demand points to be linked in
this iteration.

For the six demand point example problem, the procedure according
to Step 5 goes as follows:

(a) The cell containing the maximum feasible savings of 121 is

P, -P

4 6°

form the route PO - P4 - P6 - PO with a total distance of 165,

(b) The next highest feasible savings selected from the remalning

If these two points are assumed to be linked, they

cells is 100 for linking demand points P3 to P5. If these
two points are assumed linked, the route PO - P3 - P5 - P0
is formed with a total distance of 140. The total savings
obtained for the two links is 221 and is assoclated with the
first pair of points assumed linked in step a,

(c) Disregarding the routes formed above, start over by selecting
the second highest feasible savings which is 100 for linking
demand peints P3 to PS' This happens to be the same route
formed in step b.

(d) The next highest feasible savings which can be selected from
the remaining cells is 121 for linking P4 - Pﬁ' This also
happens to be the route formed in step a above, The total

savings for steps ¢ and d is 221 and is asscclated with the

pair of points assumed linked in step c.



(e)

By repeating the process for every feasible alternative in
the problem, the total savings table for the first iteration

is obtained as shown in Table 4,

27

It should be noted that the pair of points selected in steps a through

c above, are selected subject to the conditions of Step 6 below,

Step 6,

The points selected to be joined in Step 5 must be tested to see if

the restrictions listed below are satisfied before they can be feasibly

linked.

If the pair of points under consideration are P

i and Pj, then

the restrictions which must be satisfied are:

(a)

(b}

()

(d)

If one or more of the above conditions are not satisfied, then this

The values of the indexes ti,O and tj,O must be greater than
0 which indicates that the demand points are still linked to
the terminal and these links are elgible to be severed,

The demand points Pi and Pj must not already be on the same

route, This prevents the forming of a "loop" that does not
include the terminal.
The combined quantities, 4y required by the demand points

Pi and Pj and any other demand points which may be on the

same route must not exceed the capacity of the available trucks.,

Any additional truck and route restrictions placed upon the
system must be satisfied before the given demand points are

considered a feasible linkage.

pair of points are excluded from further consideration and the process

1s repeated from Step 5.
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For the sample problem, the alternative with the maximum total savings
of 221 satisfies all the restrictions listed above, therefore, the pair
of points linked in the first iteration are P4 and PG' Note also that
the points P3 and P5 have the same total savings and could also be selected,
Step 7.

If all the conditions listed in Step 6 are satisfied by the pair of
points selected in Step 5, then the demand points Pi and P, are linked

]

and the value of ti,j is set equal to 1 and the values of ti,O and tj,O
are decremented by 1 such that equation (7) holds.
Step 8.

The Q vector containing the loads 4y required at the demand points
Pi must be amended in two ways to indicate the linking of points Pi and
Pj in the iteration. First, each 94 corresponding to the index value
ti,O = (0 is itself set equal to zero. Secondly, each 9y corresponding
to the demand point linked on the newly formed route is set equal to the
sum of the demand for all points on the route,

For the example problem, the adjustment of the initial solution
matrix to record Steps 7 and 8 is shown in Table 5., Since the demand
points to be linked in this iteration are P4 and Pﬁ’ the value of t4,6
is set equal to 1 to record the linking and the values of t4,0 and t6,0

are decremented by one such that t =1 and t 1., The combined

4,0 6,0
load for the route is 12, therefore, dy, and qg are set equal to 12,
Step 9.
This step involves the reassignment of trucks to cover the newly

formed routes, The trucks previously assigned to cover the demand points

P, and P, are removed and a truck of sufficient carrying capacity is

i ]
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Q P

7 2 Py

g 2 PE

8 2 P3

12 1 Ph

6 2 P5

12 1 1 P6

Table 5. Computational matrix after completion
of first iteration.

Capacity - 12 15 18
Available 2'““ 1 1
Assumed

Available = 1 1
Assigned 5 ¢} 0

Table 6. Truck assignment table after completion
of first ilteration.
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assigned to cover this newly formed route, which includes the points
Pi and Pj and any other points which may be on the route from previous
iterations,

For the exemple problem, the trucks initially assigned to cover P4
and P6 are removed and a truck with capacity of 12 units is assigned to
cover this new route since the combined load required on the newly formed
route is 12 units (i.e., the maximum capacity truck required is still 12).
This is illustrated in Table 6, If there are "dummy trucks" assigned
when all the routes are formed, then some trucks must be assigned to
serve several short routes,

Step 10.

This completes the first {teration, The procedure is repeated from
Step 5 i1f there are more links possible with a positive savings which
satisfy all the conditions listed in Step 6. If no more links are pos—
sible which satisfies all the conditions, then the final solution has
been obtained. The routes formed and the exact order of visitation of
the demand points on each route are determined by the values of ti,j
from the final solution matrix and the final truck assigmnment is obtained
from the final assignment matrix. The distance traveled on each route
and the total distance traveled on all routes is calculated from the
original distance matrix,

Two more iterations are required to find the final solution for the
example problem., The demand points P5 and P6 are linked in the second
iteration and the demand points Py and P3 are linked in the last iteration.
Tables 7, 8 and 9 illustrate the final solution matrix, the final truck

assignment matrix, and the final routes and distances, respectively,

for the problem,
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Q Po
15 1 Pl
9 2 Py
15 1 1
18 1 Ph
18 1 PS
0 0 1 1
Table 7. Computational matrix after final iteraticn.
Capacity 12 15 18
Availlable 2 1 Ay
Assumed
Available e 1 1
Assigned 1 1 1
Table 8. Truck assignment table after final iteration.

Table 9.

Route Distance
PO—P2—PO 814
PO-Ph-Ps——P5-PO 194

Total 394

Final route and distance table.
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Clarke and Wright's method [6] gave a solution of 420 miles while
this method gave a solution of 394 miles which is believed to be the
optimum,

The above algorithm was programmed for the IBM 360 model 50 computer
so that a comparison could be made with the proposed method which is

presented in the next section.
Summary of the Algorithm

A summary of the basic steps in the computational procedure are listed

below.

Step 1. Label the demand points Pi (i=1,2,...,N) such that demand
point 1 is closest to the terminal, demand point 2 is
next closest, etc., and fill in distance matrix (Table 1).

Step 2. Calculate the savings for each pair of demand points
using equation (6) and enter them in the savings matrix
(Table 1),

Step 3. Set up the initial computational matrix and enter the
initial solution (Table 2).

Step 4, Make an initial assignment of one truck to each demand
poinﬁ if a feasible assignment is possible, If the
assignment is infeasible split the demands or assunme
"dummy truck" available, whichever the case, to produce
a feasible assignment (Table 3),

Step 5, Select the cell with the maximum feasible savings and
assume this palr of points are linked. From the

remaining cells, select the cell with the remaining



Step 6.

Step 7.

Step 8.

Step 9.

Step 10,

maximum feasible savings. Add the saving for both pairs
of points and associate it with the first pair of points
assumed linked., Repeat the process for all possible
feasible alternatives (Table 4), Select the alternative
with the maximum total savings for linking in this
iteration.

Test the demand points selected to be linked in Step 5
to see if they meet the restrictions a through d

stated earlier, If one or more of the conditions are
not satisfied, exclude this pair of points from further
consideration and return to Step 5.

If the pair of peints satisfy all the conditions, set
ti,j = 1 and decrement the values tj.’0 and tj,O by 1
such that equation (7) holds (Table 5),

Amend the Q vector for the newly formed route (Table 5).
Reassign the trucks to correspond to the new route
(Table 6), This completes the first iteration.

If there are more feasible links possible, repeat the
procedure from Step 5. If no other feasible links are
possible, the final solution has been found, Determine
the formed routes and the exact order of visitation, the
distances for each route, and the total distance for

all routes (Tables 7, 8, and 9 respectively).
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AN EXTENDED LOOK AHEAD APPROACH

General Remarks

The previous method of solution developed by Tillman and Cochran [26]

was chosen for further study for the following reasons,

(1) As noted above, the methods based on heuristic programming
appear to be the only algorithmic methods of sclution that
are computationally feasible for solving large practical
problems,

(2) The procedure is simple and easil& programmed on high speed
digital computers while at the same time effective in pro-
ducing a near-optimum solutiom,

(3) The possibility of formulating a better look ahead feature
to obtain optimal or near-optimal solutions was attractive.

(4) One of the major criticisms given by Hayes [16] against
the heuristic programming method developed by Clarke and
Wright [6] was that once two demand points are linked on
a particular route at a given stage it is not changed and
it will appear in the final solution which may result in
a suboptimal solution. It was felt that the development
of an extended look ahead approach which requires considering
the consequences of several choices in sequence for a number
of alternatives before selecting the "best" alternative for
routing would remove this criticism and at the same time
produce better solutions. This has been somewhat substantiated
by this study which is discussed below and the results are

shown in Appendix IIL.
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A computer program was written so that a solution could be obtained
for either the single or multiple terminal carrier routing problem, A
discussion of the computer program as well as the program itself is

presented in Appendix I.
An Extended Look Ahead Selection Criteria

A discussion of the modifications which were made in the Tillman
and Cochran method to improve the selection criteria which produces
better solutions is presented,

Based on the experience with Tillman and Cochran's algorithm dis-
cussed above, it was felt that better solutions could be obtained if
the selection criteria was extended to considering three different
feasible branches for each alternative. This led to the development
of the look ahead feature shown in Figure 5. A decision is first made
as to the number of feasible alternatives which will be considered in
each iteration for possible linkage. The alternatives are selected
from the savings matrix (matrices for the multiple terminal problems
discussed in chapter three) such that alternative one (all) is the
pair of demand points with the maximum feasible savings, alternative
two (bll) is the pair of demand points with the second highest maximum
feasible savings and so forth.

The next step of the extended look ahead selection criteria is to
develop the decision tree for each alternative selected., This is done
by selecting each alternative one at a time and assuming this pair
of demand points are actually routed. The second point for each branch
of a given alternative is selected from the savings matrix such that

the pair of points in the first branch (312 for the decision tree of
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alternative one) have the maximum feasible savings, the pair of points
in the second branch (azz) has the second highest maximum feasible savings,
and the pair of points for the third branch (a32) has the third highest
maximum feasible savings., FEach of these palr of points is then assumed
to be routed in sequence with the first pair of points. Each of the
third pair of points on each branch is then selected such that this

pair of points has the maximum feasible savings remaining in the savings
matrices after the previous two assumed linkings in that branch (i.e.,
for the first branch of the decision tree of alternative one in Figure 35,
the third pair of points (al3) is selected such that this pair of points
has the maximum feasible savings remaining in the savings matrix after
the pair of demand points of a1 and 2, have been assumed linked in
sequence). The total savings is then summed for each branch of the
decision tree for a given alternative., In this study, the process was
arbitrarily stopped after looking ahead for three decisions. This was
due in part to the computer time required for large problems plus the
fact it was felt that in most situations this would include the best
solution, The maximum of the total savings for the branches is then
selected for that alternative, The alternative which has the maximum
total savings is then selected and the first pair of points of this
branch is the pair of points to be routed in this iteration, The step
by step procedure for this extended look ahead feature is given in

Step 5 of the proposed algorithm listed below,
The Proposed Algorithm

Step 1.

The first step of the proposed algorithm is the same as the corresponding
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step in the algorithm of Tillman and Cochran except that it is not neces-
sary to order the demand points according te their distance from the
terminal., A decision regarding the number of alternatives which are to
be considered in each iteration must be made at this point. When only
one alternative is considered in each iteration, the solution procedure
is the method of Clarke and Wright's [6]. The number of alternatives to
be considered at each iteration is based upon the size of the problem,
Hopefully this research will provide some guidelines for this number,

In the computer program, provision was made for ten alternatives as the
maximum number which can be considered at one time,

Step 2.

Calculate the savings for each pair of points using equation (6)
and enter them in the distance matrix, This step is the same as the
corresponding step of the previous method,

Step 3.

The third step involves the formulation of the initial computational
matrix, This step is the same as the previous methods,
Step 4,

The fourth step of the proposed method consists of making the
initial truck assignment assuming ''dummy trucks" or splitting demands
as necessary to make a feasible assigmment. This step is the same as
the previous méthods.

Step 5.

An attempt is now made to link the demand points which result in
the overall maximum savings by looking at the resulting savings of three
different branches for each feasible alternative (the number of alter-—

natives to be considered is stated in Step l; see Figure 5) before a
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decision is made as to which pair of points is to be linked in this
iteration. FEach branch, in effect, considers three future linkings for
each given alternative,

If the number of alternatives to be considered In each iteration
has been set at one in Step 1, then the solution procedure is to select
the cell with the maximum savings which is feasible and continue from
Step 6.

If the number of alternatives has been set at two or more, then the
method proceeds as follows (Reference to Figure 5 will facilitate under-
standing) :

(a) Select the cell with the maximum savings that can be feasibly

| linked and assume that this pailr of points is linked (Point
a;q of Figure 5).
(b) Trom the remaining cells after step a, select the cell with the
remaining maximum savings that can be feasibly linked and assume

that this pair of peints is linked (Point aj, in Figure 5).

(c) From the remaining cells after steps a and b, select the cell
with the remaining maximum savings that can be feasibly linked

(Point a,, of Figure 5)., Add the savings obtained in steps a,

13
b, and ¢ and record it,

(d) Disregard the actions of steps b and ¢ and start over except
this time select the cell, from the cells remaining after
step a, with the second highest savings that can be féasibly
linked and assume this pair of points is linked (Point a22).

(e) From the remaining cells after steps a and d, select the

cell with the remaining maximum savings that can be feasibly
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(g)

(h)

(1)

&)

(k)

by

linked (Point a Add the savings obtained in steps a, d,

23)'
and e and record it.
This procedure is repeated for the third branch associated
with the first alternative, selected in step a, by dis-
regarding the actions of steps b, ¢, d, and e and selecting
the cell, from the cells remaining after step a, with the
third highest maximum savings that can be feasibly linked,
and assume this pair of points is linked (Poin; a3,).

From the remaining cells after steps a and f, select the
cell with the remaining maximum savings that can be feasibly

linked (Point a,, in Figure 5). Add the savings in steps a,

33
f, and g and record it.

The maximum of the three accumulated total savings figures

is selected and assoclated with the first alternmative, which
is the first pair of points selected in step a.

Disregard the actions taken in steps a through h and start
the whole procedure over, only this time, start the procedure
(alternative 2} by selecting the cell with the second highest
savings that can be feasibly linked and assume this pair of
points is linked (Point b,q).

From the cells remaining after step i, select the cell with
the remaining maximum savings that can be feasibly linked and
assume this pair of points is linked (Point blZ)'

From the cells remaining after steps 1 and j, select the
cell with the remaining maximum savings that can be feasibly

linked (Point b Add the savings obtained in steps i, j

13)‘

and k and record it,
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(1) Disvegard the actions of steps j and k and start over except
this time select the cell, from the cells remaining after
step i, with the second highest savings that can feasibly be
linked and assume this pair of points is linked (Poin b22)'

(m) From the remaining cells after steps i and 1, select the
cell with the remaining maximum savings that can be feasibly

linked (Point b,_,). Add the savings obtained in steps 1, 1

23
and m and record it,

(n) This procedure is repeated for the third branch associated
with the second alternative, selected in step i, by dis-
regarding the actions of steps j, k, 1, and m and selecting
the cell from the cells remaining after step i with the third
highest maximum savings that can be feasibly linked and assume
this pair of points is linked (Point b32).

(o) From the remaining cells after steps i and n, select the cell
with the remaining maximum savings that can be feasibly linked
(Point b33). Add the savings obtained in steps i, n, and o
and record it,

(p) The maximum of the three accumulated total savings figures is
selected and associated with the second alternative, which is
the pair of points selected in step i,

(q) This procedure is continued for the third highest possible
savings, the fourth highest possible savings, etc., until
all the feasible alternatives selected in Step 1 have been
investigated,

Note that each pair of points being considered for linking in the

above steps must satisfy the conditions in Step 6 below before they can

be assumed linked,
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The maximum is selected from the total savings associated with each
alternative and the alternative with this maximum is selected as the pair
of demand points to be linked in this iteration.

The above procedure can be best exemplified by solving the six demand
point problem used in the previous method, Steps 1, 2, 3 and 4 are again
shown in Tables 1, 2, and 3, respectively. Step 5 of the proposed
algorithm can be followed by referring to Figure 6, It is assumed that
the number of alternatives to be considered in each iteration has been
set at two in Step 1. The branches developed for the two alternatives
according to the above steps are indicated in Figure 6. The top branch
for alternative one was developed from steps a, b, and c with an accumu-
lated total savings of 266. The second branch was derived by ignoring
the actions of steps b and c and performing steps d and e. This branch
has a total accumulated savings of 292, The last branch for alternative
cne was developed by ignoring the actions taken in steps b, ¢, d and e
and performing steps f and g. This last branch of alternative one has
a total accumulated savings of 272, The maximum total savings associated
with the first alternative, according to step h, is the second branch
and is 292 which is starred, All the actions taken in steps a through
h are disregarded and the process is continued from step i to develop
the branches for the second alternative shown in Figure 6. The maximum
total savings associated with the second alternative is 266 which is
starred,

Alternative one has the maximum total savings of the two alternatives
considered, therefore, this pair of demand points (P4 and P6) is selected

for linking in this iteration.
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Step 6.

In this step, the demand points selected in Step 5 are checked to
determine 1f they satisfy all the system restrictions, This step is
exactly the same as Step 6 of Tillman and Cochran's method,

Step 7.

This step of the proposed algorithm consists of adjusting the ti,
parameters in the computational matrix to record the linking, This
step is the same as the corresponding step of the previous method.

For the example problem, the pair of points selected to be linked
" satisfies all the conditions of Step 6 and the revision of the compu-
tational matrix according to Step 7 is the same as before and is shown
in Table 5.

Step 8.

This step of the procedure consists of updating the Q vector for the
newly formed route. This step 1s also performed exactly the same as the
corresponding step of the previous method.

The adjustment of the Q vector for the sample problem is the same
as before and shown in Table 5,

Step 9.

This step of the proposed algorithm involves the reassignment of
trucks to cover the newly fermed routes, This step is also identical
to the same step in the previous method,

The truck assignment for the sample problem with the routing of
points P4 and P6 is the same as before and is shown in Table 6,

Step 10,
This completes one iteration of the algorithm. Return to Step 5 to

check if more feasible links are possible. If no more links are possible,



b6

then the final solution has been obtained. The routes formed and the
exact order of visitation of the demand points on each route are
determined from the final computational matrix, The final truck assign-
ment is obtained from the final truck assignment table, The distances
traveled on each route and the total distance traveled on all routes is
calculated from the original distance matrix,

As in the previous algorithm, two more iterations are necessary to
obtain the final solution using this algorithm to solve the example
problem, Demand points P5 and PG are linked in the second iteration and
demand points Pl and P3 are linked in the final iteration, Table 7
illustrates the final solution matrix, Table 8 gives the final truck

assignment table, and Table 9 shows the final routes and distances ob-

tained, since both methods give the same results.
Summary of the Proposed Algorithm

The computational procedure discussed above for the proposed algorithm

can now be summarized as follows:

Step 1. Label the demand points Pi (i=1,2,,,.,N) and fill in the
distance matrix, Ordering the demand points according to
their relative distance from the terminal is not necessary.

Step 2. Calculate the savings for each pair of demand points and
enter them in the savings matrix (Table 1).

Step 3, Set up the initial computational matrix and enter the
initial solution (Table 2).

Step 4, Set up the truck assignment table (Table 3). An initial

assignmentr of trucks is made, In the cases where the



Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Step 10.

demand at a given demand point is larger than the largest
truck available, the demands are split and only the re-
mainder of the demand is considered. A truck is assigned
to haul the full load and is not considered again.

Select the alternative based upon the total maximum
savings, following the procedure outlined in Step 5 of
the proposed algorithm,

Test the demand points selected for linking in Step 5

to see that restrictions a through d azbove have been
satisfied. If one or more of the conditions are not
satisfied, exclude this pair of points from further
consideration and return to Step 5.

If the pair of points satisfies all the conditicns,

and t,

set t = 1 and decrement the wvalues t 3,0
]

i, i,0
by 1 such that equation (7) holds (Table 5).
Amend the Q vector for the newly formed route (Table 5).
Revise the truck assigmment table to correspond to the
newly formed route (Table 6), This completes one
iteration,
If there are more feasible links possible, repeat the
procedure from Step 5. If no more feasible links are
possible, the final solution has been found, Determine
the formed routes and exact order of visitation, the

distance for each route, and the total distance for

all routes (Tables 7, 8, and 9 respectively),
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The above procedure has been programmed for the IBM 360/50 computer and
gseveral problems of different sizes have been solved. These problems
will be discussed in the next section. (The computer program is shown

in Appendix 1),

L8



DISCUSSION OF PROBLEMS

As noted in chapter I, twelve sample problems were constructed and

solved by Clarke and Wright's method, Tillman and Cochran's method, and

by the author’s proposed method. The sample problems were constructed

as follows:

(1)

(2)

Five single terminal problems with ten demand points each were
developed, Problem one was constructed from the multiple
terminal problem presented by Tillman [25], by selecting one
terminal at random, Problem two, three, four, and five were
developed from Rand and McNally's Road Atlas. In each problem
a single terminal was selected at random and then ten demand
points were selected such that various geographical patterns
were obtained., Several trucks ranging from twenty units
capacity to fifty units of capacity were assumed avajlable

for assignment in each problem, In each of the problems, the
quantity required by the demand points were randomly selected
from numbers between 5 and 20 such that several linkings

would be possible in the solutiom.

Five single terminal problems with twenty~five demand points
each were developed. Problems one, two, and five were developed
from Rand and McNally's Road Atlas in the same manner as the
ten demand point problems., Problem three was developed from

a Kansas map and problem four was developed from an Oklahoma
map, Caré was also taken in selecting the demand points such
that various geographical patterns were obtained. The trucks

assumed available in each problem ranged from twenty units of



(3)

50

capacity to one hundred units of capacity. The quantities
required by the demand points in each problem were randomly
selected from numbers between 15 and 40,

Two single terminal problems with fifty demand points each
were also constructed using Rand and McNally's Road Atlas,

The demand points in these two problems are dispersed through-
out the United States. The trucks assumed available and the
quantities required by each demand point were developed in

the same manner as the twenty-five demand point problems,
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RESULTS

Ten Demand Point Problems

The solutions obtained for the single terminal ten demand point
problems are summarized in Table 10, The numbers shown are the total
distance traveled on all routes determined by the respective method
of solution for each problem., The data for each problem and the best
solution obtained is shown .in Appendix II,

The histogram showing the number of best solutions obtained using
each method to solve the five problems is shown in Figure 7. Observe
that Clarke and Wright's method obtained the best solution for omnly two
of the five problems, Tillman and Cochran's method and the author's
proposed method obtained the best solution for four of the five problems
when two alternatives were considered at each iteration. Tillman and
Cochran's method obtained a better solution than Clarke and Wright's
method for the fifth problem when considering three alternatives, but
was unable to obtain as good of a solution as that obtained by the
proposed method using three alternatives. Therefore, the proposed
method obtained the best solution for all five problems by considering
three alternatives in each iteration. No improvement was obtained using
more than three alternatives at each iteration,

Figure 8 shows the average time required to solve the problems with
each method using the Watfor compiler, Thus, in order to obtain the
best solution for a single terminal problem with ten demand points, the
results appear to indicate that the proposed method considering three
alternatives at each iteration should be used. This would require ap-
proximately 2.04 minutes on the IBM 360/50 computer using the watfor

compiler,
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Twenty-five Demand Point Problems

Table 11 contains the summary of solutions obtained with the various
methods for the single terminal problems with twenty-five demand points
each, The information given is the same as that given for the ten demand
point problems, The data and best near-optimal solution obtained for each
problem are also shown in Appendix II,

Figure 9 shows the histogram indicating the number of best solutions
obtained for the five problems using the three methods of solution,
Observe that Clarke and Wright's method obtained the best solution for
three of the five problems. When considering two alternatives at each
iteration, Tillman and Cochran's method and the author's proposed method
also obtained the best solution for three of the five problems, Note
that a better solution was found for problem two in this case but a worse
solution was obtained for problem one, The same best solutions were
obtained for problems three and five as was found using Clarke and
Wright's method.

The worse solution obtained for problem one with the two look ahead
methods when considering two alternatives in each iteration ecan be
explained in the following way. This is a result of only considering a
restricted number of successive linkings (decisions) for each alternative
in the look ahead methods before determining the pair of demand points
to be linked at that iteration, Remember that Tillman and Cochran's

method considers two successive linkings (2-decision look ahead) for
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each alternative considered and the author's method consgiders three
successive linkings (3-decision look ahead) for each alternative con-
siﬂered. The solutions obtained by the two look ashead methods for
problem one were the best solutions according to the decisions considered
for the two alternatives involved, but were not as good as the solution
obtained by Clarke and Wright's method which links the pair of demand
points with the maximum savings at each iteration.

If four, five, or six succesgive linkings would have been considered
for each alternative at each iteration, the better solution obtained by
Clarke and Wright's method could have possibly been obtained or even a
better solution might have been possible, This reasoning is supported
by the fact that the author's proposed 3-decision look ahead method ob-
tained a better solution than Tillman and Cochran's 2-decision look ahead
method when considering two alternatives at each iteration.

The author's proposed method obtained the best solution for problem
four when considering three alternatives at each iteration. Therefore,
as shown in Figure 9, the proposed method obtained the best solution
for four of the five problems solved, Tillman and Cochran's method still
only obtained the best solution for three of the five problems. No im-
provements were obtained by either look ahead method when considering
more than three alternatives at each iteration.

Figure 10 shows the average solution time required for solving the
problems with each method using the more efficient G-level Fortran
compiler, Therefore, the results appear to indicate that the best solution
for a single terminal twenty-five demand point problem can be obtained by

using the proposed method with three alternatives considered at each
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iteration. In light of the worse solution obtained in problem one, the
author suggests that the problems should first be solved by Clarke and
Wright's method to check for this difficulty when using the proposed
method. This would involve a total solution time on the IBM 360 computer
of approximately ten minutes (One minute for solving the problem with
Clarke and Wright's method and nine minutes to solve the problem using
the author's proposed method with three alternatives considered at each

iteration).
Fifty Demand Point Problems

The solutions obtained for the single terminal problems with fifty
demand points are summarized in Table 12, Results for all the inter-
mediate number of alternatives are also not shown unless a different
solution was obtained. In this problem only 1,2,3 and 10 alternatives
were evaluated. Figure 11 shows the histogram giving the number of
best solutions obtained with each method and Figure 12 shows the average
solution time required on the IBM 360 computer using the G-level Fortran
compiler. The data for each problem and the best solution obtained is
shown in Appendix II,

Due to the limited computer time available and the difficulty en-
countered in developing practical example problems, only two example
problems were developed and solved by the three methods., As can be
noted from the graphs, Clarke and Wright's method obtained the best
solution for one of the two problems, Tillman and Cochran's 2-decision
look ahead method was unable to obtain the best solution for either

problem, in fact, the solutions obtained were worse than those given
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by Clarke and Wright's method, The author's 3-decision look ahead
method also obtained a worse solution for problem one but found the
best solution for problem two when considering two alternatives at
each iteration. The reason for the two look ahead methods obtaining
worse solutions in problem one is the same as that given for the same
difficulty encountered in the twenty-five demand point problems,
Although more example problems need to be solved by the three
methods before a reliable conclusion could be made, the author would
recommend that a fifty demand point problem should first be solved by
Clarke and Wright's method and then solved by the proposed look ahead
method considering at least three alternatives at each iteration. In
this manner, the best secluftion could be obtained and at the same time
protect against the problem encountered when using the proposed 3-decision
look ahead method. This would entail a total of thirty-eight minutes
on the IBM 360 computer (that is eight minutes for Clarke and Wright's

method and thirty minutes for the proposed 3-decision look ahead method),
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CONCLUSION FOR THE SINGLE TERMINAL PROBLEMS

For the single terminal carrier routing problems, the only algorithmic
approaches which are computationally feasible are those based upon heuristic
programming. An algorithm proposed by Tillman and Cochran was used as a
basis for developing an improved method. An extended look ghead feature
was developed for improving the selection criteria and was incorporated
into this method. This modified algorithm was then used as a basis for
this work.

Several example problems with ten, twenty-five, and fifty demand
points each were constructed and solved by Clarke and Wright's method,
Tillman and Cochran's method, and the proposed extended look ahead method,
Based upon the criteria of finding the minimum total distance traveled
on all routes, the author suggests the following guidelines for solving
single terminal carrier routing problems.

Solve the problems first with Clarke and Wright's

method to provide a basis for comparison and then

solve the problems using the proposed 3~decision

look ahead method considering three alternatives

at each iteration,
If minimizing computer time is important, the author suggests that Clarke
and Wright's method of solution be used since this method provides good
answers and requires the minimum amount of computer time,

It is suggested that a possible approach for further research in
this area would be to modify the proposed 3-decision look ahead method

s0 that a maximum of three alternatives are considered at each iteration
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and at least six successive linkings are considered for each alternative
(i.e. Develop a 6-~decision look ahead method). This would possibly
eliminate the difficulty encountered in the 3-decision look ahead method
and therefore eliminate the need for first solving the problems with

Clarke and Wright's method.



CHAPTER III

THE MULTIPLE TERMINAL CARRIER
ROUTING PROBLEM
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PROBLEM

The multiple terminal carrier routing problem can be regarded as a

generalization of the single terminal problem, The major difference

between the two problems is that in the multiple terminal case there are

two or more terminals from which the delivery wvehicles can be dispatched

to carry the commodity to the given demand points, Therefore, the multiple

terminal problem is one of determining the "best" delivery routes with

respect to some objective function (total miles, cost, etc.,) from the

appropriate terminals such that the following conditions are satisfied.

(1)
(2)
(3)

(4)

(5)

The distance matrix must be symmetrical,

All the demands are assumed known and must be fulfilled,

A given demand point may not appear.on more than one route
(i.e., A given“demand point may not be supplied by more than
one terminal, and once it is assigned to a terminal, the demand
point cannot appear on more than one route from that terminal,
The carriers may have different carrying capacities which are
assumed known.

The routes to be determined must all be either "pickup" or

"delivery" routes and not both,
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SURVEY OF THE LITERATURE

There has been several methods of solution proposed for the solution
of the single terminal carrler routing problem, as discussed in chapter
two, Although the multiple terminal carrier routing problem is con-
sidered a generalization of the single terminal problem, very little
research has been conducted on the multiple terminal problem, The only
article available in the literature proposes a heuristic programming
algorithm for the solution of the multiple terminal problem with prob-
abilistic demands developed by Tillman [25]. This algorithm will be

discussed below,
Discussion

Research is presently being conducted in the department of Industrial
Engineering at Kansas State Unlversity on a branch and bound method of
solution for the multiple terminal problem, This is a part of the research
noted in progress in chapter two on the single terminal problem. The
research has not reached a stage of development such that a more meaningful
discussion of the proposed method can be given at this time,

Based upon the conclusion that the methods using heuristic programming
approaches were the only algorithmic methods that seemed computationally
feasible for solving large practical single terminal problems, Tillman [25]
proposed such a method for solving the multiple terminal problem with
probabilistic demands., To develop the algorithm, the author utilized
the distance and savings matrix concept of Clarke and Wright's method [6]

developed for a single terminal problem, The proposed algorithm provides
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"good" answers to a difficult problem and appears suitable for solving
large practical problems.

The algorithm developed by Tillman [25], with some modifications,
is equally applicable to multiple terminal problems with deterministic
demands which are being discussed in this paper. Therefore, the following
study was undertaken for improving the selection criteria of the heuristic
algorithm in an effort to obtain '"better" solutions. Tillman's [25]
algorithm, modified for solution of problems with deterministic demands,
will be discussed in detail in the following section followed by suggested

improvements,
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TILLMAN'S METHOD

The algorithm proposed by Tillman [25] is a heuristic programming
method for the solution of the multiple terminal carrier routing problems,
As noted, the author utilized the distance and savings matrix concept
of Clarke and Wright's method [6] for a single terminal problem, and
developed a modified distance matrix concept for the multiple terminal
problem,

A discussion of the development of the algorithm is presented in the
next section, The definitions of the terms used in the following dis-
cussion are as follows:

P, = demand point j.

N
dj,k = distance between demand points Pj and Pk'

di = distance from terminal i to demand point Pj.

é; = modified distance from terminal i to demand point Pj'
S?,k = gavings associated with linking demand points Pj and Pk

to a route from terminal 1,

qj = quantity required at demand point Pj.

Cn = carrying capacity of the nth wvehicle.
tj,k = index used to indicate how the demand points Pj and Pk

are connected to constitute a link.

The Development

A problem occurs if the savings equation developed by Clarke and
Wright [6] for the single terminal problem is directly applied in the

multiple terminal problem, The difficulty occurs when computing the
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savings using equation (6) for two demand points which are close to one
terminal and a greater distance to the second terminal, In such cases,

the savings computed using this equation would be greatest for the points
that are furthest from the terminal, Using the selection criteria of
selecting the points to be linked and assigned to a terminal on the basis
of the savings computed from equation [6] would indicate that the points
should be assigned to the more distant terminal, This is incorrect since
the pair of points are actually closer to the other terminal. The solution
of this problem led Tillman to develop the following approach,

In the multiple terminal problem, the savings must be computed to
reflect the "true" savings relative to each terminal., For the terminal
nearest the points, the "true" savings is given by equation (6), but for
the terminal furthest away the savings of equation (6) are reduced by
the amount that the actual distance exceeds the distance from this point
to the nearest terminal [25]. To take this into consideration, a modified
distance is computed from each terminal to each point using the equation

min d;), (8)

~1i s i
d, = min 4] - (d, -
min y { 5

s 8
before computing the savings where the superscript denotes the terminal
and the subscript denotes the demand point. The savings are computed for

each terminal using the equation

i ~i

T
Sy = 9t a4y 9

The algorithm begins with an initial selution such that each demand
point is assigned individually to the nearest terminal and a truck is

assigned to each demand point [25]. A distance and savings matrix is
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determined for each terminal using Equations (8) and (9). A pair of
demand points is selected for linking at each iteration based on the
savings and then assigned to the terminal associated with this improvement,
The demand points selected for linking are those with the maximum savings
which do not violate the restrictions on the system, fhe trucks are then
reassigned by removing the trucks which were previously assigned to the
demand points and assigning a truck with sufficient capacity to the newly
formed route, When two demand points are linked and assigned to a terminal,
they are eliminated from consideration at the other terminals. The
modified distance, é;, for the point that is linked to another point at
this terminal is set equal to the true distance, di, and the savings
matrix at this terminal is updated as required by this change [25].

This process is repeated until all the demand points are linked which
penerate a positive savings and do not vieclate the restrictions on the
system. The single points remaining which are not assigned to a route
are then assigned to the nearest terminal,

Note, as in the single terminal problem, a given demand point can
only be linked at most to two other points, one of which may be the

terminal, Therefore, whenever a demand point is linked to two other

demand points it is not considered for further linking.
The Algorithm

The step by step computational procedure of the algorithm will now
be given using a three terminal and ten demand point problem to illustrate

the method, See Figure 13 which shows the example problem.
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Step 1.

The first step of the computational procedure is the assignment of
identification numbers to the demand points and constructing a distance
matrix for each terminal, Only one half of the matrices are needed since
the distances are symmetrical, The demand points are labeled
Pj (j=1,2,...,N) for an N demand point problem and the distances, dj,k’
are inserted in the lower right-hand corner of each cell in each matrix,
Tables 13, 14, and 15, Two column vectors are added to the left-hand
side of each distance matrix, The first column vector, Di, of each

matrix contains the distances, di from the ith terminal to each of the

j!

demand poinﬁs. The modified distances, d;, for each terminal are computed

-

using equation (8) and are entered into the second column vector, D, of
the corresponding distance matrix.
Step 2,

The second step of the computational procedure involves the calcu-
lation of the savings matrix for each terminal. The savings obtained by
linking two specific demand points to a given terminal is calculated from
equation (9) and is entered in the lower left-hand corner of the appropriate
cell in the corresponding distance matrix,

The completed distance matrices for the three terminals of the sample
problem are shown in Tables 13, 14, and 15,

Step 3.

The third step consists of formulating the initial computational
matrix using the same format used to construct the distance matrix. Two
column vectors are added to the left-hand side of this matrix. The first
column vectors are added to the left-hand side of this matrix, The first

column vector Q = (ql, Qg5 sees qN) initially contains the quantities, qy
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which are required at the demand points Pj (j=1,2,...,N). The second
column vector T = (tl,O’ t2,0""’tN,O) contains the index that indicates
how the demand points are linked with the terminals to form a route. The
remaining cells contain the values of the index tj,k which indicate how

the demand points are connected to constitute a link. The values of the
index, ti,j’ will always be 0, 1, or 2 according to the three possibilities
listed in Tillman and Cochran's algorithm in chapter two. The initial
solution assumes that the demand points are assigned to the nearest

terminal, therefore, all t = 2 (i=1,2,...,N) and all the remaining

3,0

cells have a value t 0. 8Since a given demand point can only be linked

jok -
at most to two other points, one of which may be a terminal, the re-
lationship shown in equation (7) must always exist, The values of tj,k
are adjusted after each pair of points are linked so that the relationship
holds,

The initial computational matrix constructed for the example problem
is shown in Table 16, Note that the blank cells in the maﬁrix indicate
that the value of tj,k

hand corner of the ecells in the T vector denotes the terminal to which

= 0. Also note that the index in the upper left-

the route is assigned,
Step 4.

The fourth step of the computational procedure involves the initial
assignment of trucks to the demand points which are assumed to be linked
to the nearest terminal, If the assignment is infeasible, split the
demands where necessary and assume ""dummy trucks" as needed such that a
feasible assignment can be made., This is discussed in Step 4 of Tillman

and Cochran's method in chapter two.,
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There are three trucks available in the sample problem.with carrying
capacities of 30 units each., The initial assignment of trucks to the
demand points would require 10 trucks which is more than there are trucks
available, therefore, an infinite number of trucks with 30 units capacity
are assumed available, The extra trucks constitute the "dummy trucks".
The initial assignment of trucks for the sample problem is shown in
Table 16,

Step 5.

An attempt is made in this step to link the demand points which have
the maximum savings and assign the points to the terminal associated with
this savings. When searching the savings matrices for the maximum savings,
only those savings corresponding to the links that satisfy the conditions
of Step 6 should be included in the search, |

If there are two or more equal maxima encountered in the search,
one of these are selected randomly.

Step 6.

The points selected to be linked in Step 5 must be tested to see if
the restrictions listed below are satisfied. For the pair of points
under consideration, P, and Pk’ the restrictions to be satisfied are:

3

(a) The values of the indexes t and t must be greater
i,0 k,0

than zero which indicates that the demand points are
" still linked to a terminal and these links are eligible
to be severed,
(b) The demand péints Pj and Pk

same route. This prevents the forming of a “loop" that

must not already be on the

does not include the terminal,



T8

*poUTITSEB ST 94N0J 3Y} UYOTUM 03 TBUTWISE 9Y] S930USP J03034
2Y3 UT ST[®2 9] JO JI3UI0D puey-1JIeT I=addn a9yl UT X9PpUT Syl 930N '9TqB1
JUSWUZISSE Fondl TeTITUT PUe J0309A B U3ITM XTJIFRW [RUOTABIndwod TeT3TUI 9T STQBRL

oam ¢t
mm 8
wm 0T
Ly <
9
Al
L
0T paugtssy &g 9
STQRTTBAY T
paumssy
. 0T
S STUBTTBAY
0t £ytorde) o




79

(¢) The combined quantities, qj, required by the demand
points Pj and Pk and any other demand points which may
be on the same route must not exceed the capacity of
the available trucks.

(d) Any other restriction on the system must be satisfied.

If one or more of the above conditions are not satisfied, then
this pair of points are excluded from further consiaeration at this
terminal and the process is repeated from Step 5. If the pair of
points selected in Step 5 satisfy all the conditions, then they are
joined at this terminal and are eliminated from consideration at the
other terminals,

The maximum savings of 5 is obtained in the example problem by
linking the demand points P2 and P3 on a route from terminal 2, This
pair of points satisfies all the conditions listed in Step 6, and are
therefore linked on a route at terminal 2.

Step 7,

If the demand points, Pj and Pk’ selected in Step 5 satisfy all the
conditions of Step 6, they are linked and assigned to the terminal as-
sociated with this improvement. This is done by setting the value of
tj,k = 1, and decrementing the values of tj,O and tk,O by 1 such that
equation (7) holds, The terminal index in the upper left-hand corner of
the cells tj,U and tk,O is set to the terminal which is to serve this
route. This pair of points is then eliminated from further consideration
at the other terminals by setting the savings associated with each of
these points teo zero at these terminals. The values of &i and &i are

3
set equal to d; and di, respectively, at the terminal in which the points
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Pj and Pk have been linked. The savings matrix at this terminal is then
updated as required by this change.
Step 8,

The Q vector containing the loads q; are amended to indicate the
linking of the demand points Pj and Pk in this iteration. Each q; cor=

responding to the index value t, = = 0 is itself set equal to zero and

i,0
each q corresponding to the demand points linked on the newly formed
route is set equal to the sum of the demand for all points on the route.

The adjustments to the computational matrix to record Steps 7 and
8 for the example problem are shown in Table 17, The demand peints

linked in the first iteration are P, and P3, therefore, the value of

2

is set equal to 1 to record the linking and the values of t and

k2.3 2,0
t3,0 are decremented by 1 such that t2,0 = 1 and t3’0 = 1. The combined
load for the route is 12 units, therefore, dy and q4 are set equal to
12,

Step 9.

This step of the computational procedure involves the reassignment
of trucks to cover the newly formed routes. The trucks ﬁreviously as-
signed to cover the demand points Pj and Pk are removed and a truck of
sufficient carrying capacity is assigned to cover this newly formed

route, which includes the points P, and Pk and any other points which

3
may be on the route from previous iterations,

In the gample problem, the trucks initially assigned to cover P2
and P3 are removed and a truck is reassigned to cover the new route

which has & combined load of 12 units. The truck assignment table is

shown in Table 17 after the first iteration.



81

'UOTIBAS3T 3SIATI

sy3 Jo uorjzardwod 12438 STQBY JUSWUTTISSE YONJI3 PUB XTagew TeuUcTleIndwo)

LT °Tq®RL

O
Hm ST
6
d B
8 0T
g
9
cT
if; 2 d
6 pouBTsSSY &y I 4
STQBTTBAY c
= DSUMSSY d BT
€ STQETTEAY £ o1
0g Ly1owde) (6]




82

Step 10.

This completes the first iteration., Return to Step 5 to check for
more links with a positive savings which satisfy all the conditions
listed in Step 6. If more links are feasible the procedure is continued,
If no other links are feasible, the final solution has been obtained.

The remaining single points which were not assigned to a route during

the computational procedure remained assigned to thé nearest terminal,
The routes formed, exact order of visitation of the demand points, and
the terminals te which the routes are assigned are obtained from the
final solution matrix. The £inal assignment of trucks is obtained from
the truck assignment table. The distance traveled on each route and

the total distance traveled on all routes ig calculated from the original
distance matrices,

Four more iterations are required to find the final sclution for the
sample problem. The demand points P5 and P6 are linked and assigned to
terminal 1 in the second iteration; the demand points P7 and P9 are
linked and assigned to terminal 3 in the third iteration; the demand

points P1 and P, are linked and assigned to the route at terminal 1; and

5

the demand points P7 and PB

last iteration, The final computational matrix, the final truck assign-

are linked and assigned to terminal 3 in the

ment table, and the final routes and distances for the problem are given
in Tables 18, 19 and 20, respectively, The total distance for all routes

is 61 miles,

Summary of the Algorithm

The Steps of the algorithm are summarized below,

Step 1. Label the demand points P, (j=1,2,...,N) and construct

]
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Capacity 30
Available 3
Assumed

Available ®
Assigned 3

Table 19. Truck assignment table after
final iteration.

Terminal Routes Distance Load
1 Tl'Pl"Ps"PG'Tl 18 28
) T2-P2—P3—T2 11 12

T2-—-Ph—-T2 L T
T -P_~P =P _-T 2L 23
3 387 973
T -P =T Y 15
3 10 3
Table 20. Final route and distance table. One

truck is used for both routes at

terminals 2 and 3.

8l



Step 2,

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

85

a distance matrix for each terminal., Two column vectors
are added to the left-hand side of each matrix. The
first vector, Di, contains the distances from the terminal
to the demand points and the second vector, 51, contains
the modified distances computed with equation (8).
Calculate the savings using equation (9) for linking

each pair of points to a specific terminal and enter

them in the corresponding distance matrix (Tables 13, 14,
and 15),

Set up the initial computational matrix and enter the
initial solution (Table 16).

Assign one truck to each demand point, assuming '"dummy
trucks" are available and split demands if necessary

to make a feasible allocation (Table 16).

Find the maximum feasible savings possible in the

savings matrices., Choose one randomly if there are two
or more equal maxima,

Test the demand points selected to be linked in Step

5 to see that the restrictions listed above are satisfied.
If one or more of the conditions are not satisfied, ex-
clude this pair of points from further consideration at
this terminal and return to Step 5.

If the pair of points satisfy all the conditions, set
tj,k = 1 and decrement the values of tj,O and tk,O by

1 such that equation (7) holds. Set the terminal index

in cells t and t to the terminal associated with
i,0 k,0



Step 8,

Step 9,

Step 10.

this savings. Eliminate this pair of points from further

consideration at the other terminals, Set the values

of dt and &% to d> and d;, respectively, at the terminal
b k J
in which the points P, and P, have been linked and update

i k

the savings matrix at this terminal as required by the
change (Table 17),

Amend the Q@ vector for the newly formed route (Table 17),
Reassign the trucks to correspond to the new routes (Table
17) . This completes one iteration,

Return to Step 5 to check for more feasible links. If

no other feasible links are possible, then the final
solution has been found, The points not assigned to a
route remain assigned to the neérest terminal, Determine
the routes formed, the exact order of visitation, and the
terminals to which the routes are assigned from the final
computational matrix (Table 18). Determine the final
truck assignment (Table 19). Determine the distance
traveled on each route and the total distance for all

routes (Table 20),

86
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THE LOOK AHEAD APPROACH

General Remarks

This section presents a discussion of some modifications to Tillman's
algorithm which may improve the selection criteria in an attempt to obtain
better solutions to the multiple terminal problem. The modifications in
the selection criteria consists of incorporating the look ahead feature
discussed in chapter two and illustrated in Figure 3. As noted, the
look ahead feature congiders the consequences of three future linkings
for a given number of alternatives before a pair of poilnts is selected
for linking in each iteration. This feature appears to be a significant
contribution from the results of solving a number of example problems,

(See Appendix III,)

The Proposed Algorithm

The computational procedure of the modified algorithm is given below,
To illustrate the method the same problem will be solved as was solved by
Tillman's method.

Step 1.

Assipgn the identification numbers to the demand points and construct
the distance matrix for each terminal. This step is the same as the cor-
responding step in Tillman's method, A decision regarding the number of
alternatives which are to be considered in each iteration according to
Step 5 below must also be made at this step., If only one alternative
is considered in each iteration, the solution procedure is the same as
Tillman's method, Otherwise, the number of alternatives to be considered

at each iteration is based upon the size of the problem, Again, it is
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felt that the results from solving several example problems will provide
some insight for determining what this number should be for various
sizes of problems.

Step 2,

This step of the computational procedure consists of calculating the
savings matrix for each terminal using equation (9). This step is also the
same as Step 2 of the previous method.

The completed distance matrices for the three terminals of the sample
problem are again shown in Tables 13, 14, and 15.

Step 3.

This step involves the formulation of the initial computational
matrix, the initial demand vector, and the initial terminal index vector.
This step is also the same as Step 3 of the previous method,

The initial computational matrix is again shown in Table 16,

Step 4,

The initial truck assignment is made in this step which is the same as
Step 4 in the previous method,

The initial truck assignment for the example problem is also shown
in Table 16,

Step 5.

An attempt is made in this step to link the demand points which result
in the overall maximum savings by looking at the resulting savings of the
three different branches for each of several feasible alternatives. Each
branch considers the consequences of a sequence of three future linkings
for the given alternative,

The computational procedure will consist of the following steps
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(Reference to Figure 5 will facilitate the reader's understanding):

(a)

(b)

(e)

(d)

(e)

(£)

Select the cell with the maximum savings from all the savings
matrices which can feasibly be linked and assume that this
pair of points is linked and assigned to the terminal cor-
responding to this improvement (Point a1 in Figure 5).

From the remaining cells of all the savings matrices, select
the cell with the remaining maximum saviﬁgs that can be
feasibly linked and assume that this pair of points is linked
and assigned to the corresponding terminal (Point a3 of
Figure 5).

From the remaining cells of the savings matrices after steps
a and b, select the cell with the remaining maximum savings

that can be feasibly linked (Point a,, of Figure 5). Add

13
the savings obtained in steps a, b, and c and record it.
Disregard the actions of steps b and ¢ and start over except
this time select the cell, in the savings matrices remaining
after step a, with the second highest savings that can be
feasibly linked and assume that this pair of points is linked
and assigned to the corresponding terminal (Peint 50 in
Figure 5).

From the remaining cells in the savings matrices after steps a
and d, select the cell with the remaining maximum savings that

can feasibly be linked (Peint a,, in Figure 5)., Add the savings

23
obtained in steps a, d, and e and record it,
This procedure is repeated for the third branch associated

with the first alternative by disregarding the actions of



90

steps b, ¢, d, and e and selecting the cell, remaining after
step a, with the third highest savings that can feasibly be
linked. Asgume that this pair of points is linked and assigned
to the corresponding terminal (Point ag, in Figure 5).

{g) From the remaining cells in the savings matrices after steps
a and £, select the cell with the remaining maximum savings
which can feasibly be linked (Point 844 in Figure 5}. Add the
savings obtained in steps a, f and g and record it,

(h) The maximum of the three accumulated total savings figures
is selected and associated with the first alternative, which
is the first pair of points selected in step a,

(i) This procedure is continued as in the single terminal algorithm
for the second highest possible savings, the third highest
possible savings, etc., until the desired number of alternatives
have been investigated.

Note that each palr of points being considered for linking in the
above steps must satisfy the conditions in Step 6 below before they can
be assumed linked. It should also be noted that when a pair of points
is assumed linked, Steps 6 through 9 of the algorithm are assumed to have
taken place before the next selection is made.

The total savings figures associated with each alternative are
searched for the maximum and the corresponding alternative 1s selected
as the pair of demand points to be linked and assigned to a terminal in
this iteratiom.

The above computational procedure of Step 5 can best be illustrated

for the example problem by referring to Figure 14, The number of alternatives
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by Clarke and Wright's method. The author's 3-decision look ahead
method also obtained a worse solution for problem one but found the
best solution for problem two when considering two alternatives at
each iteration. The reason for the two look ahead methods obtaining
worse solutions in problem one is the same as that given for the same
difficulty encountered in the twenty-five demand point problems,
Although more example problems need to be solved by the three
methods before a reliable conclusion could be made, the author would
recommend that a fifty demand point problem should first be solved by
Clarke and Wright's method and then solved by the proposed look ahead
method considering at least three alternatives at each iteration. In
this manner, the best solution could be obtained and at the same time
protect against the problem encountered when using the proposed 3-decision
look ahead method., This would entail a total of thirty-eight minutes
on the IBM 360 computer (that is eight minutes for Clarke and Wright's

method and thirty minutes for the proposed 3-decision look ahead method).
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CONCLUSION FOR THE SINGLE TERMINAL PROBLEMS

For the single terminal carrier routing problems, the only algorithmic
approaches which are computationally feasible are those based upon heuristic
programming. An algorithm proposed by Tillman and Cochran was used as a
basis for developing an improved method. An extended look ahead feature
was developed for improving the selection criteria and was incorporated
into this method, This modified algorithm was then used as a basis forr
this work,

Several example problems with ten, twenty-five, and fifty demand
points each were constructed and solved by Clarke and Wright's method,
Tillman and Cochran's method, and the proposed extended look ahead method,
Based upon the criteria of finding the minimum total distance traveled
on all routes, the author suggests the following guidelines for solving
single terminal carrier routing problems,

Solve the problems first with Clarke and Wright's

method to provide a basis for comparison and then

solve the problems using the proposed 3-decision

look ahead method considering three alternatives

at each iteration,
If minimizing computer time is important, the author suggests that Clarke
and Wright's method of solution be used since this method provides good
answers and requires the minimum amount of computer time,

It is suggested that a possible approach for further research in
this area would be to modify the proposed 3-decision look ahead method

so that a maximum of three alternatives are considered at each iteration
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and at least six successive linkings are considered for each alternative
(i.e., Develop a 6-decision look ahead method)., This would possibly
eliminate the difficulty encountered in the 3-~decision look ahead method
and therefore eliminate the need for first solving the problems with

Clarke and Wright's method.



CHAPTER IIT

THE MULTIPLE TERMINAL CARRIER
ROUTING PROBLEM
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PROBLEM

The multiple terminal carrier routing problem can be regarded as a

generalization of the single terminal problem. The major difference

between the two problems is that in the multiple terminal case there are

two or more terminals from which the delivery vehicles can be dispatched

to carry the commodity to the given demand points, Therefore, the multiple

terminal problem is one of determining the "best'" delivery routes with

respect to some objective function (total miles, cost, etc,) from the

appropriate terminals such that the following conditions are satisfied.

(1)
(2)
(3)

(4)

(5)

The distance matrix must be symmetrical,

All the demands are assumed known and must be fulfilled,

A given demand point may not appear‘on more than one route
(i.e., A given"demand point may not be supplied by more than
one terminal, and once it is assigned to a terminal, the demand
point cannot appear on more than one route from that terminal,
The carriers may have different carrying capacities which are
assumed known.

The routes to be determined must all be either "pickup" or

"delivery" routes and not both,
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SURVEY OF THE LITERATURE

There has been several methods of solution proposed for the solution
of the single terminal carrier routing problem, as discussed in chapter
two, Although the multiple terminal carrier routing problem is con-
sidered a generalization of the single terminal problem, very little
research has been conducted on the multiple terminal problem., The only
article available in the literature proposes a heuristic programming
algorithm for the solution of the multiple terminal problem with prob-
abilistic demands developed by Tillman [25]. This algorithm will be

discussed below.
Discussion

Research is presently being conducted in the department of Industrial
Engineering at Kansas State University on a branch and bound method of
solution for the multiple terminal problem, This is a part of the research
noted in progress in chapter two on the single terminal problem. The
research has not reached a stage of development such that a more meaningful
discussion of the proposed method can be given at this time,

Based upon the conclusion that the methods using heurigstic programming
approaches were the only algorithmic methods that seemed computationally
feasible for solving large practical single terminal problems, Tillman [25]
proposed such a method for solving the multiple terminal problem with
probabilistic demands. To develop the algorithm, the author utilizéd
the distance and savings matrix concept of Clarke and Wright's method [6]

developed for a single terminal problem. The proposed algorithm provides



67

"good" answers to a difficult problem and appears suitable for solving
large practical problems,

The algorithm developed by Tillman [25], with some modifications,
is equally applicable to multiple terminal problems with determinigtic
demands which are being discussed in this paper. Therefore, the following
study was undertaken for improving the selection criteria of the heuristic
algorithm in an effort to obtain "better" solutions. Tillman's [25]
algorithm, modified for scolution of problems with deterministic demands,

will be discussed in detail in the following section followed by suggested

improvements,
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TILLMAN'S METHOD

The algorithm proposed by Tillman [25] is a heuristic programming
method for the solution of the multiple terminal carrier routing problems,
As noted, the author utilized the distance and savings matrix concept
of Clarke and Wright's method [6] for a single terminal problem, and
developed a modified distance matrix concept for the multiple terminal
problem,

A discussion of the development of the algorithm is presented in the
next section, The definitions of the terms used in the following dis-
cussion are as follows:

P, = demand point j.

3
d, = distance between demand points P, and P .
jsk ] k
d; = distance from terminal 1 to demand point Pj'
d; = modified distance from terminal i to demand point Pj'
S; . ™ savings associated with linking demand points Pj and Pk
»

to a route from terminal i,

qj = quantity required at demand point Pj.
Cn = carrying capacity of the nth vehicle,

tj k= index used to indicate how the demand points Pj and Pk
]

are connected to constitute a link.

The Development

A problem occurs if the savings equation developed by Clarke and
Wright [6] for the single terminal problem is directly applied in the

multiple terminal problem., The difficulty occurs when computing the
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savings using equation (6) for two demand points which are close to one
terminal and a greater distance to the second terminal, In such cases,

the savings computed using this equation would be greatest for the points
that are furthest from the terminal, Using the selection criteria of
selecting the points to be linked and assigned to a terminal on the basis
of the savings computed from equation [6] would indicate that the points
should be assigned to the more distant terminal, Tﬁis is incorrect since
the pair of points are actually closer to the other terminal, The solution
of this problem led Tillman to develop the following approach.

In the multiple terminal problem, the savings must be computed to
reflect the "true" savings relative to each terminal., TFor the terminal
nearest the points, the "true" savings is given by equation (6), but for
the terminal furthest away the savings of equatién (6) are reduced by
the amount that the actual distance exceeds the distance from this point
to the nearest terminal [25]., To take this into consideration, a modified

distance is computed from each terminal to each point using the equation

= min d° ~ (di - min d;

3

8 5

o
o s (8)

before computing the savings where the superscript denotes the terminal
and the subscript denotes the demand point. The savings are computed for

each terminal using the equation

i =i, i
sj’k— j+dk—dj'k (9

The algorithm begins with an initial solution such that each demand

point is assigned individually to the nearest terminal and a truck is

assigned to each demand point [25]. A distance and savings matrix is
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determined for each terminal using Equations (8) and (9). A pair of
demand points is selected for linking at each iteration based on the
savings and then assigned to the terminal associated with this improvement.
The demand points selected for linking are those with the maximum savings
which do not violate the restrictions on the system, fhe trucks are then
reagsigned by removing the trucks which were previcusly assigned to the
demand points and assigning a truck with sufficient capacity to the newly
formed route. When two demand points are linked and assigned to a terminal,
they are eliminated from consideration at the other terminals. The
modified distance, 5?, for the point that is linked to another point at
this terminal is set equal to the true distance, d;, and the savings
matrix at this terminal is updated as required by this change [25].

This process is repeated until all the demand points are linked which
generate a positive savings and do not violate the restrictions on the
system, The single points remaining which are not assigned to a route
are then assigned to the nearest terminal,

Note, as in the single terminal problem, a given demand point can
only be linked at most to two other points, one of which may be the

terminal, Therefore, whenever a demand point is linked to two other

demand points 1t is not considered for further linking.
The Algorithm

The step by step computational procedure of the algorithm will now
be given using a three terminal and ten demand point problem to illustrate

the method. See Figure 13 which shows the example problem.
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Step 1.
The first step of the computational procedure is the assignment of
identification numbers to the demand points and constructing a distance
matrix for each terminal., Only one half of the matrices are needed since
the distances are symmetrical, The demand points are labeled
Pj (j=1,2,...,N) for an N demand point problem and the distances, dj,k’
are inserted in the lower right-hand corner of each cell in each matrix,
Tables 13, 14, and 15, Two column vectors are added to the left-hand
side of each distance matrix, The first column vector, Di, of each
métrix coentains the distances, d?, from the ith terminal to each of the
demand points., The modified distances, d;,

using equation (8) and are entered into the second column vector, ﬁi, of

for each terminal are computed

the corresponding distance matrix,
Step 2.

The second step of the computational procedure involves the calcu-
lation of the savings matrix for each terminal, The savings obtained by
linking two specific demand points to a given terminal is calculated from
equation (9) and is entered in the lower left~hand corner of the appropriate
cell in the corresponding distance matrix,

The completed distance matrices for the three terminals of the sample
problem are shown in Tables 13, 14, and 15.

Step 3.

The third step consists of formulating the initial computational
matrix using the same format used to construct the distance matrix. Two
column vectors are added to the left-hand side of this matrix. The first
column vectors are added to the left-hand side of this matrix. The first

column vector Q = (ql, Uys enes qN) initially contains the quantities, Qy s
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which are required at the demand points P, (j=1,2,...,N). The second

d

column vector T = (¢t O""’tN 0) contains the index that indicates
b ]

1,0° B2
how the demand points are linked with the terminals to form a route, The
remaining cells contain the values of the index tj,k which indicate how

the demand points are connected to constitute a link., The values of the
index, ti,j’ will always be 0, 1, or 2 according to the three possibilities
listed in Tillman and Cochran's algorithm in chapter two. The initial
solution assumes that the demand points are assigned to the nearest

terminal, therefore, all t = 2 (i=1,2,...,N) and all the remaining

3,0

cells have a value t 0. 8Since a given demand point can only be linked

3ok T
at most to two other points, one of which may be a terminal, the re-
lationship shown in equation (7) must always exist, The values of tj,k
are adjusted after each pair of points are linked so that the relationship
holds.

The initial computational matrix constructed for the example problem
is shown in Table 16, Note that the blank cells in the matrix indicate

that the value of t 0. Also note that the index in the upper left-

ok~
hand corner of the cells in the T vector denotes the terminal to which
the route is assigned.

Step 4.

The fourth step of the computational procedure involves the initial
assignment of trucks to the demand points which are assumed to be linkéd
to the nearest terminal. If the assignment is infeasible, split the
demands where necessary and assume "dummy trucks" as needed such that a

feasible assignment can be made, This is discussed in Step 4 of Tillman

and Cochran's method in chapter two,
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There are three trucks available in the sample problem with carrying
capacities of 30 units each., The initial assignment of trucks to the
demand points would require 10 trucks which is more than there are trucks
available, therefore, an infinite number of trucks with 30 units capacity
are assumed available. The extra trucks constitute the "dummy trucks".
The initial assignment of trucks for the sample problem is shown in
Table 16,

Step 5.

An attempt is made in this step to link the demand points which have
the maximum savings and assign the points to the terminal associated with
this savings. When searching the savings matrices for the maximum savings,
only those savings corresponding to the links that satisfy the conditions
of Step 6 should be included in the search.

If there are two or more equal maxima encountered in the search,
one of these are selected randomly,

Step 6.

The points selected to be linked in Step 5 must be tested to see if
the restrictions listed below are satisfied., For the pair of points
under consideration, P, and Pk’ the restrictions to be satisfied are:

3

(a) The values of the indexes t, and t must be greater
j,0 k,0
than zero which indicates that the demand points are
gtill linked to a terminal and these links are eligible
to be severed,
(b) The demand points Pj and Pk must not already be on the

same route, This prevents the forming of a "loop" that

does not include the terminal,
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(¢) The combined quantities, qj, required by the demand

points P, and Py and any other demand points which may

]
be on the same route must not exceed the capacity of
the available trucks.

(d) Any other restriction on the system must be satisfied.

If one or more of the above conditions are not satisfied, then
this pair of points are excluded from further consideration at this
terminal and the process is repeated from Step 5, If the pair of
points selected in Step 5 satisfy all the conditions, then they are
joined at this terminal and are eliminated from consideration at the
other terminals,

The maximum savings of 5 is obtained in the example problem by
linking the demand points P2 and ?3 on a route from terminal 2, This
pair of points satigsfies all the conditions listed in Step 6, and are
therefore linked on a route at terminal 2,

Step 7.

If the demand points, Pj and Pk’ selected in Step 5 satisfy all the
conditions of Step 6, they are linked and assigned to the terminal as-
sociated with thigs improvement. This is done by setting the value of
and t

1, and decrementing the values of t by 1 such that

b5k T 3,0 k,0

equation (7) holds, The terminal index in the upper left-hand corner of

the cells tj 0 and tk 0 is set to the terminagl which is to serve this
) ] *

route, This pair of points is then eliminated from further consideration
at the other terminals by setting the savings associated with each of

these points to zero at these terminals. The values of d; and d; are

i

set equal to dj

and di, regpectively, at the terminal in which the points
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Pj and Pk have been linked. The savings matrix at this terminal is then
updated as required by this change.
Step 8,

The Q vector containing the loads q; are amended to indicate the
linking of the demand points Pj and Pk in this iteration, Each q; cor-

responding to the index value t = (} is itself set equal to zero and

i,0
each 9 corresponding to the demand points linked on the newly formed
route is set equal to the sum of the demand for all points on the route.

The adjustments to the computational matrix to record Steps 7 and
8 for the example problem are shown in Table 17. The demand points

linked in the first iteration are P, and P3, therefore, the value of

2
t2’3 is set equal to 1 to record the linking and the values of t2’0 and
t3,0 are decremented by 1 such that t2,0 = 1 and t3,0 = 1, The combined
load for the route is 12 units, therefore, 4, and qq are set equal to
12.

Step 9.

This step of the computational procedure involves the reassignment
of trucks to cover the newly formed routes., The trucks ﬁreviously as-
signed to cover the demand points Pj and Pk are removed and a truck of
sufficient carrying capacity is assigned to cover this newly formed
route, which includes the points Pj and P and any other points which
may be on the route from previous iterations.

In the sample problem, the trucks initially assigned to cover P2
and P3 are removed and a truck is‘reassigned to cover the new route

which has a combined load of 12 units. The truck assignment table is

shown in Table 17 after the first iteration,
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Step 10,

Thig completes the first iteration, Return to Step 5 to check for
more links with a positive savings which satisfy all the conditions
listed in Step 6, If more links are feasible the procedure is continued,
If no other links are feasible, the final solution has been cbtained.

The remaining single points which were not assigned to a route during

- the computational procedure remained assigned to thé nearest terminal,
The routes formed, exact order of visitation of the demand points, and
the terminals to which the routes are assigned are obtained from the
final solution matrix, The final assignment of trucks is obtained from
the truck assignment table. The distance traveled on each route and

the total distance traveled on all routes is calculated from the original
distance matrices,

Four more iterations are required to find the final solution for the
sample problem. The demand points P5 and Pﬁ are linked and assigned to
terminal 1 iq the second iteration; the demand points P7 and Pg are
linked and assigned to terminal 3 in the third iteration; the demand

points P1 and P_ are linked and assigned to the route at terminal 1; and

5
the demand points P, and P8 are linked and assigned to terminal 3 in the
last iteration, The final computational matrix, the final truck assign-
ment table, and the final routes and distances for the problem are given

in Tables 18, 19 and 20, respectively. The total distance for all routes

is 61 miles,
Summary of the Algorithm

The Steps of the algorithm are summarized below.

Step 1, Label the demand points Pj (j=1,2,...,N) and construct



83

*UOTHBIDYT TRULJ JI23J%8 XTa3BwW TeuoIjwindwmo)

QT °19el

o1

a1

£e

€2

ge

et

cT

ace




Capacity 30 |
Available 3
Assumed

Available il
Assigned 3

Table 19. Truck assignment table after
final iteration.
Terminal Routes Distance Load
1 Tl'Pl”Ps“PG‘Tl 18 28
~-P ~P_ T 11
) T2 o~Fg T, 1z
T2-Ph-T2 h 7
T -P -F -P.-T 2l 23
T ~P =T L 15
3 10 3
Table 20. Final route and distance table. One

truck is used for both routes at

terminals 2 and 3.
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Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

85

a distance matrix for each terminal. Two column vectors
are added to the left-hand side of each matrix. The
first vector, Di, contains the distances from the terminal
to the demand points and the second vector, 5i, contains
the modified distances computed with equation (8).
Calculate the savings using equation (9) for linking

each pair of points to a specific terminal and enter

them in the corresponding distance matrix (Tables 13, 14,
and 15).,

Set up the initial computational matrix and enter the
initial solution (Table 16).

Assign one truck to each demand point, assuming "dummy
trucks" are available and split demands if necessary

to make a feasible allocation (Table 16),

Find the maximum feasible savings possible in the

savings matrices, Choose one randomly if there are two
or more equal maxima,

Test the demand points selected to be linked in Step

5 to see that the restrictions listed above are satisfied.
If one or more of the conditions are not satisfied, ex-
clude this pair of points from further consideration at
this terminal and return to Step 5.

If the palr of points satisfy all the conditions, set
tj,k = 1 and decrement the values of tj,O and tk,O by.

1 such that equation (7) holds. Set the terminal index

in cells t and t to the terminal associated with
3,0 k,0



Step 8.

Step 9.

Step 10,

this savings. Eliminate this pair of points from further
consideration at the other terminals., Set the values

of &? and Ei to d? and di, respectively, at the terminal
in which the points Pj and Pk have been linked and update
the savings matrix at this terminal as required by the
change {Table 17).

Amend the Q vector for the newly formed route (Table 17).
Reassign the trucks to correspond to the new routes (Table
17). This completes one iteration,

Return to Step 5 to check for more feasible links, If

no other feasible links are possible, then the final
solution has been found. The points not assigned to a
route remain assigned to the nearest terminal. Determine
the routes formed, the exact order of visitation, and the
terminals to which the routes are assigned from the final
computational matrix (Table 18). Determine the final
truck assignment (Table 19). Determine the distance
traveled on each route and the total distance for all

routes (Table 20).

86
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THE LOOK AHEAD APPROACH

General Remarks

This section presents a discussion of some modifications to Tillman's
algorithm which may improve the selection criteria in an attempt to obtain
better solutions to the multiple terminal problem, The modifications in
the selection ecriteria consists of incorporating the look ahead feature
discussed in chapter two and illustrated in Figure 5. As noted, the
look ahead feature considers the consequences of three future linkings
for a given number of alternatives before a pair of points is selected
for linking in each iteration. This feature appears to be a significant
contribution from the results of solving a number of example problems,

(See Appendix III,)
The Proposed Algorithm

The computational procedure of the modified algorithm is given below.
To illustrate the method the same problem will be solved as was solved by
Tillman's method.

Step 1.

Assign the identification numbers to the demand points and construct
the distance matrix for each terminal., This step is the same as the cor-
responding step in Tillman's method. A decision regarding the number of
alternatives which are to be considered in each iteration according to
Step 5 below must also be made at this step., If only one alternative
is considered in each iteration, the solution procedure is the same as
Tillman's method. Otherwise, the number of alternatives to be considered

at each iteration is based upon the size of the problem. Again, it is
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felt that the results from solving several example problems will provide
some insight for determining what this number should be for various
sizes of problems,

Step 2,

This step of the computational procedure consists of calculating the
savings matrix for each terminal using equation (9). This step is also the
same as Step 2 of the previous method,

The completed distance matrices for the three terminals of the sample
problem are again shown in Tables 13, 14, and 15.

Step 3.

This step involves the formulation of the initial computational
matrix, the initial demand vector, and the initial terminal index vector.
This step is also the same as Step‘3 of the previous method.

The initial computational matrix is again shown in Table 16,

Step 4.

The initial truck assignment is made in this step which is the same as
Step 4 in the previous method.

The initial truck assignment for the example problem is also shown
in Table 16.

Step 5.

An attempt is made in this step to link the demand points which result
in the overall maximum savings by looking at the resulting savings of the
three different branches for each of several feasible alternatives. Each
branch considers the consequences of a sequence of three future linkings
for the given alternative.

The computational procedure will consist of the following steps
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(Reference to Figure 5 will facilitate the reader's understanding):

(a)

(b)

(e)

(d)

(e)

(f)

Select the cell with the maximum savings from all the savings
matrices which can feasibly be linked and assume that this
pair of points is linked and assigned to the terminal cor-
responding to this improvement (Point 8,; in Figure 5)s

From the remaining cells of all the savings matrices, select
the cell with the remaining maximum saviﬁgs that can be
feasibly linked and assume that this pair of points is linked
and assigned to the corresponding terminal (Point a1 of
Figure 5),

From the remaining cells of the savings matrices after steps
a and b, select the cell with the remaining maximum savings

that can be feasibly linked (Point a 3 of Figure 5). Add

1
the savings obtained in steps a, b, and ¢ and record it,
Disregard the actions of steps b and c and start over except
this time select the cell, in the savings matrices remaining
after step a, with the second highest savings that can be
feasibly linked and assume that this pair of points is linked
and assigned to the corresponding terminal (Point 299 in
Figure 5).

From the remaining cells in the savings matrices after steps a
and d, select the cell with the remaining maximum savings that

can feasibly be linked (Point a,, in Figure 5). Add the savings

23
obtained in steps a, d, and e and record it,
This procedure is repeated for the third branch associated

with the first alternative by disregarding the actions of
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steps b, ¢, d, and e and selecting the cell, remaining after
step a, with the third highest savings that can feasibly be
linked, Assume that this palir of points is linked and assigned
to the corresponding terminal (Point a,, in Figure 5).

(g) From the remaining cells in the savings matrices after steps
a and f, select the cell with the remaining maximum savings
which can feasibly be linked (Point a3q in Figure 5)., Add the
savings obtained in steps a, f and g and record it.

(h) The maximum of the three accumulated total savings figures
is selected and associated with the first alternative, which
is the first pair of points selected in step a,

(i) This procedure is continued as in the single terminal algorithm
for the second highest possible savings, the third highest
possible savings, etc,, until the desired number of alternatives
have been investigated,

Note that each palr of points being considered for linking in the
above steps must satisfy the conditions in Step 6 below before they can
be assumed linked. It should also be noted that when a pair of points
is assumed linked, Steps 6 through 9 of the algorithm are assumed to have
taken place before the next selection is made, |

The total savings figures associated with each alternative are
searched for the maximum and the corresponding alternative is selected
as the pair of demand points to be linked and assigned to a terminal in
this iteration,

The above computational procedure of Step 5 can best be illustrated

for the example problem by referring to Figure 14, The number of alternatives
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to be considered in each iteration is arbitrarily assumed to have been

set at three in Step 1, The branches developed for the three alternatives
of the example problem according to the above gteps are shown in Figure 14,
The top branch for alternative one was developed by performing steps a,

b, and c and has an accumulated total savings of 11. The second branch

of alternative one was developed by ignoring the actions taken in steps

b and ¢ and repeating the process. This branch also has an accumulated
total savings of 1ll., The last branch for alternative one was developed

by ignoring the previous actions and repeating the process, This last
branch for alternative one has an accumulated total savings of 10. There-
fore, the maximum total savings associated with this first alternative

is 11. To develop the decision tree for the second and third alternatives,
the entire process is repeated for each alternative.

Since all three alternatives have a total maximum savings of 11,
Figure 14, any one of the three alternatives can be selected for linking
in this iteration. The assumption is made to arbitrarily select the
first alternative with the maximum total savings, therefore, the demand
points P2 and P3 are to be linked and assigned to the appropriate terminal
in this iteration.

Step 6.

In this step, the demand points selected in Step 5 are checked to
determine if they satisfy all the system restrictions. This step is the
same as the corresponding step in Tillman's algorithm,

The demand points selected in Step 5 for the example problem satisfy

all the restrictions, therefore, P, and P3 are linked on a route at

2

terminal 2 in this iteration.
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Step 7.

This step of the proposed algorithm consists of adjusting the ti’:|
parameters in the computational matrix to record the linking, The pair
of points selected are eliminated from further consideration at the other
terminals and the savings matrix of the terminal associated with the newly
formed route is updated, This step is the same as Step 7 of the previous
method,

Step 8.

This step of the computational procedure consists of updating the Q
vector for the newly formed route, This step is also performed the same
as the corresponding step of the previous method,

The adjustment of the computational matrix to record Steps 7 and 8 for
the sample problem is also shown in Table 17,

Step 9.

This step of the algorithm involves the reassignment of trucks to
cover the newly formed routes. This step is also identical to the same
step in the previous algorithm,

The allocation table for fhe sample problem after the first iteration
is also shown in Table 17,

Step 10,

This completes one iteration of the algorithm. Return to Step 5 to
check for further feasible savings., If more savings are possible, continue
the algorithm from Step 5. If no more feasible savings are possible, then
the final solution has been found. The remaining single points which

wvere not assigned to a route during the computational procedure remain

assigned to the nearest terminal, The routes formed, the exact order of
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visitation of the demand points, and the terminals to which the routes
are assigned are obtained from the final computational matrix, The final
assignment of trucks is ohtained from the final truck assignment table.
The distances traveled on each route and the total distance traveled on
all routes is calculated from the original distance matrices,

Five more iterations are required to find the final solution for the
example problem, The demand points P3 and P7 a;e linked and assigned to
the route from terminal 2 in the second iteration; the demand points P9
and P6 are linked and assigned to terminal 1 in the third iteration; the

demand points P, and Pg are linked and assigned to the route at terminal

5

1 in the fourth iteration; the demand peints P7 and P& are linked and
assigned to the route at terminal 2 in the fifth iteration; and the demand

points P8 and P are linked and assigned to terminal 3 in the last

10 _
iteration. Demand peoint 1 was not assigned to a route, therefore it
remains assigned to terminal 1 which is the nearest terminal, The final
computational matrix, the final truck assignment table, and the final
routes and distances for the sample problem are given in Tables 21, 22
and 23, respectively, The total distance for all routes is 59 miles
which is an improvement of 2 miles and one less route over the final

solution obtained for the problem using Tillman's [25] method. The

problem used to illustrate the two methods is shown in Appendix ITI,
Summary of the Proposed Algorithm

A summary of the computational procedure will now be given,
Step 1, Label the demand points Pi (i=1,2,...,N) such that
identification can be made during the solution process

and construct a distance matrix for each terminal., A
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- Capacity 30

Available 3

B Assumed -
Available

Assigned 3

Table 22. Truck assignment table after
final iteration.
Terminal Routes Distance Load
. T1-P-Py-Pg-Ty 20 26
SP_ 10
Tl 1 Tl 6
P -P_-P.-P, T 4
2 T2 P2 P3 P,r Ph 12 18 2
3 T3—P8—P10—T3 15 25
Table 23. Final route and distance table.

One truck is used for both routes

at terminal 1.
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Step 2,

Step 3a

Step 4,

Step 5,

Step 6.

Step 7.
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pair of column vectors are added to the left-hand side
of each distance matrix, The first column vector, Di,
contains the distances from the terminal to the demand
points and the second column vector, 5i, contains the
modified distances computed from equation (8).

Calculate the savings for linking each pair of demand
points to a specific terminal using equation (9) and
enter them in the corresponding distance matrix (Tables
13, 14, and 15).

Set up the initial computational matrix and enter the
initial solution (Table 16).

Construct the truck assignment table and make an initial
assignment of one truck to each demand point. In order
to make an initial assignment of trucks, split the demands
where necessary and assume '"dummy trucks" as needed to
make a feasible allocation (Table 16).

Select the alternative to be linked and assign this pair
of points to a terminal in this iteration based upon

the total maximum savings, fellowing the procedure
outlined in Step 5 in the previous discussion,

Test the demand points selected to see that the restrictions
listed above are satisfied. If one or more of the con-
ditions are not satisfied, exclude this pair of points
from further consideration at the terminal and return to
Step 5.

1f the pair of points selected for linking satisfies all
the conditions, set t, = 1 and decrement the values of

Ik

t and t by 1 such that equation (7) holds., Adjust
3,0 k,0
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the terminal index in the cells tj,O and tk,O associated

with this improvement. Eliminate this pair of points

from further consideration at the other terminals, Adjust

the values of é? and &i to d% and di, respectively, at the
J i k

terminal in which the route has been assigned and update

the savings matrix at this terminal as requlred by the

change, (Table 17),

Step B, Amend the Q vector for the newly formed route (Table 17).

Step 9. Reassign the trucks to correspond to the new routes
(Table 17). This completes one itexation.

Step 10, Return to Step 5 to check for further feasible links. If
no further feasible links are possible, then the final
solution has been found. The single demand points which
were not assigned to a route remain assigned to the
nearest terminal, Determine the routes formed, the order
of visitation, and the terminals to which the routes are
assigned from the final computational matrix (Table 21).
Determine the finmal truck assignment (Table 22), Determine
the digtances traveled on each route and the total distance
traveled for all routes (Table 23),

The above procedure was programmed for the IBM 360/50 computer and

a number of problems of different sizes were solved and are discussed in

the next section. The computer program i1s discussed and shown in

Appendix I,
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DISCUSSION OF PROBLEMS

As in the single terminal case, twelve problems were developed and

solved by Tillman's method and the author's proposed 3-decision look

ahead method, The sample problems were developed as follows:

(1

(2)

(3)

Five three-terminal problems with ten demand points each

were developed. Problem one iIs the exact problem presented

by Tillman [25]. This is also the problem used in the
discussion of Tillman's algorithm and the proposed 3-decision
look ahead algorithm above. Problems two through five were
developed from the single terminal problems by selecting two
more terminals in each problem, Care was taken when selecting
the terminals for the problems so that various configurations
were developed in regard to the demand points., All other data
for the problems is the same as that used in the single terminal
problems,

Five problems with five terminals and twenty~five demand points
each were developed., These are also the exact problems con-
structed for the single terminal case except that four more
terminals were'selected in each problem., Care was also taken
when selecting the terminals so that various configurations

were developed,

Two five terminal problems with fifty demand points each were
developed in the same manner. Four more terminals were selected
for each problem developed in the single terminal case, other-

wise, all the data for the problems are the same,
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RESULTS

Three Terminal Ten Demand Point Problems

A summary of the solutions obtained for the three terminal ten demand
point problems is shown in Table 24, The information given for each
problem is the same as that given for the single terminal problems. The
data and best solution obtained for each problem is shown in Appendix III.

The histogram showing the number of best solutions obtained with the
two methods is shown in Figure 15, Note that Tillman's method obtained
the best solution for only one of the five problems, The proposed 3-decision
look ahead method obtained the hest solution for four of the five problems
when considering two alternatives at each iteration, An interesting point
was noted between the solution given by Tillman's method and the better
solution given by the proposed 3-decision look ahead method for problem
four (Both solutions are shown in Appendix III). The principle difference
was the proposed method indicated that the same demand points are linked
in a different order on the third route and that the route is to be
assigned to terminal one instead of terminal two,

When three alternatives were considered at each iteration, the
propeosed 3-decision look ahead method also obtained four best sclutions
out of five problems, Note that although a better solution was obtained
for problem one, a worse solution was obtained for problem three. This
is the same difficulty that occurred in the single terminal case, The
explanation for this difficulty may be due to the limited number (three)

of successive linkings for each alternative considered. It is suggested
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Proposed Method
Problenm Tillman 3-Decision Look Ahead
Number Method 2 3 5
alternativegalternativegalternativesg
1 61 61 59 o9
2 1835 1835 1835 1835
3 20ks5 20k2 2087 2087
N 1715 1706 1706 1706
5 3629 3490 3kg0 3kgo

Table 24: Summary of distances for three terminal 10 demand point

problems,
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again that possibly a modified method should be developed in which at
least six successive linkings are considered for each alternative and
only a maximum of three alternatives considered at each iteration (i.e.
Develop a 6-decision look ahead method of solution).

No improvements in the solution were obtained by considering more
than three alternatives at each iteration. Thus, the percent improvement
in tetal mileage obtained by the proposed methods best solutions as
compared to the solutions obtained by Tillman's method is 3,2% for
problem one, 0.0%Z for problem two, .15Z for problem three, ,52% for
problem four, and 3.8% for problem five,

Figure 16 shows the average golution time required to solve the
problems with the two methods using the Watfor compiler on the IBM 360/50
computer. Thus, the results appear to indicate that the best solution
can be obtained for the three terminal ten demand point problems by
using the proposed 3-decision look ahead method and considering at least
three alternatives at each iteration. Due to the possibility of ob-
taining a worse solution when using the proposed method, it is suggested
that the problems should first be solved using Tillman's method, This
would involve a total solution time on the computer of approximately 2,5
minutes (i.e, Thirty seconds for Tillman's method and two minutes for the

proposed 3-decision look ahead).
Five Terminal Twenty-five Demand Point Problems

The summary of solutions obtained for the five terminal twenty-five
demand point problems is given in Table 25, The information given is the
same as before, The data and best solution obtained for each problem is

also shown in Appendix IIIL,
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The histogram showing the number of best solutions obtained with the
two methods is shown in Figure 17. As in the ten demand point problems,
Tillman's method obtained the best solution for only one of the five
problems, The proposed method obtained the best solution for four of
the five problems when two alternatives were considered at each iteration,
Note that the proposed method obtained the same solution that was
originally obtained with Tillman's method in problem four when three
alternatives were considered at each iteration, Since the best solution
for this problem was obtained with the proposed method when considering
two alternatives at each iteration, the solution obtained when considering
three alternatives is a worse solution. When five alternatives were con-
sidered at each itgration for this problem, an even worse solution was
obtained. Thus, the difficulty which seems inherent in the proposed
3-decision look ahead method has occurred again, Thereforg, the best
solutions were obtained for only three of the five problems when three
through five alternatives were considered at each iteration.

When six alternatives were considered at each iteration, the proposed
method obtained the best solution for problem five, Therefore, the
proposed method obtained the best solution for four of the five problemsg
when considering six alternatives, No improvements were obtained in the
solutions by considering more than six alternatives at each iteration.

The percent improvement is total mileage obtained by the proposed methods
best solutions is 2,5% for problem one, 1.3% for problem two, 0,0% for
problem three, 5,6% for problem four, and 2.7%Z for problem five,

The solution time required to solve the problems with the two methods
using the more efficient G-level Fortran compiler on the IBM 360 computer

is shown in Tigure 18, The results, therefore, appear to indicate that the
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proposed method considering six alternatives at each iteration should

be used in order to obtain the best solution for a five terminal twenty-
five demand point problem. Once again, it is suggested that the problems
should first be solved using Tillman's method in order to check for the
fault which appears to be inherent in the proposed 3-decision look ahead
method., This would require a total solution time on the 360 computer of

approximately eighteen minutes,
Five Terminal Fifty Demand Point Problems

The solutions obtained when solving the two problems with five terminals
and fifty demand points each are summarized in Table 26. The data and best
solution obtained for each problem is also shown in Appendix III,

The histogram showing the number of best solutions obtained when using
the two methods of solution is shown in Figure 19, The average solution
time required on the IBM 360 computer using the G-level Fortran compiler
is shown in Figure 20.

As can be seen in Figure 19, Tillman's method did not obtain the best
solution for either of the two problems, The best solution was obtained
for one of the two problems with the proposed method when two alternatives
were considered at each iteration. The proposed method obtained the best
solution for both problems when three alternatives were considered at
each iteration, No improvements were obtained by considering more than
three alternatives at each iteration. The percent improvement in total
mileage obtained with the proposed method was .06% for problem one and

.17% for problem two.
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More problems need to be solved by the two methods before a reliable
conclusion can be made. However, the results appear to indicate that the
best solution for a five terminal fifty demand point problem can be ob-
tained with the proposed look ahead method considering three alternatives
at each iteration., This would require a total solution time on the
IBM 360 computer of approximately fifty-three minutes using the more
efficient G-level Fortran compiler,

Although the difficulty which seems to be inherent in the proposed
look ahead method did not appear in this case, it is suggested that
precaution should be used when applying this method. Possibly the problems
should first be solved using Tillman's method to protect against it oc-
curring. This would add ten more minutes solution time on the IBM 360

computer,
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CONCLUSTON FOR THE MULTIPLE TERMINAL PROBLEM

Although there have been several methods of solution propesed for
solving the single terminal carrier routing problems, only one method of
solution had been developed at the time of this research for the seolution
of multiple terminal carrier routing problems. This method was a heuristic
programming algorithm developed by Tillman [25]., Using this method as a
basis, a modification was proposed which incorporated a 3-decision look
ahead feature,.

Several sample multiple terminal problems were developed and solved
using Tillman's method and the proposed look ahead algorithm. Based upon
the results obtained with the two methods, the following guidelines are
suggested in attempting to obtain the best solution for multiple terminal
carrier routing problems.

Solve the multiple terminal problems first with Tillman's
method to provide a bhasis for comparison and then solve the
problems with the proposed 3-decision look ahead method con-
sidering at least three alternatives at each iteration,

A suggested improvement of the algorithm could be obtained by mod-
ifing the proposed method so that at least six successive linkings (6~
decision look ahead) are considered for each alternative and consider

only a maximum of three alternatives at each iteration,
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APPENDIX I

COMPUTER PROGRAM



DISCUSETON

The competer program is coded in Fortran IV and is written to solve either
&g single terminal or multiple terminal delivery problem. The single terminal
problem is solved by Clarke and VWright's algorithm when the number of alterns—
tives considered at each iteration 1s set at one (1.,e. IDEPTH=1). When
IDEFTH > 1, then the single terminal problem is solved with the extended leook
shead Teature discussed in chapter II.

The mltiple termingl problem is sclved with Tillman's algorithm when
IDEPTH=1 {i.e. when oily one alternative is considered et each iteration).
When IDEPTH > 1, then the muliiple termina) problem is solved with the look

ahead algerithm discussed in chapter IIT,

Input

The input data for solving the carrier routing problem is read in the
following order:

(1) The control card

{2) The number and ecarrying capacities of the trucks

(3) The distence matrix (distances between demand points)

(4) The distences from the terminal(s) to the demand points

(5) The gquantily reguired at ezuch demand point

The coantrol card is for reading in the nuwiber of demand points, the
nuwrber of terminals, the npumber of different capacity trucks, and the number
of alternatives to bo econsidered at each iteration., The data for this firet
gard is puncined without a decimal point and is punched in the following

Format.
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Data Card Columns
Number of demand points 8 - 10
Fumber of terminals 18 - 20
Number of trucks plus one 28 - 30
Number of alternatives 38 - ko

Note that the data must be right-justified in the data fields,

To facilitate coding the truck reallocation routine, the number of
trucks available of a given capacity and the capacities of the trucks are
read in from the largest to the smallest, which is Just opposite to the
discussion of the algorithm, This routine necessitates adding a truck with
zero capacity such that the end of the truck assignment table could be
located. Therefore it should be noted as shown in the above format that the
total number of different capacity trucks read in the control card must in-
clude the zero capacity truck. The number of trucks available for each
capacity is read in first, followed by their respective capacities. The
total number of trucks for each capacity are punched in the data card first
followed by the respective capacities from the largest to the smallest truck.
A decimal point must be the right-most character in each piece of data and

the data are punched in the IBM card in the following format.

Data Field ' Card Columms
1 l1- 1%
2 T-10
3 13 - 16
L 19 - 22
> 25 - 28
6 31 - 34

T 37 - ko
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Data Field Card Columns (continued)
8 43 - k6
9 Lg - 52
10 55 - 58
11 61 - 6h4
12 67T - 70

As many cards as needed are used, with this same format for each ad-
ditional card required.

The distance matrix is read in by rows. It should be noted that the
subscripts for the columns are one greater than shown in the algorithm since
a zero subscript is invalid in Fortran IV. The right-most character of each
data field for these data cards must also have a decimal point. The deata

are punched in the IBM cards in the following format

Data Field Card Columns
X l1=- 5
2 T-11
3 13 - 17

19 - 23

5 25 = 29

6 31 - 35

7 37 -1

8 43 - b7

9 k9 - 53

10 92 - 29
11 61 - 65

12 67 - TL
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Since the distance matrix is symmetrical the first data card only has
data punched in the first data field. The second card has two, the third
card three, etc, untll all the data fields are used. When a row of the
distance matrix has more than twelve entries an addition card is used
following the above format until all the distances in that row of the
ratrix have been punched. Each time a new row of the distance matrix is
started, a new data card is started with the sbove format.

The fourth set of data cards read in contain the distances from the
terminal(s) to the demand points. The format for the data fields is the
game as the format given for punching the distance matrix data. A new
card is used each time a new terminal is started and additional cards sre
used until all the distances for this terminal have been punched.

The last set of data cards contain the quantity of the commodity re-
quired at each demand point. The data format for punching this data is
also the same as that given above for the distance matrix, Additional cards

are used until all of the demand have been punched,

Output

The output has been condensed as much as possible so that a minimum of
output is obtained. Intermediate results can be easily obtained by inserting
write statements at the end of each iteration to write out the desired in-
formation. The output obtained with the program shown below consists of the
following:

(1) The distance matrix

(2) The savings matrix (matricies)

(3) The routes determined by the algorithm
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() The final route matrix

{5) The final truck allocation table and the total distance for all

routes.

For single terminal problems, the first column of the distance matrix
contains the distance from the terminal to the demand pointa. For multiple
terminal problems, this first célumn containg the distance from the demand
point to the nearest terminal. In both of the cases, the remainder of the
matrix contains the distances between the demand points.

The savings matrix (matricies) are not included in the output below so
that a minimum of output could be given. The firgt column of the savings
matrix in the single terminal problems again contain the distance to the
terminal. In the multiple terminal problems, the first column of the savings
matricies contain the modified distances computed using the equation given
in chapter III,

Each route determined by the algorithm is recorded seperately in the
output and also contains the total distance for the route, the total quantity
required, and the capacity of the truck assigned to the route.

It should be noted that an initial assignment of trucks to the demand
points was not actually made in the program. Therefore this necessitates
refering to the final route matrix to determine the demand points which are
to be exclusively served from the terminal and to assign & truck to éerVe
this route. These points will have a two in the terminal index t of the

i,0
route matrix. The route indicies (ti,j) were numbered such that the iter-
ation in which the linking took place could be observed, The first column
of the final route matrix contains the total quantity required on the route
formed. It should be noted that the intermediate points on a route also

contain this total figure rather than setting it equal to zero as discussed

in the algorithm.



The final truck assignment table shows the trucks availahle at the
start of the algorithm and the number of each capacity truck assigned to
the routes formed. Remember that this does not include an assignment of
a truck to the demand points served exclusively from & terminal as noted
above. The truck assignment table is followed by the total distance
traveled on all routes determined by the algorithm, including the routes

with only one demand point which were not listed.
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IRCWS

ITERMS
"ITKSNCS

IDEPTH

D(lsJd
SAVIIsJsKsbl)
TOTAL(T+JsL)

RCUTE(TsJol)}

IR{N)
CAP{IsJsN)

DII4K)

IB(T)

HSLD(I+J)

THCLD(I»J)

1204,

DEFINITICN CF VARIABLES IN CCMPUTER PRCGRAM

L]

NUMBER CF DEMAND PTINTS IN PRCBLEM.

NUMBER CTF TERMINALS IN PRCBLEM.

NUMBER CF DIFFERENT CAPACITY TRUCKS,

NUMBER CF ALTERNATIVES CCONSIDERED AT EACH ITERATICN.
DISTANCE MATRIX WHERE THE FIRST CCLUMN CONTAINS THE
MINIMUM DISTANCE FRCM THE DEMAND PUINTS TC THE NEAREST
TERMINAL «

SAVINGS MATRICES WHERE THE FIRST CCLUMN CCNTAINS THE
MCDIFIED DISTANCES. ‘

WCRK MATRICES FCR FEASIBLE SAVINGS WHERE THE FIRST
CCLUMN CCNTAINS THE RTCUTING INDEX.

RCUTE MATRICES WHERE THE FIRST CCLUMN CONTAINS THE @
VECTCR.

STORAGE AREA,
TRUCK ASSIGNMENT TABLE.

MATRIX CCONTAINING DISTANCES FROM TERMINALS TC DEMAND
PCINTS.

STCRAGE AREA.

MATRIX USED TC STCRE DEMAND PCINTS CCNSIDERED AS
ALTERNATIVES, SAVINGS FCR THE ALTERNATIVESs AND MAXIMUM
TCTAL SAVINGS ASSCCIATED WITH THE ALTERNATIVES,

MATRIX USED TC STCRE 2ND DEPTH PCINTS ASSUMED RCUTED
SAVINGS FCR THESE PCINTSs AND TCTAL SAVINGS FCR THE 2ND
AND 3RD DEPTH PCINTSs
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CCMPUTER PRCGRAM

PRCGRAM TC SCLVE A NEAR CPTIMAL SCLUTICN FOR A MULTIPLE
DELIVERY PRCBLEM. THIS PRTCGRAM WILL HANDLE 50 DELIVERY
PCINTS WITH 5 TERMINALSs WITH AT MIST 20 PCSSIBLE DIFFERENT
S5I1ZES TF TRUCKS.

FCRMATS FCR READ IN CF DATA.

5000 FCRMAT (//1HO0s10(3H #))
5005 FCRMAT (1HG.10(3H *})
5010 FCRMAT (4110)

5011 FCRMAT (1HGs12110)

5020 FCRMAT (12E6.2}

FCRMATS FCOR WRITING CUT RESULTS.

5027 FCRMAT (1H191Xe3HRCW s2X e BHQUANTITY s4XsSHPT)U#* 5 14 (2Xe3HPT 12 1H*})

5030 FZRMAT (1HCs5XsBHTERMINALsI12s26H DEMANO PCTINTS RZUTED ARES10{3H -
1=512)1

5040 FORMAT (1HU»5X226HTOTAL DISTANCE CF RCUTE ISsFl0.2)

5C45 FCORMAT (1HU»S5Xe29HQUANTITY REQUIRED ZN RCUTE ISsFT7e292Xs20HCAPACIT
1Y CF TRUCK ISsF742)

5050 FCRMAT (1H1+20Xs10HPRCBLEM CFsel3910H TERMINALS B Xs&HWITHsI3s14H DE
1MAND PTINTS)

5070 FCRMAT (1H=420X»16HTRUCK ALLCCATICH)

5075 FORMAT (1HOsS5Xs L4HTRUCK CAPACITY s5Xs10(4XsF6e0))

5076 FTRMAT (1HC#5Xs18BHASSUMED ALLCCATICNs1X5s10(4XsF6601))

5077 FCRMAT (1HG»5X916HNUMBER ALLCCATED»3Xs1G(4XsF640))

5078 FCRMAT (IH-45Xe27HTCTAL DISTANCE FOR SYSTEM =4F10e2)
COMMON DIST{50e50)95AV (50950593 ) s TCTAL(50e5094 ) sRCUTE(B50350s3)51IR
163)9CAP(3920Cs3)sD(50+5)1sIB(50)sHOLD{10s3) s THCLD(1053)

READ IN PARAMETERS IRCWSs ITERMSs ITKS5NCs AND IDEPTHe

READ (1+5010) IRCWSsITERMSsITKSNCs IDERPTH
WRITE (3,5050) ITERMSsIRCWS

READ IN NUMBER AND CAPACITIES CF TRUCKS.
READ (195020) ((CAP(IsJsl)sJ=1+ITKSNC)sI=142)

ASSUME AN INFINITE NUMBER CF THE SMALLEST CAPACITY TRUCKS
AVAILABLE.

TKENC=99%999,0
ITK=ITK5NC~1
CAP{1+1TKs1)=TK5NC
DC 12 I=1417TK

12 CAP(3s191)=CAP(1s],1)
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CAP(35ITKS5NZ+1)=040

READ IN THE DISTANCES BETWELN THE DEMAND PTINTS IN12 THE
DISTANCE MATRIX DIST(IsU)s

DT 25 1=24IRCKS
READ (195020) (DIST(Isd)sJd=2s1]}

INITIALIZE THE SAVINGS AND RCUTE MATRICES TC ZERC.

DT 26 1=24IRCWS
D2 26 J=2s1
DT 26 1.=143
D2 28 K=1sITERMS
SAVITeJeKsL)=0De0
RCUTE(I sJal ) =040

READ IN THE DISTANCES FRCM THE TERMINALS TC THE DEMAND PCINTSe

DC 27 K=1sITERMS
READ (1+5020) (SAV(IslsKsl}sI=1sIRCWS)

READ IN THE QUANTITIES OF COMMCDITY REQUIRED AT EACH DEMAND
PCINT.
READ (1+5020) (RCUTE(I+191)9sI=1sIRCWS)

CCMPUTE THE SAVINGS AND ENTER THEM IN THE SAVINGS MATRIX.

CALL SAVING(IRCWSsITERMS)
Iw=1l

WRITE CUT THE DISTANCE MATRIX AND SAVINGS MATRICES.

CALL RIGHT(IWsIRCWSs ITERMS)
RT5N9=UQO

SET THE INDEX FCR THE INITIAL ASSIOGNMENT OF DEMAND FIINTS TC
THE NEAREST TERMINAL AND SELECT THE TRUCK WITH THE LARGEST
CAPACITY WHICH IS AVAILABLE.

DC 220 I=14]1RCWS
TCTAL(I91e1)=240
CATY=CAP( 24141}

INITIALIZE THE RTUTING MATRIX AND THE WCORK MATRICES,

CALL SETSZC(IRCWSsITERMSITKSONT)
JCHN=CATY

RTNUM=RTS5NG

K2=0

L=1
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THIS IS THE FIRST STFP CF EACH ITERATICN. CHECK FCR FEASIBLE
SAVINGS AND ENTER THEM IN THE TTOTAL MATRIX.

CALL CHECK(IRCWSsCATY s INDEXsIsJsITERMS.L)

IF IDEPTH=1s SELECT THE PAIR CF PCUINTS WITH THE MAXIMUM FEASIBLE
SAVINGS AND RCUTE THEM IN THIS JITERATICN.

IF (IDEPTH oNEe 1) GI T 305

KONT=0

ITRIAL=3

CALL MAXTUM{XMAXsINsJN+IRCWSSKCNTsITRIALSL)

IF (XMAX «EQe 0D.0) GTC TC 1000C

CALL REMCVE(INsJNsL}

CALL CHANGE(RTSNCsCATY s INsJINsL o XMAXs IRCWSs ITERMS L1402}
G2 TC 300

DC 360 I=24IRCWS

INITIALIZE THE WCRK MATRICES FCR DEVELCZPING THE BRANCHES FCR
EACH ALTERNATIVE »

DT 380 U=2,41

D2 3A0 L=243

TCTALUI »JeL)=TCTAL{ I sJs])
DT 365 I=1410

D2 365 J=243

HCLLD(Is =060
THCSLD{1+J)=0.0C

L=2

KCNT=0

ITRIAL=]

SELECT EACH FEASIBLE ALTERNATIVE FRCM ThHE SAVINGS MATRICES.,

DC 370 N=1,IDEPTH

CALL MAXTUM{XMAXsINosJNsIRCWS+KCNTsITRIALSL)
IF (N «NE. 1} GC 7T 385

IF (XMAX «FQe 0.0} GT TC 100C
TCTALIINSJINyL}=0.0

GZ TC 370

1F {(XMAX JEQe 0.C) GC TC 395
TCTALUIRSJINSL)=0e0

CCNTINUE

CALL RESET(IRCWS)

THE NEXT SEQUENCE CF STATEMENTS TC STATEMENT NUMBER 787
DEVELCPS THE BRANCHES FCR EACH ALTERNATIVE SELECTED. THE FIRST
ALTERNATIVE SELECTED 1S ASSUMED RZIUTED. THE FEASIBLE SECTND
DEPTH PCZINTS FZR EACH BRANCH ARE THEN SELECTED. EACH CF THESE
SECCND DEPTH PZINTS ARE ASSUMED LINKED IN SEQUENCE WITH THE
ALTERNATIVE AND THE THIRD DEPTH PTINTS FCR THE BRANCHES ARE
SELECTED. THE TCTAL SAVINGS FCR EACH BRANCH 1S ACCUMULATED.
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SELECT THE MAXIMUM TCTAL SAVINGS CF THE THREE BRANCHES AND
ASSCCIATE IT WITH THE ALTERNATIVE. THIS PRCCESS 1S REPEATED
FCR EACH ALTERNATIVE TC 3E CCNSIDERED,

DC 787 M=1,IDEPTH
L=2

CATY=JCHN

DC 705 I=1,10

D 705 J=2473
THILD(1+J)=0.0

SELECT AN ALTERNATIVE AND ASSUME IT 1S RCUTED.

XMAX=HCLD (M4 2)

IF {XMAX «EQe 0.0) GC TT 790

IN=HCLD(Ms1) /100

JN=HCLD{(Ms1})~{IN¥100)

CALL REMCVE(INsJINsL)

CALL CHANGE{(RTSNTsCATY ¢ INs JMsL o XMAXs IRCWS s ITERMS L1 L 2)

SAVE THE MATRICES (RCUTESTCTALsSAVINGSsAND TRUCK) SC THEY
CAN BE RESET TC DEVELCP THE CTHER BRANCHES.

ANN=CATY

DC 710 I=1+1RCHS

D 710 J=1lsl
TCTAL(T e Jds3)=TCTAL(Isds2)
RCUTE(I+Js31=RCUTE(IsJ42)
C 710 K=1sITERMS

SAV(IsJeKs3)=SAV(IsJsKe2)
CCNTINUE

B2 715 I=14+3

D2 715 J=1sITKBNC
CAP(IvJe3)=CAP(1s0+2)
CONTINUE

CALL ZERCZ({IRZWS)

L=2

SELECT THE FEASIBLE SECCNKD DEPTH PCINTS FCR EACH BF ANCH
FRCM THE SAVINGS REMAINING AFTER THE ALTERNATIVE HAS BEEN
ASSUMED RCUTED.

CALL CHECK(IRCWSsCATYsINDEXsIoJelITERMSsL)
D2 718 I=24+1RCWS

DC 718 Jz2s1]

TCTAL (T Jsd}=TOTAL(I9Je2)

CCONTINUE

ITRIAL=2

KCNT=0

SELECT EACH CF THE SECCND DEPTH PTINTS CNE AT A TIME AND
ASSUME IT IS5 LINKED IN SEQUENCE wITH THE ALTERNATIVE AND
SELECT THE THIRD DEPTH PCZINTS FCR THE BRANCH. ADD THE
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SAVINGS AND STCRE IT.

DS 740 N=1,3
CALL MAXTUM(XMAXsINsJNsIRCWSsKCNT» ITRIALL)
GZ TC (72073057301 sN

IF (XMAX +EQe 040) GC TC 781
TOTAL{IN»JNsL) =040

GC TZ 740

IF (XMAX +EQe 040) GC TC 750
TCTALCINSINsL)=0e0

CONTINUE

DS 755 I=2+1RCWS

DS 755 J=2,1

TOTAL(19Js2)=TOTALL I sJds4)

CONTINUE

DS 780 LAST=1,3

CATY=ANN

XMAX=THCLD (LAST 52 )

If (XMAX .EQ. 0.0) GC TC 781
IN=THCLD(LAST»1} /100
JN=THCLD(LASTs1}~(IN¥100)

CALL REMCVE(INyJNsL)

CALL CHANGE(RTSNCsCATY s INs JNsL s XMAX9 IRCWSs ITERMSsL1sL 2}

CALL ZERC(IRCWS)

CALL CHECK({IRCWSsCATYSINDEXsI+JsITERMS,.L)
ITRIAL=3

CALL MAXTUM{XMAX s INs INSIRCWSsKCNTSITRIAL L)
THCLD(LASTs31=THCLD(LAST »3 }+XMAX

D2 760 I=141RCWS

D2 760 J=1.1

TOTAL UL o Je2)=TOTAL{IsJs3)

RCUTE(I e Js2)=ROCUTE(IsJs3)

Do 760 K=1s]1TERMS
SAVIIsJdsKe2)1=SAVIIsJsK3)

CONTINUE

DS 770 [=1+3

DC 770 J=1,3ITKENC

CAP{1+J+2)=CAP(1+J493)

CONTINUE

SELECT THE MAXIMUM TCTAL SAVINGS CF THE BRANCHES AND

ASSCCIATE IT WITH THE ALTERNATIVE.

XTCP:OoD
DC 782 I=1,3
IF (THCLD(193) «LEe XTCP) GC TC 782
XTCP=THZLD(1+3)
CCNTINUE
HCLD{Ms3)=HCLD{M»3)+XTCP
DC 785 I=131RIWS
DL 785 J=1,1
C 785 L=2,3
TCTAL{I»JsL}=TOTAL(I9Jd,y1)

125
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ROUTE(T+JsL)=RCUTE(I4Js1)
DT 785 K=1»ITERMS
SAVIIsJeKsL)=SAVIIsJsKs1l)
CONTINUE

D 786 I=1+3

DC 786 J=1s]ITK5NC

DT 786 L=24+3
CAP({IsJesL)=CAP(I9sJsl)
CONTINUE

CCNTINUE

SELECT THE ALTERNATIVE WITH THE MAXIMUM TCTAL SAVINGS FCR
ACTUAL RCUTING IN THIS ITERATICNe

XHIGH=0.0

DC 810 I=14IDEPTH

IF (HCLDtIs3}) «LE. XHIGH) GC TC 810
XHIGH=HCLD(I43)

MAX=1

CCNTINUE

RCUTE THE ALTERNATIVE SELECTED.

CATY=JUCHN

RTS5NC=RTNUM

L=1

IN=HCLD(MAXs1)/7100.

JN=HOLD(MAX s 1 }={ IN*100)

AMAX=HCLD (MAXs2)

CALL REMCVE(INsJINsL)

CALL CHANGE(RTSNCsCATY s INs JNsL s XMAXs IRCWS S ITERMSsL1,L2)

THIS CCMPLETES TNE ITERATICN AND THE PRCCESS IS REPEATED
FRCM STATEMENT 300 TC CHECK FCR MCRE FEASIBLE LINKS.

GC TC 300

IF THERE ARE NC CTHER FEASIBLE LINKSs THEN THE FINAL SCLUTICN

HAS BEEN FTCUNDe THE FCLLCWING STATEMENTS ARE FCR WRITING
CUT THE RCUTES FCRMEDs THE DISTANCES FCR EACH RCUTEs THE
LCADSs THE FINAL RCUTE MATRIXs THE FINAL TRUCK ASSIGNMENT
TABLEs AND THE TCTAL DISTANCE FCR ALL RCUTES.

K1=0

Kz=0

TCTDST=0.0

DC 1900 1=14IRCWS

IF (TCTAL(I91s1) «EQe 240) TCTDST=TCTDST+2.0%¥DIST(141)
IF (TCTAL(T91sl) eNEe 140) GC TC 1900

DISTAN=C.0

IN=1

11=0

J1=0
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1275

1450

1500

1930

K3=0
L=1

CALL FDS5RTU(INSK1sITERMSsIRCWSsI1leJlsI2sJ29IXsKsK2sL)

CALL FDOK(KsI29J2sL)

IF(T1 eFEQe O) DISTAN=DISTAN+D(INsK)
DISTAN=DISTAN+DIST(IZ2sJ2)

K3=K3+1

IR(K2)=IN

CALL CHCCSE(INSI1sJlel2sJ241XsL)

IF {(TCTAL(INs1sl) «EQe 0.0) GZ TC 1250
DISTAN=DISTAN+C(INsK)

K3=K3+1

IB(K3)=IN

CALL LTAD(TRCAPsINsL)

IF tIB(1}Y «GTe IB(K3)) GC TC 1900
WRITE (345000)

WRITE (345030) Ke(IB({J)sJ=1sK3)
WRITE (3+5040) DISTAN

WRITE (3+5045) ROCUTE(INs1s1)Ys TRCAP
WRITE (3+45205)

TCTDST=TCTDST+DISTAN

CCNTINUE

Iw=2

CALL RIGHT(IWsIRCWSs ITERMS)

WRITE (345070Q)

WRITE (35075} (CAP{Z2sI191)sl=1,1ITK)
WRITE (3+45076) (CAP(3s791)sl=1+1TK)
DZ 1930 I=141TK
CAP{1s[91)=CAP{3s]s))=CAP(1sls1)
WRITE (34,8077) (CAP(1s14s1)eI=1sITK)
WRITE (3,5078) TCTDST

WRITE(3¢5C05)

STCP

END

127
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SUBRCUTINES

SUBRCUTINE SAVING(IRCWSsITERMS)

THIS RCUTINE CCMPUTES THE SAVINGS MATRIX (MATRICES) FOR THE
PRCBLEMe FCR THE MULTIPLE TERMINAL CASE IT CCMPUTES THE
MCDIFIED DISTANCES AND THEN CCMPUTES THE SAVINGS.

COMMCZN DIST(50+50)+sSAVI{8C+s50s5s3)s TCTAL(B045094)+RCUTE(B0+50+3) 1R

1(3)sCAP(352093)sD(5035)9IB{(5C)sHCLDI10s3)sTHCLD(10s3)

DT 100 I=13IRCWS

DIST(1+1)=8AVI(Islslsl)

DC 50 K=1lsITERMS

DIlsK)=SAV(Is1lsKsl)

IF (DIST(Isl) «LEe SAV(IslsKsl)) GT T2 50

DIST(I+1)=5AV(IslsKsl)
50 CCNTINUE

DC 100 K=1s1TERMS
100 SAV(IslseKel)=DIST(Ie1)=~(SAV(IelsKsl)~DIST(Is11))

DC 200 K=191ITERMS

DC 200 I=24]RCWS

D2 200 J=2,1

SAVIIaJeKel)=SAV Il sKel)+SAVIJ=191sKa1)~DISTI(Isd)

IF (SAV{IsJdsKel) oNEs 0«0} GC TC 26O

SAV(IsJsKsl)==1,0
200 CONTINUE

RETURN

END

SUBRCUTINE RIGHT(IWsIRCWSs ITERMS)

THIS RCUTINE IS USED TC WRITE CUT THE DISTANCE MATRIX AND
INITIAL SAVINGS MATRIX (MATRICES).

5025 FCRMAT (1HOs1H)sI2s1H#415(2XsF6.0))
5053 FCRMAT (1H-420Xs15HDISTANCE MATRIX)
5055 FTRMAT (1H1+20Xs15HDISTANCE MATRIX)
5060 FCRMAT (1H192CXs14HSAVINGS MATRIXs3Xs12HTERMINAL NC4s13)
5065 FCRMAT (1H14+20Xs12HRCUTE MATRIX)
5066 FCRMAT (1HO 96X s6HDEMAND/1Xs1H) s 129 1H¥*42(2XsF6e0})
CCMMCN DIST(50+50)9SAV(5095045+3)9TCTAL(5055094)9sRCUTE(B5095093)51IR
1(3)9CAP(3492042)4sD(50+5)9IB(50)sHCLD(1Cs3)sTHSLD(10,3)
IF (1w «EQe 2) GT TC 1901
L=0
30 L=L+]
IF (L «GT« 1) WRITE (3,45055)
IF {L +EQs 1) WRITE (3,5053)
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KA=(L-1)#%15+1

KB=KA+14

DC 205 I=KAsIRCWS

IF (I «LEs KB) GT T2 204

WRITE (3+5025) 1e(DIST(Is+J)sJ=KAIKB)
G2 TC 205

WRITE (3+5025) Is{DIST{1sJ)sJ=KAs1)
CCNTINUE

IF (KB «LTe IRCWS) GT TCZ 30

DC 211 K=1sITERMS

L=0

L=L+1

WRITE (3+45060) K

KA=(L~1)%15+1

KB=KA+14

DC 210 I=KAsIRZWS

IF (I «LEe KB)Y GT T2 207

WRITE (345025) Is(SAV{IsJsKsl)sJ=KASKB)
GC TC 210

WRITE (345025) 1s(SAV(IsJsKsl)sJ=KAsI)
CCNTINUE

IF (KB «LTe« IRCWS) GZ TC 206

CONTINUE

GC TC 1911

L=0

L=L+}

WRITE (3+5065)

KA=(tL=11%13+1

KB=KA+12

IF (L «GTe 1) GC TC 1903

I=1

WRITE (3+5066) ITsRCUTE(T1+1s1)sTOTALEIs191)
IF (L «EQes 1) KA=2Z

D2 1912 I=KAsIRCZWS

IF {1 «LEs KB) GT T2 1904

WRITE (3+5025) IsRCUTE(I91s1)sTCTAL(I 191 (RCUTE(]I sJdsl) sJ=KAKS)
GC TC 1912

WRITE (3+5025) IsRCUTE(Is1s1)sTCTALCI S s1)s(RCUTE(IsJsl)sJd=KAsl])
CONTINUE

IF (KB «LTe IRCWS) C TC 19C2

PETURN

END

SUBRCUTINE SETS5ZC(IRCWSyITERMS s ITKSNS)

THIS RCUTINE INITIALIZES THE WCRK MATRICES USED TCZ DJEVFLCP
THE BRANCHES FCR EACH ALTERNATIVE.

COMMON DIST(50+50)9SAV(50+509593)sTCTAL(50s5094) sRCUTE(5055093)517

1031 93CAP({342043)eD(5045)3IB{50) sHCLD(10s3) ¢ THZLD(1043)
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D2 310 I=24IRCWS
DC 310 J=2,1
DZ 310 L=143

310 TOTAL({TeJsL)=060
D2 330 L=2s3
DC 330 I=1,IRCWS
TCTALIT»le)=TOTAL(I 9191
D2 330 J=1sl
ROUTE(I o JsL)=RCUTE(T9Js1l)
D2 330 K=1sITERMS

330 SAVIIesJeKsL)=5AVIIsJsKsel)
D2 325 [=143
DZ 335 J=1s]TKENC
DC 335 L=2s3
CAP(IsJel)=CAP(IeJsl)

335 CONTINUE
RETURN
END

SUBRCUTINE RESTR(CATYsINDEXsIsJal)

THIS RCUTINE CHECKS EACH SAVINGS TC SEE IF THE RESTRICTICNS
CN THE SYSTEM ARE SATISFIED.

COMMCN DIST(50s50)9SAV(509509593)sTCTAL(50+s5094)sRTSUTE(50+5033) 1R
103)sCAP(3+42093)sD(505)9IB(50) sHCLDI1Cs3)+THCLD(10s3)
IF (RCUTE(IsJsL) «GTe 0.0} GC TC 32C
IF (TCTAL(J~1slsL) «EQe Ce0) GCT TT 320
IF (TCTAL(Islsl) sEQe 040) GC TC 320
IF (RCUTE(J=1s1sL)+RCUTE(Is1lsL) oGTs CATY) GT TC 320
INDEX=1
GZ TC 330
320 INDEX=2
330 RETURN
END

SUBRCUTINE CHECK(IRCWSsCATY s INDEXs1sJsITERMS,sL)

THIS RCUTINE SELECTS THE FEASIBLE SAVINGS AND ENTERS THEM
IN THE TCTAL MATRIX.

COMMCN DIST(5C+50)195AV(50s509593)sTCTAL(50+50s4)9yRCUTE(50s5093)41P
1(3)9CAP (3920931 3D(5095)9TB(5C)IsHOLD(1093) s THCLD(104+3)

DC 350 I=24IRCWS

DC 350 J=2,1

CALL RESTR(CATYsSsINDEXsIsJsL )

IF (INDEX «EQe 2) GT TC 350
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DS 349 K=1,ITERMS

IF (SAVIIsJdsyKsl.} eLEe TOTAL(IsJsL)) GC TC 349
TCTAL(IsJsL)=SAVIIeJsKsl)

CCNTINUE

CCNTINUE

RETURN

EnD

SUBRCUTINE MAXIUMIXMAX s INs JNs IRCWSIKCNTsITRIALSL)
THE RCOCUTINE IS5 USED T SELECT THE MAXIMUM FEASIBLE SAVINGS.

CCMMON DIST(50950)sSAV(50+505593)sTCTAL(50950+4)sRCUTE(50+5043) 1R
1(3)sCAP(342093)sD(5045)+IB(50) syHOLD(10Gs3) s THCLD(10s3)
KCNT=KCNT+1

XMAX=0e0

DT 401 I=2,1RCWS

DC 400 J=2,1 ,

IF (TCTAL(IsJsel} «LE. XMAX) GC TC 400
AMAX=TCTAL(IsJsl)

IN=1

JN=J

GC TC (396+397+400)sITRIAL
HCLD(KCNT91)=IN*100+JN
HCLD{KCNT 921 =XMAX

HCLD(KCNT 93)=XMAX

GC TC 400

THCLD(KCNT 1) =IN*100+IN
THCLOD(KCNT 2 ) =XMAX

THCLD(KCNT 93 ) =XMAX

GC T2 400

CONTINUE

CCNTINUE

RETURN

END

SUBRCUTINE RESET(IRCWS)

THIS RCUTINE RESETS THE TCTAL MATRIX WHEN DEVELCPING THE
BRANCHES FCR EACH ALTERNATIVE.

CCMMCN DIST(50+50)9sSAV(50+5095+3) s TCTAL({504+5044) +sRCUTE(50+5093) 1R
1(3)sCAP(352093)9D(5055)s1B(50)sHCLD(1093)+THCLD(10s3)

DC 700 I=2,IRCWS

DT 700 J=2,1

TCTAL(T9J92)=TOTAL(1sJ43)

RETURN

END
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SUBRCUTINE ZERCZ(IRCWS)

THIS RCUTIME INITIALIZES.THE TOTAL MATRIX TC ZERCSS EXCEPT FCR
THE FIRST CCLUMN.

CCMMON DIST(50Us50)sSAVI(50s503593)1sICTALIB504+50+4)«+RCUTE(50950¢3)91IR
1{(3)sCAP(342043)4D(50+5)IB(50)sHCLDL10,3)sTHCLD(10s3)

DC 716 1=2sIRCWS

DT 716 J=2s1

TOTALIT9J92)=060

CONTINUE

RETURN

END

SUBRCUTINE REMIVE({INsJINsL)

THE RCUTINE REMCVES THE TRUCKS ASSIGNED IN PREVIZUS ITERATICNS
TC THE DEMAND PTINTS BEING RCUTED.

CCMMCN DIST(5C950)9S5AV(50950+553) s TCTAL(B5095094) sRCUTE(5095093) 1R
1(3)9CAP(3920+3)sD(50+5)91IB(50)sHTLD(1053)sTHCLD(1053)
DT 444 I=1,3

GC TC (4315441 9444) 51

IF (TCTAL(INslIsL) «NEe 1e0) GT TT 444

IA1=IN

K=0

K=K+1 :

IF (RCUTE(TAls1sL)-CAP(2sKsL)) 433+435,434

K=K~-1

IF (CAP(1eKoL)=CAP(39KsLl}) 43694344434
CAP(1sKsL}=CAP(1sKsL)+1.0

GC TC 444

IF (TCTAL(JUN=1s1sL) «NEe« 140) GT TC 444

TAL=JN-1

GC TC 432

CONTINUE

RETURN

END

SUBRCUTINE CHANGE (RTS5NCsCATY s INsINsL s XMAX s IRCWSs ITERMS,L1sL2)

THIS RCUTINE RCUTES THE PTINTS UNDER CCNSIDERATICN. A TRUCK

IS ASSIGNED TC THE NEW RCUTE. IN THE MULTIPLE TERMINAL PRCBLEM
IT REMOCVES THE PCINTS FRCM FURTHER CONSIDERATICN AT THE CTHER
TERMINALS AND RECCMPUTES THE SAVINGS FCR THE PCZINTS AT THE
TERMINAL TC WHICH THEY WERE RCUTEDe THE PCSSIBLE LINKS WHICH
WCULD CAUSE A LOCP SITUATICN ARE ALST ELIMINATED FRCM FURTHER
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CCNSIDERATICN. THE RCUTINE CALLS THE MEXT SEVEN SUBRCUTINES TC
PERFCRM THESE STEPS.

CCMMZN DIST(50+50)3SAV(50s509593) s TCTALI5095094) sRCUTE(B0450Cs3)41R
1(3)2CAP(3520+3)sD(50+5)918(50)sHOLO(10+3)sTHCLD(10s3)
CALL SETBRT(RTS5NTCsINsJNsL)

CALL CAPCTY(CATYsINsJNsL)

K2=0

IN3=IN

JNI =N

CALL SAVZ{IN3sJN3+sXMAXIRCWSsL)

Kl=1

CALL FINDBK{KsIN3sJIN3sXMAXsL)

IF (TOTAL(JN=1+1sL) «EQe 1le3) GT TC 613

IF (TCTAL({INslsl) «EQe 1e0) GC TC 615

I11=C

J1=0

CALL FDSRTUIMNsK1eITERMSsIRCWSsI1sJls]29sJ2sIXsKeK2sL)
IF (K1 «EQe 1} GT TC 550
RCUTE(INs1sL)=RCUTE(IN331sL)

IF (K2 «EQe 2} GZ TC 615

CALL CHCCSE(INsII9J1l 129029 1IXsL)

IF (TOTAL(INslsl) «eNEe 0a0) GZ TC 615

G2 TC 500

IN=JN-1

K2=K2+1

Kl=2

IRIK2)=IN

G2 TC (448+500617) 9K2

CALL LCCP(LYIsL2ITERMS L)

RETURN

END

SUBRCUTINE SETSRT(RTS5NCsINsJNsL)
THE RCUTINE SETS THE INDEXES FCR THE NEW RCUTE.

CCMMCN DIST(5050)9S5AV(50950+593) s TCTAL(50950+4)sRCUTE(5095043)41R
1(3)9CAP(352093)sD(50s5)sIB(50)sHCLD(1Cs3)sTHCLD(10+3)
TCTALUINS1sL)Y=TCTAL(INs1sL)—14C
TCTAL(JIN=191sL ) =TCTAL{JN=-191sL)=1.0

RTSNC=RT5NZ+140

RCUTE(INsJINsLI=RTS5NT

RCUTE(INs 1oL )=RIUTE{INs1sL}+RCUTE(IN-151,4L)
RCUTE(JN=1s1sL)=RCUTE(INs1,L)

RETURN

END
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SUBRCUTINE CAPCTY(CATYsINsJNsL)

THIS RCUTINE ASSIGNES A TRUCK WITH A CAPACITY JUST LARGE
ENCUGH TC TAKE THE LTAD REQUIRED CN THE NEWLY FCRMED RCUTE.

COMMCN DIST(50950)95AV (509509593} sTCTALI5Cs5094)sRCUTE(5095093) R
1(319CAP(352093)s0(50+5)19IB(50)sHCLDI1093)sTHCLD(10+3)
K=0

K=K+1

IF (RCUTELINslsL)~CAP(29KsL)) 410+4254420

K=Kk=1

IF (CAP(1sKsl) «EQe 0a0) GC TC 420
CAP(1sKoL)Y=CAP(1sKsL)~1

K=0

K=K+]

IF (CAP(1sKsLl) «EQe 040} GZ TC 44y

CATY=CAP({24KsL)

RETURN

END

SUBRCUTINE SAV2(IN3sJN3sXMAXs IRCWSsL)

THE RCUTINE RESETS THE MCDIFTED DISTANCE TC THE ACTUAL DISTANCE
AT THE TERMINAL THE PCINTS ARE RCUTED TC AND RECCMPUTES THE
SAVINGS REQUIRED BY THIS CHANGE.

CCMMON DIST(50+50)95AV(505505593)sTCTAL(S50+504) sRCUTE(S0+50+3) IR
1(3)sCAP(352093)sD(50+5)sIB(50Q)sHCLD(10Cs3) s THZLDI(10s3}
1K=0

CALL FINDBK(KesIN3sJN3sXMAX L)

SAVIIN3s1sKsL)=D(IN3+K)

SAV{UN3=1419KsL)=D(JIN3=1sK)

ING=IN3

JN&=TN3+1]

IK=IK+1

IF (TCTAL{INGslsL) oNEe 1e0) GC TC 707

IF (IN4 LE. 2} GC TC 701

DS 70N JJ=2+1IN4

IF (SAVIIN&4yJJsKsl) «EQe 040) GC TC 700

IF (IN4 +NE. IN3) GC TC 689

IF (JJ «EQes JN3) GC TC 700

SAVIINGaJJ oK s L )=SAVIINGs1sKsL)}+SAV(JI=191sKsL)=DIST(INSGJJ)
CCNT INUE :

IF (UN4 o«GEes IRCWS) GC TT 707

DC 705 1J=JUN4 4 IRCWS

IF (SAVIIJsIN&4sKslL) «EQas 0.0) GC TC 705

IF (JUN4 JNE. JN3)Y GZ TC 704

1F (1J «ENe IN3) GZ TC 705

SAVITIoINA 3L ) =SAVITING s oK et J+SAVITJs 13K L)=DIST(IJsJING)
CONTINUE
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707 1F (1K «EQe 2) GC TC 740
IN4=JN3=-1
JN4=JN3
GC TC 699
740 RETURN
END

SUBRCUTINE FINDSK(KsIN3sJIN3sXMAXsL)

THIS RCUTINE IS USED TC FIND THE TERMINAL TC WHICH THE
NEW RCUTE 1S ASSIGNED.

CMMCN DIST(50Us50)35AV(50¢509533) s TCTAL(S50+50+4)sRCUTE(S5095043)s1R
1(3)9CAP(3+2043)sD(5095)sIB(5C)sHSLDI1US3) s 1HCLOL1US3)
K=0
446 K=K+1
IF (SAVIIN3sJIN3sKell) «NEs XMAX) GT TC 446
RETURN
END

SUBRCUTINE FDSRT(INsK1sITERMS»IRCWSsI1sJ1s12sJ2sIX9KsK2sL)

THIS RCUTINE ADJUSTS THE Q VECTCR TC CCRRESPCND TC THE NEW
RCUTE AND REMCVES THE PCINTS CN THIS NEW RCUTE FRCM FURTHER
CCNSIDERATICN AT THE CTHER TERMINALS.

CCMMCN DIST(50350)sSAV(50s5095s3)s TCTAL{S50s504)sRCUTE(505093)5 1R
1(3)sCAP(352093)sD(505)9IB(5C)sHCLD(10s3)sTHCLD(10s3)
IF (IN «EQe 1) GT TC 551
DZ 580 JJ=2sIN
IF (K2 «EQe 2) GC TC 540
IF (IN «eNEes 1) GC TC 525
IF (JJ «EQs J1)} GC TT 540
525 1IF {(RCUTE(INsJJsL) «EQse 0.0) GZ TC 540
IX=1 '
12=1IN
J2=JJ
540 IF (K1 «NEe 2) GT TC 550
Do 549 [I=1,1TERMS
IF (I «EQs K) GC TC 549
SAV{INsJJs19L)=0.0
549 CCNTINUE
550 CCNTINUE
551 INl=IN+1
IF {IN «EQe IRCWS) GT TC 601
DS 600 1J=1IN1s1RCWS
IF (K2 «EQe 2) GC TC 570
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IF (IJ «NEe I1) GC TC 565
IF (J1 «EQs IN1) GC TC 570
565 IF (RTCUTE(IJsINlsL) «eEQe 0.0) GT TS 570
IX=2
12=14
J2=1N1
570 IF (K1 eNEe 2) GC TC 6060
DC 599 J=1,1TERMS
IF (J «EQe K) GC TT 599
SAVIIJsIN+1sJsL)=040
599 CCNTINUE
600 CONTINUE
601 RETURN
END

SUBRCUTINE CHCCSE(INsI1sJlsel2sJ2sIXsL)

THIS RCUTINE IS USED TC CHCTSE WHICH RCwW AND CCLUMN TC
BE WCRKED CR SEARCHED.

aNaNala!

CCMMCN DIST(5Us50)95AVI50+503533)s TCTALIS0s5094)sRCUTE(S0s5093) 1R
1(3)sCAP(342093)sD(50+5)1+1IB{5C)sHCLD(1Cs3)sTHZLD(10+3)
IF (IX «EQe 1) GC T2 1300
IN=12
GC TC 1350
1300 IN=J2~1
1350 Il=12
Jl=J?2
RETURN
END

SUBRCUTINE LZCP(L1sL2sITERMS,L)

THIS RCUTINE BLCCKS THE PCSSIBLE LINKINGS WHICH WCULD
CAUSE A LCCP SITUATICN.

[aNANaNA!

COMMCN DIST(50550)sSAV(50s50453) s TCTAL{50+5094)sRCUTE(50950s3)» IR
1(3)9CAP(1342093)sD(50+5)4IBISD)sHOLDI10s2) s THSLD(103)
L1=IR(1)
L2=1R(2)
DC 620 1=1,I1TERMS
IF (L1-L2) 616+6164+618
616 IF (RCUTE(L2sL1+1sL) «NEe 040) GC TZ 620
S5AVILZ2sL1+1351sL)=060
G2 TS 620
618 IF (ROCUTE(L1sL2+41sL) «NE. Qe0) GT TC 620
SAVIL1IsLZ2+1s1sL)=0.0
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620 CCNTINUE

1410

1475

RETURN
FND

SUBRCUTINE FDS5K(Ksl2sJ2sL)

THIS RCUTINE IS USED IN THE FINAL WRITE RCUTINE TC FIND THE
TERMINAL TC WHICH THE RCUTE BEING CONSIDERED IS ASSIGNED.

CCMMCN DIST(50s50)3SAV(I50s5C9593) s TCTAL(B50+50s4) sRCUTE(5095Ce3) 1R
1(3)sCAP{3420s3)sD(50s5)1s1IB(52)sHOLDI1C3)s THCLD(10s3}

K=0

K=K+1

IF (SAV(I24J2sKsL) «EQe 0s0) GCT TC 1410

RETURN

END

SUBRCUTINE LTAD{({TRCAPsINsL)
THIS RCUTINE FINDS THE TRUCK ASSIONED TC THE RCUTE.

CCMMCN DIST(5U950)9SAVI50s5095+3)sTCTAL(5C95024) sRCUTE(5045043)41R
1(3)sCAP(352053)9sD(5095)+IBI5C)sHOLD(10s3) s THCLD(10s3) ‘
J=0G
J=Jd+1]
IF (CAP(2sJsL) «GEs RCUTE(INs1lsL)) GT TC 1475
TRCAP=CAP(2sJ=1sL)
RETURN
END
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SINGLE TERMINAL TEN
DEMAND POINT PROBLEMS
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FROBLEM ONE

DEMAND QUANTITY
POINT REQUIRED

10

k
8
7
12
6
5
10

8
15

W oo~ EFwH

)

Three trucks with thirty units of capacity each are available. The
best solution shown below was obtalned with the minimum computation time

on the computer using IDEPTH of one (i.e. Clarke and Wright's method).
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L T T T T
TERMIMAL 1 DEMAND POINTS RCUTELD ARE
TOTAL DISTANCE CF RCUTE TS 28.00

QUANTITY “FQUIREC 0ON ROUTE IS 28,20

TERMINAL 1 DEMAND PCINTS ROUTED ARE

TCTAL DISTANCE CF ROUTE IS 22,00

QUANTITY REQUIREC ON ROUTE IS 25.0C

TERMINAL 1 DEMAND POIMTS ROUTECD ARE
TCTAL DISTANCE CF ROUTE IS 22,00

GQUANTITY ARCQUIRELC ON ROUTE IS  25.0C

L A T S .

CAPACITY

R 2 - 3

CAPACITY

-- 8 =-1¢

CAPACITY

OF

oF

OF

6 == =

TRUCK IS
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30,00

LI gl g

TRUCK IS

- TRUCK IS

30.00

30,00
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PROBLEM TWO
DEMAND QUANTITY
POINT REQUIRED

1 18

2 B

3 8

4 15

5 6

6 T

T 1k

8 k

9 13

10 8

There are one trueck with forty units capacity, three trucks with
thirty units capacity, and two trucks with twenty units capacity assumed
availsble.

The best solution shown below was obtained with the minimum compu-

tation time using Tillman and Cochran's method with IDEPTH=2,
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x %k X ¥ X % ¥ %x X
TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE CF RDUTE IS 721,00

QUANTITY REQUIREC ON ROUTE IS 28400

TERMINAL 1 DEMAKND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 681.00

QUANTITY REQUIRELD ON ROUTE IS 35.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL OISTANCE CF ROUTE IS  1068.00
QUANTITY REQUIREC ON ROUTE IS 29.00

®* % % & F ¥ % % %

-—3 == 7

CAPACITY

— 4 == 1

CAPACITY

-—- 8 == 2

CAPACITY

146

- G e

OF TRUCK IS 30,00

] -

OF TRUCK IS 40.00

——f w= Q =

OF TRUCK IS 30,00
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PROBLEM THREE

DEMAND QUANTITY
POINT REQUIRED

OW O O\WI FwhH
i

| ot

There are two trucks with forty units of capacity, two trucks with
thirty units of capacity, and one truck with twenty units of capacity
assumed available,

The best solution shown below was obtained with the minimum compu-

tation time using IDEPTH=1 (i.e. Clarke and Wright's method).
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* & & k& ¥k &k k%
TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL NDISTANCE CF ROUTE IS5 560.00

QUANTITY REQUIRED ON ROUTE IS 22.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 817.00

QUANTITY REQUIREC ON ROUTE IS 33.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 179,00

QUANTITY REQUIRED BN ROUTE IS 33.00

* % & K X % % & ok

CAPACITY

-— 3 -= 7

CAPACITY

-~ & --10

CAPACITY

OF

OF

OF

150

TRUCK IS 30.00

2 -= § ==

TRUCK IS 40.00

TRUCK IS 40.00
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PROELEM FOUR

DEMAND QUANTITY
POINT REQUIRED
1 5
2 12
3 8
4 6
) 15
6 8
T 16
8 10
9 7
10 11

There are one truck with fifty units of capacity, one truck with
forty units of capacity, two trucks with thirty units of capacity, and
one truck with twenty units of capacity assumed available.

The best solution shown below was obtained with the minimum compu-

tation time using Tillman and Cochran's method with IDEPTH=2.
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%

TERMINAL 1 DEMAND POINTS ROUTED ARE == 2 == 1
TOTAL DISTANCE CF ROUTE IS

TQUANTITY REQUIREC ON RDUTE IS

o

*

*

* % & %
EE
TERMINAL 1

TOTAL DISTANCE CF ROUTE IS

 QUANTITY REQUIREL ON ROUTE 1S 45,00 CAPACITY

TOTAL DISTANCE EF ROUTE IS

TQUANTITY REQUIRELC ON ROUTE IS 23.00 CAPACITY

*

*

&

¥ % %
e o o
TERMINAL 1

%

¥

DEMAND POINTS ROUTED ARE ~- 6 -- 8

DEMAND POINTS ROUTED ARE == 7 -= 9

%*

¥

*

¥

o

*

*

%*

*

705.00

31.00 CAPACITY

639,00

335.00

ar

aF

oF

1

R

TRUCK IS

5 =-10 —-

TRUCK IS

CTRUCK IS

54

40,00

50.00

730,00
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PROBLEM FIVE

DEMAND QUANTITY
POINT REQUIRED

20
15
8
16
T
2
17
10
1l
>

oW @m-~Ohwv Fwhho -

P.l

There are two trucks with fifty units of capacity, two trucks with
forty units of capacity, two trucks with thirty units of capacity, and
one truck with twenty units of capacity assumed available.

The best solution shown below was obtained with the minimum compu-

tation time using the proposed 3-decision look ahead method with IDEPTH=3.
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x & & Kk % Kk %k Xk %
TERMINAL 1 DEMAND POINTS ROUTED ARE == 1 —-= 2 —-
TOTAL DISTANCE OF ROUTE IS 1188,00

QUANTITY REQUIREC ON ROUTE IS 3%5.00 CAPACITY OF TRUCK IS 40.00

TERMINAL 1 DEMAND POINTS ROUTED ARE == 4 == 3 == § =] —--
TOTAL DISTANCE CF ROUTE IS  1824.00

QUANTITY REQUIRED ON ROUTE IS 43.00 CAPACITY OF TRUCK IS 50.00

TERMINAL 1 DEMAND POINTS ROUTED ARE -- 7 -~ 6 -- 5§ -~ 8 ==
TCTAL OISTANCE CF ROUTE IS 1097.00
QUANTITY REQUIREC ON ROUTE 1§ 43.00 CAPACITY OF TRUCK IS 50,00

x K k% ¥ % * ¥ ¥
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SINGLE TERMINAL TWENTY-FIVE
DEMAND POINT PROBELEMS
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PROBLEM ONE

DEMAND QUANTITY TRUCKS
POINT REQUIRED CAPACITY NUMBER

1 18 100 i
2 26 90 b
3 38 80 2
N L0 70 5
5 27 60 1
6 16 50 6
7 29 Lo 2
8 30 30 8
9 32 20 2

10 27

11 18

12 38

13 22

14 16

15 35

16 26

i3y 4 18

18 2l

19 30

20 28

21 17

22 15

23 20

2L 18

5 25

The best solution shown below was cobtained with the minimum computation

time using Clarke and Wright's method (IDEPTH=1).
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a * * &

# % % ® &

TERMINAL 1 DEMAND POINTS ROUTED ARE == 6 == 2
TOTAL DISTANCE CF RBOUTE IS 974400

QUANTITY 2EQUIREC ON ROUTE IS 98,00 CAPACITY
¥ ok ok & % ok f % K

I S I T T

TERMIMAL 1 DEMAND POTNTS ROUTED ARE -- 8 =-21
TOTAL DISTANCE CF ROUTE IS B49e NG

QUANTITY RZQUIREL ON ROUTE IS  T77.90 CAPACITY
LI T T O - S T S S

%%k d % oW d & k%

TERMINAL 1 DEMAKD POINTS ROUTED ARE —-= 9 =-16
TATAL DISTANCF CF ROUTE IS 16545,00

GUANTITY REQUIRED ON RUUTE IS B86.00  CAPACITY
& %k % %k ok ok ok K

LA N S T T T S

TERMIMAL 1 OFEMAND POINTS ROUTED ARE --10 -~ 4
TCTAL DISTANCE CF RDUTE IS 719,00

QUANTITY REQUIRED DN PGUTE IS 87.30 CAPACITY

£ & % %

N

164

- 3 --11 -~

OF TRUCK IS 1u0.03
]9 =—

OF TRUCK IS 8G.0V
.

OF TRUCK IS 90,00
-..-..2 3 -

OF TRUCK IS 90,00



A T T
TERMIMNAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF RRUTE IS 2379,00G

QUANTITY RIQUIRED ON ROUTE IS5 100,00

TERMIMAL 1 DEMAND POINTS ROUTED ARE
TCTAL DISTANCE CF ROUTF 1S 1686 ,450

QUANTITY REQUIRED ON ROUTE IS 89.00

TERMINAL 1 DEMAND PGINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 1958,00
QUAMTITY REQUIREC ON ROUTE IS 96.32

I N T T

-=12 —=17

CAPACITY

~-13 --24

CAPACITY

-=14 == 5

CAPACITY

165

-- 7 --22 --

OF TRUCK IS 140.0¢

-=25 =~18 -=

OF TRUCK IS 90.CU

-— 1 -=15 ==

OF TRUCK IS 1ul.39
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PROBLEM TWO

DEMAND QUANTITY TRUCKS
POINT REQUIRED CAPACITY NUMBER

1 16 100 Y
2 25 90 L
3 36 80 2
L 20 70 2
5 16 60 L
6 2L 50 2
T 38 ko 2
8 Lo 30 1
9 18 20 3

10 26

1 25

12 30

13 15

1k 28

15 19

16 37

it 28

18 18

19 23

20 17

21 22

22 20

23 24

24 15

25 2}

The best solution shown below was obtained with the minimum computation

time using Tillman and Cochran's method with IDEPTH=2,
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* &k &% K & & & %k ¥
TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 1697.00

QUANTITY REQUIRED ON ROUTE IS 89.00

TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS 1382.00°

QUANTITY REQUIRED ON ROUTE IS 99.00

% % % X Xx *x ¥ %

£ % ok & K K ok %k ¥
TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 1934,00

QUANTITY REQUIRED ON ROUTE IS 96.00

* % % & * ¥ H K ¥

* &% % & K ¥ K K %
TERMINAL 1 DEMAND POINTS RQUTED ARE
TOTAL DISTANCE CF ROUTE IS 633.00

QUANTITY REQUIRED ON ROUTE IS 66,00

% & & & N & K &

-~ 1 -~16

CAPACITY

—— 4 ==21

CAPACITY

CAPACITY

—-— 7 -=17

CAPACITY
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—_— ] -

OF TRUCK IS 90.00

-— 2 —=24 ==20 --

OF TRUCK IS 100400

--18 --11 --15 =

OF TRUCK IS 100.00

OF TRUCK IS 70.00



* % % &k &k Xk Kk K X

TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE 1S 835.00

QUANTITY REQUIRED ON ROUTE IS 94.00

* % % % & ¥ % % %

% % % &k & % & & ¥k

TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS 856400

QUANTITY REQUIRED ON ROUTE IS 78.00

¥ ¥ % % ¥ % ¥ % %k

* *x ®x % *x % % % %
TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 988.00

QUANTITY REQUIRED ON ROUTE IS 82.00

* % % & ¥ K & K Xk

--10 -- 8

CAPACITY

w=]l2 ==25

CAPACITY

--13 —-19

CAPACITY

172

sl i

OF TRUCK 1S 100.00

e B

OF TRUCK IS 80,00

-6 -=22 --

OF TRUCK IS 90,00
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PROBLEM THREE

DEMAND QUANTITY TRUCKS
POINT REQUIRED CAPACITY NUMBER
1 18 100 2
2 22 90 I
3 35 80 3
h 20 TO 2
5 16 60 2
6 38 50 2
T 34 y) h
8 2l 30 3
9 26 20 3
10 36
11 15
12 27
13 17
1k 23
15 36
16 ko
17 15
18 16
19 28
20 32
21 22
22 25
23 18
2k 30
25 2L

The best solution shown below was obtained with the minimum computation

time using Clarke and Wright's method (IDEPTH=1).
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ok % % 0w & ok K ¥
TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 266,00

QUANTITY REQUIRED ON ROUTE IS 8l.00

TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS 360.00 .

QUANTITY REQUIRED ON ROUTE IS 98.00

TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE 1S 136,00

QUANTITY REQUIRED ON ROUTE IS 76.00

TERHINAL-1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS 287.00

QUANTITY REQUIRED ON RQUTE IS 77.00

¥ * % *x X X ¥ % %

-— 1 =-12

CAPACITY

-— 4 —— 8

CAPACITY

-=10 --16

CAPACITY

=11 == 5

CAPACITY

178

s} B e

OF TRUCK IS 90.00

-=21 ==20 --

OF TRUCK IS 100.00

OF TRUCK IS 80.00

-—- 2 --25 —-

OF TRUCK IS 80.00



* & % & X & Kk ¥
TERMINAL 1 DEMAND PDINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE 1S 480.00

QUANTITY REQUIRED ON ROUTE IS 91.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 312,00

QUANTITY REQUIRED ON ROUTE IS 77.00

* % ¥ % % % ¥ % &

* &% ok & ok % % ok Kk

TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS 318.00

QUANTITY REQUIRED ON ROUTE IS 69.00

* % &% ¥ k% % X & %

-=13 == 3

CAPACITY

—-17 == 17

CAPACITY

--22 -~ 9

CAPACITY

179

-—=14 -=18 ==

OF TRUCK IS 100.00

-_19 -

OF TRUCK IS 80.00

--23 ——

OF TRUCK IS 70,00
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PROBLEM FOUR
DEMAND QUANTITY TRUCKS
POINT REQUIRED CAPACITY NUMBER

1 20 100 2
2 16 90 3
3 38 80 b
4 2L T0 2
5 36 60 1
6 28 50 2
7 18 Lo 2
8 2h 30 1
9 36 20 2

10 22

11 28

12 15

13 30

1k 22

15 18

16 25

1T 27

18 3Y

19 23

20 16

21 18

22 26

23 34

2L ko

25 17

The best solution show below was cobtained with the minimum computation

time using the proposed 3-decision look ahead method with IDEPTH=3,
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¥ * X ¥ ¥ % % & ¥
TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 255,00

QUANTITY REQUIRED ON ROUTE [S 78.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 613,00

QUANTITY REQUIRED ON ROUTE IS 99.00

~ TERMINAL 1 DEMAND POINTS ROUTED ARE
- TOTAL DISTANCE OF ROUTE IS 145,00

QUANTITY REQUIRED ON ROUTE IS 70,00

TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS 423.00
QUANTITY REQUIRED ON ROUTE IS 82.00

* % % ¥ % ¥ % ¥ X

—4 == 5

CAPACITY

-— 6 ==12

CAPACITY

-~ 9 =23

CAPACITY

--11 -- 3

CAPACITY

185

-2 --

OF TRUCK IS B80.00

-~ 2 --10 == 7 --

OF TRUCK IS 100,00

OF TRUCK IS 70.00

__20 -—

OF TRUCK IS 90.00



¥ L T ¥ % %k %k
TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 323.00

QUANTITY REQUIRED ON ROUTE IS 79.00

~ TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 485,00

QUANTITY REQUIRED ON ROUTE IS 99.00

~TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE QOF ROUTE IS 133,00

QUANTITY REQUIRED ON ROUTE IS 4B.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 261.00
QUANTITY REQUIRED ON ROUTE IS 8000

ok % % &k ok ok k%

=14 =--13

CAPACITY

--15 -- 8

CAPACITY

-=18 —=19

CAPACITY

--18 -- 1

CAPACITY

186

_..17 -

OF TRUCK IS 80.06

-—24 -=25 ==

OF TRUCK IS 100.00

OF TRUCK IS 504,00

2P

OF TRUCK IS 80.0U
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PROBLEM FIVE
DEMAND QUANTITY TRUCKS
POINT REQUIRED CAPACITY NUMBER

1 25 100 L
2 18 90 3
i 36 8o N
4 24 70 2
5 15 60 2
6 17 50 1
7 28 Lo 2
8 23 30 : )
9 16 20 2

10 3L

11 22

12 18

13 30

14 27

15 16

16 24

17 17

18 28

19 36

20 23

51 22

2o 18

23 Lo

24 25

25 19

The best solution shown below was obtained with the minimum computation

time using Clarke and Wright's method (IDEPTH=1).
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* & % ® % % % & %
TERMINAL 1 DEMAND POINTS ROUTED ARE
TOYAL DISTANCE (OF ROUTE IS 1126,00

QUANTITY REQUIRED ON ROUTE IS 88.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF RDUTYTE IS 1150.00

QUANTITY REQUIRED ON ROUTE IS 98,00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 1820.00

QUANTITY REQUIRED ON RQUTE IS 86,00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 1835.00

QUANTITY REQUIREC ON ROUTE IS 92.00

* ¥ ok & ok % & ¥ K

-- 2 --18

CAPACITY

-— 4 ——= §

CAPACITY

- 7 --11

I3

"CAPACITY

-- 8 —-20

CAPACITY

192

] - -

OF TRUCK IS 90.00

--24 -=10 ==~

OF TRUCK 1S 100.00

--19 --

OF TRUCK IS 90.00

-=25 ==14 --

OF TRUCK IS 100.00



* % ®* %x % % % % %
TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 914.00

QUANTITY REQUIRED ON ROUTE IS 49.00

TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE CF ROUTE 1S 1028.00

QUANTITY REQUIRED ON ROUTE IS 96.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 1028.00

QUANTITY REQUIRED ON ROUTE IS 92.00

¥ % kx &k ¥ Kk ¥ Kk K

- 9 —-15

CAPACITY

il =12

CAPACITY

weZl ~=13

 CAPACITY

193

] J -

OF TRUCK IS 50.00

-- 3 —-22 --

OF TRUCK 1S 100.00

L R—

OF TRUCK IS 100,00
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SINGLE TERMINAL FIFTY
DEMAND POINT PROBLEMS



PROBLEM ONE
DEMAND QUANTITY DEMAND
POINT REQUIRED POINT
1 25 26
2 16 27
3 ko 28
h 36 29
5 28 30
6 17 31
T 19 32
8 36 33
9 31 34
10 2l 35
11 20 36
12 15 37
13 18 38
1k 26 39
15 38 Lo
16 ko 41
17 27 Lo
18 16 43
19 29 Ly
20 30 b5
21 32 Lé
22 27 L7
23 18 L8
24 38 Lo
25 22 50
TRUCKS

CAPACITY NUMBER

100 6

90 8

80 3

70 5

60 2

50 6

Lo 2

30 8

20 3

QUANTITY

REQUIRED

16
35
26
18
2k
30
28
T
15
20
18
25
38
ko

197

The best sclution shown below was cbtained with the minimum computation

time using Clarke and Wright's method (IDEPTH=1).
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* % % X & % ¥ K ¥k
TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 2004.00

QUANTITY REQUIRED ON ROUTE IS 92.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 2796.00

QUANTITY REQUIRED ON ROUTE IS 89,00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 3002.00

QUANTITY REQUIREC ON ROUTE IS 92.00

TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE COF ROUTE IS 2033.00

QUANTITY REQUIREC ON ROUTE IS 89.00
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OF TRUCK IS 100.00
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DOF TRUCK IS 90.00

~—35 —=17 —-

OF TRUCK IS 100.00

R - T

OF TRUCK IS 90.00
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TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE 1S 1635,00

QUANTITY REQUIRED ON ROUTE IS 84,00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS  551.00
QUANTITY REQUIREC ON ROUTE IS 35.00

- TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE GF ROUTE IS 1065,00

QUANTITY REQUIREC ON ROUTE IS 88,00

TERMINAL 1 DEMAND POINTS ROUTED ARE
- TOTAL DISTANCE CF ROUTE IS 4422,00

QUANTITY REQUIREC ON ROUTE IS 86.00
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TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE 1S 1190,.,00

QUANTITY REQUIRED ON ROUTE IS 94.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS  1650.00

QUANTITY REQUIRED ON ROUTE IS 92.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF-ROUTE IS 731.00

QUANTITY REQUIRED ON ROUTE IS 77.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 1624.00

QUANTITY REQUIRED ON ROUTE IS 92,00
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__30 -

OF TRUCK IS 100.00
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OF TRUCK IS 80,00
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TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE COF ROUTE IS 1373.00

QUANTITY REQUIRED ON ROUTE IS 90,00

TERMINAL 1 OEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 2254,00

QUANTITY REQUIRED ON RDUTE IS 93,00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS - 3893.00

QUANTITY REQUIRED ON ROUTE IS 86.00
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PROBLEM TWO
DEMAND QUANTITY DEMAND
POINT REQUIRED POINT
1 15 26
2 28 27
3 16 28
N 38 29
5 Lo 30
6 25 31
7 34 32
8 16 33
9 2k 3k
10 28 35
11 36 36
12 18 37
13 34 38
1L 28 39
15 18 ko
16 38 L1
17 16 Lo
18 18 43
19 25 LY
20 30 L5
21 24 L6
22 28 L7
23 15 48
oh 36 kg
25 27 50
TRYCKS
CAPACITY NUMBER
100 5
90 [
80 3
70 L
60 2
50 b
Lo 3
30 6
20 2

QUANTITY
REQUIRED

18
36
35
2k
17
23
21
22
32
34
18
19
37
16
2l
20
4o
26

214

The best solution shown below was obtained with the minimum computation

. time using the proposed 3-decision look ahead method with IDEPTH=2Z,
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TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 619,00

QUANTITY REQUIRED ON ROUTE IS 75.00
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APPENDIX III

MULTIFLE TERMINAL PROELEMS
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THREE TERMINAL TEN
DEMAND POINT PROBLEMS
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PROBLEM ONE

DISTANCES TO TERMINALS

DEMAND QUANTITY TERMINAL TERMINAL TERMINAL
POINT REQUIRED 1 2 3
1 10 3 8 12
. h 6 5 12
3 8 5 3 8
L T o} 2 6
5 12 5 12 1k
6 6 3 8 9
7 5 6 3 Y
8 10 15 8 6
9 8 7 7 5
10 15 12 T 2

There are three trucks with thirty units capacity available.
The best solution shown below was obtained with the minimum computation

time using the proposed 3~decision lock ahead method with IDEPTH=3.
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TERMINAL 2 DEMAND POINTS RCUTEC ARE
TCYAL CISTANCE CF RQOQUTE IS 18,00
CUANTITY REQUIREL ON RCLTE IS 24.00

TERMINAL 1 CEMAND POINTS RCUTED ARE
TCTAL CISTANCE CF ROUTE IS 20.00

CLANTITY RECUIREL ON ROUTE IS 26.00

TERMINAL 3 OEMANC POINTS RCUTEC ARE
TOTAL CISTANCE CF ROUTE IS 15.0C

CLUANTITY REQUIREL ON RCUTE IS 25,00

;i ¥ % x % % &k % %k

“— 2 == 3

CAPACITY

-~ § == §

CAPACITY

-- 8 --10

CAPACITY

-t

CF

oF

OF
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7 == 4 —=

TRUCK IS

TRUCK IS

TRUCK IS

30.00

30.00

30.00
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PROBLEM TWO

DISTANCES TO TERMINALS

DEMAND QUANTITY TERMINAL TERMINAL TERMINAL
POINT REQUIRED x 2 3
1 12 315 Loo 107
& 5 388 336 571
3 8 296 172 224
h 15 158 354 15k
5 6 186 234 . 108
6 T 301 130 468
7 1L 301 264 113
8 L 151 170 321
9 13 193 95 300
10 8 239 509 207

There are one truck with forty units of capacity, three trucks with
thirty units of capacity, and two trucks with twenty units of capacity as-
sumed gvailable,

The best solution shown below was obtained with the minimum computation

time using Tillman's method (IDEPTH=1),
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TERMINAL 3 DEMAND POINTS RCUTEL ARE
TCTAL DISTANCE CF RQUTE IS 503.00

CUANTITY REQUIREC ON ROLTE IS 35.CC

TERVMINAL 3 DENAND POINTS ROUTEC ARE
TCTAL CISTANCE CF RQUTE IS 513.00

CUANTITY REQUIREL ON ROUTE IS 28400

TERMINAL 2 DEMAND POINTS RCUTEC ARE

TCTAL CISTANCE CF ROUTE IS 819.00

CUANTITY RECQUIREC CN RCOLTE IS 26.0C

* % £ ® & ¥ ¥ & ¥

-- 1 --10

CAPACITY

- 5 =--1

CAPACITY

-6 -- 2

CAPACITY

CF

CF
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TRUCK IS
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TRUCK IS

40.00

30.C0

3C0.40
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PROBLEM THREE

DISTANCES TO TERMINALS

DEMAND QUANTITY TERMINAL TERMINAL TERMINAL
POINT REQUIRED 1 2 3
1 10 Lgg 151 315
2 6 590 321 107
3 8 L23 258 331
L 12 585 251 152
5 T L8k 213 172
6 5 146 250 539
7 12 516 323 217
8 9 253 170 Loo
9 11 309 T0 364
10 8 176 390 629

There are two trucks with forty units of capacity, two trucks with
thirty units of capacity, and one truck with twenty units of capecity
assumed available.

The best solution shown below was obtained with the minimum computation

time using the proposed 3-decision look ahead method with IDEPTH=2,
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TERMINAL 2

TOTAL DISTANCE OF ROUTE 1S

™

*

¥

*

%*

DEMAND POINTS ROUTED ARE -=- 1 -~ 4

560,00

QUANTITY REQUIRED ON ROUTE IS 22.00 CAPACITY

¥ % & %
* %k % ¥k
TERMINAL 3

TOTAL DISTANCE OF ROUTE IS

DEMAND POTINTS ROUTED ARE =~ 2 -~ 7

684.00

QUANTITY REQUIRED ON ROUTE IS 33,00 CAPACITY

& . # &« %
*¥ % % %k
TERMINAL 1

TOTAL DISTANCE OF ROUTE IS

QUANTITY REQUIRED ON ROUTE IS

¥ & &k %
*¥ % &k X%
TERMINAL 2

TOTAL DISTANCE OF ROUTE 1S

QUANTITY REQUIRED ON ROUTE IS

*

*

: 3

*

DEMAND POINTS ROUTED ARE -- 6 --10

466,00

13,00 CAPACITY

DEMAND POINTS ROUTED ARE -—- 8 -~ 9

*

t

*

* 2

3

335.00.

20.00 CAPACITY

OF

oF

OF

OF
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TRUCK IS

3= 5 -

TRUCK IS

TRUCK IS

TRUCK IS

30.00

40,00

20,00

20,00
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PROBLEM FOUR

DISTANCES TO TERMINALS

DEMAND QUANTITY TERMINAL TERMINAL TERMINAL
POINT REQUIRED 1 2 3
1 5 366 230 105
2 12 483 19k 219
3 8 343 24l 13k
L 6 315 107 182
5 15 271 265 285
6 9 158 15k 330
Z 16 186 108 354
8 10 215 326 348
9 7 301 113 394
10 11 239 207 228

There are one truck with fifty units of capacity, one truck with
forty units of capacity, two trucks with thirty units of capacity, and
cne truck with twenty units of capacity assumed availlable,

The best solution shown below was obtained with the minimum compu-
tation time using the proposed 3-decision look ahead method with IDEPTH=2,
The first solution shown is the solution obtained with Tillman's method

(IDEPTH=1),
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TERMINAL 3 DEMAND POINTS RCUTEC ARE
TCTAL CISTANCE CF ROUTE IS 272.00

CUANTITY REQUIRELC ON ROUTE IS 13.00

TERMINAL 2 DEMAND PCINTS RCUTEL ARE
TCTAL CISTANCE CF ROUTE IS 469,00

" CUANTITY REQUIRELC ON ROUTE IS 18,00

TERMINAL 2 DEMAND POINTS RCUTEC ARE
TCTAL CISTANCE CF ROUYE IS 63%,QC

CUANTITY RECUIREL ON ROUTE IS 45,00

TERMINAL 2 DENMAND PCINTS RCUTEC ARE == 7 ~~ 9

TCTAL CISTANCE CF ROLTE IS 335.00

CUANTITY RECUIREC CN RCUTE IS 23.00

* X % & ¥ B % % &

-- 1 -~ 3

CAPACITY

-—2 -4

CAPACITY

- 6 -- 8

CAPACITY

CAPACITY

CF

OF

OF

OF
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TRUCK IS

TRUCK IS5

R

TRUCK IS

TRUCK 1S

20.00

20.00

5C.C0

30.00
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TERMINAL 3 DEMAND POINTS RCUTEC ARE
TCTAL DISTANCE CF ROUTE IS 212.0C

CUANTITY REQUIREC ON ROUTE IS 13,00

TERFINAL 2 DEMAND PCINTS RCUTEC ARE
TCTAL DISTANCE CF RCUTE IS 465.00

CUANTITY RECUIREC ON ROUTE IS 18.00

TERMINAL 1 DEMAND POINTS ROUTEC ARE
TCTAL DISTANCE CF ROLUTE IS 630.00

CUANTITY REQUIRELC ON ROLTE IS 45.00

TERMINAL 2 DEMAND POINTS RCUTED ARE
TCTAL DISTANCE CF RCUTE IS 335.00

CUANTITY REQUIREC ON ROLTE IS 23.C€0

& ¥ ¢ X ¥ ¥ % * ¥

-1 -- 3

CAPACITY

—2 -4

CAPACITY

-- 6 —-10

CAPACITY

CAPACITY

OF

OF

OF

CF
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TRUCK IS 20.00

TRUCK IS 20.C0

5 —= § -

TRUCK IS 50.00

TRLUCK 1S 30.00
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PROBLEM FIVE

DISTANCES TO TERMINALS

DEMAND QUANTITY TERMINAL TERMINAL TERMINAL
POINT REQUIRED 1 2 3
1 20 810 558 432
2 15 T06 476 366
3 8 Lgo 645 833
L 16 661 S1h 552
5 T Los 353 ' 508
6 9 L59 294 389
T 17 55k 302 180
8 10 176 220 L8Y
9 14 258 Loy 668
10 5 195 450 T1h

There are two trucks with fifty units of capacity, two trucks with
forty units of capacity, two trucks with thirty units of capacity, and
one truck with twenty units of capacity assumed available.

The best solution shown below was obtained with the minimum compu-

tation time using the proposed 3-decision look shead method with IDEPTH=2.
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0% % % %k % & & %
TERMINAL 3 DEMAND POINTS ROUTEC ARE -- 1 == 2 --
TOTAL DISTANCE CF ROUTE IS ) 952,30

GUANTITY REQUIREC ON ROUTE IS 35.0C CAPACITY OF TRUCK IS 40.0C0

TERMINAL 2 DEMAND POINTS ROUTED ARE == 5 == 4 == 6 == 7 ==
TCTAL DISTANCE CF ROUTE IS 1330.00

CUANTITY REQUIRELC ON ROUTF IS 49.00 CAPACITY OF TRUCK IS 50.C0

TERMINAL 1 DEMAND POINTS ROUTEC ARE == 8 == G == 3 ==10 --
TCTAL DISTANCE CF ROUTE IS 1208.00
QUANTITY REGUIREC ON ROUTE IS 37.00 CAPACITY OF TRUCK IS 40.00
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FIVE TERMINAL TWENTY-FIVE
DEMAND POINT PROBLEMS
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PROBLEM ONE

DISTANCES TO TERMINALS

DEMAND QUANTITY TERMINAL  TERMINAL TERMINAL TERMINAL  TERMINAL
POINT REQUIRED b 2 3 L 5
1 18 706 656 88l 386 154
2 26 785 k68 510 750 Lot
3 38 500 293 578 618 L6l
N Lo 824 343 426 862 686
5 27 1001 785 605 T20 215
6 16 656 315 LT76 725 549
T 29 L9g 936 1526 325 805
8 30 201 338 1092 573 89l
9 32 423 296 807 409 k15
10 27 585 158 631 679 610
13 18 L84 186 648 562 508
12 38 661 764 1132 256 koo
13 22 146 391 1015 354 668
14 16 516 301 688 508 432
15 35 459 Skl 1057 137 366
16 26 : 554 451 868 3Lk6 252
17 18 821 okl 1235 L16 L93
18 =3l 205 476 1230 610 1012
19 30 350 151 889 523 662
20 28 253 288 885 353 558
21 17 309 193 929 W5k 611
22 15 176 511 1105 229 649
23 20 T1T 239 529 783 668
24 18 258 693 1289 287 783
25 25 195 697 1436 1L53 895
TRUCKS
CAPACITY NUMBER

100 3

90 L

8o 2

T0 5

60 1

50 6

ho 2

30 8

20 2

The best solution shown below was obtained with the minimum compu-

tation time using the proposed 3-decision look ahead method with IDEPTH=2.
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TERMINAL 5 DENMAND POINTS ROUTEC ARE
TCTAL DISTANCE CF ROUTE IS 1C13.00

CUANTITY RECUIREC ON RCUTE IS 71.0C

TERMINAL 2 DEMAND PCINTS ROUTELC ARE
TCTAL CISTANCE CF ROUTE IS $74.00

"QUANTITY REQUIRELC ON RCUTE IS 68.00

TERMINAL 4 DENAND POINTS RCUTEL ARE
TCTAL DISTANCE CF ROUTE IS 1260.00

CUANTITY REQUIREC ON RCOUTE IS 85.00

TERMINAL 1 DEMAND POINTS RCUTEC ARE
TCTAL CISTANCE CF ROUTE IS 551.0C

CUANTITY RECUTREE ON RCUTE IS 54.00

* % % x % % K & &

-- 1 --16

CAPACITY

-~ 6 -~ 2

CAPACITY

- 7 --11

CAPACITY

- 8 --18

CAPACITY

259

— f -

OF TRUCK IS 80.00

-~ 3 --11 -~

OF TRUCK IS 100.00

—_12 -

OF TRUCK IS 90.00

OF TRUCK IS 60.00
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TERMINAL 2 DENMAND POINTS RCUTEL ARE
TCTAL CISTANCE CF ROUTE IS 715.00

CUANTITY REQUIREC ON ROLTE 1S 87.00

TERMINAL 1 DEMAAND POI@TS RCUTEC ARE
TCTAL CISTANCE CF ROUTE IS 853.00
CUANTITY REQUIREC CN ROUTE IS B80.0C

TERMINAL 2 DENAND POINTS RCUTEC ARE

TCTAL DISTANCE CF ROUTE 1S 886.0C

CUANTITY RECUIRELC ON ROUTE IS 93.00°

¥ & % % & % & %k %

CAPACIETY

f'13 -——22

CAPACITY

-=14 == 9

CAPACITY

260

-_—23 -

OF TRUCK IS 90.00

--24 =-=25 --

OF TRUCK IS 80,00

--20 --21 --

OF TRUCK IS 100.00
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PROBLEM TWO

DISTANCES TO TERMINALS

DEMAND QUANTITY TERMINAL TERMINAL  TERMINAL TERMINAL TERMINAL
POINT REQUIRED 7 2 3 L _5
1 16 386 476 656 476 15k
2 25 862 shé 343 2Ly 686
3 36 720 Tho 785 51T 215
N 20 725 ko9 315 107 549
5 16 325 6L5 936 943 805
6 2L 573 336 338 571 89k
7 38 4o9 172 296 22k h1s
8 ko 679 354 158 154 610
9 18 N oL 1085 10k0 81k
10 26 562 23k 186 108 508
11 2% 256 514 TEY 662 koo
12 30 354 130 391 L68 668
13 15 ko5 253 Loo 590 810
1k 28 508 26k 301 113 432
15 19 137 294 shl 502 366
16 37 478 572 48 568 173
17 28 346 302 h51 290 252
18 18 416 695 okl 820 493
19 23 610 L5k L76 601 1012
20 17 523 170 151 321 662
21 29 807 591 L6l 284 697
22 20 Ly 95 193 300 611
23 2} 229 220 511 558 £ho
2k 15 783 509 239 207 668
25 2h 287 Lok 693 TLO 783
TRUCKS
CAPACITY NUMBER

100 b

90 I

80 2

70 2

60 L

50 2

L0 2

30 i

20 3

The best solution shown below was obteined with the minimum compu-

.. tation time using the proposed 3-decision look ahead method with IDEPTH=2.
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¥ % % & % %k ok K %
TERMINAL 4 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 749,00

QUANTITY REQUIRED ON ROUTE IS 82.00

TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE CF ROUTE IS 1457.00

QUANTITY REQUIRED ON ROUTE IS 96,00

TERMINAL 2 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 962.00

QUANTITY REQUIREDC ON ROUTE IS 92.00

TERMINAL 2 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE [5 595.00

QUANTITY REQUIRED ON ROUTE IS 75.00

A T I I T T

= G RSQY

CAPACITY

—— B e G

CAPACITY

-— 6 ==19

CAPACITY

-— 7 ==20

CAPACITY

266

-— 2 —-24 --

OF TRUCK IS 90.00

-~18 ==11 ==15 --

DF TRUCK IS 100.00

--13 --12 --

OF TRUCK IS 100.00

.......2 2 —

OF TRUCK 1S 80.00



¥ % & ok Kk % ¥ X

~ TERMINAL 4 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE CF RQUTE IS 502.00

QUANTITY REQUIRED ON ROUTE IS 94400

 TERMINAL 5 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE CF ROUTE IS 706,00

QUANTITY REQUIRED ON ROUTE IS 81.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 698.00

"QUANTITY REQUIREC DN ROUTE IS 48,00

TR T TG P ..T0 R

-~ 8 ==1(

CAPACITY

=16 == 1

CAPACITY

gy =25

CAPACITY

——lf -

267

OF TRUCK IS 100.09

——1T -

OF TRUCK IS 90.00

OF TRUCK

IS

50.00
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PROBLEM THREE

DISTANCES TO TERMINALS
DEMAND QUANTITY TERMINAL  TERMINAL  TERMINAL  TERMINAL. TERMINAL

POINT REQUIRED 1 : 2 3 L 5
1 18 175 152 26 88 91
2 22 1k2 2ké 248 20bL 58
3 35 131 51 164 5k 222
N 20 18 122 193 110 109
5 16 67 171 225 155 136
6 38 83 182 103 1ko 33
7 3k 76 112 115 70 98
8 24 L1 gl 227 134 157
9 26 211 251 77 187 115

10 36 157 221 63 175 52
11 15 58 162 204 13k 119
12 27 155 130 48 66 113
13 17 78 Lo 12 32 181
14 23 11k 25 170 60 220
15 36 150 115 67 54 132
16 4o 151 197 35 147 55
17 15 121 185 65 143 25
18 16 82 22 17k 64 188
19 28 53 55 151 53 156
20 32 5k 150 221 146 136
21 22 T1 12l 246 164 161
22 25 193 274 118 230 78
23 18 246 243 T1 179 150
2h 30 148 242 122 200 32
25 2L 127 231 133 168 k3
. 'TRUCKS
CAPACITY NUMBER
100 2
90 L
80 3
TO 2
60 2
50 2
Lo L
30 3
20 3

The best solution shown below was obtained with the minimum compu-

tation time using Tillman's method (IDEPTH=1).
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¥ % % £ % % & Kk X
TERMINAL 3 DEMAND POINTS ROUTED ARE
TCTAL DISTANCE CF ROUTE IS 136.00

CUANTITY REQUIRED ON ROUTE IS 81,00

TERMINAL 1 ODEMAND POINTS ROUTED ARE

TCTAL DISTANCE CF ROUTE IS 109.00

QUANTITY REQUIREC ON ROUTE IS 44,00

TERMINAL 4 DEMAND POINTS ROUTED ARE
TCTAL DISTANCE CF RDUTE IS 185.00

CUANTITY REQUIREC ON ROUTE IS 79.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS  224.00

CQUANTITY REQUIREC ON ROUTE IS 85.0QC

L * * * ¥ % W % &

-1 --12

CAPACITY

-— 4 — 8

CAPACITY

-~ 7 --19

CAPACITY

--11 == 5

CAPACITY

273

-—15 ==

OF TRUCK IS 90.00

OF TRUCK IS 50,00

—-——13 ==

OF TRUCK IS 80.030

--20 --21 --

OF TRUCK IS 90.C0



£ % % & ¥ * & K &
TERMINAL 2 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 131.00

QUANTITY REQUIREC ON ROUTE IS 74,00

TERMINAL 3 DEMAND POINTS ROUTED ARE
TOTAL UISTANCE CF ROUTE IS 207.00

QUANTITY REQUIREC ON ROUTE IS 84.00

TERMINAL 5 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 154.00

QUANTITY REQUIREL ON ROUTE IS 76.C0

TERMINAL 5 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE CF ROUTE IS 125.00
CGUANTITY REQUIREC ON ROUTE IS 76.00

* ¥ &« % X ¥ & % ok

=14 ~= 3

CAPACITY

=l = g

CAPACITY

-=17 --10

CAPACITY

—-~24 == 2

CAPACITY

-—=18 -=

OF TRUCK IS

s

OF TRUCK IS

—— P -

OF TRUCK IS

-——25 s

OF TRUCK IS

274

80,00

90.00

80.00

B0.00
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PRCBLEM FOUR

DISTNACES TQ TERMINALS

DEMAND QUANTITY TERMINAL  TERMINAL  TERMINAL TERMINAL TERMINAL
POINT REQUIRED 1 2 3 L 5
1 20 164 115 ‘ 62 83 125
2 16 182 56 232 153 268
3 38 182 101 114 98 186
L 24 133 265 153 163 L9
5 36 60 201 201 102 116
6 28 L7 137 263 143 233
i 18 08 52 1k3 LT 163
8 24 110 a3 208 88 195
0 36 91 170 12k 71 50
10 22 137 33 153 87 203
11 28 228 153 76 147 17k
12 15 137 109 236 116 223
13 30 é2 88 1Lg 30 1ho
1L 22 61 131 1Lk 32 91
15 18 39 11 164 Ly 121
16 25 178 233 64 140 53
hif 27 101 89 113 18 132
18 34 151 165 67 T2 68
19 23 154 197 Th 10k 38
20 16 137 81 95 54 152
21 18 66 202 183 103 9T
22 26 138 134 65 55 92
23 3h 65 162 142 63 69
2k Lo 81 129 238 © 118 189
25 17T 87 170 262 12 212
TRUCKS
CAPACITY NUMBER
100 2
90 2
80 L
TO 2
60 1
50 2
Lo 2
30 5
20 2

The best solution shown below was obtained with the minimum compu-

tation time using the proposed 3-decision lock shead method with IDEPTH=2.
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* . % S ¥ % * %
TERNINﬁL 3 CENAND POINTS ROUTEC ARE
TCTAL CISTANCE CF ROUTE IS 253.00

QUARKTITY REQUIREL CN ROLTE IS 86.0C

TERVMINAL 2 [CEVANC POINTS RCUTEC ARE
TCTAL CISTANCE CF ROUTE IS 287.00

CUANTITY REGQUIREC ON ROLTE IS £3.CC

TERMINAL 1 CENANC PDINTS ROUTEC ARE
TCTAL CISTANCE CF RQUTE IS 186.0C

CUANTITY REGUIRELC ON ROUTE IS €8.00

TERMINAL 4 DENMAND POINTS RCUTELC ARE
TCTAL CISTANCE CF ROUTE IS 263.00

CUANTITY REQUIREL ON ROLTE IS  S4.CC

% % k% & & %

-1 == 3

CAPACITY

-2 -

CAPACITY

-~ 5 ==21

CAPACITY

- 7 --2C

CAPACITY

280

--11 ==

OF TRUCK IS 90.00

--12 -- 8 —-

OF TRUCK IS 90.CO

=23 -

OF TRUCK IS 90.C0

--22 --18 --

CF TRUCK IS 10C.CO



0% % & % * & K %
TERMINAL & CEMAND POINTS RCUTEC ARE
TCTAL RISTANCE CF ROUTE IS 269,00

CUANTITY REQUIREL ON ROLTE IS E€4.CC

TERVMINAL 4 DENMAND PCINTS ROUTEC ARE
TCTAL CISTANCE CF ROUTE IS 115.00

CUANTITY REQUIRETL ON ROLTE IS 7C.CC

TERMINAL 1 DEMANDG PCINTS ROUTEC ARE
TCTAL DISTANCE CF ROUTE IS 209,00
QUANTITY REGUIRELC CON RCLTE IS 57.CC

¥ % & % ok d ¥ ¥ %

- 9 =1

CAPACITY

ity —-]B

CAPACITY

gy —e—gh

CAPACITY

-l -

CF TRUCK IS5

am ) bl

CF TRUCK IS

CF TRUCK I5

281

30.C0

70.C0

60.C0
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PROBLEM FIVE

DISTANCES TO TERMINALS
DEMAND QUANTITY TERMINAL  TERMINAL  TERMINAL  TERMINAL  TERMINAL

POINT REQUIRED 1 2 3 L 5
1 25 783 hoo 252 662 549
2 18 664 248 187 611 579
3 36 693 T6h L5] 151 315
I 24 Tho 662 290 321 107
5 15 948 906 533 W75 137
6 17 998 615 LsT 812 557
7 28 271 403 686 815 1050
8 23 471 828 638 252 695
9 16 573 LES 159 258 331

10 3k 756 Th8 396 251 152
11 22 513 k29 783 964 1147
12 18 641 631 204 213 112
13 30 324 556 423 250 539
1k 27 258 661 55) 350 656
15 16 287 256 346 523 725
16 24 668 552 180 323 217
17 17 it 210 209 kLo 586
18 28 T56 245 297 703 656
19 36 689 181 530 850 926
20 23 385 866 756 372 ThL8
21 22 Lol sil 302 170 Lo9
22 18 503 508 355 TO 364
23 4o 182 503 k52 350 629
24 25 911 869 kg7 368 132
25 19 186 33 698 sL8 852
TRUCKS
CAPACITY NUMBER

100 L

90 3

80 L

T0 2

60 2

50 1

Lo 2

30 1

20 2

The best solution shown below was obtained with the minimum computation

time using the proposed 3-decision look shead method with IDEPTH=6,
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x k% & £ Kk & K & &

TERMINAL 3 DEMAND POINTS RCUTEC ARE
TCTAL DISTANCE CF ROUTE IS 1126,00
QUANTITY REQUIREC ON ROUTE IS 88,00
I I I L

* & & % Kk & % &k &k

TERMINAL 4 DEMAAD POINTS ROUTED ARE

TCYAL DISTANCE CF ROUTE 15 18400

CUANTITY REQUIRELC ON ROUTE IS 92.00

* ok F ® k& kO
k % & & & & K K &
TERMINAL 5 DEMAND POINTS ROUTEC ARE

TCTAL DISTANCE CF RDUTE [S 607.00

QUANTITY REQUIREC ON ROUTE IS 10000

TERMINAL 5 DEMAND POINTS ROUTED ARE

TCTAL DISTANCE CF ROUTE 1S 379.00

QUANTITY REQUIREC ON RUUTE IS 40.00

S T B I

= g ==l

CAPACITY

CAPACITY

-4 -=16

CAPACITY

= 0 i

"CAPACITY

287

Wl

OF TRUCK IS 90.C3
wapl ~mgg s

OF TRUCK IS 100.00

] el mm

OF TRUCK IS 106.0uU

OF TRUCK IS 40.03
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& * * # ¥ & * * *

TERMINAL 1 DEMAND POINTS ROUTED ARE -- 7' --11
TCTAL DISTANGCE CF ROUTE IS  1314,00

QUANTITY REQUIREC ON ROUTE IS 69.00 CAPACITY
& % E % #7 ¥ “# *_ #m

% % % ¥ % ‘#' Tk & B
TERMINAL 4 DEMAND POINTS ROUTED ARE -- 8 -féc

TCTAL DISTANGCE CF ‘ROUTE IS

769,00

CUANTITY REQUIRED ON ROUTE IS 46400 CAPACITY

* % & X
* % & %
TERMINAL 1

TCTAL CISTANCE CF ROUTE IS

QUANTITY REQUIRELC ON ROUTE IS

* & %
£ % %
TERMINAL 2

TCTAL DISTANCE CF ROUTE IS

QUANTITY REQUIREC ON ROUTE IS

*

*

*

*

DEMAND POINTS ROUTED ARE --14 --13

DEMAND POINTS REUTED ARE =~=17 --15

*

*

X

£

*«

97.00 CAPACITY

944.00

69,00 CAPACITY

f;25i_”
OF TRUCK IS 70.00
OF TRULCK IS 50,00
e % M

OF TRUCK IS 130.0G

--19 —-

OF TRUCK IS 70.00
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FIVE TERMINAL FIFTY
DEMAND POINT PROBLEMS
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PROELEM ONE

' DISTANCES TO TERMINAL
DEMAND QUANTTITY TERMINAL,  TERMINAL ~ TERMINAL  TERMINAL  TERMINAL

POINT REQUIRED 1 2 3 L 5
1 25 1800 1385 779 709 230
2 16 1900 1401 810 366 461
3 Lo 2118 1701 1099 okt Lol
i 36 1761 1282 706 247 476
5 28 960 685 783 1266 1143
6 17 2405 1989 1456 1355 876
7 19 1958 1543 1010 909 430
8 36 he2 102 648 1107 1182
9 31 1431 1016 Log 541 293

10 2L 1772 1357 82l 723 2l
13 20 1701 1233 656 586 107
12 15 1241 784 499 S gk3
13 18 1094 697 201 608 5TL
1k 26 - 1700 1284 . T51 713 265
15 38 1539 1027 423 273 22k
16 Lo 1571 1156 585 253 154
17 27 2081 1666 1132 953 472
18 16 500 792 1261 1720 1770
19 29 : 1431 1026 T4l 561 1040
20 30 1536 1061 L84 436 108
21 32 1648 1191 661 210 662
o2 27 2207 1708 1123 673 775
23 18 1255 750 146 336 468
24 38 1640 122k 691 684 326
25 22 1456 957 4o5 137 618
26 16 716 113k 1596 1831 2186
27 35 1632 1120 516 389 113
28 26 1455 1040 580 62k 384
29 18 1239 841 457 840 705
30 2L 1670 1158 55k 209 290
31 30 1739 1282 &1 397 820
32 28 2267 1851 1319 1138 659
33 17 955 540 205 664 691
34 15 1326 - 900 350 Lo 321
35 20 2186 1770 1238 1057 578
36 18 653 818 1226 1466 1816
a7 25 851 523 595 105k 1059
38 38 1890 1482 937 758 284
39 Lo 802 1278 1846 2305 2405
4o 15 1368 856 253 294 338
I, 36 759 1270 1874 2157 2402
ite 18 871 1347 1872 2331 2356
43 28 732 1112 1583 20k2 2067
L 24 1357 869 309 383 300

b5 35 1251 752 176 283 558
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PROBLEM ONE
(CONTINUED)

DISTNACES TO TERMINALS

DEMAND QUANTITY TERMINAL  TERMINAL  TERMINAL TERMINAL TERMINAL
POINT REQUIRED 1 2 3 L 5
46 16 2313 1814 1238 779 928
LT 2 1670 1250 TLT 686 207
48 26 1191 693 258 17 TLO
L9 15 2111 1696 1048 908 ko2
50 2k 1005 507 195 529 788
TRUCKS
CAPACITY NUMBER
100 6
90 8
80 3
TO 5
60 2
50 6
Lo 2
30 8
20 3

The best solution shown below was obtained with the minimum computation

time using the proposed 3-decision look shead method with IDEPTH=2,
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*

TERMINAL 4 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE CF ROUTE IS 1666400
QUANTITY REQUIRED ON ROUTE IS 95.00
* &k % x & % * X %
¥ % % ¥ ¥ x X % X%

TERMINAL 5 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS  978.00

QUANTITY REQUIRED ON ROUTE IS 96.00

-— 2 ==22

CAPACITY

- 9 —-28

CAPACITY

-=10. -~ 7

CAPACITY

# & % & % % & £ %

* % *x ¥ %k & & % %

TERMINAL 5 DEMAND POINYS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS  1311.00
QUANTITY REQUIRED ON ROUTE 1S 98.00

& & H* F K d & ¥k

£ & % % ® %k Kk K %

TERMINAL 5 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE 1S 619,00

QUANTITY REQUIRED ON ROUTE IS 83,00

* % % % % & % % %

--11 == 1

CAPACITY

300

-—46 == 4 ==

OF TRUCK IS

10000

-=34 —=44 —-

OF TRUCK IS 100.00

- 3 =49 -
OF TRUCK IS 100,00
m—3g s

OF TRUCK IS 90.00.



% * K X * % ok £ %
TERMINAL 3 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 1016.00

QUANTITY REQUIRED ON ROUTE IS 53.00

TERMINAL 5 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS 677.00

QUANTITY REQUIRED ON ROUTE IS 88.00

TERMINAL 5 DEMAND POINTS ROUTED ARE

~=l3 ==29

CAPACITY

-=14 ——24

CAPACITY

'——16‘;420 '

TOTAL DISTANCE OF ROUTE IS 383.00

QUANTITY REQUIRED ON ROUTE IS T0.00

TERMINAL 5 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 1756.00

QUANTITY REQUIRED ON ROUTE IS 92.00

*¥ &% % % & ¥ Xx X &

CAPACITY

-=17 =-32

CAPACITY

=33 ==
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OF TRUCK IS 60,00

e

oF

oF

OF

TRUCK

6 ~=35 —=

TRUCK

IS 90.00.
IS 70.00.
IS 100.00°



® %k k& %k K %k k Kk
TERMINAL 2 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS 2150,00
QUANTITY REQUIRED ON ROUTE IS 69.00

TERMINAL 4 DEMAND POINTS ROUTED ARE

TOTAL ODISTANCE OF ROUTE IS = 603.00
QUANTITY REQUIRED ON ROUTE 1S 54.00

TERMINAL 3 DEMAND POINTS ROUTED ARE

~-18 == 5

CAPACITY

—-21 --=25

CAPACITY

-=23 =-45

TOTAL DISTANCE OF ROUTE IS  731.00

QUANTITY REQUIRED ON ROUTE IS 77.00

*® % % o X ok X Kk %

* % & & % & & & %

TERMINAL 4 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS 834,00 .

QUANTITY REQUIRED ON ROUTE IS 77.00

* 0k & * % K K & %

CAPACITY

-=30 --15

CAPACITY

=37 =

OF TRUCK IS

OF TRUCK IS

-=50 ==

OF TRUCK IS

——fp ) —-—

OF TRUCK IS

302

T0.00

60.00

80.00

80,00 .



* % &k k 0k &k &k Kk %
TERMINAL 4 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 1689.00

QUANTITY REQUIREC ON ROUTE IS 100.00

TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS 2213.00

QUANTITY REQUIRED ON RQOUTE IS 70.00.

TERMINAL 1 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS 1998.00

QUANTITY REQUIRED ON ROUTE 15 86.00

& A &k ok ok K K %

--31 --19

CAPACITY

-=36 --26

CAPACITY

-=39 —--42

CAPACITY

303

-=12 ==48 -=

OF TRUCK IS 100,00

-—g] ST

OF TRUCK IS T0.00

w3 -

OF TRUCK IS 90.00.
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PROBLEM TWO

DISTANCES TO TERMINALS

DEMAND QUANTITY TERMINAL  TERMINAL ~ TERMINAL  TERMINAI, TERMINAL
POINT REQUIRED 1 2 3 L 5

1 15 1800 1130 93k 672 105
2 28 2118 1451 1219 699 230
3 16 1781 1295 66k 154 Th2
L 38 960 207 966 1543 1309
5 Lo 24os 1739 1650 1068 598
6 25 1958 1293 1204 ST 217
7 3k 462 Ly 776 1456 142k
8 16 1431 776 693 730 L6l
9 2h 1644 1059 740 Le1 2864
10 28 1772 1107 948 686 134
11 36 1701 1123 811 5L9 191
12 18 12l 968 271 805 1232
13 3k 512 523 T 693 1ko1 1482
1h 28 1094 L87 W 8ol 805
15 18 1700 1039 945 726 285
16 38 1539 989 573 415 508
b 16 1571 glo 756 610 330
18 18 2081 121 1181 L9 197
19 25 500 699 ka7 2053 1937
20 30 1431 1210 513 814 1319
21 2k 1536 951 641 508 354
22 28 1648 1256 543 Loo 93k
23 15 2207 1695 1090 31k 865
2l 36 1255 739 32k 668 721
25 27 1116 595 258 8L0 937
26 18 1640 979 883 782 348
27 36 1456 1000 287 505 897
28 35 TL6 1558 1461 2197 2533
29 24 1632 1065 668 432 394
30 17 1534 1054 by 366 758
gk 23 1h55 701 Tie 764 550
32 21 1239 395 75 1105 871
33 22 1670 1125 634 252 559
3k 32 1739 116 689 493 1093
35 34 2267 1607 1370 855 386
36 18 955 390 385 1012 oh2
37 19 1326 739 570 662 568
28 37 21.86 1526 1289 766 305
39 16 653 1341 1091 1810 2163
4o 24 802 1356 1970 2651 2571
Ty} : 20 1368 823 LoL 558 501
Lo 4o 759 1609 1776 2523 2648
h3 26 871 1310 2038 2756 2522
Ly 15 732 1021 1749 2L67 2333

45 26 1357 T 503 611 628
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PROBLEM TWO
(CONTINUED)

DISTANCES TO TERMINALS

DEMAND QUANTITY TERMINAL  TERMINAL  TERMINAL  TERMINAL  TERMINAL
POINT REQUIRED 1 2 3 L 5
L6 34 1251 7L 182 649 811
L7 18 2313 1833 1196 LET 10Lk6
48 26 1670 1005 911 668 228
L9 23 2111 1Ls1 1205 630 2Ls
50 T 1005 584 186 895 1135
TRUCKS

CAPACITY NUMBER

100 5

90 6

80 3

70 b

60 2

50 5

ho 3

30 6

20 2

The best solution shown below was obtained with the minimum computation

time using the proposed 3-decision look shead method with IDEPTH=3,
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* % X & 0k * K ¥ %
TERMINAL 5 ODEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 212.0G

QUANTITY REQUIRED ON ROUTE IS 43.00

TERMINAL 4 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 1262.00

QUANTITY REQUIRED DN ROUTE IS 93.00

TERMINAL 2 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 1032.00

QUANTITY REQUIRELD ON ROUTE IS 59.00

TERMINAL 5 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE COF ROUTE 1S 902.00
QUANTITY REQUIREC ON ROUTE IS 87.00

% & &k & &k %k k%

-- 1 —=10

CAPACITY

-~ 3 —-34

CAPACITY

- 4 ==32

CAPACITY

-- 6 --15

CAPACITY

318

OF TRUCK IS 50.00

-=22 -=30 --

OF TRUCK IS 100.00

OF TRUCK IS 60.00

=26 ==4B ==

OF TRUCK IS 90,00



* % * * * ** % * ¥
TERMINAL 2 DEMAND PDINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 1066.00

QUANTITY REQUIRED ON ROUTE IS 68,00

TERMINAL 5 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE COF ROUTE IS 582.00

QUANTITY REQUIRED ON ROUTE IS 60.00

TERMINAL 3 DEMAND POINTS ROUTED ARE

-- 7 —-13

CAPACITY

-- 9 —-11

CAPACITY

wwlld ==20

TOTAL DISTANCE OF ROUTE IS 1248,00 -

QUANTITY REQUIRED ON ROUTE IS 84,00

TERMINAL 3 DEMAND POINTS ROUTED ARE

TOTAL DISTANCE OF ROUTE IS 1292,00
QUANTITY REQUIREC ON ROUTE IS 93.00

% & % %X & Kk % %

CAPACITY

--14 =--37

CAPACITY

319

OF TRUCK IS 7G.00

OF TRUCK IS 60.00

—F g

OF TRUCK IS 90.00

=45 —=4] -=

OF TRUCK IS 100.00
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* * * X * * * LI
TERMINAL 5 DEMAND POINTS ROUTED ARE -=-17 -- 8 =--31 --21 --
TOTAL DISTANCE OF ROUTE IS 1207.00

QUANTITY REQUIRED ON ROUTE IS 79.00 CAPACITY DOF TRUCK IS 80.00

TERMINAL 5 DEMAND POINTS ROUTED ARE =-18 -- 5 =-35 -—-
TOTAL DISTANCE OF ROUTE IS 1197.00

QUANTITY REQUIRED ON ROUTE IS 92.00 CAPACITY OF TRUCK IS 100.00

TERMINAL 1 DEMAND PODINTS ROUTED ARE --19 ==44 —-=43 --40 --
TOTAL DISTANCE OF ROUTE IS 2088.00

QUANTITY REQUIRED ON ROUTE IS 90.30 CAPACITY OF TRUCK IS 90.00

i
|

TERMINAL 4 DEMAND POINTS ROUTED ARE --23 =-=47
TOTAL DISTANCE CF ROUTE IS 979.00

QUANTITY REQUIRED ON ROUTE IS 33.00 CAPACITY OF TRUCK IS 40.00

& %k & & Kk ok &k K



& Xk k% & %k k¥ %
TERMINAL 3 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 1164.00

QUANTITY REQUIRED ON ROUTE IS 98,00

TERMINAL 4 DEMAND PQINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 968.00

QUANTITY REQUIRED ON ROUTE IS 84,00

TERMINAL 5 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE CF ROUTE IS 686,00

QUANTITY REQUIRED ON ROUTE IS 88.00

TERMINAL 1 DEMAND POINTS ROUTED ARE
TOTAL DISTANCE OF ROUTE IS 2213.00
QUANTITY REQUIRED ON ROUTE IS 91.00

£ & % ¥ %k * Kk % %

-=24 ==25

CAPACITY

-=-29 --16

CAPACITY

=38 == 2

CAPACITY

—=39 ==28

CAPACITY

321

-=36 ==50 --

OF TRUCK IS 100.00

=33 =

OF TRUCK IS 90,00

—49 ——

OF TRUCK IS 90,00

Y,

OF TRUCK IS 100.00
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This work is concerned with the development of an improved selection
criteria in the form of an extended look ahead feature which can be used
to obtain an optimal or near optimal solution to large single and multiple
terminal carrier routing problems., The carrier routing problems which
were considered in this research are those which have deterministic demands,

»
symmetrical distance matricies, and the same or different capacity delivery
vehicles.

At the present time, the only solution methods that are computationally
feasible for solving large carrier routing problems are those that are
based upon heuristic programming. One of the major criticisms of the
existing heuristic programming methods is that once two demand points are
linked on a particular route at a given stage, they are not reassigned and
will appear connected in the final solution. Thus, this procedure may lead
to a suboptimal solution, It was felt that an extended loock ahead selection
criteria which requires considering the consequences of several decisions
in sequence would provide a way around this problem,

The procedure was developed for the single terminal carrier routing
problem and then extended to solve the more general multiple terminal
carrier routing problem, A computer program was written for solving the
single or multiple terminal terminal carrier routing problem with this
method,

Several example problems were developed for both the single and
multiple terminal cases in order to evaluate the effectiveness of this

look ahead method of sclution. Relatively good success was obtained

using this procedure.



