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CHAPTER 1

Lsl Introduction

The movement of goods from the place of production to the consumer
is a major problem. Goods are moved by trucks, railroads, barges, and
planes, In 1968 1,834.3 billion tonr miles were required to move the
commercial freight of the United States. It is estimated that in 1969 this
figure was 1,900.2 billion ton miles, Of this total 21.26% was moved by
trucks, 41.04% by railroads, _15.8% by inland waterways, .17% by planes
and the remainder was moved by other means. The trucking industry played
an even bigger part in intercity freight movement accounting for 51% of the
tons of goods shipped and 33% of the ton miles.

In 1969 there were 54,196 commercia-l fleets in the United States
having ten or more vehicles., Of this number, 12,039 were common or con-
tract carriers. In 1968 37,713 million miles were traveled by 871,000
combination truck units for an average of 43,299 miles per unit {I}. |

Many problems of routing carriers may be categorized into one of the
following three types: the traveling salesman problem, the delivery problem,
or the line haul problem. The traveling salesman problem involves the
visiting of the n cities and returning to the home city. The object is to visit
each city once and return home while minimizing the miles traveled.

The delivery problem differs from the traveling salesman problem in
that a quantity is either picked up or delivered but where all the cities

cannot be served without first returning to the terminal. This is due to some



limitation such as carrier capacity. The delivery problem is a generalization
of the traveling salesman problem. The delivery problem is subdivided into
single terminal and multi-terminal problems. In the single terminal problem
all the cities are served from one términal. In the multi-terminal case, the
cities can be served from one of several terminals. The objective of the
delivery problem is to determine the routes which minimize some objective
function and which do not violate any system constraints.

The line haul problem is a somewhat different problem in that any city
may ship or receive goods from any other city, The goods are shipped as
full loads between cities. The objective is to deliver the goods and minimize
the empty backhaul miles traveled. This backhaul problem results from the
fact that certain cities tend to originate shipments and other cities tend to
receive shipments. This creates situations where carriers accumulate at a
few points.

The objectives of this study are to first develop a solution technigue
for the line haul routing problem and second to devise a carrier dispatching

routine,

1.2 The Line Haul Problem

As stated previously the line haul problem consists of routing loads to
and from n facilities. The number of trips required to move all freight may
vary from zero to a number of loads between any two cities. The problem that
arises is that the loads the cities ship and receive do not normally balance

thus causing a considerable number of empty backhauls.



If partial loads occur they may be left to accumulate to a full load for
a later period. Some simplifying assumptions are made to solve this problem.
It is assumed that the carriers are similar in performance and have equal
capacities. Thus any carrier can be assigned to any load.
The particular algorithm developed to solve the line haul problem pro-
vides the following features:
1. Obtains the best routing pattern to minimize the empty
backhaul mileage.
2. Efficiently solves large practical problems.
3. Allows the inclusion of system restrictions.
4. Includes previous routes in the present solution
computation.
5. Insures that the carriers return to their originating
cities,
6. Provides a scheme for dispatching cérriers .

1.3 Literature Survey

The line haul problem has received little attention in the literature.
The delivery problem including the special case of the traveling salesman
situation has been treated extensively in the literature.

The methods used to solve the line haul problem have been mathemat-
ical and heuristic programming (6)., A number of approaches have been
developed for solving the delivery problem. Some of the methods used are

dynamic programming (3), integer programming (2), (20), simulation (5}, (12),



branch and bound {18), (23), and heuristic programming (7), {8), f11), (14),
(1), (16), (24), ‘25), (26), (27).

The solution of the line haul problem is discussed in the C. E. I. R,
report (6). The techniques suggested were linear, integer, and heuristic
programming. An example five point problem was solved with each of the
techniques.

Linear programming was first used to solve the problem. The objec-
tive used was to minimize the distance required to deliver the freight.
Possible routes were created by a matrix generator which considered route
restrictions. There is a limitation with this approach in that all possible
routes and their sequence must be predetermined and included as a variable,
This greatly limits the size of the problem which can be solved by this
technique. Also the empty backhaul problem was not congidered. The pro-
gram established the combination of routes which best distributed the freight,
The solution was not an integer golution, and values were adjusted to the
next larger integer.

The same problem was solved using an integer programming code.
Results were integers and gave a better system than for the rounded linear
solution. Again this method is restricted to very small problems. Their
heuristic algorithm was also used to -soive the problem. It attempted to
minimize the back-tracking and to prevent freight run out at any city if
possible. No means was provided for returning carriers to their origin or

preventing carriers from concentrating at certain cities.



The routes formed compared favorably with their integer programming
solution. These approaches were not very promising in that only small size
problems could be solved and backhau‘ls were not considered.

Several methods have been developed to solve the delivery problem.
Dynamic programming was applied to the shortest route problem by Bellman
(3). This problem was similar to the traveling salesman problem.

An integer programming model of the delivery problem was developed by
Balinski and Quendt (2). The cutting plane algorithm was used to determine
the optimal solution. The method was limited to problems with few variables
and restraints due to the storage and computer time requirements.

A branch and bound approach to the traveling salesman problem was
developed by Little and associates (19). Pierce (23) proposed a modification
of Little's technique and extended the idea to a single terminal delivery
problem. Several constraints were included as delivery time, carrier capacity
and other carrier restraints.

Hayes also developed a branch and bound algorithm for the delivery
problem which is an extension of Little's wor'k. This method was only
successfully applied to problems of twenty points or less.

Application of heuristic programming to the delivery program was first
made by Dantzig and Ramser (l1). Their algorithm formed single point routes
for all demand points. These routes were then combined using the distance
saved as the criteria for establishing routes.

This approach was modified by Clarke and Wright (7) to shift



emphasis from vehicle loading to minimiza'gion of total distance. Again this
algorithm initially created a route from the terminal to each city. ’Routes were
then formed by adding points based on the Liistance saved., Large practical
problems can be solved with this technique.

Cochran (8) modified Clarke and Wright's algorithm to reassign
carriers and considered additional restrictions on the systems. This pro-
cedure was extended by Tillman and Cochran (26) to include a look ahead
feature for forming routes. Hering (16} further investigated the look ahead
procedure. It was found that the solution was improved, but e_zt a greatly
increased cost of computation time. A multi-terminal algofithrn was devel-
oped by Tillman (24). It utilizes a savings concept similar to Clark and
Wright (7).

Of all the possible methods of solution for the line haul problem
dynamic programming, linear programming, and simulation were not guitable
for solving large practical problems. Integer programming is impractical
because of the lack of efficient computer codes. Because it is possible to
solve large practical problems with heuristic techniques, the decision was

made to develop a heuristic algorithm using the idea of distance saved to

form routes.



CHAPTER 2

2.1 A Heuristic Algorithm

Of all the approaches studied,l heuristic teéhniques seem to be the
most promising for obtaining a practical solution to the line haul problem.
Heuristic programming may be described as an intuitive method for obtaining
a solution to the problem which may or may not give an optimal solution,
Such techniques are suitable for complex problems where no analytical
approaches are available.

The line haul problem is such a complex problem. Specifically the
line haul problem is one where a grqup_of cities may ship and receive com-
modities to and from each other, This implies that there is a problem of
insuring that the carriers permanently assigned to any one city return to that
city. Thus the problem is twofold: first insuring that all commodities are
delivered, and second that the carriers are returned to their home city, In
the second part it would be most efﬁcient'to return a carrier to its home city
loaded whenever possible. This is not always possible; thus, some are
returned empty. This then becomes the basic criteria for the algorithm, that
is to deliver all the commodities to their respective cities and minimize the
cosi or number of miles the carriers traveled empty and return the carriers to
their home city. Included in this problem is the maximum time a carrier may
spend on a route before returning to its home city. This period is called the
planning horizon. The development of the algorithm will be illustrated by
finding the solution to an example problem.

A distance network and the demands for a five point prbblem are



given in Figure 1 and Table 1. It is assumed that the required number of
carriers are available.

Observing the load matrix Table 1, it is evident that many possible
routes exist. This is especially true if no limits afe placed on the length or
number of links of a route. Routes could be formed by pairing the loads
going in opposite directions such as the loads from A to B, A-B, and from
B to A, B-A., In our example two loads must be moved from A to B and three
loads from B to A, The tour A-B-A or B-A-B could be formed with two loads
on each arch. Continuing with this pairing, this reduces the .number of
routes left to be scheduled. After this reduction is carried out for the ex-
ample problem, the resulting routes formed by pairing are given in Table 2
and the remaining loads to be delivered are illustrated in the load matrix,
Table 3. This completes the first step of the algorithm.

The number of loads to be routed has been reduced to less than half of
the original number. The next step is to combine these remaining loads on
routes so that the overall distance traveled is a minimu-m and the system
constraints are not violated. To accomplish this we develop a concept of
savings. Initially we assume that each load is delivered and the truck re-
turns empty. This creates an empty backhaul between these points. An ex-
ample would be the load from A to C. The route A~C-A would be formed with
the link C-A being an empty backhaul. Savings in empty backhaul miles can
be made by combining loads on routes between several points.

In the example consider the points C and A. Combining point B on the
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TABLE 1

LOADS TO BE SHIPPED AND RECEIVED

To
A B C D
From

A 0 2 1 2
B 3 0 1 0
C 0 2 0 0
D 3 0 i 0
E 0 1 1 1

10



TABLE 2

ROUTES CREATED BY PAIRING

ROUTE POINTS

A-B-A

A-D-A

B-C-B

B-E-B

C-E-C

D-E-D

NUMBER LOADS

DISTANCE

330

570

250

340

350

270

11



TABLE 3

LOADS TO BE DELIVERED AFTER PAIRING

To
A B C D
From

A 0 0 1 0
B 1 0 0 0
C 0 1 0 0
D 1 0 I 0
E 0 0 0] 0

12



TABLE 4

INITIAL ROUTES

ROUTE POINTS

A-C-A

B-A-B

C-B-C

C-E-C

D-A-D

D-C-D

D«E=L)

NUMBER POINTS

1

1

DISTANCE

580

330

250

350

570

620

270

13
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route between these points forming the tour A~-C-B-A, the savings would be
computed as follows. Note the distance traveled after the initial pairing is

ﬁ::ZDAC + ZDBA + ZDCB & ZDCE + ZDDA e ZDDC + 2DDE

where Djj is the distance between point i and point j. As a result of forming
the route A-C-B-A the distance would be
D'=Dac + Dgp + Dea + 2DcE + 2Dpa + 2Dpc + 2Dp,
The difference between the distances D and D' would be the savings
s%B = Dac + Dca * Dpa
eliminating the three empty backhauls, In some situations, only one of
these links may be loaded and the other two may be empty backhauls.

In general the savings are calculated using the formula

k

Sij =d Dkl + aD-k + Dij

J
where the link i, j is the empty backhaul. The parameterc is equal to +1
if there is a load from i to k or k to j and is equal to -1 if there is no load.
In the example note that the savings for link C-A through point B resulted
from both a's being equal to +l1. Once the points are combined on a route
the separate routes such as C-B-C and B-A-B are eliminated from fﬁrther
consideration,

In summary the heuristic algorithm for solving the line haul problem
_includes the following basic steps:

1. Pair full loads between two points whenever possible.

2. Assume the remaining loads are delivered directly, thus

creating a number of empty backhauls.
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3. Calculate the potential savings using Slfj =g Dki + “Djk + Dij

for combining links on routes.

4, Form routes which have a S!fj> 0 where the system constraints are

not violated.
Notation
The following notation is used in the subsequent discussion,
= distance between points i and j.
= loads from i to j.
= number of loads to which the savings apply.
= set of all points in the system.
= a specific route,
= maximum savings of all the current savings.
= savings for link i-j at point k.
= gingle link savings for-link i-}.
= two link savings for link i-j, through point k.

= three link savings for link i-j, through points k and h.
= backhaul loads from i to j.

= *l1, depending upon the value of Tij-
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2.3 The Algorithm

The algorithm is primarily composed of the steps stated above in the
last section. These steps will be detailed below. Four data matrices are
required. These are a load matrix, a backhaul load matrix, a matrix for

savings, and a distance matrix. Elements of these matrices are denoted

respectively by Lij' Tij’ S]-f}-, and Dij'

There is a backhaul on link ij to which the savings S]i(j apply. Pointk
is the point through which the carrier is routed to eliminate the empty back-
haul on link ij. The link savings S’;j is independent of the number of loads
hauled. The total savings is the number of loads Ls assigned to the new or
updated route times the link savings S]fj. The determination of the value of

L. is discussed in step 7 below.

s

A set of routes {R} is established. The set originally consists of
only two link routes, The following information is kept for each route: the
route points, which links have empty backhauls, and the number of loads on
the links of the route.

The steps of the algorithm are listed below.

1. Pair the loads to form two link routes for all links where

Lij and Lji are both greater than zero. Both links i-j and
j-i will be loaded on these routes. The number of loads
on the routes will be the minimum of Lij and Lji- Reduce
the number of loads Lij and Lji by the minimum of Lij

and Lj;. This will set either Lij or Ly to zero.
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Create the backhaul matrix by forming the transpose of
the modified load matrix where the elements Tij = Lji
for all i and j.
Create a set of two link routes { R} . A route j-i-j is
formed for each Tij >0. Each route R has a number of
loads corresponding to the number of backhauls Tij'
Thus each route has an empty backhaul i-j.
Calculate a set of savings where for each Tij »>0a

k _ max

savings is computed using Sij = kep (“Dki + o Djk + Dij)'

The parametera is equal to +l if T}, or Tjk > 0 but if
Tyj or Tjx <0 theng = -1.

Find the maximum savings —s—}:] of the savings matrix.
Use an arbitrary rule to break ties between savings.

If 55 <

0 go to step ll otherwise continue, Check the
value of §]1(‘J to see if it is correct. In some cases this
value can be incorrect due to the elimination of back-
haul j-k or k-i, this results from forming other routes.
This is necessary at this point so that all the savings
will not have to be recalculated each time a new route
is formed. If there is a change in value of S]-fj from
"S—]fj, this step is repeated.

The savings 'S—]fj applies to routes which include an

empty backhaul link i-j. The situation may arise where
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this savings could apply to several previously formed
routes passing through the same link i-j. If this
happens, then arbitrarily select one of the routes.
This route may have several loads.

The number of loads used in establishing a new route
is determined by Ls J= min [number of empty backhaul

loads on link ij of route R; Tpi s 0; Tjk >0]. The

"empty backhaul loads on link i-j of route R" occur as

a result of a previously formed route, T i and T

k ik

are the original backhauls after the pairing of loads.
Form a new‘ route R' where link j-j is replaced with
links i~k and k-j. This new route will have LS loads.
Note that this new route with Ly loads may not entirely
replace all of the loads of the old route., When this
occurs the old route remains with Lg less loads. In
some situations, when Ty, or Tjk <0, empty back-
hauls will be created as a result of forming the new
route. This may happen even though :Q’_}i(j >0, When
this happens, the savings for the empty link i-k or
k-j must be calculated since it is possible to create
an improved route by eliminating this backhaul.

Reduce the number of loads of the original two link

routes k-j-k and i-k-i by LS. If either of these loads
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is reduced to zerco, eliminate the route. Only the
original backhaul links are used to improve routes and
routes having three or more links are not combined,
Update the backhaul matrix by reducing elements
Tkis Tjx. and Ty by Lg.

10. As a result of the above step, the savings for link
i-j should be recalculated. If Tij # 0 recalculate
S]i(j' however if Tij = 0 set S]fj = 0. Return to step 5.

11. If no additional positive savings exist, no further
improvement can be made. The set of routes {R}
are then the solution to the problem.

The backhaul matrix is used to keep track of the loads which can be
used to improve routes, This was done because there is a direct corres-
pondence between savings and empty links, This makes it necessary to
reverse the row and column for calculating a , updating the backhaul matrix,
and reducing the unloaded two link routes. In these cases the needed infor-
mation is the actual load information,

When ties occur, a decision must be made in steps 5and 7. Itis
felt that the individual situation would best determine how these decisions
should be made. In step 5, when several equal savings were encountered,
the first one was selected, In step 7 the rule used was to choose the route
with the largest number of loads so that the largest total savings would be

accrued.,
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Information is stored concerning the magnitude of the savings, links
corresponding to the savings, and whether the links are loaded. Likewise,
information concerning the points on the rdute, route loads, and the empty
links are stored,

Sample Problem

In order to illustrate the algorithm a ten point problem is solved. The
ten point network 1is illustrated in Figure 2, The load matrix is given in
Table 5. Table 6 illustrates the distance matrix which is symetrical. No
restirictions on the system are considered and an unlimited number of carriers
are available at each point; The example is solved and each step is illus-
trated below.

Step (1) Two link routes are formed where loads may go in
both directions between two points. That is

L = 2, a route A-B-A is formed with

both links having one load. The values of LAB and

L~y are also paired forming route A-C-A with 2 loads.
Values of both Ly and L~, are reduced to 0. This
is continued for all pairs of points resulting in the
modified load matrix given in Table 7. The routes
formed are displayed in Table 8.

Step (2) The backhaul matrix is now formed by transposing the
reduced load matrix. The result is contained in Table 9.

Step (3) Create the initial two link routes. These routes are
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FIGURE 2

NETWORK FOR THE 10 POINT EXAMPLE PROBLEM
F
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TABLE 5

FREIGHT IN LOADS FOR 10 POINT EXAMPLE PROBLEM

To
A B C D E F G H I i)

kProm
A 0 1 2 2 5 2 1 2 4 S
B 2 0 4 1 2 3 5 4 6 4




TABLE 6

DISTANCE MATRIX FOR 10 POINT EXAMPLE PROBLEM

To

A|l B| c| | E| rl | HI| I ]

From '

Al o | 85| 11o|165| 80| 220] 1s5| 235 155 | 215
B || 85 0195 | 80| 150 | 135| 7o| 150 | 130 | 250
c({1to ] 195 0 | 270{ 80 | 290 160| 240 155 | 120
D (| 165 | 80 | 270 0| 190 | 55| 110| 160 | 170 { 290
E || 80 | 150 | 80 | 190 0| 20| 80| 160 | 75 | 135
F || 220 | 135 | 290 | s5 | 210 0| 130 | 105 | 190 | 310
G || 155 | 70 | 160 [110| 80 | 130 0| 80 | 60 | 180
H || 235 | 150 | 240 | 160 | 160 | 105 | 80 0 | 105 | 225
1 |/1s5 {130 | 155 {170 | 75 | 190 | 60| 105 0 | 120
7 215 | 250 | 120 | 290 135 | 310 | 180 | 225 | 120 0

23



TABLE 7

MODIFIED LOAD MATRIX FOR 10 POINT EXAMPLE PROBLEM

24

To
A B C D E P G H I J
From

A 0 0 0 0 1 0 0 0 2 2
B 1 0 1 0 0 ] 3 0 4 2
C 0 0 0 0 2 0 0 0 0 0
D 0 4 3 0 4 5 0 6 0 0
E 0 2 0 0 0 0 2 0 0 3
F 5 3 1 0 2 0 2 1 3 0
G 2 0 1 2 0 0 0 0 0 0
H 3 0 0 0 1 0 1 0 0 2
I 0 0 1 0 2 0 4 4 0 1
J 0 0 0 6 0 0 2 0 0 0
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TABLE 8

ROUTES FORMED BY PAIRING FOR 10 POINT EXAMPLE PROBLEM

ROUTE UNLOADED
NUMBER ROUTE POINTS LOADS DISTANCE LINK

1 B-A-B 1 170 0
2 C-A-C 2 220 0
3 D-A-D z 330 0
4 E-A-E 4 160 0
5 F-A-F 2 440 0
6 G-A-G 1 310 0
7 H-A-H 2 470 0
8 I-A-I 2 310 0
9 J-A-T 3 430 0
10 C-B-C 3 390 0
11 D-B-D 1 160 0
[2 P~B-E 2 300 0
13 PRt 3 270 0
14 G~B-G 2 140 0
15 H~B~-H 4 300 0
16 I-B-I 2 260 0
17 J-B-] 2 500 0
18 D-C-D 2 540 0
19 E-C-E . ! 160 0
20 F~C-F 5 580 0
21 G-C-G y/ 320 0
A H-C-H 2 480 0
23 1-C-1 3 310 0
24 I-C-J 2 240 0
25 E-D-E 2 380 0
26 F-D-F 2 110 0
27 G-D-G 2 220 0
28 H-D-H 1 320 0
29 I-D~1 5 340 0
30 J-D-J [ 580 0
31 G-E-G 2 160 0
32 H-E-H 2 320 0
33 I-E-I 1 150 0
34 G-F-G 4 260 0
35 H-F-H 2 210 0
36 1=F=1 3 380 0
37 J-F-] 2 620 0



TABLE 8, cont'd.

ROUTE UNLOADED
NUMBER ROUTE POINTS LOADS DISTANCE LINK

38 H-G-H 4 160 0

39 I-G-1 3 120 0

40 J-G-]J 5 360 0

41 I~H~1 2 210 0

42 JFH-] 4 450 0

43 J-1-7 3 240 0



TABLE 9

BACKHAUL MATRIX FOR 10 POINT EXAMPLE PROBLEM

To

From

27
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TABLE 10

10 POINT EXAMPLE PROBLEM
INITIAL TWO LINK ROUTES FROM STEP 3

ROUTE UNLOADED

NUMBER ROUTE POINTS LOADS DISTANCE LINK
44 B-A-B 1 170 A-B
45 P-A=T 5 440 A-F
46 GE-A= 2 310 A-G
47 H-A-H 3 470 A-H
48 D-B-D 4 160 B-D
49 E-B-E 2 300 B-E
50 P-B-F 3 270 B-F
51 B-C-B ] 390 C=8
52 Bt 3 540 C-D
53 FefiiF 1 580 C-F
54 =t 1 320 -G
55 el 1 310 -1
56 G- 2 220 D-G
57 J-D-] 6 580 o |
58 A-E-A 1 160 E-A
59 G-E~C 2 160 E-I3
60 D-E-D 4 380 E-D
61 Poup 2 420 E-F
62 H-E-H 1 320 E-H
63 I-E-1 2 150 E-1
64 D-F<D) 5 110 P<D
65 B-G-~B 3 140 Gi-B
66 E-G-E 2 160 B-E
67 F-G-F 2 260 G-F
68 Ee=1 1 160 G-H
69 Telgl 4 120 Gt
70 TeiGes] 2 360 Gi=]
71 D-H-D 6 320 H-D
72 F-H-F 1 210 H-F
73 I-H-I 4 210 H-I
74 A-I-A 2 310 I-A
75 B-1-B 4 260 1-B
76 P-I-F 3 380 I-F
77 A-J-A 2 430 T-A
78 B-J-B 2 500 T~B
79 Bej-B 3 270 J-E
80 H-]-H 2 450 J-H
81 LTl 1 240 J-1



Step (4)
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given in Table 10,

Savings are now calculated for each backhaul link.
For example the savings for eliminating the backhaul
from A to B through point C would be SSB = 0 DCA +

) = -1 (110) -1 (195) + 85 = -220, The

BC * Pag
parameter o is = -1 in both cases since there is no
backhaul from A to C or C to B. The maximum savings
would be found by calculating the savings through all
points D, E, F, G, H, I, and J and picking the maximum

one. These computations are as follows:

D + D

D
SAB: QDDA'F o BD A

o = -1(165) +1(80) + 85 = 0
Shp= aDpy + oDy + Dyp = +1(80) + 1(150) + 85 = 315

Shp = &Dpy + aDpp + Dy = -1(220) + 1(135) + 85 = 0

SEB = 8D., +®Dpg + Dyp=-1(155) -1(70) + 85 = -140
H
= + + = - - = -
Sap = oDy, ta Dy DAB 1(235)_ 1(150) + 85 = -300
I _ = = =
Sap= 9Dyt @Dp + Dyp +1(155) -1(130) + 85 = 110

shp = @Dy, + @D+ Dy = 41(215) -L250) + 85 = 50,
The savings through point E results in the maximum savings.
This process is continued for all backhauls and the savings
are entered in the savings matrix which appears as Table 1l.
In each cell of the table, the point through which the savings
are generated is in the upper left corner and the savings

is in the lower portion of the cell.



Step (5)

Step (6)

Step (7)

Step (8)

Step (9)

Step (10)

30

The maximum savings is 675, This savings cccurs for
SP[I)I, SII—ID' and S%. Since S%I is first, it is selected.
A check on S]EI is made and the same value is obtained,
thus §%I= 675.

Route number 57 in Table 10 is the only route with an
empty backhaul on link D-J, thus it is selected.
Let LS = minimum (route loads on R57, THD’ T]'H) =
6, 2) =2,

Form a new route R', numbered 82, It has the points
J-D-H-]J, with.2 loads, and all other links loaded.

The number of loads on route 57, J-D-J, is decreased to 4.
THD' T]H' and TDI of the backhaul matrix Table 9 are
updated. THD=6"2=4' T]_H=2 -2=0, TDI=6-2=4.
The loads on the two link routes H-D-H and J-H-J are
reduced by LS = 2, These routes are numbered 71 and 80
and are equal to 4 and 0 loads after the reduction. Route

80 is eliminated from further consideration.

Calculate Sk since T .= 4, thus the new link savings

DY DJ
which passes through point B is S%I= 620. Return to

Step 5 and continue.

This completes the first iteration of the technique. Two additional

iterations are carried out in a similar detailed manner to illustrate how the

procedure works.



TABLE 11

INITIAL SAVINGS MATRIX FOR 10 POINT EXAMPLE PROBLEM

To
A B C D E F G H I J
From
E I ] I
A 0 315 0 0 0 185 550 4951} 0 0
) C D
B 0 0 0 620} 4251 110 0 0 0 0
E I E E A
C 0 425 |1 0 4401 0 160 320f 0 200 0
E H
D ] 0 0 0 0 0 380f O 0 675
B B T B I B
E 315 0 425 | 615 0 225] 0 190 355 | 0
G
F 0 0 0 285 0 0 0 0 0 Q0
D D D D A A |
G ] 260 {0 1] 380 | 295 O 350 { 370 | 550
J A A
H 0 0 0 675} 0 120 0 0 495 | 0
H E H
1 495 | 355 |0 0 0 190 0 0 0 0
G D D D D
T 550 | 620 | O 0 615 0 0 675 | 240 | O

31



Step (5) A new maximum savings is picked. The maximum value
picked is S%iD = 675 but rechecking gives an actual

value of SgD = 350. The next highest savings is S% = GJE

again recalculating gives a value of S]fI—I = 0. The next
highest savings is —S_%D = 620. It is recalculated and is
determined to be correct, consequently it is selected.

Step (6) Route number 48 is the only route with an empty backhaul
on the link B-D,

Step (7) Lg = min (loads on link BD of Ryge Ty TDI) =4, 2, 4 = 2.

Step (8) A new route R' numbered 83 is created with 2 loads and
traverses the points D-B-J-D, with no backhaul links.
Loads on the old route R48 are reduced from 4 to 2.

Step (9) Loads on routes 78 and 57 are reduced to 0 and 2 respectively.

Route 78 is eliminated. T.,=2-2=0, T

4 -2=12,
JB

D]~
andTBD=4 -2=72,

. k . G _

Step (10) Recalculation of Spp gives Sgp = 260, Return to Step 5
and continue since other S}fj > 0.

This completes the second iteration,

Step (5} The maximum savings found are S%I = 620 and S]% = 620.
Rechecking these values indicates that SED]: 615 and
sk = 0. The next highest savi sE;=skp=88;=

B=Y. e nex ghestl savings are D] = ‘ D DT

615, S%I was checked and selected.

Step (6) The only route with an empty backhaul on link DJ is 57, J-D-7J,
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Step (7) L., =min (loads on R T = (2,4, 83)=2,

S
Step (8) Route 57 is updated by adding point E. The route is now

57' "ED’ TIE)

J-D-E-J with 2 loads and all links are loaded.

Step (9) The following quantities are computed TED =4-2=2,
T == — = — — -4
JE 3-2=1, and TDI 2 -2=0. The loads on
routes 60 and 79 are reduced by LS =2to2and!l
respectively.
_ k . -
Step (10) TDI = 0 so Spyis set = 0. Return to Step 5.

Three iterations have been completed., Nineteen more iterations are
required and are summarized in Table 15. The resulting savings and back-
haul matrices after three iterations are presented in Tables 12'and 13. Routes
which were changed and their present form are given in Table 14,

The final routes are listed in Table 16. A total of 89 different tours
were created; however, 17 initial tours were eliminated through the modifi-
cation of routes. These routes had a total distance of 53,430 miles required,
of this distance 4,980 miles were traveled empty, 48,450 were traveled

loaded.



SAVINGS MATRIX AFTER THREE ITERATIONS FOR 10 POINT EXAMPLE PROBLEM

TABLE 12

Tq] A R e | o [E F G |[H 1 i
rom
E I ] I
A 0 315 | 0 0 0 185 | 550 | 495 | 0 0
G |¢ |D
B 0 0 0 260| 425 (110 | 0 | o 0 0
E ] E E A
c|l o 425] 0 440 | 0 160 | 320 | 0 200 | 0
E
DIl o 0 0 0 0 0 380 | 0 0 0
B B ) B I B
E|l35 | 0 425( 615 | 0 225| 0 190 | 355 | 0
G
F 0 0 0 295 0 0 0 0 0 0
D D (D D |A |A
G|l o 260 0 0 380 | 295 0 350 | 370 | 550
G A A
Hi 0 0 0 350 | 0 120 | 0 0 495 | 0
H E H
1 || 495 | 355| 0 0 0 190 | 0 0 0 0
G D D
T (| 550 | o 0 0 615 | 0O 0 0 240 | 0

34



35

TABLE 13

BACKHAUL MATRIX AFTER THREE ITERATIONS FOR 10 POINT EXAMPLE PROBLEM

To
A B C D E F G H I I

From
All 0 1 0 0 0 5 2 3 0 0
Bil 0 0 0 2 2 3 0 0 0 0
cil 0 1 0 3 0 : 1 0 1 0
Di| O 0 0 0 0 0 2 0 0 0
E}f 1 0 2 2 0 2 0 1 2 0
Fi O 0 0 5 0 0 0 0 0 0
Gy 0 3 0 0 & 2 0 1 4 2
HY| O 0 0 4 0 1 0 0 4 0
I 2 4 0 0 0 3 0 0 0 0
T 2 0 0 0 L 0 0 0 | 0
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TABLE 14

ROUTES CHANGED DURING ITERATIONS 1-3
10 POINT EXAMPLE PROBLEM

ROUTE | UNLOADED
NUMBER ROUTE POINTS LOADS DISTANCE LINK

48 D-B-D 2 160 B-D

57 J-D-E-J 2 615 0

60 D-E-D 2 380 E-D

71 D-H-D 4 320 H-D

78 ELIMINATED

79 E-J-E 1 270 J-E

80 ELIMINATED

82 J-D-H-J 2 ' 675 0

83 B-Be-jel) /) 620 0
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10
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TABLE 15

10 POINT EXAMPLE PROBLEM ITERATIONS 4 THROUGH 22

ACTION

—kl
Let 5ij be the maximum savings,

G
ED = 380,

gij S%;D = 615, checking gives S}ED =8

ok
Sij = S]I:J = 615, checking gives SIE = S?E = 235,

-§i{1 = S£G = 550, checking gives the same value.

R = route 46.

LS =min 2, 2, 2) = 2.

Rg6 changed to G-A-J-G with 2 load and no backhauls.
TIA=2—2=0, TGI=2—2=0, TAG=2—2=D; loads
on routes 77 and 70 are reduced by 2 resulting in both

being reduced to 0 and eliminated.

T =0 S£G= 0, go to Step 5.

AG
Sk = Sé] = 550, checking gives SGI— G = 240,
gjj = S% = 550, checking gives SIA = SH = 225,

= 1
S]i{j = Spg = 495, same values on recalculation, Lg = 2.

shy = 495 » 0.
R = route 47.

LS= min {3, 2; 4) =

Create route R84 with points H-A-I-H, loads on Rg4 are

equal to 2 with no empty backhaul links, reduce lbads



TABLE 15 (CONTINUED)

STEP ACTION
8 on R,. from 3 to 1,
9 TIA=2-2=U,THI=4-2x2,TAH=3-2=1,reduce

loads on R 74 from 2 to 0 and R?,3 from 4 to 2, eliminate R74'

10 SRy = Sy = 230 as Typ = 1. g0 to Step 5.

ok _ cA
5 s]:] SHI = 495, checking gives S}IEII = SI—II = =0,

‘giij = SIA = 495, checking gives S%A =0,

1] = SI = 440, checkiﬁg gives S}é = S%D 220,
§11 = SgE = 425, checking gives the same value.
6 R = route 49.
7 Lg = min (2,1, 2)=1.
8 Create route 85 with points E-B-C-E, the number of

loads on R85 is 1, all links ére loaded, reduce the
loads on R49 to 1.

g TCB:I—le’ TEC=2"1:1’TBE=2_1:21'loads

on RSl and ng are reduced by Lg to 0 and 1, R51 is

eliminated.
k  _ql
10 SBE = Spg = 355, return to Step 5.
S B s SE =425, checking gives S]éB =0
1J CB [ ]
—k
8ij = SEC = 425, checking gives Sgc = 320.
B-k = S%G = 380, checking gives the same value.

1
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10

10
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TABLE 15 (CONTINUED)

ACTION
R = route 56.
LS= min @, 2, 2)= 2.

R56 is modified to have points G-D-E-G, two loads

and no empty backhaul links.

Tom=2-2=0

D = 2-2=0,T

2-2=0,

+ Tgp = DG

both RGO and R66 are eliminated since the number of

loads are reduced to 0.
k
Spg =0 as TDG = 0, go to Step 5.

55 =sl = - kK -
Sij = SED = 380, checking gives SED = 0,

g}fj = SEE = 380, checking gives S}éE = By
gk _

glkj = S%E = 355, checking gives same value,

s&; = 370, checking gives S&; = sBr = 60,

R = route 49.

LS =min (1, 4, 2) =1,

R,g is updated to have points E-B-I-E, one load and
all links loaded.

T.n=4~-1=3, T 2-1=1,T l1-1=0 load

1B EI = BE ~

on R?S are reduced from 4 to 3 and loads on R63 from

2tol.,

TBE =0 so SIEE = (0, return to Step 5.



TABLE 15 (CONTINUED)

STEP ACTION
B ; k T
b gj = Spr = 355, checking gives S5 =S =185,
ij El g FI - 5
g k
Si:‘j = SFB = 355, checking gives SiB = 3% =120,

Sk = SEH = 350,. checking gives S]é-H SGDH =130,

: k :\
'gli<] = S%D = 350, checking gives SHD = Sgp = 230,

E;*k = 8§ = 320, checking gives 8§ = S(I:G =220,

=k
SlJ = Sgc = 320, checking gives SEG =gD

EC = 160,

5%, = SgE = 320, checking gives S§g = 0,
5K = skp = 315, checki ives Sp = SE, =15

ij = PAB ' ng gi N Ap = 15,
Sij = SEA = 315, checking gives S]EA = SEA: 90,
Sk SFD = 295, checking gives S%D = S?D = 110,
§]i<j = SgF = 295, checking gives S}éP = SgF = 75,

'S"}fj = S(E',;D = 260, checking gives SED - S(B;D = 40,

§]1<3 = SIED = 240, checking gives S]E‘.D =0,

§]:] = SEE = 240, checking gives SéE = Dy

Sij = SIE = 235, checking gives S]I(E = S(IjE = 95,

Sij = S.EH = 230, checking gives the same value,
6 R = route 47,

7 L.=min (1, 4, -) =1,

s

8 R47 is incremented by point D to H-A-D-H with one load

and link AD empty. It is necessary to calculate S}iD



10

10

TABLE 15 (CONTINUED)

ACTION

which is Syp = 55.

THD=4-1—3 TDA 0—1-—1 TAH=1—1=0,
loads on R

7] are reduced to 3, the two link route

having backhaul link DA has been previously eliminated.

SEH =0, go to Step 5.

's']fJ = S%D = 230, checking gives S]I<{D = SHD 130,

k = SEF = 225, checking gives S}].EiF = SEP =735,
§:}i.<j = SIA = 225, checking gives SIA =0,
S5 = 88p = 220, checking gives 8K = S&p = 160,
—E‘?]fj = S%I = 200, checking gives S]éI = S%I =160,

S]i<j = SJ}';::H =190, this is the value calculated on checking,

R = route 62.

Lg = min 1, -, 2)=1.

R62 is updated to include points H~E-I-H, one load
and empty link FI, S]EE.I is calculated S]EI = S]EI =185,
T..=0-1=-1,T  =2-1=1],T_..=1-1=0,

IE * THI EH

loads on R75 are reduced from 2 to 1.

k

Sgg =0 as TEH = 0 go to Step 5.

§k L. = 190, ehocking pives fow =1,
= Spy checking gives Spy =

_S—!;j = SI_{I =190, checking gives the same value.

41
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10

10
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TABLE 15 (CONTINUED)

ACTION

R = route 73.

Lg =min (1, -, 2) =1,

R73 is updated to have points I-H-F-I, one load, and
unloaded link H-F, calculate S}IEIP =0,

Tory=0-1=-1, T

FH =1-1=0,

F=3—1=2,T

I HI

R, now has 2 loads.
S%—II = 0, go to Step 5.

E—ij = STI:II =190, checking gives S]fil = Sgl =125,

i) H k ~
S];j = S1p = 190, checking gives SIF = S?F = 120,

§}i<}. = S;IE\F = 185, checking gives SEF = SEF = 110,

E’fj = SED =160, checking gives the same value.

R = route 52,
LS =min (3,1, =) = 1.
Rgg is created with points D-C~-E-D, loads =1,
k
and link E-D unloaded, calculation of SEp gives 0,

loadsonR52:3—1:2.

T . =1-1=0, T

EC =0-1=-1, T =3-1=2,

DE CD
route 59 is eliminated as the loads are reduced to 0.

S]éD = 0, go to Step 5.

Due to the many recalculation of savings and the space



10

10

TABLE 15 (CONTINUED)

ACTION
required, only the final maximum savings, the one

used, will be noted,

<k
55j = S8y = 130.

R = route 68,
Lg = min (1,-:3) =1,

Rgg is updated to H-G-D-H, | load, empty link G-H,

sty is caloylated 3o be 85 =1,

o =0-1=-1,T

DG 3-1=2,T =1-1=0,

HD ~ GH

load of R72 are reduced to 2,

S]éH =0as T = 0, return to Step 5.

GH
§}i<j =88, = 120.
R = route 69,
Lg =min (4, -, 3) = 3.
Create R87 with points I-G-B-I, loads = 3, and
unloaded link G-B, calculate S]éB = S(%B =40, reduce

load of R., by 3 to 1.

69
-0 - 2 =_ =9 =3 = =4 -3=1,

TBG 0-3 3, TIB 3-3=0, TGI

R75 is eliminated due to a reduction to 0 loads.

sk = gk =120 |

GI=5¢1 = , go to Step 5.

wk _ oF
Sij - SGI = 120-

43
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TABLE 15 (CONTINUED)

ACTION

R = route 49,

LS =min {1, 2, =) =1.

Update R69 to have points I-G-F-I, loads =1,
; k _<D _

unloaded link G-F, calculate SGF = SGP =175,

T =2—1ﬂ1’

- =0-1=-l

=1-1=0,

Tra e

R76‘s loads are reduced to 1.

S]éI = (0, go to Step 5.

'Sli{j = SEF =120,

R = route 435.

Lg = min (5, -, 5) = 5.

Point D is added to R45 so F-A-D-F, loads =5,

and link A-D is unloaded., Calculate SJED = SED = §5,

T =0-5=-5,T =5-5=0,

DA FD

loads on R64 are reduced from 5 to 0 so the route is

=5-5=0, TAP
eliminated.
k_ _
SAF = 0, go to Step 5.
k _ _
-S_ij = SI}I = 90,
R = route 63.

Lg = min 1,1, -)=1.

R63 is adjusted to have points I-E-J~I, load =1, and



STEP

10

10

TABLE 15 (CONTINUED)

ACTION

J-I is an empty link. Calculate S]]{.I which equals 0.

=]1-1=0, TII

eliminate R79 as the loads are reduced to 0,

T]E =0-1=-1, Tgp;=1-1=0,

S]f;I = (0, go to Step 5.

i ¢
Sy = Spp =75.
R = route 50,

LS=min (3, 3, "‘) = 3:

Rgq is changed to have points F-B-G-F, an unloaded

link G-F and 3 loads. Calculate S]C(;P =0,
Tgp=3-3=0, TFG=0—3=—3, TBF=3—3=0,
Rgs is eliminated as its loads are reduced to 0.
S]l;I-‘ = (), return to Step 5.

55 = Skp = 55.

R= routé 45,

Lg =min (5, 1, =) = 1.

Create Rgg with points F-A-E-D-F, l load and E-D
as an unloaded link. Calculate S}ED = (0 and redﬁce
the loads of R45 to 4.,

=0-1=-1, T

T..=1-1=0,T =0-~-1=-1,

DE AD

R58 is eliminated as the number of loads is 0.

45
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10

10

10

TABLE 15 (CONTINUED)

ACTION
k
SAD = 0, go to Step 5.
FSTJ = SEI = 55.
R = route 55.
LS = min (l-, = ]-) = 1:
R55 is changed to have points I-C-F-I, unloaded
link C-F and 1 locad. Calculate SiéP

lpgm =L, TpSL=150 Tpp=l-1=G

route R76 is eliminated.

k
Sgr =0 as TCI = 0, Ret_prn to1Step 5.
"k
S - oD
SGB—40

R = route 87.

Ls=min (3, -, 2) =2,

Establish R89 with points I-G-D-B-I, loads = 2,
empty link G-D.. Calculate S&p = 0 and reduce

Ro-'s loads to 1,

87

=0-2=-2,T

Tpg BD GB

eliminate R48'
SléB = 383 = 35, go to Step 5.

5k
ij= SGB = 35,

R = route 87.

=2=-2=0,T~,=0-2=-2,

46
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TABLE 15 (CONTINUED)

ACTION

LSmmin ,1, =)=1. |
Update Rg- to I-G-C-B-I, loads =1, C-B unloaded
link and calculate S]éB = (.

T =1-1=0,T -1=-1, T

Igp=-2-2=-3,

CG pg =0

eliminate R54 as no loads now exist on the route.
k

Sgp = 0. go to Step 5.

_S-ij = SIEA = 0 for all i and j, so go to Step 11,

The list of routes are the solution routes. This list is

given as Table 16,
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TABLE 16

10 POINT EXAMPLE PROBLEM
FINAL ROUTES

ROUTE UNLOADED
NUMBER ROUTE POINTS LOADS DISTANCE LINK
1 B-A-B 1 170 0
2 C-A-C 2 220 0
3 D-A-D 2 330 0
4 E-A-E 4 160 0
5 F-A-F 2 440 0
6 G-2-5 1 310 0
7 H-A-H 2 - 470 0
8 I-A-1 2 310 0
9 J-A~T 3 430 0
10 G-B-C 3 390 0
11 D-B-D 1 160 0
12 E-B-E 2 300 0
13 el 3 270 0
14 G=B~G 2 140 0
15 H-B-H 4 300 0
16 I-B-I 2 260. 0
17 fufi-7 2 500 0
18 B~ 2 540 0
19 E-C-E 1 160 0
20 Pel=f 5 580 0
21 G0~ 2 320 0
22 H-C-H 2 480 0
23 [<G-1 3 310 0
24 g 2 240 0
25 E-D-E 2 380 0
26 F-D-F 2 110 0
27 E=D=C 2 220 0
28 H-D-H 1 320 0
29 I-D-I 5 340 0
30 Ji=] 1 580 0
31 G-E-G 2 160 0
32 H-E-H 2 320 0
33 I-E-I 1 150 0
34 G=F- 4 260 0
35 H-F-H 2 210 0
36 I-P-1 3 380 0
37 JET 2 620 0
38 H-G-H 4 160 0
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TABLE 16

10 POINT EXAMPLE PROELEM
FINAL ROUTES (CONTINUED)

ROUTE UNLOADED
NUMBER ROUTE POINTS LOADS DISTANCE LINK
39 I-G-1 3 120 0
40 J-G-J 5 360 0
41 1-H-1 2 210 0
42 J-H-J 4 450 0
43 J-1-7 3 240 0
44 B-A-B 1 170 A-B
45 F-A-D-F 4 440 A-D
46 G-A-T-G 2 550 0
47 H-A-D-H 1 560 A-D
49 E~-B-I-E 1 355 0
50 F-B-G-F 3 335 G-F
52 D-C-D 2 540 C-D
53 F-C-F 1 580 C-F
55 1-C-F-I 1 635 C-F
56 G-D-E-G ) 380 0
57 J-D-E-J 2 615 0
61 F-E-F 2 420 E-F
62 H-E-I-H 1 340 E-I
63 I-E-J-1 1 330 -1
67 F-G-F 2 260 G-F
68 H-G-D-H 1 350 G-D
69 1-G-F-1 1 380 G-F
71 D-H-D 2 320 H-D
72 F-H-F 1 210 H-F
73 I-H-F-I 1 400 H-F
81 I-J-1 1 240 J-1
82 J-D-H-] 2 675 0
83 D-B-J-D 2 620 0
84 H-A-1-H 2 495 0
85 E~-B-C-E 1 425 0
86 D-C-E-D 1 540 E-D
87 J-G-C-B-J 1 545 C-B
88 F-A-E-D-F 1 545 E-D
89 ~ J-G-D-B-J 2 380 G-D
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2.4 Variations on the Initial Algorithm

Two modifications were made té the initial algorithm in hopes of im-
proving the solutions. The rules for choosing between ties of equal savings
and for selecting the route to update -when several are possible were not
changed. It was félt that these rules were specific to the situation and can
be adapted to fit management's decisions.

The first variation was to eliminate step one of the algorithm resulting
in not pairing the loads. This required computing a one link as well as the
two link savings. The one link savings was determined by combining routes
i-j-i, where j-i was unloaded, with routes j-i-j where again i-j was unloaded.
This savings formed a route i-j-i or j—i-j where both links were loaded. Thus
for each Tij > 0 two savings can now be calculated, the first is a-one link
savings Sijl = 8 Dy where & = + if Tji > 0and a« = -1 if Tji < 0 and the

J -

second is a two link savings S]sz = ?g; [o Dki +aD,

ik + Dij] which is the

same as before,
A second variation was to add a three link savings which resulted from
adding two points or three new links to a route, This three link savings was

determined by calculating the savings for all combinations of two points be-

tween i and j and selecting the maximum amount as the savings Sikj%, The

three link saving was computed as follows: 811?3 = ?ﬁ; p [ 'Dki + th +
D i d =5 i = =] i
a Dy + DIJ] where o + if Tki >Qoro 1 if Tki <0,

It would be possible to try many variations by trying any combination of

one, two, or three link savings. Preliminary studies indicated that the
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initial pairing with two link savings, the one and two link savings, and the

one, two, and three link savings were the best combinations, Variations to

the algorithm were developed for the latter two combinations. These two

algorithms follow. Notation is the same as that in section 2.3

One and Two Link Savings Algorithm

The steps of this variation to the original algorithm are listed below:

ks

Create the backhaul matrix by forming the transpose -

of the load matrix where the elements Tij = Lji for

all i and j.
Create a set of two link routes {R} . A route j-i-j
is formed for each Tij > 0, Each route R has a number

of loads corresponding to the number of backhauls Tij'

As a consequence each route has an empty backhaul i-j.
The savings are now calculated. Two savings are
computed for each Tij > 0. These are the one link

savings S,

31 = uDji' where. ¢ = +l or -1 if Tji > Oor

Tji < 0 respectively and the two link savings S‘]-“ =

ij
?eag [a Dy + uDjk + Dij] where ¢ = +] or -1 if Ty
or Tjx are >0 or < 0 respectively,

Find the maximum savings E'ij of both the one and
two link savings. Use an arbitrary rule to break ties

between savings. If all Sij < 0 go to Step 10, otherwise
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continue, Check the value of gij to see if it is
correct, As stated before this value may be in-
correct due to the elimination of previous back-
hauls as a result of forming new routes. The reason
this is done at this point is to eliminate the neces-
sity of recalculating all the savings each time a
new route is formed. If there is a correction in

the value of gij this step is repeated,

The savings §ij dnly applies to routes which have
an empty backhaul on link i-j. If gij is a one link
saving, the two link route j-i-j is found, If this
two link route has been eliminated or expanded,

set Sijl = 0 and return to Step 4. In the case where

Sij is a two link savings, this savings applies to

all routes having an empty backhaul on link i-j.

This savings may apply to several rbutes. 1f this
happens, arbitrarily select one of the routes. In
either the one or the two link sa.vings situations,

the route picked may have several loads.

The number of loads used in establishing a new route
is determined by L, = min [number of empty backhaul

loads on link ij of route R; T,; >0; T, >0] for the

jk

two link case and Lg = Tij for the one link case. The



53

"empty backhaul loads on link i-j of route R"
occur as a result of a previously formed route.
Form a new route R'., For the one link savings
case, R' will conlsist of links j-i and i-j, both
with Ly loads, If §ij is a two link savings, R
will have link i~j replaced by links i~k and k-j.
This route will also have Lg loads. In both cases,
the new route with L loads may not replace all of
the loads of the old route, When this occurs the
old route remains with Lg less loads. When using
two link savings if Ty, or Tjk £ 0, empty backhauls
will be created as a result of forming the new route.
When this happens, the savings for the empty

link i-k or k-j must be calculated since it is pos-
sible to improve the route by eliminating the back-~
haul.

Reduce the number of loads of the initial two link
routes i-k-i and k-j-k by Lg if §; is a two link
savings, For the oﬁe link savings the loads of
two link route i-j-i are reduced by Lg. If the loads
on the initial two link routes are reduced to zero,
eliminate the route. Update the backhaul matrix

by reducing elements T4, Tjk' and Tij by Ls foxl‘
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This algorithm has been used in the experimentation in section 2,5.

the two link savings but reduce only elements
Tij and Tji by Lg if the linking results from a one
link savings.

As a result of the above steps, the savings for

link i-j should be recomputed. If Tij # 0 check
both Sijl and S];j?,* however if Tij = 0 set both

Sij, and S]sz = 0. Return to Step 4.
If no more one or two link savings are positive,

no further improvements can be made. The set

of {R} are then the solution to the problem.

It is referred to as the one and two link savings algorithm,

One, Two,

and Three Link Savings Algorithm

The listing below is the procedure for this extention of the original

algorithm.

L.

Create the backhaul matrix by forming the transpose
of the load matrix where the elements Tij = Lji for
all i and j.

Create a set of two link routes {R} . A route

j—-i-j is formed for each Tij > 0. Each Rhas a
number of loads corresponding to the number of

backhauls TU' As a consequence, each route

54
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has an empty backhaul i-j.
The savings are now calculated. Three savings
are calculated for each Tij >0, These are the one

link savings Sijl = “Dji whereo = 4l if Tji >0 or

kep

-11f Tj; < 0, the two link savings §j; + M3 [apD  +

uDjk + Dij] where o = +l or -1 if T}y or Tjk are >0
or 20 respectively, and the three link savings

skh
%1j3 = K,hep [ Pkt * 0Dy + oDy + Dyl where

a =+ or -l if Ty, T or Tjh are> 0 or <0,
Find the maximum savings Sj; of all three savings
matrices. Use an arbitrary rule to break ties
between savings. If -S_ij 20 go to Step 10, otherwise
continue, Check the value of gij to see if it is
correct, As stated before this value may be in-
correct due to the elimination of previous backhauls
as a result of forming new routes. Again the reason
this is done at this point_ is to eliminate the necessity
of recalculating all savings each time a new route
is formed, If there is a correction in the value of
gij, this step is repeated.
The savings -gij only applies to routes which include

an empty backhaul link i-j., If gij is a one link
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savings, the two link route j-i-j is found. If

this two link route has been eliminated or ex-
panded, set Sijl = 0 and return to Step 4. In the
cases of two and three link savings, these savings
apply to all routes having an empty backhaul on
link i-j, In some situations this savings may
apply to several routes, If this happens arbitrarily
select one of the routes. Note that the route may
have several loads.

The number of loads used in establishing a new
route depends upon which savings is selected as

the maximum. For the one link savings, the loads

Ls = Tij' Ldads for the new route R' in the case of
the two .link savings is LS = min [number of empty
backhaul loads on link i-j of route R; Tki > 0;

Tij > 0; Tjh >0]. The "empty backhaul loads on

link i-j of route R' occur as a result of a previously

formed route. Tij’ Ty Tjk' T+ and Tjh"are the

initial backhaul loads.
Form a new route R'. For one link savings, R'

will consist of links j-i and i~j, both with Ls loads.

If §ij is a two link savings R' will have link i-j

replaced by links i-k and k-j. R'in the case of
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a three link savings will have link i-j replaced

by links i-k, k-h, and h-j. Both of these latter
cases will have LS loads. In all three situations
the new routes with LS loads may not replace all

of the loads of the old route. When this occurs
the old route remains with L less loads. When
using two or three link saving, whenever Tki'

Tiks Tpg, or Tjh <0, empty backhauls will be
created as a result of forming the new route,

When this happens the saving for the empty link
must be calculated since it is possible to improve
the route by eliminating the newly created backhaul,
In the cases of two or three link saving,' reduce the
number of loads of the original two link routes
i-k-i and k-j-k for two link savings and i-k-i,
k-h-k, and h-j-h for three link savings by Ly For
the one link savings the loads on the two link route
i-j-i are reduced by LS . If any of the loads on two
link routes created in Step 2 are reduced to zero,
the route is eliminated from further consideration.

Update the backhaul matrix by reducing elements

Tij and Tji by Ly for the one link saving, reducing

_elements Tki' Tjk’ and Tij by Lg for the two link
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savings and reducing elements T}, Thk' Tjh’ and

Tij by Lg for three link savings.

9. As a result of the above steps, the savings for
link i-j should be recomputed. If Tij # 0 check
Sijl' S]sz, and S}iqj}}i" However if Tij = 0 set all
three savings to zero,

10, If no more of the one, two, or three link savings
are greater than zero, no further improvement can
be made. The set of {R} are then the solution to
the next problem,

The above two algorithms along with the original algorithm were used

to solve a set of example problems and the results were cémpared. The ex-

periment and the results are presented in the next section,



59

2.5 Experimentation

A comparison of the three methods was made. A computer program was
developed which would perform any combination of the savings techniques.,
This program is presented in the Appendix in Section B.

Two sets of problems were used. One consisted of 40 ten point prob-
lems. The other consisted of 20 problems with 25 points each., The first set
was solved using all three rtechniques . The second problem set was solved
using only the pairing with two link savings method and the one ag'ld two link
savings method. Two attempts were made to solve a 25 point problem using
the one, two, and three link savings method but both were terminated after
one hour of running time.

The results were evaluated on three criteria; total system distance,
execution time, and number of tours formed., No other techniques were avail-
able for a direct comparison. The results of the experiments apﬁear as
Tables 17 and 18,

In general the initial pairing with two link savings procedure required
less time, For the ten point problems the average execution times in seconds
for the three methods were 2,75, 14,04, and 85,42 respectably on an 1BM
360/50 computer, The system distance for the one, two, and three arch
savings method was better than the initial algorithm's solutions for 38 of the
problems. The second technique produced better solutions than the first
technique for 27 of the 40 problems. However of the 13 worse solutions, 8

were less than .2% worse. Both the second and third modifications produced
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solution of fewer tours. The third method resulted in the fewest number of
routes being formed.

For the 25 point problem the execution time for the third method that is
the one, two, and three link savings methods was so great that no solutions
were obtained after one hour of computer time, Table 18 gives the results
obtained for the first and second techniques only, Better total distances were
realized with the second algorithm for 15 of 20 problems. Three of the remain-
ing problems had solutions less than .2% poorer; The number of tours were
reduced with the second algorithm,

2.6 Conclusions

The third algorithm using one, two, and three link savings was ruled
out due to the extremely long computation times for a practical size problem,
In general it resulted in the lowest total distances for the set of ten point
problems., The second algorithm gave as good or better solutions for 53 of
the 60 problem_so

Considering the development of a dispatching procedure, the first or the
second algorithm is favored. With the second algerithm fewer tours are formed
making crew scheduling easier. With this in mind the second algorithm was

chosen for use in the dispatching routine in Chapter 3.
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CHAPTER 3

3.1 Dispatching Routine

A problem which occurs as a part of a fleet operation is one of carrier
dispatching. Carrier dispatching is defined as the assignment of carriers to
routes, As routes are restructured by the completion of deliveries and new
demands, new truck assignments must be created periodically. This results
in a routing period or intervals for which demands are grouped and a route
system formed. An example of such a period would be a day or four hours,
The routing periods are subdivisions of a larger planning period., as a week
or month, The nature of the system is‘ such that some restraints apply to
planning periods and others to the routing intervals., Dispatching is further
complicated by such considerations as crew scheduling, restraints on the
system, and multiple loads on a route.

One of the objectives of this study is to develop a dispatching routine
for the line haul routing problem which include some of these features. Such
a routine should contain the following:

l. Be based on a good routing technique,.

2, Have the flexibility to consider in~process routes in

later periods.

3. Establish routes which conform to the system constraints,

4, Form routes considering the location and the availability

of carriers.

In the following discussion a dispatching routine is developed
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utilizing the one and two link savings version of the algorithm, This version
was selected as it was felt the savings generated outweighed the extra cost
of computer time which resulted ??rorﬁ not pairing the initial loads. The al-
gorithm using one, two, and three link savings was ruled out due to its ex-
cessive execution time,

Only in a limited situation is it possible to incorporate in-process
routes in later routing periods. Note that if a route has all of its links
loaded, there is no advantage in considering it later. A route having an empty
link which the carrier has already started or traveled has no possibility for
improvement., This leaves the case where an empty link exists on a route
and the carrier has not traveled the empty link.

The carrier's route position depends upon the link lengths, travel
velocities, docking time at each facility, length of routing period, and the
number of periods the carrier has been.traveling the route. The problem of
the carmrier's route position would be eliminated if the operators periodically
notified management of their location,

To include the possibility;r of considering in-process routes in the next
routing period, several modifications were made to the computer program.
For each route of a solution the carrier position at the beginning of next rout-
ing period was determined. This required the use of an average vehicle
velocity, The total distance tra\}eied was estimated using the length of a

routing period, number of periods the vehicle has been traveling the route,

and its average velocity. To eliminate the assignment of a carrier to an
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empty link near the end of a routing period, a "maximum variation" in the
length of a travel period was used. That is Iif the total distance less this
“"variation distance" was less than the route distance to the empty link, the
carrier is retained at the start of the empty link and the route is considered in
the next routing period, Dock times were not considered but were assumed to
have been included in the vehicle velocity;

Several types of restrictions could be considered such as the maximum
length of a route, the maximum time allowed for traveling the route, and the
maximum number of links on a route, Restrictions on individual routes would
be required to insure the completion of routes in a given planning period. The
method for checking restriﬁtions was to check the new or updated route
against the constraints., If none weré violated the assignment was made; if
some were, another route with the same empty link was picked. If all the
routes violated a restraint when updated, the savings was zeroed, A sub-
routine was added to the program to check route restrictions. See Section A
of the Appendix for the procedure to follow in using this routine.

The availability of the carriers could limit the forming of initial two
link routes, Assignment of carriers to certain links on some basis was avoided
by assuming that the carrier availability was either zero or infinity. In other
words, carriers could be restricted to originating from selected points. If
the availability of carriers was limited, no guarantee that all the loads would
be routed could be made. The above procedures were added to the computer

program. An example problem was solved to illustrate the procedure.
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3.2 Example Problem

In this problem the carriers were assigned to three points and routes
were restricted in length, There were 15 points and a planning period of five
days was used. Two routings were made each day. All of the carriers had to
return to their origin by the end of the day. This limited the moming routes
to 8 hours and, assuming a velocity of 30 miles per hour, to 240 miles, The
afternoon routes were limited to 120 miles or 4 hours, The in~process routes
from the morning were incorporated into the afternoon routing. An adjustment
was made to the distances of the morning routes so that the mileage constraint
would not be violated when they were considered in the afternoon routing,

A carrier was not allowed to start an unloaded link if it occured within one
hbur of the end of the morning routing period.

An unlimited number of carriers were available at points 6, 8, and 10,
This limitation created a situation in which all the loads were not routed. Un-
routed loads were considered in the next routing period.

The problem was solved for all ten routing periods. Table 20 gives the
organization of the solution. The tables giving the loads used and the routes
formed are given along with information about the routing system. Figure 4
illustrates the relationship of the points, Distances between the points
appear as Table 19.

A total of 518 routes were created. These routes had a total distance
of 73,404 miles. Of the 87 in-process routes considered in later routings,

50 were improved.
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All routes observed the restriction on route length., No problems
occured in considering in-process routes. All the routes originated from one
of the three points and ended at the same point. An average computation time
of 41.29 seconds for each routing was required,

The routes formed were given in tables referred to by Table 20, Points
on a route were givenas 8 +2 +3 +10 - 8, where + designates a loaded link

and - an empty link. Also, the route length and number of loads were given,
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DISTANCE MATRIX FOR EXAMPLE PROBLEM

TABLE 18

70

. POINT

112 3 | 4 5 6 7 8 9110 | 11 (12|13 {1415

1 0 (31 {18 |47 |65 (38 {58 |29 |72 |55 |42 {58 71|58 {50

2 {31 0 (18 |16 )34 20 |30 |39 |44 |37 |54 }40 | 53 | 46 |53
3118 18 0 (34 |52 |20 |40 | 21 |54 |37 |36 (40|53 40 42
4 1147 |16 |34 0 |18 |20 ({14 |45 | 28 | 23 |56 {36 { 39|46 {53
5 (/65 |34 |52 |18 0 |35 | 15|60 | 14 |24 71 37 | 32 | 48 | 66

61138 |20 20. 20 |35 02025 |34 117 |36 {20 332633

7 1158 |30 (40 |14.)15 (20 0145 (14| 9 |56 (22| 25] 33| 51
8 |129 |39 |21 |45 |60 |25 | 45 015942 |15 |331501391 21

91172 |44 |54 |28 | 14 |34 | 14 | 59 0| 1916532 18|43 6l

10 {| 55 |37 |37 |23 |24 |17 9142119 0146 | 13| 16| 24 | 42
11 142 |54 [36 [56 | 71 |36 | 56| 15| 65 [ 46 037 |54 31| 13
12 || 58 |40 [40 [36 |37 (2022 ({33 }32 | 13137 | 0O 17| 1129
13 )| 71 |53 (53 |39 (32 (332550 18] 16|54 |17 0 28| 46
14 || 58 (46 |40 (46 |48 [ 26| 33|39 (43 (24| 31} 11| 28| 0] 18
15 || 50 {53 |42 [53 |66 (33| 51| 21| 61| 42| 13 |29 | 46| 18 0
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TABLE 21

LOAD MATRIX FOR PERIOD 1 OF EXAMPLE PROBLEM

12

TO POINT

b 2| 3] 4l s 6| 7] 8] 9101213 ]14]1s
il of 1| 2| 1o o] t]s|1}ftrfloflrlolt1]1
2l 1t{ o] 1|s|2]oj1lofo}ttrfof1fo]|z2]1
31 1| 1| o] 1|l2]o]1{oltitlofs|o}l1l]|3]|o0
aif 113 1{ojol1lolofloltitlol|l1lls|of]1
sl 1{3tz2f{1jo]1]lolol2z]1]lo|lofr]|1]o0
6l 3|3 1| 1lolojof1]ojojt1t]1i{21]0]o
7 13| s 1jfol1lofl1i1loflololof1]o]1
sl 21y 1fof1}l1r}f1]{ol1rfofl1]o]z2|3]1
off 1loflz2|1lo}1rtol1]lofj1r]o|1}2|3]4
wofl 3 1{ofl2{1lolz2a{1lojo|1}o0o}]2 |5]1
wilafrj{ojojirj{oj2)ol1folo |1 |2 |0o]o
21 1jof2f{1rfj1fyo 1o} |1fo |1 |2]1
Bllz2l1]lol1]lojo|olof1]o |12 o |1]2
4l vl 1fot1r]2(ofo}j1]{o]o |1 ]0]1
s 12 |1})slojof{1rjo{1j1{o1}o |1 |1l ]oO
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TABLE 22

Points

6+1+3+13~-6+3+6
8+1+7+8

10+1+12 +10
6+2+154+42-6+2+6
8+2+12+8

10 +2 +5+10
6+3+9+6
8+3+11+1+(0)+8
6+4+12+6

10 +4+13-10+12+4+10
B8+5+1+8

10+5+9 +10

8+6+8

8+7+1+8

10+7 +3+5+14+ (5 +10
10+8+14-10
8+9+1+8

6+11+5+6
8+11+1-8

10411 +2+10
6+12+1-6
6+13+4+15+2+4-6
8+13+1+8

10 +13+15+7+3+14+ (12) - 10
10 +14 - 10
B+15+3+11+1+(5)+8
10 +15 +1 +10
8+1+9+8
10+1+15+10

10+1+14 +10
6+1+4+6

10 +14 +4 + 10
B+2+14+6

6+2+7+6
8+14+1+3+11+1-~-8
6+13+2+5+3+(4)+6

B8+14+3+11+7 -8

SOLUTION ROUTES FOR PERIOD | OF EXAMPLE PROBLEM

Length

222
132
126
238
112
95
108
196
76
170
154
57
50
132
221
105
160
142
86
137
116
214
150
217
48
212
147
160
147
137
105
93
92
70
222
226
216

Number
Loads

e R B e U e ) e T e e i i DT Bl e e e T ) e R G e R R e e Sl R et e e s
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Route
Period

‘1 and 2
land 2
land 2
1and 2
1l and 2
l and 2
land 2

TABLE 22 (CONTINUED)

Points

6+1+2+3+5+3-6
10+14+7+3+14+(9) -10

10 +14 +13+15+9+12 -10

10 +13 +11+7+3+14+(12)-10
1I0+4+13+14-10+12 +4 +10
10+7 +13+9 +14+(9) -10

10 +14 +7 +15+4+13 - 10

74

Number

Length - Loads

211
199
204
230
206
157
216

st it ot ot et psnn s
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TABLE 23

LOAD MATRIX FOR PERIOD 2 OF EXAMPLE PROBLEM

75

TO POINT

1] 2] 3] 4] 516178910 01234715
il o 1tlofol2|of{ofl1]o}l1]olo]jofol?1
2l 1fo] 1lalofol3|olofjol1}olo}1]o
3|l 1l 1]of1l3loflolojoflt|l1]|o|3|0o]oO
all 23| z2]olz2{1]ofloj1]ofo|lo]|1}o]oO
sl 1] 3]ols3jolofl1r|oftj1]z2]oj2{t]1
6|l ol 1| 3loftlolojolol1to]1]o]|1]o
7l 1lolojt{2fojoflo|l1fof2{3|o|1]0
sll olofl1]loflol1]oflojo[o]1]lo}2]0]o0O
9l 312 1|lojlololojolofo|1]o|1]2}]1
wo|lofli1]olojofl1rlo]3a|lofo]o]2 ] o0of1]o0
ujl o{olols3foj1f{olo}j1rjofo]|1t]1]|o}]o
2|l olz2]ol3{1]ofjofot3afo]1|ofz]|1]4
3l 2| tlz23{ofa|sfofrfolz|{3lo]o]|!
1l olojolol1]lo|ol|1r|2fofo|3|o]o}!
50 olololalo|ls]|oj2|of1{5]|0|3]1]o0




TABLE 24

SOLUTION ROUTES FOR PERIOD 2 OF EXAMPLE PROBLEM

Route Number
Periods Points Length Loads
2 6+2+11+6 ' 110 1
2 10 +2 +14 +12 - 10 107 1
2 6+3+13+6 _ 106 3
2 8+3+10+8 100 1
2 8+ 6+14 +8 90 1
2 100+6+5-10 76 1
2 10 + 8+13 ~-10 108 1
2 6+10+12+13 +6 80 1
2 8+11+4-8 ' 116 1
2 6 +12+15+6 82 1
i 8+13-8 100 1
2 10 +14 -~ 10 48 1
2 1

10 +12 +15 + 10 o 84
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TABLE 25

LOAD MATRIX FOR PERIOD 3 EXAMPLE

77

TO POINT
21 3f a4l 5| 6} 721 8] 9|10] 1 |12|13]|1l4]|15
1 1ol ofl 2| 1} 2] 1| 3]z2lo]1]3lz2]o0o0
2 ol 1{ 4| 2} of 3| 24| 1|lofof1|of}]1l
3 1{olol 3! 3]olajJol3j1il}l2lo0o]o}c1l
4 320l 2|z2]o0fof1lololz]1ljofo0O
5 3lof{3lols)1ls)]1fs}z|1]lz2|1]1
6 of{3lo| 1loft]o{3]2|s5|o|1ljz2]1
7 ojof{1tlz2}toflol2}1{3{2{3j0|1lj0
8 a{2|1lo|l3}1y0]l2]2]o0|1}1]2]3
9 2 {t{1}lz2f{sjol1|oj1rfyrflol|1|1L}l
10 2 11 |lol1f3fz2{3|5|0f4f2|07]1]1
11 ololz2lojlol1|{3|1joto |11 ][38]0
12 21 ts3] 1l 1jo)a(3)2yLirlo}fl|1{2
13 1 t213{0|3|5|0}ti1f{3]|2]|3]|]0o}0o}l
14 olol1}{1}l2tof}lz2]|3|0jo0o}l0 |2 |01
15 2 lol4f{o0o]2]0o|1|o|1]|s5 |0 ]3|l ]}oO




Route
Periods

OO G 0 G G W W W LW G W WL L G )Wl W wWww w

TABLE 26

Points

6+1+9+6
B+1+9+8
10+1+5+10
8+2+7+8
10+2 +13 +10
6+3+10+6
8+3+5+8
10+3 +5 +10
8+4+12+8
B+5+15+6

10 +5+12 +10
8+6+10+8
1I0+6-1+7+1+7+10
8+7+14+8

10 +7 +11 - 10
6+9%+14+6
8+9+2+8
100+9+6-10+14+9 +10
8+10+11l+8
6+11+14+6

10 +11 +14 + 13 + 10
B+12+3+8
10+12+4+13+74+10+12 +10
6+13+3+6
8+13+2+8
6+14+9+6
8+14 +15 +8

6 +15+13+6
8+15+2+3+8
10 +15+1+10
8+9+1+8
8+14+5+8
1I0+1+9 +10
I0+9 +1 +10
6+9+1+6
6+11+9+6
8+2+5+8

SOLUTION ROUTES FOR PERIOD 3 OF EXAMPLE PROBLEM

Number

Length Loads

144
160
144
114
106

74
133
113
114
134

74

84
238
117
111
103
142
209
103

93
121

94
194
106
142
103

78
112
113
147
160
147
146
146
144
135
133

DO = b b et b e e e bt e DD e e b b et e e b b e PO e et BN e s e e B DD et e DD e
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Route
Periods

W W W W W W W W W W

TABLE 26 (CONTINUED)

Points

10 +2 +15 + 10
6+9+15+6
6+11 +13 +6
8+2+10+8
6+1l+4+6
10 +11+7+10
10+9+3+10
8+10+14+8
10 + 11 +12 +10
8+6+7+8
6+3+12+6
10 +12 +5 + 10
1I0+9 +5+10
10+9 +13 +10
8+15+11+8

79

Number

Length Loads

132
128
123
118
112
111
110
105
96
90
80
74
57
53
49

B et ot e b e e BN e e e
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TABLE 27

LOAD MATRIX FOR PERIOD 4 OF EXAMPLE PROBLEM

80

HZ 0"

TO POINT
1 {2345 |6 |7 |8 ]9|1w0]u|1z|13]14]15
il oj1jolo|3|o)1}j2to}l1]lofl1}i3]2]0
2l 1fo|1|4fo]1t|2]olalslolo]o]|1]]1
3fl 1| 1{ol3lofz o2 |23 1] 1]3]0f]!
4l 2|32 j0t2f0{s5 {1 1}l2}p0(3]0]J0]0
5| t]3jofolo|s |1 |r}1]s5)|2|o0o]2|1]o0
6l 0} 0] 3]5 {00 |3 10 0] Ll]3]z2/|1]1¢}t1
7 ojojol1l1f2joflofo {1303 j0]o0]z2
8l 3{2fj1t{t1{oj1 {20 |1{o0| 450|171
9l ol 1}lo]l1|1]oflola]jo|s]o|l2]0]4a]o0
o) s{t1]o|3l{3|3]|s5]oj2]0]4]o0ofs5]|3]]!
iffofojojols|{of1r|{tr}lol1{o]lo}1l1|1l]{oO
12 t{2toj1f{ojo o3 (3|3} 1]o0|1]1]°2
Ml 2ot atslol i lalo|t]w|2lalols]
1|l ttofoj1fjols3jofojz|1i{olo|1tlotfo
s of 1]o|lalo|1]o|3fo{1l]3lo}lz2f1]o0




Route
Periods

B = S T L S T - S e - T - LY Y N S S Y R Y N S N N Y N .

Points

8+1+12+8
I0+1-10
10+ 2 + 10
6+3+9-6
6+4+12 -6
10+4+2-10
10 +5 +10
8+6+12+8

6+7 +15+14+6

8+7+9+8
10+7 +12 +10
6+8+3-6
8+9+8

10 +9 +14 +10
6+10+5+6
6+1 -6
8+11 -8

10 +11 - 10
6+12 +14 +6
6+13+15+6
10 +13 - 10
6+14+4-6
10 + 14 - 10

6 +15+13+6
B8+15+4+8
10 +15 -10
8+7+5+8
10+7 +15 +10
104+8 + 2 +10
10 + 6 + 11 +10
6+8+14+6
6+8+2+6
6+3+10+6
6+4+3+6
6+4+5+6
6+7 +5+6

TABLE 28

SOLUTION ROUTES FOR PERIOD 4 OF EXAMPLE PROBLEM

Length

120
110
74
108
76
76
48
78
118
118
44
66
118
86
76
72
30
92
57
112
32
92
48
112
118
84
120
102
100
99
90
84
74
74
73
70

Number
Loads

—_ D2 DO DY e e e b bt bt bt b e G e O e e B G DN e b e s O b b e bt BN e e e BN

81



Route
Periods

[2 Y S S N A S - I S T L

TABLE 28 (CONTINUED)

Points
10 +1 + 10
6+8+4-6
10 +7 +4 +10
6+8+2 -6
6+7 +10+5+6
6+8+12 -6
8+1+8
10+4 +10

8 +11 +8

Number

Length Loads

110
90
46
84
88
78
58
46
30

o i PO G e s e i

82
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TABLE 29

LOAD MATRIX FOR PERIOD 5 OF EXAMPLE PROBLEM

83

TO POINT

1| 2 3] 4| 5| 6] 7] 8] 9o /[12]13]14 [1s
il of 1]olol3|oftlols|olz]ti}jalz]
2l 1} o 1} 4lolo}z2{olal |1 1)2]|1]1
3fl 1} 1ol 3ol o2t |13 |2]1
4l 2 1]Jolototols|oltrtlofr]|2lo0]1]1
sl 1 3loftojol1]olol1)l4f2f{o]{2]1]o
6| 4| 6|s|3{3]ojoflof1i1]oflo]|3]|o0o|2]|]!
710 0lot1]o|3]o]jo|3]o]2{2j0}{0] 0|1
8il 41 3| 4al2t1fof2tofjojolof{afol|1]1l
oft t{olo|l1|{tlo}lol1lols|o|2]0o|3 {0
ol sloj7z 1ol t{3jz2l2{o0]o]2]|3/{0]1
mmffoj1{3lo{ysto}lir{o|l1{o}o|of1]|1l]3
2l 1{z2lo{1f{r{oflo|1}3fo{1 {01 ]2]2
Bl 2]2]1|3jofl1|4toi1l{5 213 {013 {0
{1 }lofl1r]loj1r|{1r|1{21]ofojof1 {01
15 o j1]1 (o0




TABLE 30

SOLUTION ROUTES FOR PERIOD § OF EXAMPLE PROBLEM

Route Number
Periods Points . Length Loads
5 6+1+15+6 121 1
5 and 6 B+]1+11+3+(9) +8 220 1
5 100+1+5 +10 144 1
5and 6 6+2+9+14+((3)+6 . 167 1
5 B+2+3+8 78 1
5 6+3-6 o 40 1
5 8+3~-8 . 42 1
5and 6 10 +3 +14+9 +(11) +10 231 1
5 6+4+7 -6 54 1
5and 6 8+4+1+2+ ()-8 ' 215 1
9 10 +4 +12 - 10 72 1
5 and 6 6+5+1l+5-6 ‘ 212 1
5 B8+5+14+8 147 1
5 8+7+3+8 106 l
5 10+7 ~-10 18 2
5and 6 10+8+12+9+ (l5)-10 210 1
Sand 6 6+9+1+13+ (I12)+6 ' 214 1
5 10+9 +12 -10 64 1
S 6+12+4+7-6 90 1
5and 6 g8+12+1+11+3-8 190 1
5and 6 10+12+9+4+92-10 120 1
5 10 +134+7 +10 50 2
5 6+14+4+7 -6 106 1
5 8+14+7+8 117 1
5and 6 6+15+4+7+(1)+ (12) -6 . 236 1
5 and 6 B+15+4+2+9+(5)+8 216 1
5 10 +15 +2 + 10 132 1
5 8+1+9+8 160 1
5 1I0+1+9 +10 ' 146 4
S 6+1+13+6 142 1
5 6+1+5+6 138 1
5 8+1+7+8 132 1
5 6+1+144+6 122 1
5 8+1+12+8 120 1
5 8+4+15+8 119 1
5 8+7+15+8 117 1



Route

Periods

S
S
S
S
S
S
S
5

5 and
5
5
5 and
5
5 and
5
5 and
5
5 and
5 and
5 and
5
5 and
5 and
S5
5 and
5 and
5 and
5 and
5
5

(2]

o

D oY Oy D

TABLE 30 (CONTINUED)

Points

8+2+7+8

84+2+15+8
1I0+3+9+10

10 +3+13+10

10 +13 +3 +10
6+5+10+6

10 +12 +5+10
6+5+11l+3+6

10 +3+12+9+(15) -10
10+9 +5 +10
1I0+3+14 +13 +10
6+14+2+9+14+(4)~6
10 + 8 +12 +13 +10
8+3+11+5+1-28
8+3+15-8
6+2+12+15+4 + (14) - 6
6+2+4-6+1+2+6
64+2+14+1+13+(12)+6
6+2+13+1+14~6
6+4+14+15+14-6+14+6
6+12+11-6+9+12+6
6+2+11+5+ (3)+6
6+4+12+15+13+2+4-6
6+3+4-6
6+12+2+7+11 -6
6+3+4+1+(5 +6
6+3+4+14+5-6

10+7 +11+5+13-10
6+3+2+4-6
8+3+1-8

Number

Length Loads

114
113
110
106
106
76
74
162
212
57
121
- 225
108
222
84
214
211
232
228
214
209
180
220
74
182
201
201
184
74
68

Pt et et et et et et e fet et et et bt et et peet et et et ot et et et et et et (A pt et

85



g2 0=

H2 -0

TABLE 31

LOAD MATRIX FOR PERIOD 6 OF EXAMPLE PROBLEM

86

TO POINT

1T 2] 3] 41 s| 607 |89 fwo]ulzliz]ia]s
iyl ot ol 1] o] 3| oltfololilolalolol
2l 1ol ol 1|l 1rlojolojr]1tl1lo]l1]o
3ll ol ol ol ol 3 3]ofo (s |1]1lol1]1]1
all 1} 3] 1lolz2lo{14alofols]ol2]|4a}
sl ol st 1] 1{o]l1tz2lo|r]lol2]o0o]1]3]3s
6fl 1} 1] 3]s 1]ol2 (a3 falolit{1]|1]2
71 3] olojz2|3|l1|ojol2z|t]olo]ol]1]1
sl 1| 1tlo)lslol2lafoli|s]|s{v]1]2]1
sl ojolojols|ola|tloftli]lo]o]|o}4
ol 113t )lsl2l1its e o o3 |2 |6]1]1
iflofrf2tof1r]jotbtr{r it |3]lolol1]|1]3
fl2zlol 1 ltr{o{3a o fofatliloi]2{o
Bllol1|lols o1 |2z ]of{1 o233 |0z |1
gl ajo|l 1 |1]o |1 |1 ]4a folo]|1r|olo]o
5 zjolo 4|2 o |1 |1 ]otfo |3 o o]t o




Route
Periods

OO OO MO OO OO OO OO OO OO T

Points

6+1+7 -6
8+1-8
10 +1 +10
6+2+12+6
100+2 +5-10
6+3+9-6
10+3 +11+10
6+4+11l -6
10+4+14+7 -10
6+5-6

10 +5 -10
8+6+10+8
6+7+1~-6
8+7-10+8
10+7 -10
6+8+4-6
6+9 -6
8+9-28
6+10+8+2-6
8+10+11 +8
8 +11 -8

10 +11 - 10
6+12+3+6
8+12+4+8
10 +12 - 10
6+13+2+6
10 +13+4-10
6 +14 -6
8+14 -8

10 +14 +5 -~ 10
6+15+4-6
8+15+4+8
10+15 -10
B8+7+14 +8
10 +13 +11 + 10
8+10+4+8

TABLE 32

SOLUTION ROUTES FOR PERIOD 6 OF EXAMPLE PROBLEM

Number

Length Loads

116
58
110
80
95
108
119
112
111
70
48
84
116
96
18
90
68
118
118
103
30
892
80
114
26
106
78
52
78
96
106
119
84
117
116
110

BN o b b b e b DO o G0 e DN e e DN U e e e QO GO DD OB DN DN BN e e U e DN e e it pem
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TABLE 32 (CONTINUED)

Route Number
Periods Points Length Loads
6 6+8+13+6 108 1
6 6+15+7 +6 104 1
6 8+7+10+8 96 1
6 6+3+10+6 74 1
6 10+13 +9+10 53 1
6 10 +13 +12 +10 46 1
6 10+2 -10 74 1
6 10 +2 +14 -10 107 1
6 100 +4 +13+7 -10 96 2
6 10+7 +15-10 102 1
6 10+7+9+7-10 ‘ 46 2
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TABLE 33

LOAD MATRIX FOR PERIOD 7 OF EXAMPLE PROBLEM

89

TO POINT

1| 2 3] 4| 5| 6] 7] 8|90 |12 ]13]14]15
aflojojrfo)lz2fojr}jsjfoj2joj3j2jo]|1
2]l 1ol ol 1|loflz2]ola|l3|ofl1rfo]1]l1]o0
s{l ol ofolo|3]lofo]1}j2]lolo}jo]1]1]1
all 13l o2 1] 1lojols|1]3]of|2]1
s o] 3lol1]lolofz2lo]1loflz]ol1]3]3
6il 112/ 3]lofjzlol1|{1]s|oli1]1]o]o]:
7l 1]ololz2]3|oflo]1]ol2]alolo|3]o
g|l 3| ol 2|s|z2|4|1]l0]3|3 |24 |0|2]sSs
9|l 1| 1]ofols|{1]{3joflofo}lafo|0o}1]1
ol slaslal1lols|elz]alolalal2]1]>
ol tlzlo{tflol1]loj1rfotolol1]1]3s
llz2l 1l rlolololrlatry{rjolrjz2}|o
3 1{4]ofoflofjo{oflofolo}1l1]ojol3]|1
mllalrlzl1]lolololol4a]ofo]1|o}o]o
521l 1]olz]|zlolalofjofo|3]ofo]1]o0




Route

Periods

7 and 8
7

7 and 8
7
7

7 and 8

7 and 8

7 and 8

7 and 8
7

7 and 8

TABLE 34

Points

6+1+12 + (4) + (14) - 6
8+1+3-8+1+8
10+1+13+2-10
6+2+11-8+6
10+2 +9 -10
6+3+5+15+4-6
8+3+14+1+(3)-8
10 + 3 +13 + (11) +10
8+4+15+11+ (9) -8
10 +4 +7 +10
E+5+11+2+(4) -6
8+5+2+8
8+6-8

10 + 6 - 10
6+7+1l-8+6
B+7+1+8

10 +7 -.10
6+9+14+1+5-6
8+9+1 -8

10+9 -10
6+11+9 +6

B+11 -8
10+11+15+7-10+11+10
6+12+2-06
B+12+3-8
10+12+9-10

10 +13 +2 + 9+ (15) +10
8+14 +1+ (9)+8
10+14 +4 + 10
6+1I5+2+6
8+15+7 +11 -8

10 +15 +1 + 10
8+9+1+8
B+9+2+8
B+1+7+ 8
10+1+8 +10

SOLUTION ROUTES FOR PERIOD 7 OF EXAMPLE PROBLEM

Number

Length Loads

204
126
216
114
100
211
240
190
235
46
232
133
50
34
116
132
18
235
139
38
135
30
227
80
94
64
216
228
93
106
143
147
160
142
132
126

— o = b DN et e e b N DO e e bt b et e bt bt pe et e DO e BN e e e et e e b et et et e
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Route
Periods

NN N N N

TABLE 34 (CONTINUED)

Points

10 +1+12 +10
8+14+2+8
B+1+12 +8

10 +11+7 +10
8+4+10+ 8
I0+3+8+10

10 +11 + (5) +11 + 10
8+4+6+8
6+5+2+6
B+4+11+ (5 +8
1I0+2 +4+10
10+2+13+14 + (7) +10
10+12+4 +10
6+9+11-8+6
6+9+15+4+14 -6
8+12+1+(5)+8
8+12+1+15-8

8+12 +11 -8
6+9+11+3+5-6
8+3+15-28 '

6+2+14+]1+5-6
6+3+9+5+7+(12)+(7)-10+6
10+6 -8+10
8+15+11-8+15+8
10+9+7-10
10+7+11+15+7 -10

10+7 +11 +15 +7 + (12) + (13) - (10) + (7) + 10

10 +7+14+12+9-10+5+14 +10
100+7 +14+3-10+5+14 +10
B+3+9+5+13+2~-10+6
8+11+15+7+4+1-28

Length

126
124
120
111
110
100
234

90

89
236

76
160

72
139
220
216
162

85
222

84
224
217

84
181

42
138
202
209
224
207
169

Number
Loads

bt bt DO b e e G0 B p b e e DD e e e b b e e e e et o b e B e e
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TABLE 35

LOAD MATRIX FOR PERIOD 8 OF EXAMPLE PROBLEM

92

TO POINT

1 2 3 4 5 6 7 81 9110 |11 |12 }13 {14 |15

1 0 0 1 2 £ 1 0 0 110 1 2 1 0 0

2 1 0 0 1 0] 3 0 1 01 2 0 0 1 1 14
3 0 3 01 2 4 1 0] 0 110 1 0 3 2 0

4 0 3 1 04 2 1 0 0 1 0 0 3 1 1 0

5 0 1 0 110 0 1] 3 1 0| 4 0 5 0 |

6 3 2 1 0 1 0 2 3 5 4 6 | 7 0 110

7 1 2 0 1 3 0 0 0 1 2 4 5 0 0 1

8 0 1 3 5 2 4 1 0| 2 3 4 0 3 1 1

g 0 0 1 0 0 3 1 1 0 {2 0 1 2 0} 4

10 1 1 5 3 2 4 3 1 1 0 3 2 1 1 I
11 2 1 0 1 1 0 0| 4 3 | 2 0 1 0 03
12 0 1 4 5 0 0 6 [ O 1 0 |0 0 1 2 0
13 4 0 1 0 1 0 1 0 2 1 1 0 0 2 1
14 0 0 1 2 0 0 5 0 1 1 4 0 0 0 | O
15 0 1 0 0 |3 2 110 0 2 0 0 1 1 0
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TABLE 36

Points
6+1+12 -6
6+2 +13~6
8+2+6+8
6+3+2+6
8+3-8
10+3+2+10
8+4-8
10+4+12+4-10
B8+5-8
10+5 -10
8+6+11 -8
10+6+9-10
6+7 +15+6
B8+7+11+8

1I0+7 +11 - 10
10+8+9 +10
6+9-6
10+9 - 10
6+10+11 -6
6+1l+4~6
8+11-28

10 + 11 - 10
6+12+4 -6
10 +12+7 +12 - 10
B+13-8

10 + 13 - 10
6+14+9+6
8 +14 +11 + 8
10 +14 - 10
8+15-8

10 + 15 - 10
8+6+5+8
10+3 +11+10
6+8+93+6

6+7+1+6

SOLUTION ROUTES FOR PERIOD 8 OF EXAMPLE PROBLEM

Number

Length Loads

116
106
84
58
42
92
90
118
120
48
76
70
104
116
111
120
68
38
a9
112
30
92
76
70
100
32
103
85
48

42

84
120
118
118
116
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TABLE 36 (CONTINUED)

Points

10+3+9 +10
8+11+2+8
6+2+15+6

10 +3+13+10
6+1+4+6
10+ 3 +14 +10
10 +12 +2 +10
6+12+9+6
10+6+8+10
6+12+3+6
B8+6+11+8
6+10+2+6
10+4 +12+7 410
6+12+3 -6
6+12+4+3-26
10+6+11-8+4+10
6 +10+1 -6
B8+11+1-8
B8+11+1+11-8

Number

Length Loads

110
108
106
106
105
101
90
86
84
80
76
74
90
80
110
110
110
86
114

bt et ot PN gt A et et [N et et et et b et et s s
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TABLE 37

LOAD MATRIX FOR PERIOD 9 OF EXAMPLE PROBLEM

95

TO POINT

1) 213145567 |89 0]l |12}13]|14]15
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TABLE 38

SOLUTION ROUTES FOR PERIOD 9 OF EXAMPLE PROBLEM

Route Number
Periods Points Length Loads
9 6+1+3+6 ' 76 1
9 8+1+12+8 120 |
9 10+1+15 +10 147 3
9 6+2 -6 40 I
9and10 8+2+14+4+2+ (14) +8 232 1
9andl0 8+2+14+4+2-28 186 1
9and 10 10+2+13+ (1) -10 216 1
9and10 6+3+13+14+7+12+14-6 193 1
9 8+3+11-28 72 2
9 1I0+3+7 +10 ‘ 86 1
9 6+4-06 40 2
9 8+4+12 -8 114 2
9 10+4+5-10 65 d,
9 6+5+11+6 142 3
9and10 8+5+2+(9)+38 197 1
9 10 +5 +13 - 10 72 1
9 10+6+8+10 84 1
9and 10 6+7+11+13+14+ (3)-6 218 1
9and 10 8+ 7 +11+ (4) + (2) - 8 , 212 |
g 10+ 7 -10 : 18 1
9 6+9+4-6 82 1
9 8§+9+4+8 132 2
g 10+9 +13 -10 : 53 1
9andl10 6+11+5+4-6 145 1
9 8+11+13-8 ‘ 119 2
9 10 +11 +9 +10 - 130 1
g9 6+12+4 -6 76 3
9 8+12 -8 66 1
9 10+12+7 -10 44 2
9and 10 6+13+11 +5+ (3) -6 230 1
g 8+13+3+8 124 1
9 10 +13 - 10 32 2
9 6+14+3+6 ‘ 86 1
9 8+14+11 -8 : 85 2
9 2

1I0+14+7 -10 66



Route
Periods

{Ye]

nd 10
nd 10

0 w
o W

w
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d 10

9 and 10
9

9 and 10

9 and 10

9 and 10
9

9 and 10
9
9

9 and 10
9

9 and 10

9

9 and 10
9
9

9 and 10
9
9
9

9 and 10
9

PO W w

TABLE 38 (CONTINUED)

Points

6+15+2-6
8+15+5+(l)+8

10 +15 +5+ (8) +10
B+13+1+8

10+11+2 +10
8+9+3+8

10 +5 +15 + 10
10+ 9 +15+10
10+15 +9 +10
6+1+7+6
8+5+11+ (4) - 8
6+15+4+6
10+15+7 +10

10 +2+9+10
6+11+3+6
8+4+15+ (4) +8
I0+4 +9 +10
6+13+1+7+2-6
8+4+1+13+15-8
6+9+15+5+7+12-6
8+12+11 -8
8+2+14 +11+ (4) - 8
10+4 +12+13-10

10 +4 +13 -~ 10
6+2+13+7 +11+ (15)-6
6+7+12-6+9+7+6
6+13+11+5+13-6
6+2+7+12+14 -6
8+11+1+13+12+ (9) -8
10+12 +4 - 10
100+5+9-10+5+10
6+2+1+9+ 8 +3+6
6+2+7+4-6+7+6
10 +13 +12+9 +13 -10

8+11+12 -8
6+13+1+7+2+4-6
6+4+2 -6

1I0+5+13+9-10
10+14+7 +9-10
6+4+5-0

Number

Length Loads

106
181
210
150
137
134
132
122
122
116
232
106
102
100

92
196

70
212
230
218

85
217

92

78
200
197
223
109
236

72
121
223
128

93

85
228

56

93

90

73
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TABLE 39

LOAD MATRIX FOR PERIOD 10 OF EXAMPLE PROBLEM
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TO POINT
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Route
Periods

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

Points

6+1-6
8+1+15-8
83+2+8
10 4 F ~ I0
6+3+14+6
8+3-38

10 +3 +12 +10
6 +4+7+14-206
8+4+12 +8
10+4 +7 +10
6+5+3-6
8+5-8
10+5+3-10
8+6+12+8
6+7+2+12-6
B+7+9+8
10+7 +12 +5-10
6+8+13+6
10+8+2 +10
10+9 ~-10
6+11-6
8+11+4-8

10 +11 + 10
6+12+3 -6
8+12 -8

10 +12 +5 -10
6+13-6

8+13 -8

10 +13 +10
6+14+3-6
8+14 -8

10 +14 +15 + 10
6+15+13 +6
10 +15+7 +10
10 +8+ 9 +10
8+4+15+8

TABLE 40

SOLUTION ROUTES FOR PERIOD 10 OF EXAMPLE PROBLEM

Number
Length Loads

76
100
78
74
86
42
.90
93
114
46
107
120
113
78
110
118
92
108
118
38
72
116
92
80
66
74
66
100
32
86
78
84
112
102
120
119

bt et et et et e et pam WSO DN DD e G0 DN e BV e = et = e DI e DN DY et e et g S et e BN e

99



Route
Periods

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

TABLE 40 (CONTINUED)

Points

10+4 +15 + 10
B8+6+9+8

10 +13 +11 +10
6 +5+14+6

10 + 14 +2 + 10
10 + 3 +13 + 10
I0+3+4+10
10+5 +12 +10
6+5+4+6

10 +5+13+10
10 + 13 + 7 + 10
10 +13 +12 +10

6+7+3-6
6+7+3+4+6
6+1l+6
6+4+3 -6
8+12 + 8
8+11+1-28

100+12 +5+7 +10
6+4+7+2-6

100

Number

Length Loads

118
118
116
109
107
106
94
74
73
72
50
46
80
114
72
74
66
86
74
84
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3.3 Conclusion

The results obtained show that the routine works. There exist many
refinements and improvements which could be made. Some bf these would
depend upon the actual problem being analyzed.

Two other problems of this same type .w.ere‘ solved. In both five
routings were made, One consisted of 25 points where the routes were un-
restricted, The other had 10 points and routes were restricted in length.
Neither had any restrictions on the availability of carriers. In both some
routes were considered in three later routings. . The average execution times
were 152.79 and 15.28 seconds. Of the in-process routes 32 out of 68 were
improved for the 25 point case and 19 out of 39 for the 10 point situation.

It would be possible to repeatedly run the program with a set of demands
to form a simulation, In this way the selection of central points could be

evaluated as well as different size carriers, and other system restraints,
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APPENDIX
Section A

Program User's instructions.

The Program, This is the program written for the execution of the
devised algorithm with provisions for dispatching. The program permits any
combination of one link savings, two link savings and three link savings to
be used. Provisions are included forr~ route.restrictions ,' for identifying and
improving inprocess routes and limiting carriers to certain points.

Inprocess routes are found by calculating the carrier's position on the
route and comparing it with the location of the empty link on the route. The
carrier's position is determined by using the length of the travel period,
number of periods the carrier has been traveling the route, average velocity,
and the variation in length of the travel period. A route is not considered if
all links were loaded or the carrier had passed éll the empty links, A pro-
cedure is used to enter the inprocess routes in the next time period.

Data Input. The program is designed so that several problems could be
solved in sequence, Data can be divided into control cards required for the
set of problems and data required by each problem. Extensive use is made of
user supplied formats. This permits easy adaptation of the program to exist-
ing sets of data. The required data consists of the problem set parameters,
the problem parameters, restrictions and carrier location data, demands

distances between points, location and number of available carriers, and any
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inprocess routes,

Use of variable formats permit the user to supply the field organization
from which each type of data will be read. Formats should meet these
criteria: begin in card column one; begin and end with parenthesis; be
specified on one card; and be of the same type as the variable being in-
itialized. It is assumed that all input is by means of cards. Thé following

is an illustration of a fbrmat card,
cc 1234567891011121314
(1015, 3Fr7 .2)

A subroutine RESTR was created for checking limitations on the routes.

The only limitatic;n used in this program is the maximum length of a route.
Another influencing criteria for route forming is the availability of carriers at
a given point. The availability of carriers at each point is considered in such
a way that carriers originated and terminated only at specific points.

The algorithm was programmed using Fortran and adopted to Kansas
State University's IBM 360/50 G-level compiler. Program modification would
be quite simple for use of the Watfiv compiler. This entails the deletion of
the unnecessary function TIME and the related statements, EBCDIC was used
to punch the program. All variables, except those beginning with U and V
are implicity declared to be binary. Letters A to N begin variable which are
only half words, All remaining variables are a full word in length. Read and
write device parameters are variables ORD and OWT which are initialized at

the first of the main routine.
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The following is a description of the required data in the order in which

it is read in the program.

Problem Set Parameter Cards. A format card is read followed by the

problem set parameter card. Two values are supplied by this card. The

number of problems to be executed and a data check indicator.

{ (IZIII l!- I) ) 1 { 1 IV

P A B, [ SRR SN S I

A - number of problems to be executed.

B - echo check indicator, if "one"
input data is printed.

This card is read conly once for each use of the program. The following
data is required for each problem in the set.

Problem Parameter Cards. TFirst a format card is read which is used to

read the problem parameter card and the restrictions and carrier location card.
All of these values are integers. Eight parameters are initialized by the prob-

lem parameter card.

| IK 1 IL 1 IM | !NLL ]

C -~ number of points in the problem.

D - one link savings indicator, if "1"
cne link savings are used.

E - two link savings indicator, if “1"
two link savings are used.
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F - three link savings indicator, if "1"
three link savings are used.

G - if "I" previous inprocess routes are
read,

H - if "1" the load matrix is not read,
if "greater than 1, " matrix is read
and stored,

I - if "1" the distance matrix is not read.

] - if “1" the inprocess solution routes
are punched.

K - the maximum route length in integer
units,

L - average carrier velocity in integer
units,

M - length of travel period in integer
units.

N - units of + or - variation allowed in
a travel period to allow a carrier to

remain or get to a facility.

Load Demand Cards. If the value of H in the problem parameter card

is a value other than "1" the load matrix is read. First an integer format is
read, followed by the number of loads originating at point i and destined for
j. These form a C x C matrix. Input is row by row, Each row must begin on
a new card and may use as many cards as necessary. If this matrix is not
read, the previously stored load matrix is used. If a series of problems use
the same load matrix, the first problem should read and store the load matrix,
This is done by setting H of the problem parameter card to a value "greater

than 1." Note that the load matrix is altered during execution.
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Distance Cards. Next the distance matrix is read if I of the problem

parameter card is not "1". If the matrix is not read, the previous problems '
distances are used. Distances are not changed during the execution of a
problem. When the distance matrix is read, an integer format is read first,
The distance matrix is assurﬁed to be symmetric so only the upper triangle is
read., Distances are read row by row with each row beginning with the dis-
tances immediately to the right of the diagonal. Row i consists of n-i dis-
tances beginning with distance d,,,,; and ending with d;,,. If there are n

points only n-1 rows are read. Each row should begin on a new card and may

use as many cards as necessary.

ld12|d13 ‘d'__14 "0 "8 e s o e e “ e dl,ni"]. dl,n

] - ] | ] |

| d23f d24 !dzs s 0 . i 8 L "ty e dz’:n._l dz;[ﬂ 4

1 d34| d35 ?36 e L esa p "o d3;!;l"1 d3='n ;

i dn—z,n-l d{l"ztn.' 1 1 1 ; ; ' -

d :
{ n-]-lln ! } | | + et 4 +

Carrier Availability Cards. Now an integer format card is read followed

by a card with the number of carriers available for assigning at each point.
These values are read as integers. They are read in order for the carriers at

point 1, carriers at point 2, and on for all n points.

1 (|4_LO 1 42 J) | | 1 ! I 1 ]
By C c

1 ] * 0 1 1 n-)1 I'lnl 1

Cy - number of carrier available at point i,
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If previous routes are not considered this is all of the data required for

each problem,

Cards to Enter Previous Routes, The data to enter previous routes will
now be described. The first card is a format card to enter the remaining

values, Next the number of routes to be read is entered.

I(L]-_IGEIISI)I 1 1 ) 1 o ]

1 S e 1 1 1 0 1 1 | I 1 1 1 1

0 - number of inprocess routes
being entered,

The following three cards are read for each of the 0 routes. First the
empty link and then the time period of the route are read. The second card
supplies the number of loads on the route, route length, and the number of
links., The third card specifies the order of and which points are on the route.

The points are entered in order, ending with the originating point,

1 1 ! P ! 1 1 Q ! 1 Ry 1
L 1 ! 1 S 44 (T ! 1 U I ! !
L I L1 Py I__eqe__1 ! ] 1 1 Pu, L ! ]

P - originating point of empty link.

Q - destination point of the empty
link.

R -~ number of travel periods which
have elapsed since the route
was assigned,

S - number of loads on the route,
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T - length of the route,
U - number of links on the route.
P; - point on the route

These cards are repeated for each route. An e}{ample of a éet of input
appears as Section D of this Appendix.
(Zj The Qutput

The program output consists of a data echo check and the routes of the
solution. The echo of the input prints out thé original input which includes
the number of points under consideration, the savings options used, maximum
route length average carrier velocity, the average travel period, and the var-
iation allowed in the running period. Printed out as a vector is the number
and location of available carriers, Thé load and distance matrices are printed
and labeled.

A pring—out follows as Section C of this Appendix. The solution print-
out contains the points on each route, beginning with the originating point
and continuing in order. For each route the number of loads, route length,
number of links, the empty length, which links are empty, the carrier's
position, and the route's time period are printed. These quantities are
clearly labeled and printed for each solution route.

Following the routes of the solutions are the total number of tours,
total mileage, total empty mileage, the calculated load miles, execution time
for the problem, and the number of inprocess routes. Last is a list of unrouted

loads including the points and number of loads in each case, |
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The echo check is in the subroutine DATAIN at the end of the sub-
routine. The solution print-out procedure is located at the last of the main
program. Other guantities can be printed depending upon the situation.
Some additional useful output might be the number of tours completed during
the time period considered. Statistics on the average route lengths and their
variations can be obtained.

Program Limitations and Restrictions. As implied in the section

"Data Input Procedure there is provision provided for placing restrictions on
routes formed. The only restricted applied at present is on the maximum route
length., A subroutine RESTR is provided for this and additional restrictions.

If the variable NSZ is set equal to "0" the routé under consideration will not
be picked for improvement. Some other restrictions which might be considered
are the number of links a route méy consist of, the maximum time for the com-
pletion of a route, and so on.

Improvements are possible for several rules which are used in the al-
gorithm. One is the route to choose for updating when several routes contain
the same empty link. Another one is the initial assignment of carriers to which
routes when there is a shortage of carriers at a point. The answers to these
rules most likely will be greatly influenced by the particular situation for
which a solution is desired.

Code Variables. Following is a list and description of important vari-

ables used in the program. A description of the storage field is given if more

than one value is stored in a field. For dimensioned variables an estimate of
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the required dimensions is given, Variables beginning with letters A to N

are implicitly declared binary half words, Variables beginning with letters

O to T and W to Z are binary whole words, while U or V denote floating point

variables.

ART(I,])

ARTLG
AVEL

AVT(1)

AWP

BS(I,7.K)

DIST({,T)

DVRT

ECHO

FMT(1)

INDEX(,],K)

LDX(, ]

route storage, I is route number, if J =1 quantity stored
is loads, J= 2 mileage stored, J= 3 number of links
stored, J=4 ... points on route stored, dimension

I > maximum number of expected routes, J > maximum
number of expected points on any route.

the maximum route length.
average velocity between any points.

number of carriers available at point I, dimension
I > maximum number of points,

average length of travel period.

empty links corresponding to savings SV({I,J,K), each
field has three values each one digit in length,
dimension I = J > maximum number of points and
K=3.

distance matrix, dimension I = J > maximum number
of points.

the plus and minus deviation allowed in the average
travel period, allows a carrier to remain at or reach a
point near the end of a travel period,

data echo check indicator, if equal one print-out of
data made.

variable format storage, I = 20.

stores the route number of the routes which have an
empty link I to J, dimension I =] »maximum number
of points and K > maximum number of loads between

any I and J.

load matrix, dimension I = J > maximum number of points.



LDT(,])

Nl and N2

NAD
NCL
NC2

NC3

NOART
NOPT

NPA

NPRB
NRT

NSDT

NSLD

ORD
OTP

OWT

SI(L,7,K)
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transpose of the load matrix, dimension I =7 2
maximum number of points.

when adding routes to be improved, the points of the
empty link,

add route indicator, if = | previous routes read.
one link saving indicator, if =1, one link savings used.
two link savings indicator, if =1 two link savings used,

three link savings indicator, if =1 three link savings
used.

number of additional routes to be read.
number of points in problem.

indicator to punch inprocess routes, routes punched if
=1,

number of problems in the problem set,
number of routes created.

indicator to read distances, if = 1 distance matrix not
read.

load matrix read indicator, if =1 load matrix not read,
if » | load matrix stored.

computer input device parameter for READ statements.
parameter for auxillary storage device,

computer input device parameter used for write
slatements,

the savings points corresponding to SV(I,J,K), each
field contains four two digit integers, dimension
I = J2 maximum number of points and K = 3.



SV({,J,K)

ZRT(I)
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savings for points I and J, if K =1 contains one link
savings, array K = 2 is two link savings, and J =3
three link savings, dimension I = J 2 maximum number
of points and K = 3,

unloaded links on the route of ART(I,]), each field is
subdivided into three four digit integers, dimension
I 2 the maximum number of expected routes.
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B. COMPUTER PROGRAM
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MAIN PRCGRAYM
IMPLICTT INTEGER#2{A=-N) 4 INTEGER*4(C—Tyw~2]
COMMON LDT(29425)sDISTI25,25)3ART{2CLC20) 2 INDEX(254254301),
1720T(2000) ,5VI25,25421,S011(25,2543)2H5025,25,3)1L0X{25,25),AVT(25)
COFMON NOPT NRT yNCLsNC24NC3,0NAC,ARTLG
CUMMUN AVEL 3 AWP+DVRT 4 NFA
CONMON ORC,CWT
CINENSION EL(6) FMTI20)
INITIALIZC READ AND WRITE PARAPETERS
CRC=1
(wT=3
READ FORNMAT
READIORD,50C) (FMT{1),I=1,20)
500 FCRMAT(29A2)
READ NO. CF FROBLENMS TO BE EXECUTEE AND ECHG IF ECHU = 1
INPUT DATA IS PRINTED
READ{ORD, FMT) NPRB,ECHC
LG 200 [2=1,KPRB
WRITE PRCLLEM NC.
WRITELOWT,7C) IZ
7C FCHMATEYLPRCBLEM *413)
CALL DATA REAL RCUTINE
CALL CATAIN(ECHC,ZLOML)
CALL TIME(TENMI)
IF{NC1.E0.1) GU TU 13¢
PAIR LOACS ANC FQRM ROUTES
L0 12C I=1,ACPT
‘B0 120 J=1,.NOPT
TFLAVT LY LCT.C) GO 1D 116
CrML=0
CC TC 115
11€ CuL=LNX(], 1)
[FICMLLGT JLCXtJ 1)) CHML=LDXtJ,1)
[F{CVL.LE.C) GE TG 115
TFICNLLGTLAVT L)) CML=AYT({J)
AVTILIY=AVT (JI-CHL
ART=RRT+1
IRTINRTI=(Q
ART{NRT ;1 )=CML
ARTINRT 21=24CISTII,J)
ART{NRT,3)=2
BRTINRT 44 1 =1
BRET(NRT451=J
ARTINRY 200 =0
CREAT MCDIFIED TRANSPCSE CF LCAE MATRIX ANE UPDATE
CTHE LOAD MATRIX
115 LETC(I,Jd)=L0X{d, 1V-CML
LT L 1)=LDAIT ¢ J3=CML
ECXUJa DI=LDX(d, 1) -CML
LOX{Ly J)=LOX Ly d)-CML
12C CUMTINUE
NS=NRT
€0 TC 145
CREAT TRANSPGSE OF LCAD MATRIX
13C CG 14C 1=1,NLPT
G 140 J=14NOPT
14C LT (e II=LEX(14d)



145

155

150

1¢CC

1&C

hS=1
ESTAGBLTISE INITIAL RCUTES
LC 159 I=14KCPT
L0 155 J=1+ANCPT
[F{AVT{JY.LELC)Y GO TO 15¢%
IFILCT{I4J).LELQ) GC TC 155
CHML=LDT(I 1)
IF{CMLGT.AVT{J)} ClL=AVT{J)
AVTCJ)=avT(JY=ClML
NRT=NART+1
IRTINRTI=I%]1CC+J
BRT(INRT 41 1=CML
ARTINRT 21=2%LIST(I,4J)
ARTLINRT,3})=2
ARTINRT 4 ) =1
ART{NRT 451=J
ARTINRT, 2C}=C
CALL TOXCH{I4JyNRT)
CONTLNUE
MNS=NRT
CALCULATE INITIAL SAVINGS
CU 150 I=1,KCPT
CC 150 J=1.MCPT
IF{1.EC.J)Y GO TC i5C
ITFINCL.EQ.1) CALL SAY(I.d) '
IFINC2.EQ.1) CaALL SAV(I.d)
IFINC3.EQa1) CALL SAVV(IJ)
CUNT TAUE
EXPANSICN CF RLUTES
Np=2
hG=2
IFIRC].EQ.1) NP=1
TFINC3.EQ.L} NE=3
FEX=C
FIND MAXINMUM SAVINGS
[0 160 K=NF,hE
CO 160 I=1NCPT
LG 160 J=1:00PT
PHSY=SVIIJ,K}/LCLD
IF(MBRSVLLELMFXY GO TO 160
MEX=MHSV
FR1=1
FR2=4
MRI=K
MER=I#1CO+J
CURTINUE -
[F MaXINMUM SAVINGS EQUAL Z2EREC GC TC ROUTE QuTPUT
IF{MMX.LE.C) GC TL 170 .
CHECK MAXIMUM SAVINCS
IF{MRI,EQ.1) CALL SAl(FRLI,MRZ)
[FIMR3ICOL2) CALL SAVIMRIGZNMRZ)
IF{MRIEQ.AY CALL SAVVIMRL.NMRZ)
MHSY=SVIMAR1,MVR2,MR3}/LCOD
IF{MMXNEC MRSV GU TC 106U
FIND ROLTE WITH CCRRECT SAVIAGS INCEX
NTEZ2=(
FXS5=C
L0 168 NK=1,3C
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C

l1&&

168

167

169

e

4C

181

1ec

1EZ

165

5%

E=THEEX(MR]L yMR2 3

IF(ENE0.0) oL T6
MAR=ART (BN, 2)

TFINARLOT w20l VA

K

](}‘J

3.EC.Y) CC TC 148

CHECK RESTRICTICHKS

CALL RESTRIFIR]GMR2

P MR BN NS )

TEIFXS=NSZ) 1ab 108,168

NE A= N
PXS=HS]
BT E=0
COC T 1686
RTZ2=0T/+1
TEANT 26T o2) CO 10
CONTInLE

IF LOADS EGUAL
[F(MXS.ETL.C) GU TU
SVIFRL,FR2yMHE31=0
cooT0 o 14ns

Yed

ZERL SET SAVINGS ECLAL

169

CALL ROLTINKG SUBRCUTIAE

CALL RTCINKAZFRLsM
CC TC 1end
WRITE OUT LF RO
CaLl TIFEALTIMZY)
WRITE(CWT 720 17
WRITELCKT 340
FCRMATEE SCLUTION
FRITEACKT (500
FCRAMAT(Y ORUER CF
K0O=0
SKL=C
SLM=0
=0
[0 190 K=1,NRT
CHeECK IF ROUTE
IFIARTERk, T Yo LELGH

RZsMR3)

UteE s

ROUTES* )

RCUTE" }

I8 ACTIVE
cC 7C 198

DETERMINE KCe LF ARCHS

LL=ART (Ky3)43
Lbk=LL~1

CHFCK FCR EFMPTY
JELZRT (R LELCY GU
P=0

ESTAULTSE EMPTY
o0 179 Lt=140
Ll=t =2
ELILY=/ZRT(KY/ 110 %%
2l=0s040L L) =00

CALCULATE LHPTY
EML=0
CO 18] L=1:5,:2

ARCES
TC 186

ARCE INEICATORS

{12-L1y1-212

LEKCTH

TFORFLIL) LG 0] EML=CML4DISTIELIL) yELIL+D1))

CUNT INUL
CC 1€ 18%
FHL=0
M 1682 L=1,6
EL{LY=0
WRITE POINTS O

FRITEADWT S5 ARTOR UL ) s LARTLR LY sE=430LP)

FCOMATLE *20(2X:13

BCUTE

b
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o

24C

o
'
[}

26C

56

o

wh
fo=]

(2%
[ &
[

15C

20

&1

CALCULATE AVG. DIST. TRAVELED PER TIME PERICD
PNG=AVELFARPF (ART K204 1)
LL=ANVD+DYRTHAVEL
Lh=avD-DVRTI&=AVEL
FIND ROUTE PCSITION
EJ=0
FL=0
[E=D1STLART K 4 ) ART LKLL))
IFINCLTLLT ) CL YU 240
Kl=LL
Ki=4
cC e 260
[ 7250 Wl=4,L0P
Eo=E]1+1
[C=0CHRISTIARTIRK RI) yART(K K2}
TFLEL(S)YWEC ATkt 1YY El=l
[F(ODRGEL LY GC TL 260
CONTINLE
IFICOLLELUT Y EJ=1
ITHTLLAS)GEQ.DY EI=1
WRITD LS.y LGTHey NOo ARCHSy EMPTY LCTH., ANC
CMPTY ARCHS .
PAARTIK,200+1
VRITEAORT g S8 LARTAR LY 2 L=l 3 s EMLy (EL (LY sL=340)
FORMAT(Y 1, DS="12e 3%y "LGTH=Y TG+ 3X 4 "NC ARCHS =", 12 3% PEH
ILETH=" 163X, YVEMPTY ARCISt,al3)
TF{rD.EQ 1Yy GO TC 350
WHITE{OWT g2 7)) ARTIK,KL) gART{R K21 ,4A
FORFAT LY 0,25 "CARRIER BETwEEeN PTS V4213 3X,'TIME PERIOD Y,12)
CC TC 365
WRITEAOWT 4 50) ARTIKKZ),AA
FURMFAT LY ¥y ECARRIER AT PT 4, 13,23X,'TIME PERIGCD V,12}
KECP TUTALS CF RUe (IFFe BTSes LGTHey ANE EMPIY LGTIH,
NO=tC+ 1
SPL=SHLAART L s 1) HART (K 2)
SEVM=SEFMAART (K.Y ) ¥LML
TF ®¥PA=1 RTS. YU BE IKCLLLED BUCXT BUN ARE PURCHEL
TEENPANEWYAORGETEQEL) GO TU 1&C
s0=A0+]
WRITLI2,28C) ELISYsELIEY AN
FORMATIRLLIC )
WRITE(Z2:780) (ARTIE L yl=143)
FRITE (2,280 {ART{K L) (=4, L)
CONTTHUE
PUNCH NC. CF ACDITICNAL RUUTES
FEINPALIQOYY wRITLIZ2:2E0) AL
WRITE TOTALS
WERITE(OWT ¢ 20) KRC,S5HLSEWM
TCRMAT(PONUNMEER CF TOURS Y3 Jay9Xy"TOTAL MILFAGE ' 11C 58X, 'EMPTY M]
1LEAGE "4 11C)
WRITE LOaL MILES
LTIMEL=(T INMZ-11IM1)/ZL00,
WRITH(CwWT 501 ZLLMLUTIMEL AL
FURTATOY LOAL MILES CALte "eT1lCyOXi"EXECG. TINME ' oF10«2,"% SECL',5%,
158NC, IT¥P, HT5. tel3d
UPCATE TRARSPOSE CF LCS MATRIX
CL 204 T=NShAS

TEEARTEL 3 ot 2) GUE TC 204

,_,_
™
-

20



[AS RS N

D e

o RN )

C

)

LT OARTLE Ao ARTEEsS))=LDTIART L4 ) g ARTLL+BYY-ART(I,41)

cemyInu

WETTE URRCUTCD
WRITE(CWT 4201 )
PLRMAT L =L TST GF

LCALS

UNROUTED

LUACS )

CC 210 I=1:000P7T

Elr 210 J=1.R0PT

ST O 0 RN O B S B tC 21cC
BRITEICWY 2000 Je by LLT LT 0)

171,"".!“‘3‘\‘[{' FREM 'g[:’;f"‘ IC ‘1129‘.‘%;1‘{*7'
COMT IMUT

CCNTINUE

STEP

LCALS )
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90

icz
L0S

SUBRRAUT INE
IFELTLIT IAaTLoeR®s2 (A=l
CoMpOnN

YIRTEALLO) SV 254204 2) 5 810
COMMOUN BOPTheT 50 M2
CONMPON AVEL 2ALP L OVRT o NFA

COMYECH RO OwT
CIMENSICN FMT L20)
READ DATA
READ FORMAT
REAGICOREy SCCIIFMTEK ) s K=1
FURMAT2DA2)

READ NI, OF PLINTS AND
I+ NSLD =1 LUAD MATIRIX
[F KELE>Y LCAC MATWIX
IF NS0T =1 DISTARCE MA

If NPA=1 RUOUTES
READ(CRLyFET)

RFAD MAX.
READ(URD, FMT)

INITIALIZE
ce 95 =1 ,hCPT
LU 9% J=1,H0PT
LET ([,J)=0C
L 9¢ K=1,3
EV‘[I,J;-K!’:'T
STty Jdsek)=C
ISNDEX{Tsd s KY}=0
L0 9% K=4,20
TNDEX{ T, 4 K)=C

FAVING
MNCPY sRCL AL
RTe LGTHeqy A
ARTLG,y AVEL

TLDy SV 51

INITIALEZE TAPE CRIVE
Crir=11
REWINRD OTP
TR{RSLELEQ.LY CC 10 102

HREAC FCREAT
REAGLORD 5CCIIEMTOR) yK=1;
READ LOARS AT bACH FOL
LCAD MATRIX STLURED
CO 1C0 I=1,009T
READ(UAD, PMTIILEX( T ) ed=
STORE LUCAD MATWIX
TFINSLEWLE«L) GE Tu LOE
REETLLOTP Y CCLEX (T 4K) e K=1y
ce 1O 1G%
RE-INTITTALYIZE LC

Al FAT

LHTLE2Y 29, UT8T 025,

CAETAINCECKHO, 2L DML )
Wl ELERFG (U-T yw— 1)

25 s ARTO2C000 201, INCEX{25,29,3010,

29420 3 S0 254253 31 LEXL25425)5AVT(25)

NC3gNAD, ARTLG

209

CPTICH PARANETERS
Al

5TGREE
TRIEX KNCT REAC

PAOSSIBLE GF IMPROVEFMENRT
2aNC2 s RNAL ISLD,HS0TNPA

HaT

PUNEHED

VG, VEL., AVG. TINME PERIQL, VAR. IN
CARP S CVURT

+ ARG INEEX

PARAMETER AND WIND TAPE

20

Fal O

ST

LeRNLFETY

HEPTY e 1=1400PT)

DTy
a3 Eas

READLIOVPILLLOXLL ok b s K=1 o "UPT) s T=1,NCPTY

[FINSOTLEC. L)
READ FOEEAT

GO TO 1luE

REACLCRD STEYIFMTLIKY g K=142C)

REALD DISTANCE
NC=h{PT-1
LOT118 [=1yhC
h=14+1
FeAD(ORD, FMTIICLISTII s e d

MATR X

COMPLETE DISTANCE MAIR
CC 111 f=1,80P7
1YL J=141

shiNhOPT Y

I X

TIHE

ALLGWED
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ce

IFCTEC0) LISTET 20 =0
CTISTUT =150 0d, 1)
READ FURMAT CARC

READEOAD,, 5CC) (FMI(K) 4k=1,20)
READ NO ANE LUCATICH UF I[CLE CARRILRS
READLUGHRD FRT L LAVTI (K ) sk=1ROPT)
CALCULATE LCAL MILES
LML=
CL o112 I=sLlaNupd
[0 112 J=1¢ANLPY
ALOML=LRX L 20Ty )+ 4LerL
AMRT=2
LF(NAUHE. Y)Y GL 10 140
READ PREVIUCLS ROUTES
READR FORMAT
READIURE, SCOVIFMT K Y yK=1,20)
ROAD NCo ALUITICOCNAL ROUTES
READ(CRD,F¥T) KUART

S LC 130 T=L1yNCART

30

39

37

heT=nRT+]
TRY(NRTY=D
READG EMPTY ARCH INDICATCRS, TIME PERICD INCICATOR
FEACICREs FRT)Y NIeNZ2gARY(WRTZC)
READ MO LDBS.y LGTH., AKRE ANCo ARCEFS OF RLUTE
READ(ORD,FMTY (ARTINRT d}ed=1,423)
N=ART (NRT y3)+3
READ POINTS ON THE FOLTL
REACLURD,FMTY (ARTUINRT ¢ J) yJ=4,N)
IPT(ARY)I=N1# | CO+N2
CALL TEXCHININZyRRT)
CONTIRLE
IF(ECHOWNE L) ROTURN
FCHFO CHECK CF LATA
FERELTE(CWRT 301 NOCPT RCLNCZ2 4 NC3
FORMAT(*=HLFBER CEF POINTS ®413,5X,'CPTICN PARANETERS '3(13))
WEITO(CWT y29) ARTLLGLAVELsAWPLCVYRT
FORMATII=MAXY RTE LGTE Folh:54 VAVE VEL "y TE+45%X, PAVG RUN PCRIUD ]
E4HX, " VAR TN RUN PERIQL *il6)
YRITEMCHT 37
FORFATI =AavATLARLL TCLE CARRIERS AND LCCATICHY)
YRITEACWT 9 3E)Y (AVT (1) 4=} ,ACPT)
FURMAT (Y 40 13)
WRITUICWT 43 1)
FORMAT(*=LOAL MATRIXY}
Cu 33 1=1.HCPT
WRITEA(CKWT 32 [ lLEX(Ied )y =L ,NORT)
FORMATEY ROR' 3 ¥3:5X4,3013)
WHITEAOWT 24
FORMAT LU LIDISTANCE MATRIR ')
LO 35 T=14KCPT
BRITEAL(CWT:26) 14T 8T014d)4d=1,hCPT)
FORMATLY RCW Fol2,3%,2001LK,14)1)
Ry T
F 1)

1

s}

3

&



151
11C

1¢5
1C7

SUBRCUTINY RTLEIRNsMehsMR)
ROUTING SULURCUTINE
TRPLTICTIY INTrGERE 2 (AN )y [NT-GER®ALL-T,%=7)
CUMPOL QDT U2%:25) E1STIZ2S, 25 0T L2000, 20) o INPEX(25,2%,; 30},
1ZRTLZCCO) s SV E5425+43) 08T (22943385025 +0543),LEXNIZ5425)1, AT (25)
COMMUN NOPTBRTaNCINCe e NC2aNAL L ARTLG
COMPON AVEL yAWPLLYRY NI A
COMMUON ORBLKIT
CIMERSION AXTI20) 0T 04) s CT(3,ELLS)
ROUYE BEING UP DATEL
K=[NDEXINM N yKND
THNITIALIAY LPDATE PLINTS
LL=ART IR, 3143
T1=51{F H,KR)
SAVINGS PUINTS
CYLLy=21/71CC0CCCC
CTE2)=21/7108C0~CTH{LI*1C0
CTU3 =2F/100-CT{L)*10oCO-CTL2)%100
CTLa)=21-CT (L)1 CCLo-CT 2V *=1CCIC-CT(3)1*1CC
EMPTY ARCES CF SAVINGS
CTEIy=p8{ryNsFRIZL20
CY(2 =DM Ny MRY/LO-0T (1) %10
EY(3)=05(P ey MR)-LTILIIHLCO-LTI2)2]C
FIniy #INIMUY CF SAVINGS ARC RCUTE LLCACS
LOF=SV Mg MRY-TEV (M, NPRYZICCEI*1CCC
FREOLCHLGT ARTIK LYY LCF=4RTIK, 1)
AnS=LCH
TEILCH.GY ARTHE ;1) dANDLARTIR 36T 42 LCH=ART (K, 1)
FSSTART (K, 1)
CH=CT{1}
IFICT O EQaG)} EBECT (2]
1EICTE2Y L Q) Ch=0Y 13
FIND EMPTY ARCHS FUR RCUTE
tr=C
CO 190 L=1,4¢
tL=L%?
FLIWLY=20T (kY {10 (12-LL))~102
PZ=CL{Ly+1Ce
TF(EL (L) EC Oy FLtLY=C
CUnT iALF
Flngs ROLTE LPDATE PCOINT
LE=ART (e 2043
LO 180 Tl=44LL
ACH=ART (K, 11}
TF{CH=NCIHY TBC,1CC,18U
(oW1 Inue
FLTU RN
STeRt POEINTS TC RIGEY CF UFEATE PCINT
fi=11+2
IF{IN-LE)Y 1584151,109
rc Lyc I2=IN,LL
AXTEIZ)=ARTIK 12}
UPTATL RCUTE KUMOER
TFEINRS=ME8Y L1lele74207
b =
IREEX (Heh KN )=
cC ¢ 112

124



T11 BT =hRT+]
Kh=N2T
UPCATE RLCUTE LOADS
PRTER 1 )=MeS=-LLH
112 FeTIEE 1 =L0¢
BRFIKK 201 =0T (K201
TECL=MPY 1EL.145,145
THANSFER RCUTE POINTS
161 [0 113 tRT=4411
112 ARTIEE LX) =aRTIKELXT)
JFLCT Oy lew,162,10C0
162 h5=1
ARYCRR 2) =ART IR 2V eCTSTICTA2) s 0T IA) I+ ISTLOT(3) ,CT (4] )-0ISTHCT (o)
1CH04))
UPCAYE BCUTE PUINTS
ARTIERg3)=ART(Ky3)+]
CO XY T=244
1l=11+1-2
117 ART(EE,ITY=CTL1)
¢C Y0 170
160 h§=2
ARTURK 2 =ARTIE2Y40ISTLCT (I CT (22 1+0ISTLCTLI2),CT 31 +DIST(CTI02),
1ICT(A) Y -0 STLET (LY, Cl(4))
ART(KE2)=ARTIK 30 +7
L0 116 I=144
TI=1141-1
116 ARTIEK,I1)Y=CT(1)}
ACD RIGEFT PUINTS
17C 10 R-LEY 1B634163,108
e t0 134 Ta=IhLt
114 ZRT(EKyIZ4NSI=AXT(12)
UPCATE ANET TRANSPOSE MATRIX AKD SAaVIKGCS MATRILES

ICE 20T {nn)=0

LRTECT (A, CTL2))=LDT(CT(3)4CT(2)-LCH-
LLYLCTta) O3 )=LerCrtalyCres))-Lohr
IF(CT L oLl LETHCT A Tl =Lt {CT L2, CT (4} -LCH
IFLCTLL)) léEaslalylls
a4 LOT(CT(2CT L) =Ll iCTi2) LT (1))}-LCk
LETICTOLY W CTar=L0TCr iy Criar-LCl
UPDATE EFOTY ARCH IADICATLRS

L4 10 120 1=]42
IFECECIY=2) 120,115412C
115 €0 197 L=14542
IF{EL L) SMESLY U TO 187
EL{L)=Ccy(t1)
ELIL#L ) =CT0I+1)
CALL TCACHICTELY,CTLI+]) KK
PRANG2 EQa1) CALL SAYICTOL),CTCLe1))
IF(MC3ILEQaL)Y CALL SAVMICTITLYCT(I+11})
Co Tu 120
167 CUnT INUE
12C CUNTIALE
STURE FMPTY ARCH INCICATCERS
IRT{KK]I=D
G 19% j=145,2
PRUEL(T) « B0 Y GE TE 1S58
FRVAFEY=ZRI(RE IS0 CC0et LU Y%L+ (1+1)
168 CONTIRLE




148

144

148

145

165

L&
ltC

CC TO 148
uTireEy =0
CY Y4t 12=024+5
ARTURR I2) = ART (K [2)
FOTCCT ) s CTaty=LETICT (3, T lay)-LCk
LECTICT A CV 43X -LET(eT (4 yCHE3))-LCkR
TEAHNCT . NE L 1)GE T 149
CAal L SALENgMI
CALL SALIMN]
JT{NCAFD L) CALL SAVVIMN)
(20000 ) CALL SAVIM M)
UPEATE CLE RCUTES
€ 150 KP=1,3
IFACTHRPY oEQRLCCR.OTIKF+AL)LECOLOCRLOTIRP)LEQRLLY GO TO 15T
Fp=0
fP=PPr+]
NCK=THNEEX(CT(KP+T ) sCT{KP )PP}
IF(NCHK LD C)Y GO T4 15D
IF{ARTINCK20).CT.0) GC TOQ 2CC
IF(ARTIRCK ¢3)-2) 150,165,150
ARTIHCK L) =A3T(NCK 1) ~LCK
[FOARTOHOR ¢ L)) 150166150
IRTINCKY=D
CONT ENUF
RETURN
END
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ME OSalllsd)
INTEGER Y S LA=NY s INTLGERFA{L =T =2
COBRUN LAOTL25,2%) 4y BLST (29929 ) pARTH 2008 4 261 wINDEX2G y25437)
LZRT L2000 s SVMI 202533 s 8102925, 3) B8 Z20,29,:2),L0X(25,25),AVI(25R)
CUNMPFUR NOPT BREGNCL yNCZ gy NC3 3 NAD s ARTLG
COMPMttl AVEL s ARE U VRT (A FA
CLEMCKR DROyCWI
CALCULATE SAVINGS FRCOM PALRING
Cit=Lititd,1)
UPLATE SAVINGS MATRICES
SV, dy D) =01STULH, 0 S=LCCO+CML
STUT s dyl)=0%1C0+ Y
BS(Iydsl)=0
IF{CFL.LELD) SVIl,d4:1)=0
FLETURN
IR



1CC

11¢

120

13¢

SYPRCUTINE SAviled)
SAVILGS SUBRCUTIREG
[l TCIT INTLGLER
oG LDT{25,25,018T(25,25
Tivttle 0 s SV 3253 a S L2 S
COMFON NOPT s HRT G NUEL g WCZ $ACR ¢ K,
COMSG AYEL y AnP s DVRT o NFA
CONMMON ORNGLHT
CALCUHLATION
BhY=(

A s

b
o
A

LF SAVIRGS TRIA

[FLLOTET s JV b L Cu ARG IRDEXR (T 5 J
e 120 K=Y 3Nopd
FRIEK « B bR KeBled )
ML
hpZ=C
£12=9999
2S=C0ISTIT.4)
CALL SSAVIAS AT oK1
CALL SSAVIAS AL d 40D
ITF(ET LECCRAASGLE
MEX=AS
Er=af
PAl=R01
pR2=KN2
AeK=H
CORT FRGE

UPLCATE SAavING HATAL
STl ed 2V =T1#*ICCCCHNKE®LOO+]
PS{Ted2) =hN1I®104HNNT
SV T+ Jy2)=PMXxICCO+MFD
FETURN
ET\{"‘

CC 10 1zt

Frc

(i)

e A=) G INTEGER®A{C~Tyw~21}

u“T(?CCrrz’J)si‘JPEX(“'\,L"M,’H5-
y A1 BS 2t 25
CyARTLG

NGLE METHOD

+1)1.LELQ) GO TO 130

L2¢

13 LDXKI25,25)AVT

(25)
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-

e
fa—
3

M~

Y

SUBROUTINEG Savvil,Jd)
MOLICIT INTLOERFZ2UA=N)y INTESER®G(0-T 402}

COMPOCN LDT (25,209 4C15T (25,29 ARTHZ2CLC 20 INCEX{2E,25,30),

129

YRTI2E00) s SVI20525 3 ¢ ST 0254e543 3 B5(25425,3)1L0X{259425),AVT{25)

COFMON NOPT 2T  MCLeNCZz W3 4Al s ARITLG
COVEUN AVEL sAnP s LVRT o NF A
CoMpun ORDChT
CALCULATE SAVINGS USING TRAPLZCLE METHOL
ANg=10
hL=0
[AVENS!
FMX=0
Kivi=0
MN2=0
PRI=C
TECLOT O s d ) e b e Do ARDGIRDEX (T, dy 1) LELCH GO TO t20
G 11O K=1NUPT
IF(R.EC.T1.CR.KLEC.J) GE T0 LIC
CC ICC L=YsnUPd
TE{L U0l eCReLaFECadalORLEGKY GEC TU 1C0C
hL1=0C
np2=C
hNC3=0
ES=LISTEL )
Mi=G5GY
CALL SSAVINAS ALK T NDT
CAatL SSAVIASHAL L KyNEZ
CALL SSAVIAS AL s Lo NL2D
TFtADLE.CeCROASLELMMR) GC TC 1CO
FtX=AS
FO=nab
hE =11
ML=L
Ml =N
M2 =N 2
MN3I=NE3
CLHT THEE
CONT INUE
UPCATE SAVINGS MATRICES
ST 3 dy 3 =T#10CL0CCvNEITCOCORRMLEICO+Y
PSCT e 3)=hNNT I CO+NNZE]IDANN]D
SVITyde3)=hMAXLCCCHIML
Re TURN
ENE



CSLOBROUTING SSAVIAS JAD Ny KK)
IMPLTIOTT IANTEGERSCA=n ) INTICcER*A(E-Tyh=
COMMUN LOTHU259305) 4 RESTU2% 25 g ARTU2000,20) 4 [HEEXLZhy 25,4300,
127 (o000 SV eh,7543) 8102525034 BS(25,25,:3 ) LEXL20420)AVTLED)
COMPON RIPT gART g NCLMNC2 s N3 NAL s ARTLE
COVMUN AVEL ALF EVRT ¢ A
CuttiiuM QRD 0wl
TADULATE SAVINGS avAlLanlo IF PTIS. N AND P OIACLUDLED
TEALCTIRgF Y CTo) GO 10 Y20
AS=AS-DISTIN, V)
hEi=1
RETLRN
AS=RSEDISTIN, M)
JTFCAD CCTOLET N, MY AD=LDY (N M)
RETURN
Eng




SUPROUTTINE TLXCH(
TMPLICYT INTECER
CUtEn LNT125:25)
]2‘”1l;li‘.f-‘k.}tg\\"‘:{“f:.
CUMMEON MOPT s R T M
CCMMUN AVEL AW, C
CLUMFUN CRIDaCWIT
ESTaiL s TRt
tWC=30
L 100 K=1,.A0
TELINEEX T ¢ J4K) )
CUNTINLE
YRITEIOWT 4 18)
FERMATOPOINEEX bX
RETUSR
TRTEX (T d s K)=RORT
kL fURKN
L

Fand o NERE )

CALA=NY y BT SRy 4 (G
s LESTL25,25)4ART (2
S35 ) 4 SFE2S 4553

ClLymCz yBhC3 4 NAT

VRT ¢ A

x FCR SAVIANGS

130,110,1C0

CECLELD RAMNGE ')

P ARTLG

PCINTS CN

RCUTE



1C
2C

SLERCLTINED
IRPLICIT INTEGLRS
Curtil LeT{25, 25
LIRT U C NG SV 2542
CUMFURN NOPT o hET e hCLeNCe g N3G RWAT  ARTLE
COMEMNMN AVEL s AWP 4 DVR T 4NFA
COMMUN CRO 40Ok
RESTRILTILRS O
NSZ=ART(TX41)

RESTROE s JsKe T4,RS21)

RCUTES

JL=ST0I,d K-S0 Led,K)/ICECCCCYFICLLCTL

C1=21/15000
C2=2T1/2100-CI=1CC
£3=21=C1%1CLLO-CP%1C0
e (ClorCo0) L YU 10

cA-NY s INTEGER*¥G{C~Tyw=-71
VU LST(25,28) ,ARTL2CC0,20)
G381 0254253 3),85025,25,3) $LEXL25,425),AVT(25)

,["-JD-"XIIL"":..'-_"J"H )'
e

[H=ARTOIX 204008V (0 Ce)+BIST(CE CA)-LIST(CL,E3)

Co 1O 20
fl=A2T01e2)

T (DL CTeARTLG)
RETURN

N&Z =G

ENG
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SAMPLE COMPUTLER OUTPUT
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PROCLE 1

NUMPER CF PCINTS 1L CRTION PARAMDTERS:® 1 |
MAX RTE LGIH 1&0¢C AVG VEL 60 AVG RUN PERICE
hvi’l‘

CLE CARRIEPS AND LOCATIUN
{

I
55 SS $9 99 S5 99 G949y

LCAD MATRIX

RCW 1 C 1 ¢ 1 2z 3 4 1 2
RCw 2 2 0 1 4 ¢ 1 1 ! i 7
ROW 2 1 2 ¢ ¢ 3 2 1 1 1 2
RCOW 4 2 1 i ¢ oz 2 1 ¢ C 1
RCKH & 306 4 1t 0 2 C 2 2 1
RCW € 1 2 ¢ ¢ 1 ¢ ¢ 1 1 2
ROW 7 1 i 1 ¢ 1 1 0 3 ¢ 1
RCY & Z Cc ¢ 2 1 1 2 ¢ 1 €
RCY G 1 0 ¢ 2 r o ¢ 1 ¢ 2
RCW 10 C 1 2 3 0 ¢ 5 ¢ 1 0

L2



235 15C 4% 160 160 10% 8C

RCW 1 G 85 119 165 8¢ 226 15&% 23% Ll5% 218
ReCw 2 B C 195 ec 15w 13 ¢ 150 13C 25¢C
ROW 3 118 195 G 200 W 298 1560 240 155 1€
ROW 4 105 g 240 0o 19u %  LlG 1ef LIE 2%0
RCOWw £ e 16L g 190 g 21y 8C 1460 5 135
RCW 6 22 135 z9C % 210 Lo13¢ 105 190 310
REW 7 155 FACHENNS § 19 (B R 25 L3 C SHY) OB &
RCW & g LGS 225
ROW G g8 138 %% 190 o 194 60 105 0 120
RCW 1C 15  2%C 120 290 135 316 1&C 225 12C C

L2
()



PROBLEM 1
SCLUTICK RCLTES
CRDER CF RCLTE

¢ 3 1 g
LCS= 1 LETHF= 1345 NGO ARCHS=
CARRIER AT PY & TIVMG PERIOD

rd 1 g 3 9

NO ARCHS=

TIME PERIOD

LDS= 1 LGTH= 14E&C
CARRIER AT PT 2
1 1 8
Los= 1 LGTF= 1168
CARRIER AT PT 7
£ 10 2
LDS= 1 LGIr= 935 KD ARCHS=
CARRIER AT PT f TIFME PERIDD
1 10 9
LDS= 1 LGTE= 1055
CARRIER AT FT 1
S 2 3 €
LCS= 1 LGTH= 884
CARRIER AT P1 9
Z 1 4

NO ARCHS=
TIME PERIOD

NC ARCHS=
1IME PERIOD

NO ARCHS=
TI1VE PERIDD

LoS= 1 LCTk= 33¢ N{] ARCHS=
CARRIER AT PT 2 TIME PERIDC
: 1 8
Les= 1 LGTR= 585  NO ARCHS=
CARRI ER
4 1 10
LLs= 2 LGTH=  67C  NO ARCHS=
o CARRIER
£ 1
LDS= 1 LGTH= 1¢C NG ARCHS=

CARRIER AT PT 5 TIME PERIOD
e 1
LDS= 1 LGTt= 44C
CARRIER AT PT &
1 1
LES= 1 LGTF= 31C
CARRIER AT FT 7
€ 1 7
£CS= 1 LGTE= 47C
CARRIER AT PV 8
s 1 é
LCS= 1 LGTF= 37¢ NO ARCHS=
CARRIER AT FT 9 TIME PERIOD
4 2 9
LLs= 1 LGTE= 38C NO ARCHS=
CARRIER AT FT 4 TI¥E PERLUD
€ 2 . 4
Lns= 1 LGTE= 27¢C
CARREER AT PT [
1 2 10
tCS= 1 LGTH= SCC
CARRIER AT FT 7
] 3 7
Les= 1 LGTH=
CARRIER AT PT 2
4 3 10
LES= 1 LGTFH= 68C

NC ARCHS=
1IME PERIDD

© NO ARCHS=
TIME PERICOD

NO ARCHS=
TI¢C PERIOD

NO ARCHS=
TIME PERIOD

KO ARCHSs=
TIME PERIOD

425 KNG ARCHS=
TIre PERIOD

KC ARCHS=
CARRIER

4  EMPTY LGTH=
3

5  ENMPTY LGTH=
3

3 EMPTY LGTH=
a

3 EMPTY LGTH=
2

3 EMPTY LGTE=
2

4  EMPTY LGTH=
2 v

3 EMPTY LGTH=
1 i

3 EMPTY LGTh=
BETWEEN PTS &

3 EMPTY LGTH=
GBETWEEN PTE 1€

2 EMPTY LGTH=
1

2 EMPTY LGTH=
2 EMPTY LGTH=
1 _

31 EMPTY :GTHs
1

3 EMPTY LGTH=
1

3 EMPTY LGTH=
1 ;
3 EMPTY LGTH=
1

3 EMPTY LGTH=
1 5
3 EMPTY LGTH=
1

3 EMPTY LGTH=
OETHEEN PTS 1C

|

>

4

4

155

60

80
4]
0
G

220

10

¢

ENPTY

EMPTY

EVPTY

EMPTY

EVMPTY

EVPTY

EMPTY

ENMPTY

ARCHS

ARCHS

ARCHS

ARCHS

ARCHS

ARCHS

ARCHS -

ARCHS

TIVE PERICD 1

EVPTY

ARCHS

TI¥E PERICC 1

ENPTY
EVPTY
EMPTY
ENPTY
EFPTY
EMPTY
EVPTY
ENPTY
EMPTY

CEMPTY

ARCHS

ARCHS

ARCHS

ARCHS

ARCHS

ARCHS

ARCHS

ARCHS

ARCFS

ARCHS

TI¥: PERICD 1

Q

L]

(]

L]

¢

(o]

136



‘ 137

£ 3 :
LDS= 2 LGTH= 1&€ NO ARCHS= 2 EMPTY LGTH= Q EMPTY ARCHS 0 0O G ¢
CARRIER AT PT 5 TIME PERIDD 1 .

1 3 10 X
Lps= 1 LGTH= 46C NO ARCHS= 3 EMPTY LGThs= 0 EVMPTY ARCHS O O O ¢

CARRIER AT PT 1 TIME PERIOD 1

1C 3 [
LCS= 2 LGTH= T2¢ NO ARCHS= 3 EMPTY LGTH= ¢ EMPTY ARCHS O € ¢ C
CARRIER BETWEEN PTS 6 1C TIVE PERICLC 1

z 4
L0S= 2 LGTR=  16C NO ARCHS= 2 EMPTY LGTH= 80 EMPTY ARCHS 0 € & 2
CARRIER AT PT 2  TIME PERIOD 1

€ 4 6 ‘

LES= 1 LG6TH= 455  NO ARCHS= 3 EMPTY LGTH= ¢ EMPIY ARCHS 0 0 € ¢
CARRIER AT PT 5  TIME PERIOG 1

£ 4 5 _ ‘

LCS= 2 LGTF=  51C N0 ARCHS= 3 ENMPTY LGTH= G EMPTY ARCHS 0 O 0 0
CARRIER AT PT 8  TIME PERIOC 1 -

i 5 10 _

LCS= 1  LGTP=  3S5 NO ARCHS= 3  EMPTY LGTH= 0 EMPTY ARCHS 0 G O O©
CARRIER AT PT 7  TIMFE PERIOD 1 :

S 5 6 :

LES= 1 LGTH= 475 NO ARCHS= 3  EMPTY LGTH= 6 EVPTY ARCES 2 0 O 0
CARRIER AT PT 9  TIME PERIOD 1 ' :

£ 6 8 7
LDS= 1 LGTH= 475 NO ARCHS= 4  EMPTY LGTH= 80 EMPTY ARCHS O ¢ 7 5
CARRIER AT PT 5  TIMF PERIOC 1 :

1 8
LCS= 2 LGTh=  16C  NO ARGHS= 2 EMPTY LGTH= 8C  EMPTY ARCHS O & 8 7
CARRIER AT PT 7  TIME PERIUD 1 :

z 9 . : :

LES= 1 LGTk= 260 N0 ARCHS= 2 EMPTY LGTh=  13C  EFPIY ARCHS O G 9 2
CARRIER AT PT 2  TIMF PERIOD 1

£ 9
LES= 2 LGTH=  15C NO ARCHS= 2  EMPTY LGTH= 75  ENPTY ARCHS O 0 9 3
CARRIER AT PT 5  TIME PERIOD 1

3 2 8
LES= 1 LGTF= 585 NG ARCHS= 3 EMPTY LGTH= C  ENPIY ARCHS O ¢ 0 O

CARRIER BETWEEN PTS 8 32 TIME PERIOC 1 ‘
g 4 10
LCS= 1 LGTR=  58C NO ARCHS= 3 EMPTY LGTH= 0 EMPTY ARCHS J ¢ O €
CARRIER AT FT 10  TIME PERIOD 1 : ‘
£ 1 9
LESs 1 LGIF= 4S5  ND ARCHS= 3 EMPTY LGTH= G EMPTY ARCHS O G 0 Q
CARRIER AT PT g TIME PERIOD 1 :
5 1 8 ‘
LCS= 1 LGTH= 475 KO ARCHS= 3  EMPTY LGTH= - O EFPTY ARCHS O O G G
CARRIER AT FT 5  TIME PERIUD 1

1¢ 1 2
LCS= 1 LGTR=  5CC  NO ARCHS= 3 EMPTY LGTH= 7C  EMPTY ARCHS G & T 2
CARRIER AT PT IC  TIME PERIOD 1

1 1c g 1C
LDS= 1 LGTH= 1255  NO ARCHS= &  EMPTY LGTH= .0 EMPTY ARCHS 0 G © ©
CARRIER AT FT 7 TIME PERIND 2

€ 2 7
LCS= 1 LGTR= 335  NC ARGHS= 3 EMPTY LGTH= C  EMPTY ARCHS 0 € 0 ¢
CARRIER AT PT &  TIME PERIOD . ,

: 1 5 3 i _

LES= 1 LGTF=  44C  NO ARCHS= EMPTY LGTH= 0 EMPTY ARCHS 0 G € O©

-

CARRIER AT PT 2 TIME PERINC



E 3 9

L0os= 1 LGTIH= 31cC NO ARCHS= 3 CHPTY LGTH= 5 EvMPTY ARCHS 0 ¢ 9
CARETLR AT FI 5 TIME pLRIOD 1

g 1 7 1€ 3
LDS= 1 EGTH= 615 MO ARCHS= 6§ EFPTY LGTH= 120 CVPTY ARCHS 0 O 1€
CARRIER AT PT 3 TIME PrRIOD L

Ve 4 1
LCS= 1 LGCTE= 26C NOOARCHS= 3 EMPTY LGTH= ic EVMPTY ARCHS O C 7
CARRICR AT P 2 TiFE pCERIOOD 1

5 9 1G
Lns= 1 G 1= 78 NG ARCHS= 3 EmMpPTY LGTH= 135 EMPTY ARCHS O ¢ 1r
CARRIER AT P 5 TiEME PERIDD 1
NUMEER CF TLURS 473 TOTAL MILEAGE 25621 EMPYY MILEAGE 1735
LCAC MILES CAL. 17590 ExCCa TIME 13%:66 SEL. NCe IMPL. RTS. L

LIST CF UNRCLIED LOALS
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D. SAMPLE DATA LTT
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The line haul routing problem was analyzed and possible solution
methods evaluated. A heuristic algorithm was developed using the idea of
saving to minimize the backhauls fequired. Three different savings systems
were programmed and evaluated. These were initial pairing and two link
savings, one and two link savings, and one, two, and three link savings.
The one and two link savings proved the most satisfactory.

Modifications were made to the procedure to include a dispatching
routine. These changes included a procedure for entering inprocess routes
into the present routing periqd, permitting restrictions on the system, and
limiting carrier availability when forming routes. A number of problems were

successfully solved with the algorithm,





