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PREFACE

The main purpose of this study is to clarify some ideas on a possi-
ble modification to the IBM Program for solving the Transportation Prob-
lem by the IBM 650 Computor. The Transportation Problem is a special
case of the Linear Programming technique. The Transportation Problem is
used to solve problems in which it is desired to minimize the cost of
transporting homogeneous goods from several sources to a group of differ-
ent destinations. Since the method of solution of the Problem is lengthy,
high-speed computors are utilized for most applications. Programs have
been developed to instruct the computors to accomplish the calculations
to solve this type of problem. In this study, we are interested in the
IBM Program L96 and the IBM 650 Computor.

James Hetrick of the Continental 0il Company brought to my attention
a possible modification of the IBM program that might result in reduced
.machine computation time. Since the IBM program for the Transportation
Problem is so widely used, I decided that it was worth while to see if
the program could be improved. With the aid of Mr. Hetriek's advice and
assistance, this study was formulated and carried out.

I am deeply indebted to Stanley Poley, the author of the IBM Program
1,96, for permitting the enclosure of his program in this study. The com~-
pleteness and luecidity of his work has greatly decreased my need to des-
cribe the details of his program.

Indebtedness is also acknowledged to Dr. John W. Hamblin, for plac-~

ing the facilities of the Computing Center at my disposal; and to Dr.

iii



Franklin A. Graybill and H. G. Thuesen, for their advice and criticism of
this thesis.
Finally, I wish to express my appreciation to Edith M. Peterson and

Jean L. Crowder for their work in preparing the manuscript.
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CHAPTER I
INTRODUCTION

The main purpose of this study is to determine which of two com~
putor programs solves the Transportation Problem in the least amount of
time on the IBM 650 Computor. The study was conducted empiriecally.
Both programs were tested fbr various size problems to determine which
of the programs takes the least computation time.

So that the reader may understand the analysis of the‘study‘ﬁo:
follow, it is deemed necessary to discuss (1) the nature of the Trans-
portation Problem, (2) the method of obtaining the solution of the
Transportation Problem, and (3) the structure of the two programs to be

studied.
A. The Nature of the Transportation Problem

The Transportation Problem is a special case in Linear Programming.

The formulation and solution of this type of problem were first applied
to the problem of supplying goods from sources of supply to a number of
points of demand. However, the Tranmsportation Problem can be construct-
ed for varied applications. The only limitations imposed upon the ap-

plication, other than those required of a general Linear Programming

lFor a complete explanation of the theory and application of Linear
Programming in general, it is suggested that the following references
be utilized.
A. Charnes, W. W. Cooper, and A. Henderson, An Introduction to
Linear Programming (New York, 1953).
C. W. Churchman, R. L. Ackoff, E. L. Arnoff, Introduction to
Operations Research (New York 1957), pp. 279-3L2.




problem, are that

(1) the coefficients of the variables must be equal to either one

or zero;

(2) the sum of the goods at the sources must equal the sum of the

goods required at the destinations; and,

(3) the quantities at supply and demand points must be expressed

in homogeneous units.

The solution of the Transportation Problem yields an opbimum solu-
tion consistent with any imposed restrictions inherent in the applica-
tion. All alternate solutions of the same value as the optimum are
also indicated. This technique then permits fast and accurate analysis

of possible courses of action to be taken to solve the specific problem.
B. The Method of Solving the Transportation Problem

To avoid the need of a technical discussion of the theory of
Linear Programming, the method of solving the Transportation Problem
will be shown by the use of a specific example. The example is simpli~
fied to permit understanding of the basic techniques. The problem can
be stated thus: The Ajax‘Co,, which produces a homogeneous product at
three plants located in different locations, wishes to ship this pro-
duct to five different demand points or destinations at minimum cost.
Freight and storage rates are given between each plant and each desti-
nation. The problem is to détermiﬁe the amount of the product that will
be shipped from each plant to each destination, so that the overall
shipping cost will be minimized.

The necessary information can be assembled on the two matrices

shown in Tables I-l and I-2. The plants are designated as Sy s So s 33



TABLE I-1. Physical Requirements of Problem
Destina-
ions D D D D D Production
Plants 1 2 3 L 5
S1 0 Ao K | &y | K 6
Sy X21 X22 X23 th Xzs 8
S X X X X X
3 31 M3 | ez | Ray s 7
Demand 3 2 8 L 6 23
TABLE I-2. Unit Shipping Costs
Destina-
_ jons D D D D D
Plants 1 2 3 h 5
C1 Cio C13 i C15
Sy L 6 10 2 8
Co1 Cop Co3 Ca), Cos
82 2 8 15 10
®31 ®32 %33 C31 C35
53 8 L 12 3 7




and the destinations are designated Dy, Dp, DB’ Dh’ DS' Table I-1 shows
the physical requirements of the problem. These requirements are that
Sl’ 82, and S3 can produce 6, 8, and 9 units of product respectively,

while destinations Dl’

D2, D, Dh’ and Ig require, to supply their cus-
tomers, 3, 2, 8, L4, and 6 units of product respectively. The X values
contained in the table deéignate the number of units of product to be
shipped from Si to Dj’ where i equals 1, 2, or 3 and j equals 1, 2, 3,
L, or 5. The purpose of the problem is to determine these Xij values.
Although not necessary, it has been assumed, for simplicity, that the
amount of production equals the amount of demand;

Table I-2 shows the unit shipping cost, Cij’ of shipping one unit
of product from Si to Djo Therefore, the problem is to obtain values
for each Xij in Table I-1 such that they satisfy the given movement re-
quirements and minimize the total cost.

The process involved in finding the minimum cost and tﬂe propér X
values is to first find a feasible solution. A feasible solution is one
which satisfies the movement requirements of the problem. After an ini-
tial feasible solution is obtained, the solution is inspected to deter-
mine if the solution produces a minimum cost. If it does, the problem
is solved: a minimum cost is stated; and; the X values are determined
from the feasible solution. If the solution does not produce a minimum
cost, the cost matrix is inspected to determine what X values, when en-
tered in the solution, will reduce the cost. The entrance into the so-
lution of the X value that reduces the cost the greatest amount is then
accomplished, and a new feasible solution results. Again this solution
is inspected to see if the cost is minimum. The process is repeated

until a minimum cost is obtained.



1. Selection of an Initial Feasible Solution

The first requirement in utilizing the transportation technique is
to find an initial feasible solution. Several methods have been devel-
oped to find this solution. The one most widely used, and shown below,
finds the solution by attempting to sub-optimize, with respect to cost,
the various combinations of supply and demand. The minimum element,
Cij’ in the first row of the cost matrix is found, and the corresponding
Xij is set equal to Si or ng whichever is smaller. If the Si is all
utilized, the procedure is repeated in the next row. If there is some
Si remaining, the next minimum d;j in the same row is found and the cor-~
responding Xij is/set equal to Dj or what remains to be shipped from Si,
whichever is smalier. This procedure is continued in this manner, row
by row, until the last row is completed.

In the example, the minimum element in the first row of the unit
cost matrix is seen to be Clh' The corresponding X value, th, is set
equal to S, or D, , whichever is smaller. In this case th would be set

1

equal to L, the total demand at D Since there are still units of pro-

I°
duect available at Sl(é—h=2), the next lowest unit cost is selected, that
is Cy;. Since 5 is now smaller than Dl, Xll is set equal to S;. Since
all of the units of product produced at Sl have now been shipped, the
second row is scanned for the minimum Cij' This procedure is followed
through all the rows of the cost matrix. The initial feasible solution
for the example appears in Table I-3, which shows the units of produect
that would be shipped from each plant to each destination. All blocks
which are blank signify that no units would be shipped. The correspond-
ing total cost of this solution can be found by multiplying each Xij in

Table I-3 by the corresponding C;; in Table I-2 and summing the products.

J



TABLE I-3. Initial Feasible Solution

Destina-
' ions D D D D D Production
Plants 1 2 3 L 5
X7 X,
5 | e b 6
X1 %22 Xog
82 1 2 g 8
%33 X35
S3 8 1 9
Demand 3 2 8 L 6 23

TABLE I-L. Unit Cost Matrix of Initial Feasible Solution
and V and V Tables

Destina- Row
Ui

Sl L 2 0
82 2 8 10 - 2
Sq 12 7 -5

Column

Values I 10 17 2 12
Vj ‘




The total cost of the initial feasible solution is 187.

2. Inspection for Minimum Cost

To determine if the cost obtained from a solution is minimum, it is
necessary to inspect each Xij and corresponding Cij not included in the
feasible solution. In this way the costs associated with not using the
blocks which are blank can be determined. If none of these costs can
reduce the total cost of the feasible solution, the cost obtained from
the solution is the minimum. On the other hand, if any of the costs
associated with the blank blocks can reduce the total cost of the feas-
ible solution, it is then necessary to compute a new feasible solution.

The following procedure is used to evaluate the costs associated
with not using the blank blocks in the feasible solution. This proced-
ure will determine whether the solution is minimal or whether it is
necessary to find a new solution. This procedure was developed by
Dantzigu2

First, column value and row value tables are constructed. The
column values are designated Vj and the row values, Uia These tables
are constructed in such a manner that

Uy ,évj =0Ciy -

The Ui associated with the first block of the feasible solutionvin which
an Xij value appears is arbitrarily assigned the value of zero. Passing
through the rest of the solution matrix, the remaining Ui and Vj values

are calculated. This procedure may require more than one pass through

2G. B. Dantzig, Chapter XXI, Activity Analysis of Production énd

Allocation, ed. T. C. Koopmans, Cowles Commission Monograph #L3,
John Wiley and Sons (New York, 1951).




the solution matrix to complete the U and V tables.

Upon completion of the U and V tables, the quantity Wij is computed
for each and every element of the cost matrix. The W;; value is comput-
ed by the equation,

Wij =U; # Vj - Cij

The W;; value is equivalent to the cost associated with not utilizing a

J
particular Xij in the feasible solution. If the Wij value for any ele-
ment is negative, the introduction of that element into the solution

matrix would increase the total cost by the amount (Wij) (8) where o is

equal to the number of units to be shipped from S5; to D However, if

j.
the‘Wij value is greater than zero, the introduction of that element in-
to the solution matrix would decrease the total cost by the amount (Wij)

(8). Therefore if the Wi. value is greater than zero for any element in

J
the matrix, the feasible solution is not minimal. Conversely, if all
the Wij values are zero or negative, the solution is minimal and the
problem is solved.

The U and V tables for the initial feasible solution of the example
appear in Table I-l. Ul is arbitrarily set equal to zero. Therefore,
V, and Vh are equal to L and 2 respectively. Passing to the next ele-
ment, 021, in the cost matrix, it is seen that U2 can be calculated
since U, is equal to Cpy - V9, both known values. Proceeding in this
manner the U and V tables are calculated in two passes through the solu-
tion matrix.

The Wij values are then computed for each and every element of the
cost matrix. For example, Wi, is equal to Uy # V, - Gy, or L. The Wij
values for all elements are shown in Table I-5. From the nature of the -

calculations, the Wij values associated with the elements in the



TABLE I-5. Element Evaluation-Wij Values for Initial Solution

Destina~
ions D D . D D D
Plants 1 2 3 L 5
Sy 0 L 7 0 L
Sp 0 0 0 -7 0
83 -9 1 0 -6 0
TABLE I-6. Stepping Stone Route
Destina- |
tions D1 D2 D3 Dh D5 Production
Plants
X1 %13 [y |
Inl X | L5
S 5 e e 2
%33 A351
53 (B¢ — - —éD 4
Demand 3 2 8 L 6 23
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solution matrix are zero. A zero for any other Wij value, such as W23,
signifies that there is an alternate solution with the same total cost.

If all the W;js values had been zero or negative, the initial feasible

J
solution would have been minimal. However, since there is at least one
non-zero, positive value, namely W13, in Table I-5, the solution is not

minimal.

3. Iterative Procedure to Find the Minimal Solution
Having determined that the last feasible solution is not minimal
through inspection of the Wij
feasible solution. The new feasible solution is found by entering the

values, it is now necessary to find a new

corresponding X;; value of a W;. value which is greater than zero.

J J
Since the solution matrix can only contain the number of elements equal
to the sum of the sources and destinations minus one, some Xij value al-
ready in the solution will be eliminated. In this way the total cost is
reduced. The total amount of cost reduction depends upon the number of
units of product that can be assigned the Xij that is entering the solu-
ticn.

When the new feasible solution has been found, it is inspected, as
explained above, to see if the solution is minimal. If the solution is
not the minimum, then another feasible solution must be found. This
process is repeated until a feasible solution with the minimum total
cost is obtained. The process of repeatedly finding feasible solutions
is an iterative procedure. That is, each time the proceés is repeated,
the same procedures are utilized. The computation of each feasible so-
lution has therefore been called an "iteration".

The following procedure is used to obtain a new feasible solution

and reduction in total cost. To facilitate the understanding of this
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discussion, let the Xij element that is to enter the feasible solution

be designated by X First, a XIJ is found that corresponds to ‘a non-

J°
zero, positive WiJ value from the previous solution. Then, using the

feasible solution table, this 475 element is entered into the solution
through a technique which has been called *"the Stepping Stone Method”.3

Commencing at the X. . element a closed path is constructed, utilizing

1J

some of the Xi elements in the solution matrix as stepping stones. The

J
rocute of the path must be either along a row or up or down a column.

To determine which Xij elements can be used as stepping stones, the
following procedure is used. Consider the XIJ element to be part of the
-solution matrix. Then eliminate all Xij elements of the solution matrix
which are in a row or column that does not contain any other Xij element
of the solution matrix. Repeat this process until there are not any Xij
elements standing alone in either a row or column of the solution matrix.

Then the remaining X; 4 elements of the solution matrix are stepping

J
stones and a closed path can be constructed, including each of them.
Having established the closed path, it is now possible to determine
how many units of product can be assigned to the XIJ element. The num~
ber of units of product that can be assigned to the XIJ element is des-~
ignéted_@. To find 6, it is necessary to remember that the units of
product assigned to any Xij element in the solution matrix camnot be

less than zero; and the total units of product available at any source

or required at any destination is constant. Remembering this, the

3A. Charnes and W. W. Cooper: "The Stepping Stome Method of
Explaining Linear Programming Calculations in Transportation
Problems", Management Science, 1, no. 1, Appendix, October 195k.
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maximum value of © is equal to the smallest Xij value contained in ele-
ments that are odd stepping stones, as counted over the closed path from

the XIJ element.

After © has been obtained, the solution matrix is altered, and a
new feasible solution obtained. The value © is placed in the XIJ ele-
ment and each stepping stone element is increased or decreased by 6
units of product, so that the supply and demand requirements of the
problem are maintained. The wvalue of each element in the solution that
is not a stepping stone remains constant in the altered solution matrix.
The decrease in cost is equal to (WiJ) (6) and is subtracted from the
total cost to determine the new total transportation cost. The new
feasible solution is then inspectédfto determine if the minimal solution
has been reached. If not, another iteration through the cycle‘is accom-~
plished.

In the example, it was determined that the minimal solutien was not
obtained by the initial feasible solution since Wi2’ WiB’ and WiS are

equal to positive, non-zero values, as shown in Table I-5. Since there

are several wij

Xij elements could be selected to enter the solution. In the example,

values greater than zero, any one of the corresponding

the X13 element is selected to enter the solution matrix.

Utilizing the last feasible solution, in this case contained in
Table I-3, a closed path consisting of stepping stones can be congtruct—
ed to permit the entry of Xl3 into the solution matrix. By eliminating
from consideraticn all elements that stand alone in a row or column,; the
stepping stones can be determined., In Table I-3, the elements X2é and

th are eliminated since they stand alome in Columns 2 and L respective-

ly. However Xll is not eliminated since X135 the element to enter the



13

solution matrix, is considered part of the solution matrix. The remain-
six elements are designated stepping stones. A path constructed by
"rook's" moves will result in a closed path as shown in Table I-6.

From inspection of the path and the stepping stones, the maximum
mumber of ﬁnitss 6, that can be transferred to X13 can be determined,
Elenments Xll’ XZS’ and X33 are the odd elements in the path, as counted
from XlBO The minimum value contained in these three elements 1s then
equal to 6. Since Xll contains the minimum value, 8, is equal to two.

The value of 8 is entered in X13, signifying that a better solution
is obtained if two units of product are shipped from Sl to D3. To main-
tain the requirements of the problem, the values of the remaining step-
ping stone elements must be altered. In Row 1 of Table I-6, two units
of product must be subtracted from X4y to maintain the overall supply of
six units of product. Similarly, since Xll has been reduced bty two, X2l
must be increased by two, ngwdecreased'by—twos X35 increased by two,
and X33 decreased by two. The problem is again in balance. The altered
solution matrix appears in Table I-7.

To compute the new total cost the value (WiJ) (6) is subtracted
from the total cost of the previous feasible solution. The decrease in
cost of this solution is 7x2 or 1, By subtracting this value from the
previous cost, which was 187, a new total cost of 173 is obtained. The
new total cost can be verified by multiplying each Xij value in the so-
lution matrix by the corresponding cij value in the cost matrix of Table
I-2, and swmming the products.

The second feasible solution is inspected to determine if the solu-
tion is minimal. As indicated earlier, this is done by constructing the

U and V tables and calculating Wij values. These values are inspected



TABLE I-7. Second Feasible Solution
Destina- - )
Plants1ons Dl D2 D3 Dh D5 Production:
3 | *

81 2 Iy 6
LN RO 25

S 3 2 3 8
%33 %35

S3 6 3 9

Demand 3 2 8 b 6 23

TABLE I-8. Third Feasible Solution
estina- . .
jons Dy Dy D3 D), Dg Production
’Plants
f13 | *1

51 2 L 6
X1 x5

S2 3 5 8
132 | %33 435

S3 2 6 1 9

Demand 3 2 8 L 6 23

1L



TABLE I-9, Element Evaluation - Wjs Values for Third Solution

Destina-
Plantsions Dy Dy D3 Dh D5
S -7 -4 0 0 - 3
S 0 =1 0 0 0
S =9 0 0 -1 0
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for any non-zero, positive values. If none are found, the solution is °
minimal. However, in the example, the second feasible solution is not
minimal., Therefore, another iteration must be accomplished to find a
new feasible solution.

The third feasible solution appears in Table I-8. Upon inspection
of Table I-9, the Wy, values of this solution, it is found that all val-
ues are negative or zero; The minimal solution is then determined for
this problem. The total transportation cost is 171, and the products
are to be shipped as indicated in Table I-8. A Wij value of zero which
does not correspond to Xij elements’in the solution matrix, indicates
that there is an alternate solution that results in the same total cost.
Such a case arises for WéB and Wéha These alternate solutions should be
determined so that the company may select the solution that suits their

operations the best.

C. The Two Programs to be Studied

Although the foregoing example was quite simple to solve by hand,

most actual applications of the Transportation Problem are quite lengthy.
A high speed computor is generally employed to solve these problems.
The machine must be given instructions so that it can perform the neces-
sary operations. The aggregate of the instructions is called a computor
program. In this study it is desired to determine which of two programs
of the Transportation Problem will result in the minimum machine compu-
tation time.

The two programs to be studied are quite similar. They both employ
the same general procedure for solving the problem as outlined in Sec-

tion B. Of course, the machine cannot scan a table viswally. However,
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through logical choice procedures, the machine can accomplish the same
results.

The first program was written by Stanley Poley of IBM and is desig-
nated IBM Program 496. This program will be referred to as Poley's pro-
gram throughout the remaining discussion. The explanation of this pro-
gram, including the machine instructions, can be found in Appendix A of
this study.

Poley's program is divided into three sections. 1In section 1, the
initital feasible solution is obtained in the same manner as previously
described. In section 2 the iteration procedure is programmed. Poley
has divided the iteration program into 6 phases. In phases 1 and 2, he
constructs the U and V tables and calculates the Wij values. In Phase
2, he selects the maximum, non—zero,kpositive'wij to designate the Xﬁj
element that will enter the solution matrix. In Phases 3 and L, the
stepping stones are determined and the 6 value found. In Phase 5, the
solution matrix is altered; and, in Phase 6, the new total cost is cal-
culated. The third section of Poley's program evaluates any alternate
minimal solutions. |

The second program being studied is a modification of Poley's pro-
gram. It is identical to Poley's program except in Phase 2 of the iter-
ation program. Instead of selecting the maximum, non-zero, positive Wi.

J

value, the modified program uses the first non-zero; positive'Wij value

that the machine finds to designate the Xij element to enter the solu-
tion matrix. In this way the time that is required to find the maximum
Wij in Poley's program is reduced. The instructions that will modify
Poley's program to accomp}ish this change are located in Appendix B of

this study.



CHAPTER II
ANALYSIS OF THE PROBLEM

There are various users of this program who feel that the Poiey's
Program can be improved. It has been stated that instead of searéhing

for the maximum, non-negative Wij’ the -program should use the fir%t cal-

culated non-negative Wij as designating the Xij element to be included
in the solution matrix. It is claimed that this change would dec?ease
the time of each iteration. However, it is also conceded that, since

the maximum, non-negative W; s is neglected, the solution will not%conr

3
verge upon the optimum as quickly and will therefore require morejpasses
through the program or iterations. |

It is the pﬁrpose of this thesis to determine the economy ofgthis
change in Poley's Program in regard to machine time. As a by—pro?uct of
this study the author also desires to determine a criteria from wﬁich
machine time can be predicted for different size problems.

Several restrigctions on this study must be agknowledged. Fi%st,
this study only applies to the computation of the Transportation ?roblem
on the IBM 650 Computor. Second, this study is restricted to pro%lems
in which all the data can be stored internally by the IBM 650. T%ere~
fore, the size of the problems is limited to that case considered%“small“
by Poley. Poley has defined a small problem on page 1/9 of'Appen?ix A,

Since it is considered impractical to attack this study fromga the-

oretical aspect due to the random nature of the matrices, the onl& feas-

ible method is to compare actual machine times for the two different

18
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programs being compared. The phases of the study are (1) preparaiion of

- , |
the programs, (2) selection of the samples, (3) collection of the| data,

and (l;) analysis of the data.
A. Preparation of the Programs

With the aid of James Hetrick and his associates at the Continental
0il Company, Poley's program'was modified to permit the first, noh—

negative Wi found to designate the element to be included in thd solu~

J
tion matrix. The actual program revision appears in Appendix B. . Poley's

flow chart and program commence on page 8/L46 of Appendix 4.
B. GSelection of the Samples |

To assure representative samples, all input data was randomized.
This included all values for units required at each destination énd

availablevat each source. Also randomized were the costs associéted with

each element, Cij“ The test problems appear in Table II-1. The 'size

matrix is equal to the product of the destinations and sources.

TABLE II-1 Test Problems

SIZE MATRIX (mn) NUMBER OF SAMPLEé
o 15
140 20 .
280 6
560 L
876 3

Also included as test problems are fifteen sample problems ﬁhat had

been computed previously by the Continental 0il Company in accordance
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with Poley's program.. The data involved in these problems is not;random,
but is characteristic of actual applications. The size of these fifteen
problems is 73x12. It was felt necessary, for the accuracy of thé study,
to include problems involving large matrices. However, the machiﬁe time
was too extensive to permit samples of this size to be computed b&’the

author.

C. Collection of the Data

For samples of size L0 thru 560 the procedure for collectingédata
is outlined below. The initial distribution of each sample was d%ter—
mined from Program I of Poley's program. Then each sample was op%imiz~
ed by both Poley's Program II and the modified program. Stop wat;h
readings were taken for the total time of Program II. \

For the purposes of the study, Program II was broken into thgee
parts; program loading time, computation time, and solution punch;time.
The program loading time is the time required by the machine to réad the
program into the memory of the 650 Computor. The punch time is the time
required by the machine to punch out the minimal solution on the %ardso
The loading and punch operatidns occur once for each problem. Th% com—
putation time is the time required by the machine, once the progr%m is
stored in the memory, to compute the minimal solution. The loadi%g and
punch times were constant for each size matrix, and therefore, aré not
referred to in the body of the data to follow.

By dividing the computation time by the number of iterations; the
average time per iteration was calculated. From spot checking inithe

process of computing it was found that the time per iteration is gener-

ally constant, not being greater or less than about 25% of the avérage
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i
I
I

value, |

The data for matrix sizes LO thru 560 is shown in Tables II-! thru
II-5. All watch readings are expressed in hundredths of a minutei The
difference in total time between the two methods of programming i? cal-
culated for each sample. Every value that appears in this column;with a
plus sign is equivalent to the amount of time by which Poley's pr?gram
is faster than the modified program. Also calculated is the perc%nt
difference between the two methods using Poley's program as the biemse°

Three samples (4,B,&C) of matrix size 73x12 or 876 were usedéto ob~
tain an average time per iteration for Poley's and the modified p%ograms.
Each sample was permitted to go through about twenty iterations. éThe
total time of each sample, minus the load time, was then divided Fy the
number of iterations to obtain the time per iteration. These quahtities
were then averaged and a mean time per iteration obtained for botg pro-
grams. This value for Poley's program was then multiplied by theénumber
of iterations from each of the fifteen samples obtained from the bonti—
nental 0il Company. The resulting data is, therefore, an approxi%ation
of the true computing time for these fifteen samples. This data %s
shown in Tables II-6 and II—Y;

The average values of the variables for each size matrix are shown

in Table II-8.
D. Analysis of the Data

In this section the data shall be analyzed to establish the %WO re—
sults of this project. They are (1) the determination of the sup%rior
program and (2) an equation to express the time required in utili?ing
this superior program.




TABLE II-2

DATA FOR MATRIX SIZE LO

Constants PoleyTgﬂﬁ;aéiamﬂﬁ B Modifiéa”Program
Load Time (min) 0.99 1.0
Punch Time (min) 0.0L 0.0k
7/10 9/10 12/10 1;/10 9/10 12/10 11/10 12/10 8/10
Poley‘s Program (P) Modified Program (M)
Total Average Total - Average Difference % Difference
Sample Compute | Number of Time per | Compute | Number of Time Per in Total (M-P)/P
Number Time Iterations | Iteration Time Tterations Tteration | Time (M-P) (%)
(min) (min) (min) (min) (min)
1, 0.23 2.0 0.115 0.38 3.0 0.127 £ 0,15 65,22
2, 0.75 5.0 0.150 1.39 10.0 0.139 £ 0.6l 85.33
3. 1.65 10.0 0.165 2.77 18.0 0.154 A 1.12 67.88
L, 0,63 1.0 0,158 0,63 5.0 0,126 0 0
5. 1.28 8.0 0.160 1.72 11.0 0.156 £ O.Lb 3L.38
6. 1.0k 6.0 0.173 1.48 9.0 0.16l A 0.hl L2.31
e 0.65 1.0 0.163 1.10 7.0 0.157 £ 0.5 69,23
8. % 0.85 5.0 0.170 1.71 11.0 0.155 £ 0.86 101.18
9, 1.12 | 7.0 ©0.160 || 1.6 | 10,0 | o0.1k6 | £ 0.3h ©30.36




TABLE II-2 (Continued)

Poley's Program (P) Modified Program (M)
Total Average Total : Average Difference | % Difference
Sample Compute | Number of Time per | Compute | Number of Time per in Total (M-P)/P
Number Time Iterations | Iteration Time Tterations | Iteration || Time (M-P) (%)
’(mi:n) (min) (min) (min) (min)
10. 0.6L L.0 0.160 0.58 L.o 0.1L5 - 0,06 - 9.38
11. 0.38 3.0 0.127 0.63 5.0 0,126 4 0.25 65.79
12, 0.82 5.0 0,16k 0.76 5,0 0.152 | - 0.06 - 7.32
13. 0,16 3.0 0.153 0.88 6.0 0,147 £ 0.L2 91.30
1L, 1.59 9.0 0.177 2,16 1L.0 0.15L | A 0.57 35.85
15. 0.58 1.0 0.1L5 0.66 5.0 0.132 £ 0.08 13.79




DATA FOR MATRIX SIZE 1L0

TABLE II-3

Constants Poley's Program ,_Modified Program.
Load Time (min) 1.0L 1.09
Punch Time (min) 0.07 0,07
Poley's Program (P) Modified Program (M)
Total Average Total Average Difference | % Difference
Sample Compute | Number of Time per || Compute | Number of Time per in Total (M-P)/P
Number Time Iterations| Iteration Time Iterations | Iteration | Time (M-P) (%)
(min) (min) (min) (min) (min)
16, 5.59 - 13.0 0.430 6.99 21.0 0.333 £ 1.40 25.0L
17. 6.6 | 1.0 0.461 || 15.7L 16,0 0.3L2 £ 9.28 143,65
18. 5.02 12.0 0.418 15.01 L3.0 0,3L9 # 9.99 199,00
19, L4.57 11.0- 0.115 9.17 27.0 0,3L0 £ L.60 100.66
20. 5.58 - 12.0 0.L65 L.99 14.0 0.356 - 0.59 - 10.57
21. 1;.09 10.0 0.L09 8.63 26.0 0.332 £ L.5h 111.00
22. 5.59 13.0 0.430 13.06 38.0 0.3k £ 7,07 133.63
23, 7.0L 15.0 0.169 10.74 29.0 0.370 A 3.70 52.56
2l 8.57 19.0 0.451 13.68 38.0 0.360 4 5.11 59.63
25, 3.6 | 8.0 | o032 || 9.63 | 29.0 | 0.332 | £6.a7 | 178.32

Ut



TABLE II-3 (Continued)

Poley's Program (P) Modified Program (M)
Total Average Total . ' Average Difference | % Difference
Sample Compute | Number of Time per || Compute | Number of Time per in Total (M-P)/P
Number Time Iterations | Iteration Time Iterations | Iteration || Time (M-P) (%)
~ (min) (min) (min) (min) (min)

26. 10.87 23.0 0,473 17.57 52.0 0.338 A 6.70 61.6L

27, 5.16 11.0 0.L469 10.30 29,0 0.355 # 5.1k 99.61

28, 3.50 8.0 0,438 L.81 - 1L.0 0.3LL A1.31 '37,h3

29¢. 11,93 11.0 0.LL8 6.79 19.0 0.357 £ 1.86 37.73

30, 5.05 11.0 0.L459 5.33 14.0 0.381 4 0,28 5.5k

31, 5.94 13.0 0.L57 7.83 23.0 0.3L0 A 1.89 31.82

32, 7420 17.0 0.2k 18.65 5L.0 0,345 A11.145 159.03

33, 9.21 19.0 0.L85 1L.86 45,0 0.330 5.65 | 61.35

3k. | 8.37 19.0 0.LL1 8.69 25.0 0.3L8 £ 0.32 3.82

35, | 6.95 15.0 0.463 11.08 29.0 0.382 A L.13 59.0L2

14



DATA FOR MATRIX SIZE 280

TABLE II-L

Constants Polev's Program Modified Program
Load Time (min) 1.11 1.16
Punch Time (min) 0,10 0.10
Poley's Program (P) Modified Program (M)
Total Average Total Average Difference | % Difference
Sample Compute | Number of Time per | Compute | Number of Time per in Total (M-P)/P
Number Time Iterations | Iteration Time Iterations | Iteration | Time (M-P) (%)
(min) (min) (min) (min) (min)
36. 16.97 20.0 0.8L9 31.99 L9.0 0.653 415,02 88,51
37. 17.L6 22.0 0,794 50.30 83.0 0,606 £ 32.8L 188.09
38, 21.39 26,0 0.823 LL.54 71.0 0.627 £ 23.15 108.23
39. 20.L0 23.0 0.887 Lo.70 63.0 0.6L6 ||* £ 20.30 99.51
Lo. 12.89 15.0 0.859 27.86 L3.0 0.6L8 A 1h.97 116.14
1. 2k.20 28.0 0.86L L1.7h 70.0 0.596 A 17.5h 72,48

92



TABLE II-5

DATA FOR MATRIX SIZE 560

Constants Poley's Program Modified Program
Load Time (min) 1.21 1.26
Punch Time (min) 0,12 0,12
Poley's Program (P) Modified Program (M)
Total Average Total Average Difference | % Difference
Sample Compute | Number of Time per || Compute | Number of Time per in Total (M-P)/P
Number Time Iterations | Iteration Time Iterations | Iteration || Time (M=P) (%)
(min) (min) (min) (min) (min)
u2, L7.68 35.0 1.362 78.17 86.0 0.909 £ 30,49 63,95
L3. L7041 35.0 1.355 100.30 111.0 0.90L £ 52.86 111.56
Lk, 52,27 36.0 1.L52 90.58 99.0 0.915 || 4 38.31 73.29
L5, 42,96 33,0 1,302 || 130,33 142.0 0.918 £ 87.37 203,38

L2



TABLE II-6
COMPUTATION OF MEAN TIME PER ITERATION

MATRIX SIZE 876

9/10 14/10 11/10 13/10 13/10
Sample Number of Compute Time per Mean Timé
Numbexr¢ Iterations Time Iteration per Iteration

(min) (min) (min)

A-P 19.0 38.69 2,036

B-P 17.0 33.01 1,942

C-P 19.0 35.88 1.888 1.955§

A-M 16.0 21,69 1.356

B-M 23.0 29,31 1.274

C-M 22.0 28,64 1.302 1.311%

#*The notation such as (A-P) refers to Sampie A computed by Poley's Program,

28



TABLE II-7

DATA FOR MATRIX SIZE 876

Poley's Program

29

15/10 15/10 15/10 15/1@
Sample Number of Mean Time Totél
Number Iterations per Iteration Computation

rin) (i)
Lé. 65.0 1.955 127.0%5
L7, 72.0 1.955 140,760
L8. L5.0 1,955 87.9%5
L9. 63,0 1.955 123.1%5
50. 18.0 1.955 93,810
51. 65.0 1.955 127.075
52, L1,0 1.955 800155
53, 51,0 1.955 105,570
Sh. 36.0 1,955 70.3%0
55, 39.0 1.955 76.2%5
6. 19.0 1.955 95,795
57, 19.0 1.955 95.795
58. 39.0 1.955 76.2@5
59, 55.0 1.955 1o7.5é5
60. 93.0 1.955 181.8i5




AVERAGE VALUE OF VARIABLES

TABLE II-8

Poley's Program (P)

Modified Program (M)

Size Total Mean Total Mean Difference | % Difference
of Compute | Number of Time per Compute | Number of Time per - in Total (M-P)/P
Matrix Time Iterations | Iteration Time Iterations | Iteration| Time (M-P) (%)
(min) (min) (min) (min) (min)

Lo 0.8L5 5.3 0,156 1.22 8.20 0.1L5 | £ 0.375 Lh.38
1L0 6.158 13.7 0.Lk7 10.678 30,75 0.3L9 | A L.520 73.h0
280 18.885 22.3 0.8L46 39.522 63,17 0.629 | /4 20.637 109.28
560 L7.580 34.8 1.368 ||° 99.8L5 | 109.50 0.912 || A 52,265 109.85
876 105,961 Sh,2 1.955 1.311
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1. Determination of the Superior Program

Of initial interest in this phase of the study would be a distribu-
tion of the time differences between the two programs. However, because
of the different size matrices which generate different average computa-
tion times, this criteria is useless. By using the percentage difference
between Poley!'s and the modified programs, though, the data falls into
its right perspective. This distribution is graphed in Figure l.i

Although the samples for matrix sizes 280 and 560 are limited, it
is apparent that, as the matrix size increases, the probability'that
Poley's program is faster also increases. This point is shown cléarly
in Figures 2 and 3. Figure 2 is a plot of the time per iteration:for
each sigze matrix. Included in this plot are the figures for matrix size
876. The plot is based on the relatively large samples of matrix sizes
LO and 14O. However, it can be seen that the other points deviate very
little from the curves. Figure 3 is a plot of the mumber of iterations
for each size matrix. These curves are also based on the samples of ma-
trix size 4O and 1L40.

From these figures it is obvious that the difference in the number
of iterations is increasing faster than the difference in the time per
iteration. Although the modified program takes less time per iteration,
it requires far more iterations. For example, at matrix size 95 (Figure
3, Point A), the number of iterations of the modified program is twice
the number of Poley's program. However, the time per iteration of the
modified program does not reach one-half the value for Poley's prégram
in the effective range of the curves. .

Figure L is a plot of the total computation time for each prégram°

From this plot it is evident that, as the matrix size increases, the
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computation time for the modified program is increasing at a fast%r rate
than the computation time for Poiey's pfbgram. Of course, these %esults
are to be expected from the foregoing discussion. At matrix sizeéZhO
(Figure 3, Point B) the average computation time for the modifiedéprogram

is twice that of Poley's program. From this discussion it is evident

that the program developed by Poley is to be preferred. i
2. Average Time Equation

Now that the superior program has been determined, it is fel% that
there is sufficient data available to develop an equation to rela%e the
time required by Program II of Poley's program to the matrix size; From
the curve representing the average computation time for Poley's p%ogram
(Figure L), it is possible to derive this equation empirically. ?t’is

T = 0.00274s%>? 10<5<2000
where T is the average computation time and S is the matrix size.

This equation is an approximation df the average computation%time.
Due to the disparity in the number of iterations inlany‘pé}ticula% size
problem, the true computation time can vary up to 100% of the ave%age
time. Due to the low degree of accuracy there is very little neea to
add a constant value for the load and punch portions of the progr%m, exX—

cept for a matrix of small size. The total of these two values wbuld be

from 1 to 2 minutes, depending upon the size of the matrix. i




CHAPTER IIT

SUMMARY OF RESULTS

The purpose of the study was to determine the economics as to IBM
650 machine time of modifying Poley's program to compute the solution of

the Transportation Problem. This modification was to find the initial

non-negative Wij in Phase 2 of Poley's program; and, using that value,
proceed to alter the solution matrix and calculate the decrease ih cost.

It was found that this modification increased the time of co@putau
i

tion for all size matrices. In fact, for matrix sizes 24,0 and abbve,
|

the modified program required over twice as much time as Poley's Erogram.

From this study it is quite evident that Poley's program is superior to
the modified program. i

. |
From data collected in the pursuit of this study, it was evident
i

that an egquation could be developed to express the computation ti@e of

Program IT of Poley's program. This was done and the equation caﬁ be

|
found on Page 36 of this study. i
|
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APPENDIX A

IBM PROGRAM L96
The Transportation Problem

By Stanley Poley

This report is made up of three parts:
1. Introduetion - Pages 1/9 thru 9/9
2. Program Analysis - Pages 1/L6 thru 1i6/U6

3. Machine Operating Notes - Pages 1/5 thru 5/5
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BM NY Data Processing Center 650 Program Library

1/9
496

The Transportation Problem
S. Poley

ose:

This program has been designed to solve the transportation problem which is
essentially a special type linear programming problem. Given certain specified
requirements at various destinations and amounts available at specified origins,
an allocation of a homogeneous product over all possible routes is desired such
that the total cost of transporting the goods is minimized. In order to solve
such a problem, the following information is required.

a) Amount available at each origin (Sj)

b) Amount required at each destination (Di)

c) Unit cost of shipment from any origin j to any destination i (Cij)'

Given the above information, the program will determine the desired minimal

mode of transportation. It is also possible to obtain alternate optional solutions,
i,e., one or more additional solutions which yield the same minimum total cost.

rictions:
A R
Let — = -
e 5 Q + B

where Q is an integer and R the remainder. We define

(A)*_ Qif R =0
B Tl(Q+ 1) ifR£E O

Let m = number of destinations
n = number of origins

We will call a problem ''small" if m,n satisfy the following inegqualjties:

2 (m + n) +(%3)* % (rn;n-l)*+ (m.;,on-l')*< 1200 -

n< 100

Similarly, a problem will be characterised as being "big!! if m,n satisfy the in-
equalities! '

2 (m +n>+(%)* H(mpnst)” (mnn) T 1206 Y (2)
e n< 100 (
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The present program will solve a transportation problem for which m.n
satisfies either the ''small or big' inequalities.

In the case of a ''small" problem, the entire cost matrix {C]-j] is stored on
the drum. Only a single row of the cost matrix 1s stored on the drum 1in a
''big'" problem and the cost matrix must * e continually circulated thru the
read feed of the 533 It is therefore advantageous to process a given prob-
lem as a small problem whenever possible as this eliminates the CIJ card
reading time inherent in the big problem.

The elements Cij of the cost matrix must all be positive, If a given cost
matrix contains negative elements the problem may be solved in the follow-
ing manner:

Let C be the magnitude of the most negative C1J Construct a new cost matrix
GlJ related to the given onc¢ by the relation

/

Clearly 0133 0 for all 1. j. If we now solve the transportation problem
using the ClJ cost matrix, the total cost for the given problem may be found
by the relation

@ . n B S ] ' a
2.Cij Xij »Z(Cij - C) Xy
/
The curves given in Figure | will be helpful in determining approximately
whether a problem 1s big small, or impossible (with this program),
In doubtful situations. formulas (1) ard (2) will yield an explicit answer.

All input data [SJ. D;, CU) are restricted to a maximum size of five digits

:thod:

The iterative method employed 15 essentially the same as the "stepping stone"
method proposed by A Charres and W W. Cooper (1) All operations are
performed using fixed point arithmetic.

It is impossible to give reliable time estimates until some experience with
the program has been obtained Typical running times will be distributed
as soon as they are available

(1) A Charnes and W W Cooper: "The itepping Stone Method of Explaining
Linear Programming Calculations in Transportation Problems' - Management
Science, Octeber. 1954
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The following three independent programs together comprise the trans-
portation program:

(I) Initial Distribution
(1II) Iteration
(I11) Alternate Optima

The use of these programs will be described separately in what follows.

It should be noted that all input data must be punched on seven word load
cards., For convenience, the seven-word-per-card format is here given;

Col. 1-«10: Control word (overpunch 12 in col's. 1 and 10)

Col. 11-20: Word 1 (overpunch 12 in col. 20)

Col. 71-80: Word 7 (overpunch 12 in col. 80)
The control word has the form (00, xoxxex, 000n) where muxx is the location of
word 1 and n is the number of words to be loaded (1< n< 7). Unused 10
digit fields may be left blank.
The 533 and 407 utility control panels will suffice for the entire problem.

ogram I: Initial Distribution:

This program may be employed to calculate an initial shipping pattern to be
used as input to the iteration program in the event that an initial distribution
is either not available of if it develops that a given initial distribution is de-
generate. (2)

The necessary input is as follows:

Ibid.



96 5/9

Availibilities: Sj

s, s, \ 5
ar " i S T Cin
. T PO 1) |
; 1
g Dy Ca1 Coa | === Cn | (Zﬁi =2 55)
§ St —t ,
M w - ST T f'
-a ] 1 i i
3, .
o
& Dm le cmZ - T !an

Cost Matrix: &u
The following input cards are required:

a) Master Data Card I:

Control word: 00,1928,0003 e

Word 1: 000, m, 0000 (M =xxx.)
w2 0000,n, 0000 {n =xx.)
L 00000.R . E.¥. G

iere;

]

R = xx. = number of cards per ij row for big problem only (punch 00 if small)

9 if master data card is to be punched each iteration
E =] 8 if master data cards not desired each iteration

9 if big problem
F =| 8 if small problem

9 if alternate optima are desired
G =|8 if alternate optima not desired

Requirements: D,

The Di 's must be packed two per word and read into a solid block of words
beginning at 1200. in sequence on increasing i. Thus

(D) (Dy) —~ 1200 (D_-‘, o XXXXX)

(D3) (D4) — 1201, etc.
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If m 1s odd, the unused right half of the last word must be punched with zeros.

¢) Availabilities: Sj

The S;'s must be packed two per word and read into a solid block of words
beginning at 1500, in sequence on increasing j. Thus

(Sl) '{SZ) ~ 1500 {8."1 = XXNXX)

(53) (54) -~ 1501, etc.
If n is odd, the unused right half of the last word must be prnched with zeros.

d) Cost Matrix: Cij

1) Small: The C,.'s must be packed two per word and read into a solid
block of words peginning at 0000, in sequence on increasing i, and
increasing j within each row. Thus, ifn =3

ij
(C,4) (C,) —~ 0001

(C,,) (Cz3) — 0002, etc

If n and m are both odd, the unused right half of the last word must be
punched with zeros.

2) Big: The Cij‘a must be packed two pet word ant each row read into a
solid block of words beginning at 0000, in ascending sequence on j. The
separate rows should be in ascending sequence on i. Each row must begin
on a new card, not containing elements of a preceeding or following row,
Thus if n = 35 and 14 Cjj's are punched per card, there will be three cards
(R = 03) per row, as follows:

Card Control Word Contents
#1 00, 0000, 0007 Coprvve Cp14 (1€p< m)
0 " S
#2 0,0007,0007 CP15 szg
3 00,0014, 0004
# 1 0 Cp29 Gp35

Output Description:

The output of program I is immediately usable as input to program II. It
is described fully in the following section on program II. Suffice it to say that a
new master data card is punched along with (i) (j) (Cij} (xij) tables giving the
initial distribution.



Program II. Iteration 7/9

The iteration nrogram carries out the modified stepping stone procedure
with a given initial distribution as the first approximation to a minimal solution

A given initial distribution consists of (m + n-1) basis elements, Each
basis element contains the following information:

where Xij is the number of units of the homogeneous goods shipped from origin
j to destination i at unit cost ij. Thus the total initial transportation cost is

2 C.. X..
i " ij
where the summation is carried out for the (m +r — -} bas:= @la 2ents.

The Xij's are subject to the ""balancing' restrictions,

D, = 2 X i = 1y == = m
1 j 1)

B = 2 X (I T
] oA

It should be noted that baving (m + n-1) basis elements satisfying the
balancing relations is not sufficient to guarantee a non-degenerate
distribution. The iteration program will quickly detect and reject a
degenerate initial distribution

The necessary input cards are as follows: (note that the following
represents the entire output of Program I and need not be prepared
if said program has been used).

a) Master Data Card II

Control Word: 00,1928.0006

Word 1: 000, m, 0000 (m =xxx.)
H 2k 0000,n, 0000 (n =xx.)
3 00000, R,E,.F,G
"4 Zsj (units digit in col. 50)
i 5:}_ PO ——— (units digit in col. 70)
TS Zcij g3

where R,E,F,G are as defined on page 5.

b) Basis Elements

The basis elements are loaded in essentially two parts; the (ij Cij)
table and the (Xij) table:
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boWae (1 .Cji'} Table:

This taktle is loalzd into a solid biock of {in 4.n«1) words siarting at

location I -:.:(.mn £

2

" :
if the problem is small, and Bl :—_(n) if the problem is big. Each word

has the form 2

(xxx) (xx) (oexxx)
i 3 Ay

The order of this table is immaterial,

X., Table:

The X;j's must be packed two per word and loaded into a solid block
beginning at location {B; + m + n). If the number of basis elements is odd,
the right hand part of the last word must be punched with zeros. The otder
of the Xjj's must correspond to the order of the (1jC) table, e.g., consider
the following distribution:
' J
1 2 3
T
1 Xl 2

1 2 X

23

X33

* %y L“ X43

e

3 X32

The (ij C;;) and (X..) tables might be a¢ follows:
1) i

1j Cij Table xij Table

(Cij = m) {.:.a.u = XXows)

001.02,C (X.,) (X52)
12 e A

002,03,C, 5 (X32) (¥£33)

003.02,C3p (%41) (Xy3)

003,03, C33

004,01, Cy4,

004,03, Cyg3

Cost Matrix: Ci_j

The form of the cost matrix is described under Programl, page 6. If
the problem is big, circulating several repreductions of the cost ymatrix
in the read feed of the 533 will considerably reduce card handling.
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»ut Description:

When the minimal solution has been found, a master data card (Iil}, ¢ontaininig
the minimal total cost and an iteration count, is punched along with (ij C..) and
(X1 ) tables giving the minimal distribution in éxactly the sam® fo¥im @g the ine
it:al distribution. The iteration count i in the data address part 8 Wevsd ¥ on
the master data card.

If alternate optimal solutions have been requested, 6ne card indicating each
alternate solution is punched. These cards. along with the minimal solution
may be used immediately as input for Program IlI,

If "E" has been punched 9 on the input master data card, a current master data

card will be punched after every iteration. These cards inform the machine opw
erator as to the progress of the problem by giving himn the cw rent total cost and
iteration count. .

jtam III: Alternate Optimal Solutions:

If it is indicated that alternate optima are desired, Program II punches 2
. single load card containing i, j, G,, for ron-basis W =0% ‘Thews cands
have the following form

Word s 000 (i) 0000 4§ o Exm.
wo2: 0000 {j)0000 § = &=.
w3 00000 (Cij)  Gyy = wwss

They are loaded back into the 650 along with the optimal solution given by
Program II. Program III punches an alternate optimal distgibution fo¥
each (i,j,ﬂi j) card in exactly the same form as the dnput optimad solution,

ut Description:

For each alternate solution, the following cards are punched;

& cij) input indication reproduced
2) Master data card III (reproduced)
3) (ijCy ) table

4) xij table

e Program Analysis for definition of Wij-
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rograms I, II and III

The appropriate program and master data card are loaded. An initialization
program inspects the master-data card and sets switches in the main program
according as the problem is big or small. Table origins which are functions
of m and n are calculated and stored. Control is returned to the card reader
and loading continues until the blank card is read which sends control to the
main program.

rogram I: Initial Distribution

The D;'s and Sj 's are unpacked and their totals are computed and compared.
During the unpacking process D; is replaced by (D;+ n x 10'3) and all the
Sj's are replaced by (S. + 10-3;. This device maintains the availability -
requirement balance wixile resulting in an initial distribution which may be
iterated by Program I even though the given problem is degenerate.

We now select the minimum element in the first row of the cost matrix and

set the corresponding X;; equal to D; or Sj, whichever is smaller. If the Di
requirement is thus fulfiiled. we proceed to the next row and repeat this pro-
cedure. Otherwise we return to the cost matrix, select the next minimum Cjj
in the same row and set the corresponding Xij equal to Sjj or what remains to
be filled at D; , whichever is smaller. We continue in this manner row by row
in the cost matrix until we have completed the last row.

‘ogram II: Iteration

Phase 1:

We construct a Ui and V. for each element in the basis table, i.e., there
will be m U; 's and n Vj‘s such that
Let i’ be the i subscript associated with the first element of the basis table.
We begin by arbitrarily assigning to Ui’ the value zero. We then pass through
the basis table calculating U; or V; depending on whether or not V; or U is
available for the i or j. One or more additional passes through the basis table
are made until the UV table is completed.

A degenerate situation exists if during a pass of the basis table no new U;'s

or Vj's are added to the UV table.
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Phase 2:

For every element of the cost matrix, we compute the quantity

and select WH where

WIJ = maximum (w{j z 0)

If wI.]' = 0, a minimal solution has been found. If not, we go to phase 3.

Phase 3:

We begin by constructing a U V table where

ﬁi = number of basis elements with subscripts i
Vj =number of basis elements with subscripts j

Secondly an auxiliary j<table is constructed with which we calculate a
p table. We begin by setting the j " table to zero and then setting
P13 =5 = 1. Passing through the basis table we calculate p, ¥

and F as follows:

If U; =1, replace Vj by (Vj - 1),Tj by (“Pj - uj)

and set )T = ),11
If U; #1but Vj= 1, replace U; by (U; ~ 1), p; by (p; -'Vj)

and set P = "fjj
If neither _ﬁi nor .\_fj equals 1, proceed to the next basis element,

I_n this manner, successive passes thru the basis table are made until a
2 has been found for each element in the basis table, It should be noted
that p may assume only the values +1, -1, or zero,

Packing: [ 0000xx , 00xx] +
S ———— —— s e

U sign that
)l of or
< M g =4

.l.
[ 000xxx, 00‘}3(’] LA
v i

STITH ...ﬁ;...ﬁgj (10 j's stored
per word)

»n code: 0=v0  2=%-l
1=»] 3™.0
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Phase 4
We pass through the basis table once calculating a quantity © where
© = minimum Xij for which }E =<1
Phase 5
We pass through the basis table once making the following _alterationq'::‘
=+ 1, replace Xij by (xij-e)
Fp=-—1, replace Xij by (Xij'*'?)
Replace the basis element ij Cy; (Xj;= ©) with I3Cyy (X7= e).
Phase 6: |
. The new Z Xjj is compared withZS;. The change in cost is calculated
using two independent methods and lhese are compared. We then return

to phase 1.

Program III: Alternate Optima

(See flow chart)
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STORAGE ALLOCATION

Na. or Worps ~ ORIGINS
f N R, <—— 0000
* *
mn h -
( - 4 ) * (2,) Ct.J
Y ¥ *
A = (M n
e Bi= (1) Yop (2
(m+n) ij Cg
J ~ EB (Enp oF Basis)
i i S — X, = B, + (m+n)
*
n-1 o
() X
\ *
r S o= = X )
e ) ' ( 2 )
m U; or U,;/u,,_
oR "
s K ____________ <— V,= U+
n Vi £ VY,
‘ oR Sj
$ ___________ = Ml =Vj+n
: %
m+n-| —
e ] A
Y ~<~—E,= M, + (mm-l)*
"""""""" T |
PRos1 71200
prsmssmed fpmm o w  Ir-1400
PrRoGRAM
“““““““““ <— 1999




PRoGRAHM T : INITIAL DISTRIBUTION s
SET =D; To 2ERO| >| sET = 5; T0 BERO
. ¥ '  —
INITIAL\ZE DP ADPRESS INITIALIZE SS APPRESS
¥ \2
INITIALIZE D ADPRESS INITIAL|1ZE S; APDRESS
SET A PLUS D+ 1102 D, SET B PLUS
¥ A |
> —-A>A —~B—> B |<
ofTsT AL@ sy B
e A
TEP DD ADDRESS STEP SS ADDRESS
g _STOT Di € S STORE S;+1073 J
2D 4Dy > ZD; S+ S; > Z§;
v -
r -'-_; - ) ."
N |
@ )
& e 2 .__.._._‘..‘_____- ]
408 STEP J
| |

NO]'ZL'}LIO}? H
@ = No

y

15 ZDi, = % & [ @—>{s705]## 9000

©

3

Set ECHX +o z¢vo
5 )
ST ZB o }fcro[

T |

D=>vESs

ﬁrrw.m;
S Y

AX ﬂDDi-'-L‘;:,J

INTIAL12E U)C ,qum::,q

/

\:

\wn‘mu‘zu D nbvlan-.'s‘ﬂ

SET kL

TO 0000

SET E,K PLUS

V]

SET L 7o )
L

;




ProGRAH I (SHEET 2) 6/46

\
SWA >-(B seT P=R| (R=No.cARDS|PER Cij Row)

) -
S (READ A Coj cnrDlc-
| A"
SET G + le—(YH s Pl=0

* Q

] sET L(co)=L

P—1—> P
¥ [
799999-> Cp
¥
SET sW F ON
SET J 7o |
.& ]
> —~G6—>0p
A"
r@—TesT G _@j
GET Cpy GET Cry | K= G
v
STEP CC ADDRESS
: ) (w.—.—_ INTEGRAKL
_9| 5Ci5 > Cr PART oF /2 )
_ Cij—>CR
STEPV (W) 15 J-n=0 [¢ LcAY=>LR

Q i
J = Jp

USING Lg,Gg

REPLACE ('.‘aj; ]

BY 99919

N

———-®- S SJ'R= O




FROGRAM L(SHEE! D) —

?

D>
A
CALCULATE
§=Sj D
)
J,—@— TEST § |C
i~ Sjg | {1-D;,
L >
. s S5
Prace (&) CR) | "RTQ

IN BASIS TABLE SET SJ'RTO ZEROD

| R
. |

O TEST E HX

A

A—=> XA Q> XgrH

¥
STEP XX ADPRESS

¥
ZCX+ Cp@—=> ZCX
\/ \
zs+1—>zﬂ IS EB=(mtn-I)
INITILAL

v
|9TEP (()C) ADDRESS
; STOP
PISTRIBUTION

G5 @ H# G002
=~
(ON) _

# 9003

PuUNCH

U
I STEY l,
' ¥

STEP D APDRESS |

@
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PHASE T:UV TABLE

RESET UV TABLE To [000000000

NP

[SET sw A aN |

SET sW B aN

[SET_EB 10 _zeRo)

[ wimanze ¢jc peEss

)

}ml-s LJ'C_:-..O —-_®——; P|.|‘.na:~:- 2

b.(4

CALC. LCUY) # L(VJ)']

|seT swA oFF <N

\s '.t'.jC, NEG, n'r_;j‘fss. @.._._.._.

SET SWC OFF

| e il W 9003
SET Up=0 | D) #0002 57 Plo[puenl UV_TABLE|->{SToP
, _ , o | _ =
i g ' s Ul: oo lﬁbﬂtﬁooaoo‘l«@%} 15\/‘ - '001\90()0‘300 ‘__,@_T
ek e |k .
&) @)
= I p— A \!.r
<—®-— 1e V=10000 oooo'bJ SET Up= c*'-i"'v:i
o -
> | ()
SET \G:CLJ.—U"_J |
- \sn-r EB m_'-c;.n'rm,J
N
SET SW B OFF [< N
A )
TEP $)C ADDRESS }& \V CANT_ CALC. U ot Vv




PHASE Z: Wij .

(R=NO.CARDS PER

Cij ROW )
SET P=R
W
(REﬁD | Cij CARD [&—
T
<—WH s P-1=0

h '
SET A Pus| [P-I=> P

!

INITIALIZE Cij APP RESS

B

fset Lk

$.

| =)
Y

SET L(Vy) | ©

-A=> A

v
E@H'TEST A H&
GET LHCyj GET RHCij

)

Isrsp Cij ADDRESS

oo TS e

CALE. Wij= U,_',—I—V_;--C(',j

&
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ALTERNAT E.

oPTIMA
h
1S Wij =0 HN
GP TEST WC_j -
ForRM (LJCij)* @
) | .
INITIALIZE L)C ADPRESS TEST Wo-We [

I %
>11s Ljc =0 -C)-«l Fuseh -
‘)@ (ij cy)* *| [repace (W,I, GJC)R

| WITH ' Wij, L, 3.Cis

¢ =@Ge* Jo— ——

®

STEP L)C ADDRESS

\ s

\
(PUNCH MINIHAL sOLUTION

¥

_@_ ARE ALTERNATE
OPTIMA DESIRED

79

04 SET sSw E.,F" OFF

v

)
SET EB TO R2ERO ‘TEZOL'LE_I’EEE“_’N
PHRASE Z

PHASE 3




PHASE 3 : g TABLE

SET UV TABLE

To zZEReO

1]

SET EB To ZERO

y

SET sz, V5 To |

4

INI'TIALIZE  §)C  ADDRESS

~

—N

IS5 (jC=0K

?

[%+l—%tt

T
\(,'+I—-=;-v5

V)

STEP (jC. APDRESS

L

.

RESET 4 TABLE 70 3's

¥

INTINAZE [, ADDER. Ess_J

v

INITIALIZE P SWET |

v

SET EB 10 7ERO

N

INTIALIZE  [jC ADDRESS J'

i

IS E.jC =8

Q

15 (jC NEGAVIVE I

4

®

@

| PHASE

y)

I P=0O
=
Y

STEP ﬁ. ALDDRESS

11/46
13/-1,:-0(3) N
SET LDp) ) LGP,
N)H\s U; =)
®
. ¥ _
(V-0 (R =) => Vi By
-
Mo op
L >
———@{157; = |
| ©
Vi
(U= =V;) —> U M
- \
V> Mhop
L >
—f |
rsrs'r EB NEGAHTIVE
\
STEP ijC ﬂDDIé:ES‘:-_l
v
STEP P
Vi
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L,w TIAIZE CjC  ADDRESS

‘\

\mimaeizg Xij ADRESS
T,

| sET H prus |

SET ©= 999999
&
INITIARLIZE P sHIFT

A

INITIARIZE jCL ADDRESS

FHASE 3 |

A\
GET LHXy k@ {TEsT 1 o[ GeT RAX;;

A\

COMPARE ¥\ it [)—}4
0 /j C|D
F v X{.I "'>' O

X

il

Ly>te)— comrare Ox:lp TH{ix<lg )

J

t
=

..__.__.._., _,,__']_‘ i

o

@'? e |
‘,_: ii L(LJC) FMAX. l— _
=0T | (;) PIASE 5 |

®

#0607 e
DUPLICAT I ETEP (c 1r ) nDDRE 58
BASIS T
ELEHENT S
—-
STEP X:j ADDR.
I S
7"
isTeP P |
\

STEP/_J: ADDR . V) 5 P=OC>




PHASE 5 ALTER.

J, X

ITC L (ijc)
B v
SET C4j=Cry—-Cij

-

—
INITIALIRE ){;,‘;- ADDRESS
¥
[sET @ pLus

- v

SET = C To ZERO
+€

INITIALIZE /‘I. ADDRESS
v

INITIALIZE P sWIFT
¥

PASIS

TABE

INITIALIZE L) C ADDRESS

\2

s L(E.jc’.)'—‘-' L(t'.jC)e

<
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SET Ei‘--z—c:‘-_,,- SET Cyy= Cij

¥ v

SET 6= -0 SET O=

B

L

de W

r TEST Q -

XLH'}"B"’b XL;]

XrH +6—-> XM

l__l

PHASE G

<—(DH 15 L) Max.

STEP LjC ADDRESS

\

©

3

STEP )(;,J APDRESS

]

S TERF P <

Is P=0 K->

gTEP/ZE, ADDRESS

®




PHASE 6 < CHECGCK

INITIALIZE x;_j ADPRESS

Na

SET Z PLUS
S

SET ZX:;; T0 ZERO

-Jz

\

SET T=wm+n-1\ I

r@ﬁ&\ﬁ

¥
—Z2>7Z

GET Xy

Ny
‘ STEP Xij ADDRESS

N

[Zx+ 4> Z i

|
[Is T-1=0 |O—[T-I=>T

Y

N,

1S ZXLJ > S; H)—>{ s70P |# 9008

©
1S Z(-'U\-.. ](N)—,{ 5ToP | #9009

9

IS zc":q.;-wrfcs @=L sTop #9010

NY)
cac. AC= “09'\_/1;;]
\"l;_—--_ Vs i
CH+HAal->C l (CZTO'T/]L. COST)
r- 8
ﬁv > @D
' RL lIE:‘-‘_"'_ 8000 HD—
©r)
Sl
PUNCH MASTER PUNCH
rpﬂ TA_ <ARD . I giggg

] PHASE T I

14/46

RESTART



ProgRAM TIL : ALTERNATE  OPTIMA il

—"3%'?” (¢, C‘)-) CARD
N '
TIET Yok L
Jrwa
CI.TZ C‘:j

; 3
PHASE 3

. ; SAME As

PHASE 4 PROGRAM IC

PHASE 5
l, g

CALCULATE 2 Xij

h 4

15 ZXij= Z S; HO)->lsTor] # 9008

9

15 Z'_E,;j O ]@———-> sTop |# 901l

@
\
PuONCH
ALTERNATE

oPTIMAIL-
SeLuTIOoN




BEGIN

B70

S70

BOTH

RAU
SRT
LDD
BD2
LDD
STD
STD
LDD
STD
LDD

. STD

LDD
LDD
STD
LDD

MPY

SRT
DIV
ALO
SLT
LDD
SDA

STL.

ALO
ALO
LDD
SDA
5TL
RAL
ALO
SLO
STL
SRT
DIV
ALO
SLT
ALO
SLO
SRT
LDD
SIA
SLT
ALO
LDD
SDA
LDD
SDA
LDD
SDA
LDD

16
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PROGRAM 1 INITIA%IZATION

N

0004

TAG

S70

71

SWA

SWZ

12

SwWy

73
1988

74

15
1988

M
8001
0004

76
8003
0004

78

22

79

M

N

80

21

98

M

N

81

NBE
0004

82
8003
0004

98

83
0004

79

63
0004

84

65

2

86

9

87

10

68

B70

BOTH

BOTH

TEST

TAG

SET SW A Y
AND Z

TO

BIG

SET BIG
READ SWITCH
1 TO DIST
SET SMALL
READ SWITCH
M TO DIST
CALC NUMBER
WORD

FOR

COST MATRIX
Bl IN LA
SET

B1
ADDRESSES
X1 IN LA
SET

X1 ADDR

DO IN LA
SET

DO ADDR

D1 IN LA
SET

D1
ADDRESSES

0001
0033
0043
0083
0038
0044
0094
0022
0028
0013
0019
0091
0036
0042
0092
0048
0005
0015
0068
0075
0035
0093
0095
0002
0034
0084
0040
0029
0089
0086
0087
0046
0099
0009
0062
0069

0079

0096
0055
0065
0052
0047
Qo007
0115
CoO21
0023
0129
0097
0003
Qoo8

1929
0004
1930
0036
0041
1941
1969
0025
1660
0016
1988
0045
0039
1988
1928
8001
0004
0018
8003
0004
00&E8
1888
0049
1928
1929
0037
1626
0085
1928
1929
0090
1796
0004
0012
8003
000&
0085
0050
0004
0049
1720
000%
0010
0118
1620
0026
10643
0100
15655

0011

0033
0043
0083
0038
0044
0094
0022
0028
0013
0019
0091
0048
0042
0092
0048
0005
0015
0068
0075
0035
0093
0095
0002
0034
0084
0040
0029
0089
00E6
0087
0046
0099
0009
0ne2
0069
0079
0096
0055
0065
0052
0047
0007
0115

0021

0023
0129
0097
0003
0ooe

I /

Q014



03
04

FWNHFOOUDNCUSFWUNE OO0 P LN

SDA
ALO
SLO
LDD
SDA
LDD
SDA
ALO
LDD
SDA
LDD

SDA

ALO
LDD
SDA

- SLO

LDD
SDA
RAL
DIV
SLT
STL
NZU
LDD
LDD
STD
RAL
SRT
STL
LDD
STD

NOP
NOP

00-

70
o]0}
00
STL
STL
00
00
00
00
STL
ALO
STL
STL
00
STL
RAL
00
STL
STL

46

89
90

91
42
92
93

94
13

95
20
96
o7
19

99
0004

103
101
102
SWT
TAG
0003

100
1983

0000

0000 |

1994
0001
1994
0000
0001
0000
0000
0001
0000
0001
0001
0000
0000
0000
0000
0001
0000
0000
0001
0000
0000

104
104

1988

SWAB
SWAS
1897
0000
ID
0002
0000
53
ubDSCX
0000
0002
0000
0000

10
11

- 49

0000

44
0000

17

SO IN LA
SET
S50
ADDRESSES

S1 IN LA
SET

sl
ADDRESSES

E1 IN LA
SET El
ADDRESS
EO IN LA
SET EO
ADDRESS
SET SMALL
CIJ ROW
ADDR JUMP

IS N ODD
SET SWT EVEN
SET SWT ODD

SET NO CARDS
PER CIJ ROW

RESTORE 7
WORD READ SW

CONSTANTS

0014
0066
0098
0105
0061
0101
0057
0053
0111
0017
0054
0060
0116
0102
0059
0114
0071
0027
0103
0104
0109
0119
0106
0112
0110
0020
0076
0113
Q127
0070
0126

0041
0025
0016
0045
0039
0018
0120
0088
0037
0090
0012
0050
0010
0118
0026
0100
0011
0051
0058
0004
0006
0064
0107

22
15
16
69
22
69
22
5
69
22
69
22
15
69
22
16
69
22
65
14
25
20
L4ty
69
69
24
65
30
20
69
24

00
00
70
00
70
00
00
20
20
00
00
00
00
20
1.5
20
20
00
20
65
00
20
20

1862
1928
0051
0058
1640
0004
1850
0006
0064
1601
0107
1612
1929
0056
1761
0067
0024
1698
1929
0108
0004
1841
0110
0 8 1 1Y
0063
1823
1930
0003
1912
0073
1983

0000
0000
1994
0001
1994
0000
00061
0000
Gooo
0001
0000
0001
0001
0000
06090
0000
0000
0001
0000
0000
0001
0000
0coo0

0066
0098
0105 .
0061
0101
0057
0053
0111
0017
0054
0060
0116
0102
0059
0114
0071
0027
0103
0104
0109
0119
0106
0112
0020
0020
0076
0113
0121
0070
0126
1988

1752
1895
1997
0000
1600
0002
0000
1906
1760
0000
0002
0G00
0000
1703
1655
1803
1904
0000
1703
1155
0000
1703
1604



ID

JPD
SETDD

JLH

ORH'

un ur

LO
11

JPS

3ETSS
14
S5LH

STL
00
STL
00
4a
NOP
NOP

RAL
STD
STU
LDD
STD
STD
RSL
STL
LDD
BMI
RAB
SRT
SLT
RAB
AUP
AUP
STU
SLT
RAL
SRT
STL
SRT
ALO
STL
RAL
SLO
NZA
ALO
STL
RAL
SRT
ALO
STL
LDOD
STD
RAL
STD
STD
STU
RSL
STL
LOD
BMI
RAB
SRT

0000
0001
0000
0002
1987
0000
0000

PROGRAM

1
GETDD
SUMD
2
STOD
A
A
A
1200
DLH
8001
0005
0003
8001
GETDD

GETDD
0005
8002
0002
0000
0003

SUMD

SUMD

STOD

STOD

0004

0000

0000
12
GETSS
13
STOS

SUMS

1500
SLH

8001

0005

18
000G
18
0000
1988
SWTE
SWTO

18

1 INITIAL DISTRIBUTION

UPD
GETDD

DRH

STOD

STOD

urPD

10
11

GETSS
14
SRH

UNPACK
DD

REVERSE SIGN
OF A

DD TC DIsST
TEST A

GET DLH

GET DRH
STEP
DD ADDRESS

STORE D
UPDATE
SUMD

IS I MAX

STEP I

ADD NE
TO
D1

UNPACK
$S

REVERSE SIGN
CF B

SS TO DIST
TEST B

GET SLH

0056
0067
0024
0l08
0073
0117
0063

1600
1707
1659
1667
1623
1636
1650
1607
1606
1653
1656
1613
1625
1657
1615
1611
1619
1609
1621
1629
1633
1703
1661
166

1617
1637
1645
1648
1605
1649
16832
1643
1455
1803
1809
1859
ITY7
1644
1856
1700
W A
1706
1903
11585

1663

20
00
20
00
L4
00
00

21

45

65

66

0000
0001
0000
0002
1987
0000
0000

1753
1606
1664
1620
1633
1603
1603
1603
1200
1656
8001
0005
00032
8001
1606
1614
1606
0005
8002
0002
0000
0003
1664
1664
1633
1640
1648
1601
1623
1929
000&
0000
0000
1806
1706
1612
1651
1:853
19531
1653

853
1500
1756
8001
o005

1604
0000
1604
0000
1588
1652
1602

1707
1659
1667
1623
1636
14650
1607
1606
1653
1657
1613
1625
1533
1615
1611
1619
1609
1621
1629
1633
1703
1661
1669
1617
1637
1645
1649
1605
1650
1683
1643
1655
1803
1809
18659
) o i i
1 {J "'r ‘fi'
1856
1700
1257
1706
1903
1807
1663
1675



SRH

15
STOS
18

AEQR

20X

SWA
SWAB
25

SWAS
217

SLT
RAB
AUP
AUP
STU
SLT
RAL
SRT
ALO
STL
SRT
ALO
STL
RAL
SLO
NZA
ALO
STL
RAL
SLO
NZA
HLT
RAL
LDD
SDA
LDD
SDA
STL
RAL
LDD
SDA
STL
RAL
STD
STU
STD
STD
LDD
STD
STD
STD
STU
NOP
RAL
STL
LDD
RAL
SLO
NZA

LDD

STD
RAL
LDD
SDA
LDD

0003
8001
GETSS
16
GETSS
0005
8002
0002
17
0000
0003
SUMs
SUMS
STOS
19

20

STOS
SUMS
SUMD

9000
21
55
STXRH
54
GETXX
STXLH
46
47
GETDI
STODI

STIJC
SUMBE
SCXHO
SCXLO

0000

peiv Ce=;xm

15
STOS
18

AEQR
UPS

201
9000

SWA
SWAS
25

1995

SWAS
2t -

L

GET SRH
STEP
5SS ADDRESS

S PLUS E
STORE S
UPDATE
SUMS

15 J MAX

STEP J

DOES
AVAIL EQUAL

RCQUIREMENTS

STOP
INITIALIZE
XX ADDRESS

INITIALIZE
DI
ADDRESS

INITIALIZE

I1JC ADDRESS

ZERO sumBt
ZERO
TOTAL COST

SET E K
AND 1

TO0 1

SET L TO O

READ
ClJ
ROW
IF
BIG

SET 6

TO 1

SET LOC CC
TO L

SET €ER

1675
1807
1665
1731
1719
1709
1671
1679
1733
1641
1604
1713
1635
1624
1695
1654
1608
1715
1759
1685
1769
1622
1673
1631
1891
1917
1973
1838
1702
1967
1674
1920
1782
1943
1938
1892
1939
1890
1748
1940
1718
1768
1941
1752
1818
1827
1830
1681
1798
1825
1867
1962
1744
1802
1868

35
67
10
10
21
35
65
30
15
20
30
15
20
65
16
45
15
20
65
16
45
01
65
69
22
69
22
20
65
69
22
20
65
24
2]
24

24

69
24
24
24
21
00
65
20
69
65
16
L5
69
65
69
22
69

0003
8001
1706
1714
1706
Qo005
8002
Q002
1686
0000
0003
1931
1931
1641
16938
1608
1761
1641
1931
1664
1622
9000
1626
1788
1810
1820
1874
1797
1862
1870
1666
1729
1888
1785
1839
1932
1933
1694
1835
1812
1710
1780
0000
1912
1724
1820
1724
1942
1818
1848
1704
1780
1898
1610
¥TEL

1733
16565
1711
R 3
1709
1671
1679
1733
1641
1604
1713
1635
1634
1695
T65L
1759
1715
1700
1685
1769
1673
2000
1631
1891
YL
1973
1838
1702
1967
1674
1920
1782
1943
1928
1892
1239
1890
1748
1940
1718
1758
1941
1895
1318
1827
1995
1681
1798
1895
1867
1962
1744
1802
1868
1774



MGTOG

8001
31
GCLH
32

GCRH

34

TESTJ

REPLC

8001
40

9LH

9RH

sTOCC
0BSJR

STD
LDD
STD
LDD
STD
RSL
STL
LDD
STD
LDD
BMI
RAB
SRT
RAB
AUP
AUP
STU
SLT
RAL
SLO
BMI
ALO
STL
LDD
STD
LDD
STD
LDD
STD
RAL
SLO
NZA
ALO
ALO
STL
RAL
LDD
SDA
LDD
SDA
LDD
STD
RAL
BMI
RAB
SLT
RAL
SRT
ALO
RAB
SRT
SLT
ALO
STL
RAL

CR
29
SWF
30

GETCC
LC
0000
GCLH
8001
0005
8001
GETCC
33
GETCC
0005
8002

8001
CR

JR

GR
L€
LR

8001
25

LR
36
STOCC
38
39
0000
CCR
GR
9LH
CCR
0005
8002
0005
41
CCR
0005
0005
o 3 g
0000
JR

MGTOG

8001
21
GCRH
32
34

32

TESTJ

TESTJ

REPLC

MGTOG

8001

40

9RH

- STOCC

STOCC
OBS JR

20

TO 999999
SET

SWF ON

SET J

TO 1
REVERSE SIGN
OF G

STORE LOC
OF cC

CC TO DIST
TEST G

GET CLH

GET CRH
STEP

cc
ADDRE3S

COMPARE CIJ
WITH CR
REPLACE CR
WITH CIJ
ETC

TEST FOR
END OF ROW

STEP J

REPLACE
MINIMUM
cly
WITH

G999

SET

1774
1794
1852
1975
1731
1750
1909
1857
1763
8001
1754
1907
LGS
1658
1815
1865
1723
1813
1725
1627
1735
1638
1745
1783
1689
1795
1708
1764
1819
1639
1691
1833
1786
1693
1651
1687
1677
1684
1690
1696
8001
1804
18461
1915
1668
1863
1775
1754
1647
1869
1913
1825
5 i
1737
1854

24
69
24
69
24
66
20
69
24
69
46
&7
30
67
10
10
27
35
65
16
46
15
20
69
24
69
24
69
24
&5
16
45
1S
15
20
65
69
22
69
22
69

65
46
67
a5
65
30
15
67
30
25
15
20
65

1630
1948
1722
1678
1E36
1704
1704
1610
1616
G000
1907
8001
0005
8001
1610
1618
1610
0005
5002
1630
1638
8001
1630
1736
1642
1704
1811
1616
1672
1736
1929
1786
8001
1646
1736
1672
1580
LT137
1743
1699
0000
L7158
1811
1668
1758
o05
8002
0005
1300
1758
Q005
0005
1740
0000
1642

1794
1852
1975
i3
1750
1909
1857
17¢3
8001
1754
1658
1765
1627
1815
1865
1723
1813
1725
1765
1735
1639
1745
1783
1689
1795
1708
1764
18172
1639
1691
18353
1637
1693
1651
1750
Y6FT
1684
1690
1696
8001
1804
18¢€1
1915
1859
18&3
1775
1724
1647
1737
1913
1825
17687
1 ¥ 3T
1854
1697



8002
44
SWY
45
GETDI
48

STODI
49

STOSJ
02

STIJC
53

XLH

STXLH
XRH
GETXX
STXRH
56

uUDSCX

ALO
LDD
SDA
RAL
NZA
NOP
STL
RSL
STD
ALO
BMI
RAB
STL
LDD
STD
LDD
STD
RAL
STL
RAL
SLT
ALO
SLT
ALO
STL
RAL
SRD
STL
RSL
STL
BMI
RAB
SLT
STL
RAB
ALO
STL
RAL
ALO
LDOD
SDA
LDD
SDA
STL
RAU
MPY
AUP
ALO
STU
STL
RAL
ALO
STL
RAL
ALO

42

43

STOSJ
0000

45
0000

SJR
0000

Q

SJR

8002
0000
SJR
Q
50
SWF
51
0000
I
0002
JR
0001
CR
0000
Q
0003
QR
E
E
XLH
QR
0005
0000
QR
0000
0000
GETXX
57
STXLH
STXLH
STARH
STXRH
GETXX
aRr
CR
SCXHO
SCXLO
SCXHO
SCXLO
SUMBE
58
SUMBE
STIJC
59

8002
L4
SwyY
68
GETDI
48

S5TOSJ
STODI
49

STOSJ
52

STIJC
53

XRH

STXLH
UDSCX
GETXX
STXRH

UDSCX

21

SJR
ADDRESS

SJR TO LA
IS SJUR ZERO

STORE SJR
DI TO LA
DI TO Q@
CALC DELTA
TEST DELTA
SET DI TO
ABVALDELTA
SET Q

TO SJR
SET

SWF OFF
SET SJ TO O

FORM AND
STORE
NEW
BASIS
ELEMENT

UPDATE
TOTAL
COST

UPDATE

SUM OF
BASIS ELEM
STEP

1JcC

1697
1705
1911
8002
1155
1660
1358
1666
1805
1961
1767
1670
172¢
1904
1716
1662
1919
1875
1965
1855
1816
1773
1747
1905
1785
1906
1844
1925
1632
1739
1688
174l
1784
1797
1692
1834
1810
1860
1789
1847
1900
1701
19154
1964
1760
1885
1935
1847
1887
1836
18864
1793
175)
1792
1389

46

24

20

66
20
H6
67
35
20
67
1.5
20
65
15
69
22
69
22
20

19

1850
1808
1965
0000
1858
D000
1963
0G0
19038
1963
1670
8002
0C00
1963
1908
1766
1722
1528
0000
1710
ocnz2
162
0oLl
1630
0000
1908
Q0C3
1779
1835
1835
1741
1779
QoS
0300
1779
Q00D
Q00D
1834
1742
1797
1797
1810
1810
1824
1779
1630
19352
1933
1932
1833
1639
174

1339
1785
1842

N A AN O - T
S AD N P RAn

1886



SWF
SWFON

SWZ
62

202

SWT
SWTO

66
67

68

SWTE
1995
1997
1998
1996

12
16
17
23
24
26
200
28
25
30
33
35
36
38
41

STL

- NOP

RAL
sLO
NZA
ALO
ALO
STL
RAL
ALO
LDD
SDA
STL
NOP
RAL
SLO
NZA
HLT
PCH
RAL
LDD
NOP
NOP
RSL
STL
BMI
RAL
RAL
ALO
ALO
STL
LDD
NOP
STD
LDD

44
STD

LDD
Q0
LDD
00
00
00

00

00
LDD
00
00
00
00
00

i STk

LDD
99

STIJC
0000

8001
60

GETDI
61
STODI
STODI
GETDI
0000
SUMBE
NBE

9001
1927
63

0000
0000

66
64

ArEro
wn

0000
1999
1998
1987
1983

1200
0001
1500
0001
0000
0001
0000
1111
0000
0099
0000
0001
0001
0001
0000
0000
9990

SWF
0000

62

SwZ
SWT

202
9001

315P7
9002
0000

67
67

64

.20

66
1988
1996
1999

iD

0000
14
0000
0001
0000
0001
0000
31
9999

- SWFON

0000
0000
0000
OBSJR
40
0000

22

ADDRESS

TEST 1

STEP
I

STEP
DI
ADDRESS

CHECK
NUMBER OF
BASIS ELEM

- STOP

PUNCH
INITIAL
DISTRIBUTION

N ODD
REVERSE K
TEST K
STEP L

SET G TO K

READ SsuB
SET READ
1 CARD
SWITCH

CONSTANTS

1897
1722
1801
1866
1936
1790
1947
1910
1916
X729
1829
1682
1732
1969
1791
1843
1901
LI12
1762
1727
1937
1840
1823
1602
1817
1966
1770
1720
17287
1738
1845
1814
1652
1995
1997
1998
1996

1753
1614
1806
1714
16E5
1694
1942
1848
1898
1771
1948
1678
1618
1646
1680
1743
1800

20
00
65
16
45
15
15
20
&5
15
69
22
20
00
65
16
45
01

65
£9
00
00
60
20
46
65
65
15
15
20
69
00
24
69
b
24

69
(0]¢]
69
00
00
00
00
co
69
00
00
00
00

00

20
69
99

1785
0000
1710
1928
1790
3001
1851
1710
1666
1624
1729
1729
1666
0000
1839
1796
1712
9001
1927
1730
1840
0000
0000
1812
1812
1720
1873
1923
1760
1841
1780
1812
0000
1999
1998
1987
1983

1200
0001
1500
0001
0000
0001
0000
1111
0000
0099
0000
0001
0001
0001
0009
0000
9990

1722
0000
1866
1936
1791
1947
1910
1916
1721
1829
1682
1732
1969
1823
1843
1901
1762
9001 -
1127
1937
1893
9002
0000
1817
1966
1770
j (7,
1777
1738
1845
1814
1867
1720
1988
1996
1999
1600

1653
0000
1903
00CcOo
0001
0000
0001
000
1754
9999
1801
oQeC0o
0C00
0000
1854
1804
0000



37
43
47
50
51
54

il

58

59

60

61

64

65
1927
1934

315PC
315P7

3154

315F

2151
3156

315A
315C
315D
315E
315H

00
STL
RSL

00

ALO
STL
00
00

00
00
00
00
00
00

RAL
STD
LDD
SDA
SLT
SDA
RAL
AUP
LDD
SDA
AUP
SLO
SUp
NZA
AUP
ALO
ALO
sSup
NZU
AUP
PCH
RAL
SO
SRT
ALO
STE
PCH

69

24

00

00

24

0009
0000
0000
0000
0000
0000
0009
0001
0001
0001
0001
0001
0001
0000
1928
0000

PROG 315

8000
315XX
315A
315A

0004
3158
315A
315C
315D
P0O0OO1
315E
3158

8003

8001
315E
3158
315H

8001
P0O00O1
8001
315H
0004
P00O1
P0001
PCGO1
0000
PO002
0000
0001
PO009

9999
52
43
SWY
0000
STXRH
56
0000
0000
0n00
0000
0000
0000
0000
0006
0000

23

P7 PUNCH SUBROUTINE

315P7

315J

8002

315G

3151
8002
315J

315XX
8003

315F
0007
0000

315F

PCH CONSOLE
STORE EXIT
SET

FWA

AND

LWA

FWA TO LA
LWA TO UA
SET CONTROL

STEP PCH ADR
HAS LAST
WORD BEEN
STORED

HAVE 7 WORDS
BEEN STORED

PUNCH 7 wDS
MODIFY
CONTROL
WORD ON
LAST CARD
PUNCH

LLAST CARD
CONSTANTS

1740
1808
1870
1766
1628
1820
1738
1742
1746
1842
1851
1624
1873
1923
1927
1934

1950
1893
1749
1918
1968
1781

1799
1970
1831
1849
1821
1832
1899
1871
1924
1944
1945

1949
1726

1896

1946

1676

1971
1776

1712
1822
1872
1902
1824
1894
1874
1921

00
20
66
0n0
00
15
20
0G
00
00
00
00
00
00
09
00

65
24
69
22
35

=t
-

10
69
22
10

16
11
45
10
15
18
21
b4
10
71
65

30
15
20
71
69
24
00
00
24

0009
0000
0000
0000
0000
0000
0000
0001
0001
0001
0001
0001
0001
0000
1928
0000

8000
1846
1902
1902
0004
1844
1902
1824
1894
1877
1874
1844
8003
1924
8001
1874
1844
1921
1896
8001
1877
8001
1921
0004
1877
1877
1877
Q000
1878
0000
0001
1885

9999
1855
1805
1660
elele]le)
1810
1860
0000

0000 .

eooce
0000
0000
0000
0000
0006
0000

1893
1749
1918
1968
1781
1799
1970
1831
1849
8002
1832
1899
1871
1676
1944
1945
1949
1726
1946
8002
1970
1971
1776
1772
1822
1872
1846
8003
1821
0007
0000
1821



SETUP

SMALL
BIG
200

LDOD
STD
RAU
SRT
LDD
BD2
MPY
MPY
SRT
DIV
ALO
SLT
STL
LDD
SDA
LDD

SDA

LDD
SDA
LDD
SDA
STL
STD
ALO
ALO
SLO
STL
ALO
LDD
SDA
LDD
SDA
LDD
SDA
LDD
SDA
LDD
SDA
LDD
SDA
STL
STD
ALO
LDD
SDA
LDD
SDA
LDD
SDA
RAL
ALO

24

PROGRAM 2 ITERATION

PROGRAM 2 INITIALIZATION

255
1983
N

TAG
SMALL
M
201
0004
202
8003
0004
164
203
12
204
66
205
82
206
112
207
17
M .
N
208
148
220
209
10
210
21
248
65
211
3
212
110
213
126
149
174
214
215
138
216
160
217
180
M
N’

0004

BIG
200
200

RESTORE
READ SWITCH
N TO UA

TEST
TAG
MN IN LA
N IN LA

Bl IN LA
SET

Bl
ADDRESSES

X1 IN LA
EBO IN LA

X0 IN LA
SET
X0
ADDRESSES

X1 IN LA
SET

X1
ADDRESSES

0001
0007
0036
0033
0043
0083
0086
0038
0133
0093
0096
0003
0013
0026
0032
0009
0015
0020
0076
0059
0065
0010
0018
0017
0183
0034
0091
0050
0057
0063
0070
0126
0024
0030
0045
0051
0019
0025
0143
0049
0098
0011
0031
0039
0095
0047
0103
0021
0077
0145
0087

69
24
60
30
69
92
19
19
30
14
15
35
20
69
22
69
22
69
22
69
22
20
24
15
15
16
20
15
69
22
69
22
69
22
69
22
69
22
69
22
20
24
15
69
22
69
22
69
22
65
15

0004
1983
1929
0004
1930
0086
1928
0041
0004
0046
8003
0004
1873
0029
1356
0012
1417
0023
1656
0062
LTHT
0115
1614
1928
1929
0037
1397
0053

0060

1267
0073
1421
0027
1342
0048
1416
0022
1890
0146
1445
1708
1528
0084
0042
1594
0100
1968
0074
1642
1928
1929

0007
0036
0033
0043
0083 -
0038
0133
0133
0093
0096
0003
0013
0026
0032
0009
0015
0020
0076
0059
0065
0010
0018
0017
0183
0034
0091
0050
0057
0063
0070
0126
0024
0030
0045
0051
0019
0025
0143
0049
0098
0011
0031
0039
0095
0047
0103
0021
0077
0145
0087
0184



SLO
STL
SRT
D1V
ALO
SLT
ALO
STk
LDD
SDA
LDD
SDA
LDD
SDA
LDD
SRT
SIA
SEY
ALO
LDD
SDA
STL
LDD
SDA
ALO
SLO
STL
LDD
SDA
LDD
SDA
LDD
SDA
ALO
LDD
SDA
LDD
SDA
LDD
SRT
SIA
SLT
ALO
LDD
sSDA
LDD
SDaA
LDD
SDA
LDD
SDA
LDD
SDA
LDD
SDA

218
181
0004
219
8003
0004
149
uo
&21

222
91
223
120
207
0004
RPC1
0004
224
225

226
227
70

228
VO
229
79
230

231
117

232

233
72
226
0004
39
0004
234
235

236
T4

237
98

238
104
239
141
240
162

25

NO BASIS
ELEM IN LA

Uo IN LA
STORE U O
SET
uo
ADDRESSES

Ul IN LA
SET

Ul
ADDRESSES

V1l IN LA
VO IN LA
STORE VO
SET
Vo
ADDRESSES

MO IN LA
SET
MO
ADDRESSES

M1 IN LA
SET

M1
ADDRESSES

0184
0141
0123
0035
0138
0195
0005
0113
0097
0153
0085
0191
0193
0099
0149
006¢€
0079
0135
0147
0055
0061
0092
0151
0107
0044
0185
0094
0069
0075
0148
0105
0163
0119
0173
0136
0142
0109
0165
0159
0052
CoO14
0110
0071
0129
0186
0121
0127
017X
0028
0066
0122
0120
0078
0116
0176

0137
1620
0004
00838
8003
0004
1708
1244
0150
1382
0188
1490
0196
1496
0115
0004
1682
0004
0101
0008
1239
0197
0054
1390
1928
no89
1266
0072
1344
o002
1210
016
1270
1929
g1s9
1206
0112
1506
0197
0004
1207
0004
0124
0082
1218
0174
1568
0125
1812
0169
1566
QLTS
1813
0170
1773

014}
0123
0035
Gl*g
01%5
00us
Q1
0097
015z .
0085
0191
0193
0099
0149
0068
0079
01325
0147
0055
0061
0092
0151
0107
Q044
0185
0094
Q069
0075
0148
0105
0163
0119
0173
0136
0142
0109
0165
0159
0052
0014
0110
0071
0129
0186
0121
0127
0171
0028
0066
0122
0120
0078
0116
0176
0177



43

56
BIG

SMAL
ORS

4

STL
RAL
SRT
DIV
SLT
NZU
ALO
ALO
LDD
SDA
SLO
LDD
SDA
RAL
SLO
BMI
RAL
BD3
LDD
STD
LDD
BD2
SRT
STL
LDD
STD
LDD
STD
LDD
LDD
STD

00

00
RAL
RAL
RAL
RAL

00
STD
STD
STL
STU
STD

00
LDD
STL
LDD

00

00

00
STD

. RAL

RAB
00

241

181
0004

242
0004

244
241
245
103
246
247
101
8002
249

TAG
256
257
SWH
8002
8SMAL
0003

257,
SWD
252
SWG
253
254
1988

0001
0000
0000
0000
0000
0000
0002
0000
0000
0000
0000
0000
o001
0000

0000

0000
0001
0000
0001
0000
0000
0000
0001

182

243
243

9000

256
9B1G

BORS
BORS
8001

0000
0002
13
67
83
113
0000
11
32
75
111
3INCA
0000
144
5UPDS

0000
0002
0000
18
92
121
0000

26

STORE M1
CALC SIZE
OF MUBAR
TABLE

E1 IN LA
SET El
ADDRESS
EO IN LA
SET EO
ADDRESS

DOES DATA
OVERLAP PROG

SET SW H
ON

SIZE TEST

SET SW D
TO BIG
SET SW G
TO BIG
SET

READ
SWITCH

CONSTANTS

0177
0187
0128
0189
0144
0155
0160
0111

0040,

0198
0112
0090
0102
0l61
0179
0140
0152
0190
0154
0162
0006
0104
0114
0080
0056
0067
0130
0166
0156
0058
0180

0041
0046
0029
0012
0023
0062
0037
0060
0072
0048
0022
0146
0084
0042
0100
0074
0137
0088
0053
0150
0188
0196
0101

20
65
30
14
35
hd
15
15
69
22
16
69
22
65
16
46
65
93
69
24
69
92
30
20
69
24
69
24
69
69
24

00
00
65
65
65
65
00
24
24
20
21
24
00
€9
20
69
00
00
00

65
67
00

0081
1620
0004
0192
0004
0160
0064
0081
0194
1469
0178
0199
1657
8002
0132
0152
1930
0104
0157
1786
8002
0058
00032
1603
0164
Y&
0106
1301
0.1 ki
0167
1988

0001
0000
0000
0000
0000
0000
0002
0000
0000
0000
C000
0000
0001
0000
0000
0000
0001
0000
0001
0000
0000
0000
0C01

0187
0128
0189
0144
0155
0111
0111
N040
0198
0172
0090
0102
0161
0179
0140
9000
0190
0154
0162
0006
0l04
0114
0080
0056

0067

0130
0l66
0156
0180
0180
§001

0000
0002
1205
1155
1805
1706
0000
1453
1353
1703
1604
1627
0000
1654
1914
1520
0000
0002
0000
1753
1556
1856
0000



225
227
228
229
230
231
232
23
234
235
236
237
238
239
240
242
244
245
246
247
248
249
2531
252
253
254
255
257

1997
1998
1999
1975
1996
1972
1974
1995
1973

uv

8003

SWBOF

10
2 |
12A

STL 0000
STL 0coo
00 0001
STD 0000
RAL 0000
LDD 0000
STL 0000
STL 0000
00 00061
STL 0000
STL 0000
STL 0000
RAL 0000
RAL 0000
RAL 0000
00 0000
00 0001
STL 0000
00 0001
STL 0000
STD 0000
00 1200
S5TD -21
STL .21
RDS 1994
RDS 1994
4k 1987
STL SCXLO
LDD 1998
44 1987
STD 1983
LDD TAG
BD2 1988
LDD 1995
STD 1983
44 1987
STD 1976
PHASE 1
RAU 1
ALO 2
S5TL 0000
SUP &4
NZU
AUP 6
Lbb 7
STD SWA
LDD 8
STD SWB
LDD 9
STD 0000
RAL 12
STL 1GETB

3
71
0000
81
86
118
3
71
0000
<
13
100
3SHPL
4SHPL
5SHP
0010
0000
100
0000
100
WIJ
0000
SWDB
SWDB
1997
uv
1988
SWHON

1999
1976
uv
1996
1972
1974
1988
1988
1988

CONSTRUCT
8003
3

5
8003

SWBOF

10

13

12A
8001

rA

SET READ 1
CARD SWITCH
RESTART
TEST TAG
RESTORE
READ INSTR

READ SuB
UV TABLE

RESET

uv

TABLE

TO
1000000000

SET SW A ON
SET SW B ON
SET EB
TO ZERO

INITIALIZE
1JC ADDRESS

0008
0054
0089
0072
0002
0016
0139
0112
0124
0082
0174
0125
Cl69
0175
0170
0192
0064
0194
0178
0199
0027
0132
0164
0106
Q10
0167
0004
G157

1997
1998
19599
1975
1996
1972
1974
1995
1973

1236
1243
8003
1203
1210
1215
1216
1222
1555
1611
1661
1267
1453
1219

20
20
9]0)
24
65
69
20
20
00
20
20
20
65
65
65
00
00
20
00
20
24
00
24
20
70
70
44
20

69
44
24
69
92
69
24
44
24

60
15
20
3
44
10
69
24
69
24
69
24
65
20

0000
0000
0001
0000
0000
0000
0000
0000
0001
0000
0000

0000

0000
0000
0000
0000
0001
0000
0001
0000
0000
1200
1418
1418
1994
1994
1987
1933

1998
1987
1983
1930
1988
1995
1983
1987
1976

1239
1246
0000
1206
1.215
1218
1269
1252
1308
1208
1364
0000
1256
1306

1203
1653
0000
1803
1855
1354
1203
1653
0000
1203
1653
1554
1756
1807
1664
0010
0000
1554
0000
1554
1209
0000
1300
1300
1.997
1236
1988
1850

1999
1976
1236
1996
1972
1974
1988
1988
1988

1243
8003
1203
1211
1216
8003
1222
1555
15611
1661
1267
1453
1219
8001



8001
13

SWB
14

SWA
SWAON

16
SWAOF
28A

Z2
29

5 |
33

20
24
.35

28
41
26
34

32

RAL
NZA
BMI
SLT
STU
SUP
SLT
STU
SuUpP
SLT

STU”

RAL
SLT
ALO
LDD
SDA
LDD
SDA
LDD

- SDA

LDD
SDA
RAL
SLT
ALO
LDD
SDA
LDD
SDA
LDD
SDA
LDD
STD
RAL
STD
RAL
SLT
NZU
RSL
SLT
NZU
LDD
STD
SRT
ALO
STL
RAL
SLT
NZU
RAL
SLO
STL
LDD
STD
RAL

0000
Swe
SWC

0003

8001
0002

1J
8001
0005

1C1J

11
0004

uo

15

16

17

SWAOF

18

41

19

20

1J
0004

Vo

21

22

23

24

25

26

27

SWA
8003
0000
0000
0001

22
0000
0001

30
0000
0001

1C1J
0000
0000
0001

28

1C1Y
0000
0000

36

SWB

1GETB

13
WIiJ
14

SWA

- SWAON

16
28
28A

24
29

33
31
32

20
34
35

32
41
26
34

32

28

1JC TO LA
IS 1JC ZERO
IS IJC NEG

STORE 1
STORE J

STORE CIJ
CALCULATE
LOCATION
OF

ul

AND

VJ

1ST TIME
SET SWA OFF
SET UI

TO M

Ul TO LA
Is Ul
1000000000
VJ TO LA
1S vJ
1000000000
SET EB TO
MINUS 1
HAVE VJ
CALC UI
STORE UI
VJ TO LA
1S VJ
1000000000
HAVE Ul
CALC VJ
STORE VJ
SET SWB
OFF

STEP

8001
1205
1208
E212
x221
1229
1237
1293
1201
L2539
1271
1219
1231
1241
1249
1255
1262
1268
1224
1230
1286
1242
1298
1253
1213
33T
1207
1234
1240
1296
1252
1258
1214
1355
1309
1321
1405
1361
1281
1455
1411
1315
1421
1316
1223
1245
1343
1505
1461
1303
1233
1305
1403
1359

1357,

65
45
46
35
21
1]
a5
21
Ll
25
o,
65
35
15
69
22
69
22
69
22
69
o
65
35
15
69
22
69
22
69
22
69
24
65
24
65
35
44
66
25
44
69
24
30

20
65
35
A
65
16
20
69
24
65

0000
1208
1261
0003
1226
8001
0002
1248
8001
0005
1276
1226
0004
1244
1202
1309
1265
1321
1227
1233
1289
1245
1248
0004
1266
1274
1281
1287
13243
1299
1305
s
1252
8003
0000
0000
0001
1281
0000
0001
1315
1318
0000
0001
1276
0000
0000
0001
1303
1276
0000
0000
1256
1208
1306

1205
1209
3212
1221
1229
1237
1293
1201
1259
1271 °
1279
1231
1241
1249
1255
1262
1268
1224
1230
1286
1242
1298
1253
1213
1371
12T
1234
1240
1296
1252
1258
1214
1355
1309
1303
1405
1361
1343
1455
1411
1316
1421
1353
1223
1245
1403
1505
1461
1353
1233
1305
1403
1359
1353
1511



SWC

SWCOF

WIJ
SWD
SWDB

2READ

SWDS

2SETU
58

2SETV
56

29

ALO 37 12A 1JC ADDR
HLT 0001 BASIS DEGEN
LDD 38 SET sw C
STD SWC uv OFF
HLT 0002 2ND TRY NG
RAL 39 - PUNCH
LDD 40 315P7 uv
HLT 9003 9003 TABLE

10 0000 0000 = CONSTANTS
SDA 26 SWAON

BMI SWC 14

00 0000 0000
STD 0000 28
RAL 0000 28A
STL 0000 34
RSL 0000 29
RAL 0000 35
STL 0000 34
SDA 26 SWAOF
00 0000 0001
BMI SWBOF 14

00 0001 0000
HLT 0002 SWCOF
SLO 0000 26

PHASE 2 CALCLATE wlJ

LDD 42 SET WR

STD WR TO ZERO

LDD 43 SWD SET 1

STD 21 SWDS 79 X

LCD R BIG PROBLEM
sSTD 2P 2READ READ

LDD 1973 I

RAL 2P ROW

SLO 44

NZA SWDS

STL 2P 2READ

LDD 45 BIG OR SMALL
STD 2A SET A TO 1
LDD 46 INTT €l
STD 2GETC 2SETU ADDRESS

RAL 21 58 SET UI

ALO UO ADDRESS

LDD 47

SDA 2GETU

LDD 48 SET J

ST 22U 25ETV TO! X

RAL 2J 56 SET VvJ

ALO VO ADDRESS

LDD 49

SDA  2GETV

RSL 2A REVERSE SIGN
STL 2A 2GETC OF A

1511
1261
1365
1471

-1200

1204
1561
1314

1246
1269
1308
1364
1202
1265
1289
1274
1287
1299
1311
1318
1256
1264
1368
1227

1209
1515
1565
1671
1300
1456
1412
1615
1313
1771
1424
1721
1427
1340
1446
1593
1621
1349
1705
1335
1341
1483
1250
152]
1327
1284
1291

15
01
69
24
01
65
69
01

10
22
46
00
24
65
20
66
65
20
22
00
46
00
01
16

69
24
69
24
69
24
69
65
16
45
20
69
24
69
24
65
15
69

22

Ll

69

24
65

L5

69

66
20

1264
0001
13268
1261
0002
1207
1314
9003

0000
1305
1261
0000
0000
0000
0000
0000
0000
0000
1305
0000
1555
0001
0002
0000

1362
1212
1468
1418
1603
1459
1615
1459
1366
1424
1459
1474
1337
1543
1290
1418
1244
1302
1232
1238
1280
1280
1266
1324
1331
1337
13% 1

1219
1365
1471
1236
1204
1561
1217
9003

0000

1258
1212
0000
1303
1405
1403
1455
1505
1403
1321
0001
1212
0000
1200
1305

PSR )
1565
1671
1721
1456
1412
¥973
E223
o 4
Y23
1412
1427
1340
1446
1593
1621
1349
17056
1335
1341
1483
12&
1621
1227
1284
1291
2320



2GETC
50
2CLH

2CRH

2GETU
2GETV
SWE

53

54

SWF
60

SWG
SWFON

2PCH

GETAO

65
63

LDD
BMI
RSB
SRT
STL
RAB
AUP
AUP
STU
SLT
RSB
ALO
ALO
BMI
AUP
SLO
SUP
BMI

STD.

LDD
STD
LDD
STD
LDD
STD
RAL
SLO
NZA
ALO
ALO
STL
RAL
SLO
NZA
ALO
ALO
STL
RAL
NZA
RAL
ALO
STL
LDD
LDD
BD1
HLT
LDD
STD
LDD
STD
LDD
STD
RAL
SLT
ALO

0000
2CLH

8001
0005
2CIJ
8001
2GETC
52
2GETC
0005
8002
0000
0000
53
WR
8002
8001

WR

21
2IR
2J
2JR
2C1J
2CIJR
2J

8001
55
2J
21

60
8001

57

21

WR

COUNT
COUNT
TAG

9004
61
SWE
62
SWF
64

0000
21

o002
2J

50
2CRH

a1

2GETU

51
2GETV
SWE

53

53

54

56

SWF
SWFON

SWG
58

2PCH
MUBAR
RPSUB

GETAO
9004

65
WiJ

30

CC 70 DIsT
TEST A

GET CLH

STORE CIlJ
GET CRH
STEP ClJ
ADDRESS

CALC WIJ

TEST wWJ
TEST WIJ
AGAINST WR

REPLACE
WR

WITH
WIJ ETC

TEST J

STEP J

TEST 1

STER

1S WR ZERO

STEP
ITERATION
COUNTER
PUNCH
LLOADABLE
SOLUTION
STOP
ALTERNATE
OPTIMA
SET SW E
AND F OFF

FORM
1JC

1290
1503
1406
1263
1225
1257
1415
1295
1553
1393
1605
1232
1331
1655
1409
1317
1275
1283
1336
1465
1571
Y377
1333
1338
1282
1258
1285
1383
1436
1443
1251
1387
1273
1433
1486
1493
1301
1437
1367
1220
1389
1247
1821
1524
1533
1536
1288
1294
1408
1414
1586
1242
1350
1323
1379

69
46
68
30
20
67
10
10
21
as
68
14
15
46
10
16
=5 |
46
24
69
24
69
24
69
24
65
16
45
15
15
20
65
16
45
%5
15
20
65
45
65
15
20
69
69
91
01
69
24
69
24
69
24
65
35
15

0000
1406
8001
0005
1329
8001
1290
1348
1290
0005
8002
0000
0000
1358
1312
8002
8001
1336
1312
1418
1374
1280
1386
1229
1235
1280
1929
1436
8001
13246
1280
1418
1928
1486
86001
13296
1418
1312
1220
1934
1292
1934
1524
1930
1536
9004
1391
1655
17LY
1433
1439
0000
1418
0002
1280

1503
L2587
1263
1225
12322
1415
1295
1553
1393
1605
1263
1231
1655
1409
1317
1275
1283
1358
1465
1571
1377
1333
1339
1282
1358
1285
1383
1387
1443
1251
1250
1273
1433
1437
1493
1301
1621
1367
1821
13879
1247
1487
1477
1543
1288
9004
1294
1408
1414
1586
1342
1209
1323
1379
1385



69
8001

PCHAO

42
43
4y
45
46
47
48
49
52
55
57
59
61
62
64
68

MUBAR
8003
Y

73
15

8002
78
81

8002
8001

SLT
AAB

STL
RAL
STL
RAL
NZA
SLO
NZA
RAL
ALO
LDD
STD
LDD
STD
RAB
STL
PCH

00
00
00
oo

LDD

ALO
00
ALO
00
00
00
00
NZA
NZA
00
00

RAU
STL
SUp
NZU
AUP
STL
RAL
ALO
LDD
STD
RAL
ALO
LDD
LDD
STD
STD
RAL

0001
2CI1J
CIJAO
66
GETCA
0000

CIJAO

GETCA
68

21
P0001
2J
P0002
261}
P0003
P0001

0000
0001
0000
11313
0000
0000
0001
0000
0001
0001
0001
0001

53

60

0000

0001

PHASE 3

70
0000
2

T4
0000
2IR
16

v i
0000
2JR
79

80

82

3GETB
0000
0000

69
8001

67

PCHAO

53

69

53

0000
0000
0001
0000
50
2GETV
0000
SWE
0000
0000
0000
0000
63
9005
0000
0000

CONSTRUCT

8003
71

73
8003
75

8002
78

8002
8001

81
83

3

STORE Cly
INITIALIZE
1JC ADDRESS
1JC TO LA
TEST .1.JC
TEST FOR
BASIS ELEM
NOT BASIS
STEP 1JC ADR
PUNCH
ALTERNATE
OPTIMA

1JC

CONSTANTS

MU BAR TABLE

RESET

uv

TABLES

TO

ZERO

SETEB TO: @
SET MU 1

TO 1

SET NU J
o 1

INITIALIZE
1JC ADDRESS

I1JC TO LA

1385
1441
1633
1464
1583
8001
1755
1458
1665
1518
1225
150¢
1921
1330
1683
1381
1733
1.3:3:2

1362
1468
1366
1474
1543
1302
1238
1224
1348
1346
1396
1292
1397
1T
143

L2228

1487
8003
1653
1811
1715
1416
1703
1429
1537
8002
1753
1491

"1399

1803
1659
8002

8001 -

35
17
20
65
20
65
45
16
45
&5
15
09
24
69
24
67
20
71

00
00
00
00
69
15
00
1
00
00
00
00
45
00
00

&0
20
11
Lt
10
20
65
15
69

65
L]
69
69
24
24
&5

0001
1329
1761
1417
1871
0000
1458
1761
15318
1871
1228
1418
1877
1280
1378
1329
1879
1877

0000
0001
0000
¥1id
0000
0000
0001
0000
0001
0001
0001
0001
1358
1486
0coo
0001

1390
Q000
1506
1715
1568
0000
1374
1282
1440
0000
1386
13244
1352
1656
1606
0000
0000

1441
1633
1464
1583
8001
1755
1509
1665
1358 -
1325
1583
1921
1330
1683
1381
1733
1332
1358

0000
0000

00CL

0000
1503
133%
0000
1655
0000
0000
0000
0000
1350
9005
00CO
0000

8003
1653
1811
1416
8003
Y703
1429
1537
8002
1753
1491
1399
8002
1659
8001
1803
1805



83

8002
86
88
89

8002
92
" 94
95

84

8003

100

102

110
111

8001
113

105
35HPL
114

NZA
SLT

STU
SuUp
SLET
RAL
SLT
ALO
LDD
SDA
RAL
ALO
S5TL
RAL
SLT
ALO
LDD
SDA
RAL

. ALO

STL
RAL
ALO
STL
RAU
ALO

= STL

SUpP
NZU
AUP
RAL
STD
L.DD
SDA
LDD
STD
LoD
S0
SRRV
1.OD
51D
feAL
PZA
IR

SLi

R
Sk
St
STuU
RAL
ST
STU
SUP
SLT
ST

0003

311
8001
0002
8003
0004

85

87

88
0000

90
0000

311
0004

91

93

94
0000

96

0000

3GETB

97

3GETB

98

99
0000

101

103
104
105
106
107
108
2orL
109
ISHPR
0000
A2
308B
Q000

107

0003
T2

w001l
0002
i i e

0GON
000y
3LMUS
5001
0001
3RMUS

84

8002
86
88
89

8002

92

94
95

8001

8003
100

102
8003

110
311

8001
113
THETA

105
35HPL
i 14

T TJC
E

CALC ADDRESS
OF V BAR J

ADD 1

TO

V BAR J

CALC ADDRESS
OF U BAR I

ADD 1

TO

U BAR I
STEP

1€
ADDRESS
RESET

MU BAR
TABLE

TO CODED
MINUS ZERO

INITIALIZE
MU BAR ADDR

INITLALIZE
P SHIET

SET EB TO O
INITIALIZE
[JC ADDRESS
1JC TO LA
TEST 1JC

STORE T J

MUS TO LA
GET MU P

1805
1508
1467
1375
1783
1489
1297
1307
1765
1971
8002
1855
1425
1853
1527
1587
1345
3351
8002
1556
1905
1503
1861
1319
1559

1617

8003
1554
1862
1516
1363
1422
1707
1563
1560
1616
1909
16066
1820
1604
1610
8001
1706
1260
1564
1373
1431
1539
1395
1254%
1?5&
1577
1435
1643
1445

WO W =MW
L A\ = = A

=
w

£

(ST B RV

™
(@]

65
35
15
&9
22
65
15
20
65
15
20
60
15
20
11
44
10
65
24
69
22
69
24
69
24
23
69
24
45
46

« 35

Sl
11
35
2.
65

el
-t

21
11

-
e

20

1508
0003
1202
8001
0002
8003
0004
1210
1618
1425
0000
1558
0000
1272
0004
1490
1398
1905
0000
1609
0000
1606
1514
1606
1812
1320
0000
1657
1516
1469
1566
1254
19510
1607
1613
1756
1912
L1737
0000
1E5 7
1480
0000
1260
1363
0003
1278
8001
0002
1400
0000
0009
1432
800
0001
1304



8002
118

8002
121

126
3DT09

3CAL

35TVN
3STUM
35TMB

SLO
SUp
NZU
LDD
STD
RAL
SLT

~ALO

LDD
STD
LDOD
SDA
RAL
SLT
ALO
LDD
SDA
RAB
STD
SLT
SUP
NZU
RAB
SLT
SUP
NZU
LDD
STD
LDD
STD
RAL
LDD
STD
STL
RAL
SLT
5TL
RAL
SLT
STU
RAL
SLO
SRT
STL
RAB
SLT
SLO
LDD
SDA
RAL
LDD
BD1
STL
STL
RAL

8001
115
3INCA
116
3D
3J2

0004
117

0000
3F
119
3STVN
312

0004
120
122
3STUM

0000
)

0006

123

2F
0006
124

125
0000
127
3D
3E
3F
3E
aF
3E
0006
3CIR2
aF
0006
3CIR3
8002
3CIR2
0006
34M2
3CIR3
0004
128
34M2
129
8001
3D
3STVN
0000
0000
3CIR2

8002
118

8002
121

3CAL

30TO9

126
3INCA

3CAL

35TUM
35TMB
3STMB

33

IS MU BAR
KNOWN

SET D TO 8
CALC LOC OF
UBARMU AND

VBARNU AND
STORE THEM

UBARMU TO LA

IS UBAR 1

IS VBAR 1

SET EB TO 70
MINUS 1111
SET D

TO 9
INTERCHANGE
E AND F

GET 2

STORE 2

STORE 3

4 IN LA
4 MIN 2

STORE 4MIN2
AB3 TO LA

TEST D

D IS 8
D Is 9
CALCULATE

1357
1815
1423
1328
1334
1540
1806
1517
8002
1354
1310
1466
1322
1833
1693
1401
1457
8002
1856
1462
1677
1485
1589
1512
1727
1535
1639
1445
1640
1596
1690
1463
1360
1562
1590
1513
B i
1384
1612
1827
1585
1793
1635
1499
1507
1687
1347
1906
1557
1865
1473
L740
1369
1961
1504

16

44
69
24
65
35
15
69
24
69
22
65
35
15
69
22
67
24
35
11
44
67
35
11
44
69
24
69
24
65
69
24
20
65
35
20
65
35
21

16
30
20
67
35
16
69
22
65
69
91
20
20
65

8001
1668
1627
1481
1637
1400
0004
1270
0000
1407
1413
1369
1278
0004
1496
1404
1961
0000
1709
0006
1380
1589
1407
0006
1430
1639
1392
0000
1743
1637
1709
1407
1709

‘1407

1709
0006
1531
1407
0006
1482
8002
1531
0006
1454
1482
0004
1450
1454
1662
8001
1637
1369
0000
0000
1531

1815
1423
1328
1334
1540
1806
1517
8002
1354
1310
1466
1322
1833
1693
1401
1457
8002
1856
1462
1677
1485
1590
1512
1727
1535
1640
1445
1627
1596
1690
1463
1360
1562
1590
1513
1777
1384
1612
1827

1585

1793
1635
1499
1507
1687
1347
1906
1557
1865
1473
1740
1961
1504
1504
1685



131
130

,3SHPR

107
3INCA

.
- 80
87
90
3
96

99

106
108
. 109
' 115
116
119
122
123
124
125
127
128
132
133
134
135
136

NZA
BMI
RAU
RAU
ALO
SRT
AUP

*SRT

STL
RAL

ALO

S

" RAL

ALO
LDD
SDA
STL
SLT
RAL
SLT
NZU
RAL
ALO

LDD:
SDA:

STL

.00
" 00
STL:

00
STL

00 .

00
33
SHL
SLT
SRT
00
00
STL
STL
00
00
00
00
00
00
00
00
00
00

132
133
3RMUS
0001
3LMUS
0009
0000
30BB
134
3088
3SHPL
135
3SHPR
3SHPR
3SHPL
0005
8002

0001 -

30B8B
105
136.
107
107
105

0000
0000
0000
0001
0000
0001
0001
3333
0000
0000
0000
0000
0000
0000
0000
0000
0000
i e |
0000
0001
0000

0000 .

0001
0001
0001

130
131
130
130

3SHPR
107
3INCA

3088

0001
0001

89

0000
25
0000
oooc
3333
3INCA
114
107
0003
0008
35TMB
35TMB
0001
0001
0000
0009
0000
0002
0001
0000
0000
0000

34

CODED
MUBAR

ASSEMBLE
AND STORE
NEW MUBAR
WORD
STEP

1JC
ADDRESS
STEP

P SHIFT

IS P ZERO

STEP
MUBAR
ADDRESS

CONSTANTS

PHASE 4 CALCULATE THETA

1685
1338
1541
1442
1689
1759
1915
1737
1607
1627
1735
1843
1434
1712
1419
1790
1840
1809
X372
1581
1787
1492
1859
1567
1410
1460

1440
1352

.1618

1558
1398
1609
1514
1320
1510
1613
1912
1668
1481
1413
1404
1380
1430
1392
1743
1450
1394
1495
1388
1965
1762

45
46
60
60
15
30
10,
30
20
65
15
20
65
i5
69
22
20
35
65

44
65
15
69
22
20

00
00
20

00

20
00

00

33
20
35
30
00
00
20
20
00
0o
00
00
00
00
00
00
00
00

1338
1541
1394
1495
1304
0001
1432
0009
0000
1480
1388
1480
1756
1965
1737
1737
1756
0005
8002
0001
1480
1254
1762
1607
1607
1254

0000
0000
0000
0001
0000
0001l
0001
2333
0000
ooco

‘0000

0000
0000
0000
0000
0000
0000
13311
0000
0001
0000
0000
0001
0001
0001

1689
1442
1689
1689
1759
1915
1737
1607
1627
L35
1843
1434
4 i L
1419
1790
1840
1809
1372
1581
1787
1492
1859
1567
1410
1460
1480

0001
0001
1853
0000
1203
0600
0000
3333
1627
1577
1607
0003
0008
1504
1504
0001
0001
0000
0009
0000
0002
0001
0000
0000
0000



THETA

153
8001

4SHPL

142

8003
K0004
K0003
K0002
4LX1J
144

4GXLH

C 145

4GXRH

146

147

K0001

4INPS

4XEQT

- LDD

STD
LDD
STD
STD
LDD
STD
LDD
STD
RAL
STL
RAL
SLT
RAL
SLT
AUP
NOP
HLT
NOP

‘RAL

LDD
BMI

- RAL

SRT
RAU
SRT
RAL

SLO

NZA
BMI
ALO

STL"

LDD
STD
RAL

SLO .

NZA
ALO
STL
RSL
STL
BMI
RAL
ALO

STFL

RAL
ALO
STL
SLT
RAL
SLT
NZU

" RAL

ALO
RAL

137
4L1JC
138
4LX1J
4H
139
47
140
4SHPL
141
4LMB
0000
0009
8002
0001
143
0000

0006

0000
4H
0000
4GXRH
8001
0005
8001
0005
8002
47

. 8001

471
4L1JC

4LT

4L1JC
148

149
4LT1JC
4F
4H
4INPS
4LXIV
150
4LXIJ
4SHPL
151
4SHPL
0005
8002
0001
41LMB
41.MB
152
4L 14C

152
8001

4SHPL

142

8003

0000
MUBAR
K0001
4LXIJ
144
4GXLH
145
146

145

4XEQT
- K0001

147

K0001

ABT

4INPS

153

35

INITIALIZE

- IJC ADDR CTR

INITIALIZE
X1J ADDRESS
SET H PLUS
SET THETA TO
9999999999
SET P SHIFT
TO ZERO
INITIALIZE
MUBAR ADDR

GET AND
TEST MUBAR

TR ON MUBAR

HLT MU IS MZ
TRA TO KOO0l
H TO LA

XX TO DIST
TEST H

GET XIJ LH

GET XIJ RH

COMPARE XI1J
WITH THETA

REPLACE
THETA BY XIJ
AND LIJCT

. BY LIJCX

18 TJC
COUNTER
MAXIMUM
STEP 1JC
COUNTER
REVERSE
SIGN OF H
TEST H
STEP XX
ADDRESS

STEP
P
SHIFT
IS

P
ZERO

STEP MUBAR
ADDRESS
XIJ EQ THETA

1911
1717
1891
1497
1760
1904
1763
1885

1941

1860
1804
8001
1807
1378
1837
1893
8003
1549
1548
1547
1857
1654
1508
316
1907
1766
1529
1479
1887

‘1940

1943
1451
1785
1641
1546
1494
1501
1704
1663
1691
1758
1754
1858
1962
1472
1308
113
1522
1560
1523
1631
1937
1542
1545
1591

69
24

69
24
24
69
24

. 169

24
65
20

35
65
35
10
00
01
00
65
69
46
65
30
60
30
65
16
45
46
5
20
69
24
65
16
45
15
20
66
20
46
65
15
20
65
15
20
35
65
35
44
65
]
65

1614
1438
1594
1857
1500
1810
1532
1488
1807
1813
1741
0000
0009
8002
0001
1646
0000
0006
0000
1500
0000
1907
8001
0005
8001
0005

8002

1532
1940
1943
8001
1532
1438
1444
1438
1397
1704
1708
1438
1500
1500
1808
1857
1816
1857
1807
1866
1807
0005
8002
0001
1741
1741
1448
1438

1717
1891
1497
1760
1904
1763
1885
1941
1860
1804
8001
1807
1378
1837
1893
8003
0000
1487
1546
1857
1654
1608
1716
1479
1766
1529
1716

1887
A59%

1546
1451
1785
1641
1546
1494
1501
1658
1663
1691
1758
1754
1558
1962
1472
1608
1713
1522
1660
1523
1631
1937
1542
1545
1804
1544



8002
155

8002
157

158

139
140
143
150
151
b2
154
156

ABT

5L00P

8002
167

ALO 154
RAL 0600
SLT 0003
STU 41X
SUP 8001
SLT 0002
STU  4JX
RAL 4LT
ALO 156
RAL 0000
SLT 0003
STU &4IT
SUP 8001
SLT 0002
STU 4JT
RAL &4IX
SLO 41T
NZA.
BMI 147
RAL 4JX
SLO  4JT
NZA
BMI 147
99 9999
SLT 0000
00 0000
00 0001
00 0001
00 - 0001
RAL 0000
RAL 0000
PHASE 5
RAL 160
LDD 161
SDA 5GETX
STL 5STOX
STD 5Q
STU 5SCB
LDD 162
STD 5GMB
LDD 163
STD 5SHP
LDD 164
STD 5L1JC
RAL 5LIJC
ALO 165
LDD 166
SDA 5SI1JC
RAB 0000
SLT 0005
RAL 8002
SRT 0005

8002
155

8002
157

158
K0001

9007
K0001

9999
142
Kooal
0000

0000

0000
155
157

36

1JCX TO LA

STORE IX

STORE JX

IJCT TO LA

STORE IT

STORE JT
COMPARE
IX WITH IT

COMPARE
JX WITH JT

CONSTANTS

ALTER BASIS TABLE

5L00P

8002
167

INITIALIZE
X1J ADDRESS

SET @ PLUS
SET SCBAR 0
INITIALIZE
MUBAR ADDR
INITIALIZE
P SHIFT
INITIALIZE
1JC ADR CTR
LIJC TO LA
SET

1JC
ADDRESSES
I1JC TO LA

1544
8002
1908
1667
1475
1484
1791
1599
1699
8002
1710
1519
1428
1835
1841
1749
1478
1579
1582
1534
1551
1601
1854

1810
1488
1646
1816
1866
1448
1447
1402

1658
1723
1729
1819
1602
1869
1420
1426
1919
1476
1969
1526
1550
1916
1573
1629

8002

1863
1525
1634

15
65

35
21
11
35
21
65
15

65

35
2,
11
3b
27
65
16
45
46
65
16
45
46

99
25
00
00
00
00
65
65

65
69
22
20
24
21
69
24
69
24
69
24
65
15
69
22
67
35
65
30

1447
0000
0003
1572
8001
0002
1696
1444
1402
0000
0003
1574
8001
0002
1746
1572
1574
1582
1785
1696
1746
1854
1785

9999
0000
0000
0001
0001
0001
0000
0000

1968
1376
1814
1849
1600
1867
1773
1452
1823
1664
1873
1910
1910
1569
1326
1584
0000
0005
8002
0005

8002
1908
1667
1475
1484
1791
1599
1699
8002
1710
1519
1428
1835
1841
1749
1478
1579
1534
1546
1551
1601
9007
1546

2999
1378
1546
0000
0000
0000
1908
1710

1723
1029
1819
1602
1869
1420
1426
1919
1476
1969
1526
1550
1916
15173
1629
8002
1863
1525
1634
1597



5GMB
5SHP
168

F0002

F0003
170

5GETX
171

5XRH

S5XLH. :

55TOX
5RBE

58 FIC
172

5UPDS

FO001

176

STL
RAL

SLO
NZA
RAL
SLT
RAL

SLT

AUP
LDD
RSL

STL

RSL

. STD

RAL

STL

RAL
LDD
BMI

RAL"
~ALO
‘RAL

SLT
AUP
SRT
STL
RAL

SLYT..

ALO
SLT
AAB
§TL
RAB

SLO

STL
RAL
ALO
STL
RAL
ALO

SLO

NZA
ALO
STL
RSL
STL
BMI
RAL
ALO
LDD
SDA

¢ STL

RAL
ALO
STL

SC1
oL 1JC
GLT
5GMB
0000
. 0009
8002
0001
169

5C1J
' 8001 -
5CBAR

4T
5CBAR
4T

'STBAR

5Q

0000

5XRH
- 8001

5TBAR .
8001 -
0005.

'5TBAR
0005

0000
2IR

0002

2JR
0001
2CIJR

0000

2CIJR
5C1J
5CBAR
55CB

5CBAR

55CB

S5L1JC

173 "
174

8001
5L1JC

5Q
176
5GETX
175

55TOX

55TOX
5GETX
5SHP
177

S5SHP

5RBE
5SHP
168
8003
170

170

"BGETX

171

“5XLH

5STOX -

-5STOX

5UPDS

5S1.JC
172

5UPDS

FOO01

CHECK

176

37

STORE CIJ
IS LIJUC EQ
TO LIJCT

GET MUBAR

TRANSFER
ON MUBAR '
C1J TO DIST
MUBAR IS
PLUS 1

" MUBAR IS

MINUS 1

¢ TO LA

“XX TO DIST
TEST Q. -

ADD.

THETA BAR '

TO®
qu'

STORE 'NEW X
CONSTRUCT
1JCES 2.

STORE NEW |
BASIS ELEM-
SET. CBAR TO
ClJR MINUS
€ 1)

UPDATE
SIGMA CBAR

STEP 1JC
ADDR CTR

IS LIJC MAX

REVERSE SIGN
OF @

TEST Q

STEP XIJ
ADDRESSES

STEP P
SHIFT

1597
1913
1966
1799
1452
1664
1935
1644
1701
1619
1648
1764
1622
1649
1672
1538
1697
1814
1864

o X6
1575 :

1718

1625

1588
1899
1849
1963
1679
1636
1592
1949
1584
1964
1739
1817
1914
1722
1623
1647
1917

1675
1684

1638
1595
1967

. 1768

1818
1822

1719.

1578
1502
1552
1772

1769

1628

65

20
65
16
45

=
-

35
65
35
10
69
66
20
66
24
65
20
65
69
46

15

35
10
30
20
65
35
15
a5
17
20
67
16
20
65
1.5
20
65
15
16
45
15
20
66
20
46
65
15
69
22
20
65
15
20

1651
1710
L4y
1452
0000
0009
8002
0001
1714
1651
8001
1669
1532
1669
1532

1694 .

1600
0000

1767

8001
1694
8001
0005
1694
0005
0000
1374

0002

1386
0C01
1235
0000
1235
1651
1669
1867
1669
1867
1910
1370
1528
1638
8001
1910
1600
1600
1772
1814
1872
1849
1849
1814
1664
1922
1664

1913
1966
1799
1963
1664
1935
1644
17071
1619
8003 -
1764
1622
1528
1672
1538
1697
1814
1864
1718
1575
1849
1625
1588
1899
1849
1914
1679
1636
15692
1949
1584
1964
1739
1817
1914
1722
1623
1647
) 72 3 i
1675
1684
1789
1595
1967
1768
1818
1822
1719
1578
1502
1552
1772
1769
1628
1868



161
163
165
166
169
173
175
177
178

CHECK

 6LOOP

. 6GETX
182

- 6XLH

184
6XRH

6UPSX

6CXWS

186

187

SLT
RAL
SLT
NZU
RAL
ALO
STL

LDD
SLT
RAB
STL
00
00
00
00
00

RAL .

STD
STD
STU

LDD

STD
RSL
STL
LOD
BMI
RAL
SRT
RAL

‘AUP

AUP
STU
SLT
RAL
ALO
STL
RAL
SLO
NZA
STL
RAL
SLO
NZA
HLT
RAL
BMI
NZA
HLT
ALO
NZA
HLT

0005

8002

0001
S5LO0P
5GMB
178
5GMB

0000
0000
. 0000
0000
0000
0001

000l

0001
0001

180

6GETX.

62

6SUMX

181

6T

62

6Z
0000

6XLH

8001

0005

8001
6GETX
183

6GETX

0005

8002
6SUMX
6SUMX
6T
185

6T
6SUMX
SUMS

9008
55CB
187

9009
WR

9010

5LO0P

171
168
167
172
F0001
0000
0000
0000
0000

PHASE 6 CHECK NEW

6L0OP

6GETX
182.
6XRH
184
6UPSX

184

6CXWS

6LOOP

186
9008

187
9009

188
9010

38

IS P ZERO

STEP
MUBAR
ADDRESS

CONSTANTS

DISTRIBUTION

INITIALIZE
XX ADDR

SET Z PLUS
SET 8X TO0.0
SET T TO

M PL 1 MIN N
REVERSE SIGN
OROE 5. e v
XX TO DIST
TEST Z

X IN LA

" STEP XX

ADDRESS

UPDATE
SUM X
END OF
LOOP ‘TEST

COMPARE SUMX
WITH SUMS

SToP
HAS TOTAL
COST INCR

STOP

COMP SUMCBAR
WITH WIJ
STOP

1868
1681
1839
1645
1650
1918
1678

1376
1823
1569
1326
1714
1370
1872
1922
1673

1789
1797
1626
1724
1800
1774
1700

JATES
+:1923
.1520

1624
1731
1674
1781
1728
1686
1576
1889
1744
1751
1750
1775
1734
1688
1939
1801
1736
1692
1742
1824
1779
1632
1828
1670
1874

35
65
35
44
65
15
20

69
35
67
20
00
00
00
00
00

65
24
24
i §
69
24
66

20 -

69
46
65
30
65
10
10
21
35
65
15
20
65
16
45
20
65
16
45

65
46

01
15
45
01l

0005
8002
0001
1550
1452
1673
1452

0000
0000
0000
0000
0000
0001
0001
0001
0001

1642
1923
1470
1747
1620
1570
1470
1470
0000
1624
8001
0005
8001

1923

1831
1923
0005
8002
1747
1747
1570
1778
1688
1570
1747
1931
1692
9008
1867
1828
1632
9009
1312
1874
9010

1681
1839
1645
1650
1918
1678
1550

1864
19235
1863
1964
1647
0000
0000
0000
0000

199¢
1626
1724
1800
1774
1700
1725
1923
1520
1674

N

1744
1781
1728
1686
1576
1889
173l
1751
1750
1775
1734
1939
1700
1801
1736
1742
9008
1824
1189
1828
9009
1670
1825
9010



188

SWH
SWHON
SWHOF

183
185

RPSUB

RPC1
1927

315PC
315P7

315J

315F

3151
315G

315A
315C

RSU 8001
MPY 4T
AUP  SCXHO
ALO SCXLO
STU SCXHO
STL SCXLO
PCH 1927
RAL 8000
BMI
LDD
NOP 0000
00 0001
00 0001
RESTART
STD RPXX
PCH 1927
RAL RPC1
LDD RPXX
00 0000
00 1928
PROG 315
RAL 8000
STD  315XX
LOD 315A
SDA. 315A
SLT 0004
SDA 3158
RAL 315A
AUP 315C
LDD 315D
SDA  P0001
AUP 315E
SLO 3158
SUP 8003
NZA
AUP 8001
ALO 315E
ALO 3158
SUP 315H
NZU
AUP 8001
PCH P0001
RAL 8001
SLO 315H
SRT 0004
ALO P0001
STL P00O1
PCH P0001
69 0000
24 P0002

SWH
SWHOF
SWHOF

uv
RPSUB
U

0000
0000

39

CALC CHANGE
IN COST
UPDATE
TOTAL

COSsT

PCH MAS CARD

IS RESTART
INFO DESIRED

CONSTANTS

PUNCH SUBROUT INE

315P7
0000
0007
P7 PUNCH

315P7

315J

8002

315G

3151
8002
315J

315XX
8003
315F

PUNCH
MASTER DATA
CARD AND
IJC XX
TABLES

SUBROUT INE

PCH CONSOLE
STORE EXIT
SET

FWA

AND

LWA

FWA TO LA
LWA TO UA
SET CONTROL
WORD

STEP PCH ADR
HAS LAST
WORD BEEN
STORED

HAVE 7 WORDS
BEEN STORED

PUNCH 7 WDS
MODIFY
CONTROL
WORD ON
LAST CARD
PUNCH

LAST CARD
CONSTANTS

182

1784
1738
1768
1838
1786
1850
1836
1794
1847
1900

1831
1778

1477
1834
1829
1888
1682
1927

1950
1217
1924
1886
1936
1897
1770
1938
1947
1820
1652
1875
1920
1630
1842
1702
1925
1970
1732
1942
1844
1892
1152
1782
1894
1832
1680
1580
1792

61
19
10
15
21
20
71
65
46
69
00

00
00

24
71
65
&9
0o
00

55
24
69
22
35
22
65
10
69
22
10
16
11
45
10
15
15
11
44
10
71
65
16
30
15
20
71
69
24

8001
1532
1932
1933
1932
1933
1927
8000
1847
1900
0000

0001
0001

1530
1921
1682
1530
0000
1928

8000
1720
1580
1580
0004
1851
1580
1792
1901
1877
1870
1851
8003
1842
8001
1870
1851
1676
1942
8001
1877
8001
1676
0004
1877
1877
1877
0000
1878

1784
1738
1788
1838
1786
1835
1836
1794
1236
1477
1236

0000
0000

1834
1829
1888
1217
0000
0007

1217
1924
1886
1936
1897
1770
1938
1947
1820
8002
1875
1920
1630
1892
1702
1925
1970
1732
1844
8002
1938
1752
1782
1894
1832
1680
1720
8003
1652



315D
315E

315H

SETUP

SMALL -
BIG
200

00
00
24

LDD
STD
RAU
SRT
LDD
BD2
MPY
MPY
SRT
DIV

~ALO

SLT
STL
LDD
SDA

LDD

SDA
STL
STD

. ALO:
‘ALO

SLO

ETL
ALO

LDOD

- SDA

LDD

SDA -

LDD
SDA
STL
STD
ALO
LDD
SDA
LDD
SDA
LDD
SDA
RAL
STU
ALO
SLO
STL
SRT
DIV

40

0000 0007
0001 0000
P0009 315F

PROGRAM 3 ALTERNATE OPTIMA

PROGRAM 3 INITIALIZATION

255 RESTORE |
1983 READ SWITCH

N N TO UA |
0004 :

TAG TEST

SMALL BIG TAG

M 200 MN IN/LA

201 200 N IN LA
0004 '

202 : -
8003 Bl IN LA
0004 SET

164 Bl

205

82

206

112

207

137

Mo : ;

N X1 IN LA

208 ~ _EBO IN LA

148 '

220 "~ X0 IN LA

211

73

212.

110 .

213

126

149

174 -

214 X1 IN LA

215 SET

138 X1

216 ADDRESSES

160

2L

180

M

COUNT ZERO COUNT

N

218 NO BASIS

181 ELEM IN LA
0004

219

1901
1870

1676

0001
0007
0036
0033
0043
0083
0086
0038
0133
0093
0096
0003
0013
0023
0029
0009
0015
0010
0018
0115

0034

0084
0091
0049
0057
0063
0019
0025
0141
0047
0146
0110
0079
0087
0143
0097
00653
0069
0075
0094
0134
0137
0035
0144
0054
0165

00
00
24

0000
0001
1885

0004
1983
1929
0004
1930
0086
1928
0041
0004
0046
8003
0004
1770
0026
1556
0012
1607

0065 -

1962
1928
1929
0037
1446
0002
0060
1416
0022
1688
0044
1493
1707
1526
0032
0040
1694
0050
1916
0072
1640
1928
1934
1929
0088
1851
0004
0068

0007
0000

1652

0007
0036

0033
0043
0083
0038
0133
0133
0093
0096
0003
0013
0023
0029
0009
0015
0010
0018
0115

0034

0084
0091
0049
0057
0063
0019
0025
0141
0047
0146
0110
0079
0087
0143
0097
0053
0069
0075
0094
0134
0137
0035
0144
0054
0165
0118



243

ALO
SLT
ALO
STL
LDD
SDA
LDD
SDA
LDD

- SDA

LDD
SRT
SIA
SLT
ALO

LDD -

SDA

ALO

SLO
STL
LDD
SDA
LDD

SDA

LDD
SDA
ALO
LDD
SDA
ALO
LDD
SDA
LDD
SDA
LDD
SDA
LDD
SDA
LDD
SDA
LDD
SDA
STL
RAL
SRT
DIV
SLT
NZU
ALLO
ALO
LOD
SDA
SLO
LDD
SDA

8003

0004
149
uo
221
76
222
91
223
120
207

0004
RPC1

0004
224
227
70

228
Vo

229
79

230
85 .
231
311
223
72

234
235

236
74
237
98
238
104
239
141
240
162
241
181
0004
242
0004

244
241
245
103
246
247
101

243
243

41

Uo IN LA
STORE U 0
SET
uo
ADDRESSES

Ul IN LA

V1l IN LA
VO IN LA
STORE VO
SET
VO
ADDRESSES

MO IN LA
ADDRESSES

M1 IN LA
SET

M1
ADDRESSES

STORE M1

CALC S1ZE
OF MUBAR

TABLE

E1 IN LA
SET Bl
ADDRESS
EO IN LA
SET ED
ADDRESS

0116
Q12%
0085
0011
0119
0L75
0017
0073
0045
0051
0147
0168
01z9
0135
0095
0103
0059
0138
0136
0145
0052
Q008
0169

0076

0113
0070
0120
0089
0148
0109
0067
0123
0030
0092
0021
0077
0116
0074
0117
0124
0166
0174
0126
0090
0055
0167
0127
0140
0149
0100
0142
0153
0028
0101
0107

8003
Q004
1707
0016
0122
1414
0020
1440
0048
1444
0065
0004
1632
0004%
0098
0006
1435
1928
0039
0099
Q0005
1466
0172
1460
0066
1516
1929
0042
1456
0062
0170
0027
0139
1418
0024
1662
0071
1564
0121
1713
0171
1873
0031
1851
0004
0173
0004
0149
Q0102
0031
0150
1518
0081
0104
1507

0125
0085
0011
0119
0175
0017
0073
0045
0051 -
0147
0168
0129
0135
0095
0103
0059
0138
0136
0145
0052
0008
0169
0076
213
0070
0120
0089
0148
0109
0067
0123
0030
0092
0021
0077
0116
0074
03117
0124
0166
0174
0126
0090
0055
0167
0127
0140
0100
0100
0142
0153
0028
0101
Q107
0160



201
202
205
206
208
211
212
213
214
215
216
217
218
219
220
. 221
222
223
224
227
228
229
1230
231
233
234
236
237
238
239
240
242
244
245
246
247
254
255
257
AO -

1S -

LDD
STD

00
00
RAL

RAL -

STL
STU

.8TD

00
LDD

" STL
.LDD

00
00
00

ST, ",
* RAL
RAB

00
STL

STD

- RAL
‘LoD
- STL

00
STL

ST

RAL

" RAL

RAL

00

00
STL
00
STL

RDS

44
STL
RDS
LDD
STD
STD
LDD
STD
STD
LDD

. STD

STD

PHASE 3 CONSTRUCT MU BAR TABLE

00

254
1988

0001
0000
0000
0000
0002
0000

0000 .

0000

0001

0000
0000
0000

0001
0000
0001

0000

0000

0000

- 0001

0000

.0001.

0000
0000

0000
0000 ..

0001
0000

- Q000"

0000
0000
0000
0000
0001
0000
0001
0000
1994
1987
SCXLO
1975
1951
21IR
A0001
1952
2JR

A0002

1983
2CIJR
A0003

8001

0000
0002
83
113
0000
75
111

3INCA

0000
144

5UPDS -

182
0000
0002

. 0000

78

92

121
0000

B/

0000

81

86
118
71
0000
71
100

- 3SHPL

4SHPL

55HP
0010
0000

100

0000

+100

AQ
1988

‘SWHON

3000

MUBAR

42
SET
READ SWITCH

CONSTANTS

READ 1JC CD
STORE

I

J

G

TO PHASE 3

0160
0078

0041
0046
0026
0012
0037
0060
0022
0044
0032

0040

0050
0072

oos8s

0068
0002
0122
0020
0048
0098
0006
0039
0005
0172

0066
0042
0062,

0139
0024
0071
0121
0171
0173
0102

0150

0081
0104
0163
0004
0151

“1400

1975
1404
1410

1430

1405
1411
1431
1406

1412

69
24

00
00
65
65
00
20
21

24

00
69
20
69
00
00
00
24
65

67

00
20
00
24
65
69
20
00
20
20
65
65
65
00
00
20

00

20
70
4t
20
70
69
24
24
69
24
24
69
24
24

0163
1988

0001
0000
0000
0000
0002
0000
0000
0000
0001
0000
0000

‘0000

0001
0000

0001

0000
0000
0000
0001
0000
0001
0000
0000
0000
0000
0001
0000
0000
0000
0000
0000
0000
0001
0000
0001
0000
1994
1987
1933
1975
19561
1407
1827
1952
1408
1828
1953
1409
1829

0078
8001

0000
0002

©1455

1655

,0000

1453 .
1604
1423
0000
1654
1764
1967
0000
0002
0000
1503
1605
1805
0000
1403
0000
1553
1505
1753

1403

0000
1403
1504
1705
1806
1913
0010
0000
1504,
0000
1504
1400
1988
0152
3000
1404
1410
1430
1405
1411
1431
1406
1412
1432



MUBAR
8003
71

73
75

8002
L

8002

8],

8001
83

8002
86
88
89

8002

94
95

84

8003
100

102

RAU
STL
SUP
NZU
AUP
STL
RAL

- ALO

LDD

STD

RAL

- ALO
LDD
'STD

LDOD

' STD

RAL

"~ NZA

SLT

STU. .

SUP
SLT

RAL
SLT
ALO

LDD
SDA

RAL
ALO

STL
RAL
SLT
ALO
LDD
SDA
RAL
ALO
STL
RAL
ALO
STL
RAU
ALO
STL
SUP
NZU
AUP
RAL
STD
LDD
SDA
LOD
STD
LDD
STD

0000

0000
311

0004

91

93

94
0000

0000

- 3GETB

97
3GETB

99
0000
101

103
104
105
106
107
108
3SHPL
109
3SHPR

8003
71

73
8003
75

8002

. 8

8002

.81
8001

a3
84

8002
86
88
89

800
92 .
94
95

8001

8003
100

102
8003

110

43
RESET
uv

TABLES

T0

ZERO

SET EB TO 0O
SET MU 1

TQ

SET NU J
TO 1

INITIALIZE
1JC ADDRESS

~1JC TO LA

TEST IJC
STORE
1

CALC ADDRESS
OF V BAR J

. ADD 1

TO
V BAR J
CALC ADDRESS

" OF U BAR 1

- ADD 1
'T0

U BAR 1
STEP

1JC
ADDRESS
RESET

MU BAR
TABLE

10 CODED
MINUS ZERO

INITIALIZE
MU BAR ADDR

INITIALIZE
P SHIFT

1432
8003
1403
1461
1415
1416
1453
1511
1419
8002
1503
1413
1421
8002
1553
1509
8001
1455
1458
1417
1425
1433
1439
1447
1457
1465
1471
8002
1505

"1475

1603
1427
1437
1445
1401
8002
1605
1555
1653
1561
1469
1459
1517
8003
1504
1961
1565
1611
1669
1554
1510
1858
1615
1908
1665

60
20
13

10
20

65

15
69
24
65
1h
69
24
69
24
65
45

23
11
35
65
25
15
69
22
65
15

20

G5
35
15
69
22
65
15

65
15
20
60
15
20
11
44
10
65
24
69
22
69
24
69
24

1435
0000
1456
1415
1418
0000
1407
1414
1422
0000
1408
1466
1424
0000
1556
1506
0000
1458
0003
1472
8001
0002
8003
0004
1460
1468
1475
0000
1508
0000
1472
0004
1440
1448
1555
0000
1558
0000
1506
1464
1506
1662
1420
0000
1507
1565
1518
1564
1451
1587
1905
W
1705
1762
1635

8003
1403
1461
1416
8003
1453
1511
1419
8002 .
1503
1413
1421
8002
1553
1509
8001
1455
1459
1417
1425
1433
1439
1447
1457
1465
1471
8002
1505
1475
1603
1427
1437
1445
1401
8002
1605
1555
1653
1561
1469
8001
1517
8003
1504
1961
1611
8003
1669
1554
1510
1858
1615
1908
1665
1688



110
111

8001
113

105
3SHPL
114

18002
118

8002
121

126
3DT09

3CAL

STU
LOD
STD

RAL.

NZA
BMI
SLT
STU
SUP
SLT
sTU
RAL
SLT
STU
SUP
SLT
STL
SLO
SUP
NZU
LDD

STD
-RAL

SLT
ALO
LDD
STD
LDD
SDA
RAL
SLT

ALO

LDD
SDA

RAB -

STD

SLT

SUP
NZU
RAB
SLT
SUP
NZu
LDD
STD
LDD
STD
RAL
LDD
STD
STL
RAL
SLT

. STL

RAL

0000
112
3088

0000

102
0003
312
8001
0002
3J2
0000
0009
3LMUS
8001
0001
3RMUS
8001

115
3INCA

116

. 3D

3J2
0004

LT
- 0000

3F
119

3STVN

312
0004

. 120

122
3STUM
0000
3E

- 0006
123

ar
0006
124

125
0000
127

3E
3F

3F

JE
0006

3CIR2

3F

111

8001
113
THETA

105
3SHPL
114

8002
118

8002
121

3CAL

3DT09
126
3INCA

3CAL

44

SET EB TO 0
INITIALIZE
IJC ADDRESS
I1JC TO LA
TEST IJC

STORE I J

MUS TO LA
GET MU P

1S MU BAR
KNOWN

SET D T0 8
CALC LOC OF
UBARMU AND

VBARNU AND
STORE THEM

UBARMU TO LA

IS UBAR 1

IS VBAR 1

SET EB TO 70
MINUS 1111
SET D

TO S
INTERCHANGE
E AND F

GET 2
STORE 2

1688
1604
1560
8001
1655
1608
1462
1521
1429
1487
1443
1451
1705
1525
1483
1441
1497
1454
1661
1519
1474
1530
1436
1703
1463
8002
1753
1609
1515
1522
1481
1491
1449
1755
8002
1805
1711
1575
1583
1537
1761
1625
1633
1587
1493
1488
1494
1486
1513
1709
1811
1438
1563
1527
1434

21
69
24
65
45
46
35
21
11
35
21
65
35
21
11
35
20
16
11
44
69
24
65
35
15
69
24
69
22
65
35
15
69
22
67
24
35
11
44
67
35
11
44
69
24
69
24

65

69
2%
20
65
35
20
65

0000
1607
1476
0000
1608
1611
0003
1426
8001
0002
1498
0000
0009
1480
8001

0001 ,

1501
8001
1514
1423
1477
1533
1498
0004
1516
0000
1606
1512
1569
1426
0004
1444
1402
1659
0000
1658
0006
1428
1537
1606
0006
1478
1587
1490
0000
1541
1533
1658
1606
1658
1606
1658
0006
1531
1606

1604
1560
8001
1655
1559
1462
1521
1429
1487
1443
1451
1705
1525
1483
1441
1497
1454
1661
1519
1474
1530
1436
1703
1463
8002
1753
1609
1515

1522
1481

1491
1449
1755
8002
1805
1711
1575
1583
1438
1761
1625
1633
1488
1493
1423
1494
1486
1513
1709
1811
1438
1563
1527
1434
1861



JSTVN
JSTUM
}STMB

131
L30

JSHPR
07
JINCA

0

17
'0
13
16
|
9
06
08
09

SLT
STU
RAL
SLO
SRT
STL
RAB
SLT
SLO
LDD
SDA
RAL
LDD
BD1
STL

- 8TL

RAL
NZA
BMI
RAU
RAU
ALO
SRT

AUP

SRT
STL
RAL
ALO
STL
RAL
ALO
LDD
SDA
STL
SLT
RAL
SLT,
NZU
RAL
ALO
LDD
SDA
STL

00
00
STL
00
STL
00
00
33
STL
SL.IT
SRT

0006
3CIR3

8002
3CIR2
0006
34M2
3CIR3
0004
128
34M2
129
8001
3D
3STVN
0000
0000
3CIR2

132
133
3RMUS
0001
3LMUS
0009
0000
3088
134
3088
3SHPL
135
3SHPR
3SHPR
3SHPL
0005
8002
0001
3088
105
136
107
107
105

0000
0000
0000
0001
0000
0001
0001
3333
0000
0000
0000

3STUM
3STMB
3STMB

130
131
130
130

3SHPR
107
3INCA

30B8B

0001
0001
89
0000
95
0000
0000
2233
3INCA
114
107

45

STORE 3
4 IN LA
4 MIN 2

STORE 4MIN2
AB3 TO LA

TEST D

D IS 8
D 1S 9
CALCULATE
CODED
MUBAR

ASSEMBLE
AND STORE
NEW MUBAR
WORD

STEP

1JC
ADDRESS
ST1EP

P SHIFT

]

IS P ZERO

STEP
MUBAR
ADDRESS

CONSTANTS

1861
1675
1683
1591
1485
1499
1656
1535
1495
1853
1706
1562
1619
1536
1569
1659
1903
1585
1538
1641
1442
1489
1855
1911
1635
1905
1423
1581
1539
1479
1809
1467
1588
1638
1708
1571
1529
1685
1540
1756
1613
1758
1808

1422
1424
1468
1508
1448
1558
1464
1420
1557
1712
1762

3%
21
65
16
30
20
67
35
16
69
22
65
69
91
20
20
65
45
46
60
60
15
30
10
30
20
65
15
20
65
15
69
22
20
35
65
35
44
65
15
69
22
20

00
00
20
00
20
00
00
33
20
35
30

0006
1580
8002
1531
0006
1803

1580

0004

1598

1303
1759
8001
1533
1569
00090
0000
1531
1538
1641
1544
1545
1501
0001
1480
0009
0000
1476
1484
1476
1705
1612
1635
1635
1705
0005
8002
0001
1476
1451
1859
1905
1905
1451

0000
0000
0000
000]
0000
0001
0001
3333
0000
0000
0000

1675
1683
1593
1485
1499
1656
1535
1495
1853

1706 -

1562
1619
1236
1659
1903
1903
1585
1489
1442
1489
1489
1855
1911
1635
1905
1423
1581
1539
1479
1809
1467
1588
1638
1708
1671
1529
1685
1540
L7156
1613
1758
1808
1476

0001
0001
1603
0000
1653
0000
0000
3333
1423
1525
1905



46

115 00 0000 0003
116 00 0000 0008
119 STL 0000 3STMB
122 STL 0000 3STMB
123 00 0000 0001
124 00 0000 0001
125 =: 00 | 0000
127 00 0000 0009
128 00 0001 0000
42 00 0000 0002
133 00 0000 0001
134 00 0001 0000
135 00 0001 0000
136 00 0001 0000

PHASE 4 CALCULATE THETA

THETA Lob 137 INITIALIZE
' STD 4LIJC 1JC ADDR CTR
LDD 138 : INITIALIZE
STD 4LXIJ X1J ADDRESS
STD 4H SET H PLUS
LDD 139 SET THETA TO
STD 4T 9999999999
LDD 140 SET. P SHIFT
STD 4SHPL TO ZERO
. RAL - 141 153 INITIALIZE

153 STL.  4LMB 8001 MUBAR ADDR
8001 RAL 0000 4SHPL '
4SHPL SLT 0009 142 -

142 RAL 8002 ~ GET AND
SLT 0001 TEST MUBAR
. AUP 143 8003 !

8003 NOP 0000 0000 TR ON MUBAR
K00O04 HLT 0006 MUBAR HLT MU IS MZ
K0003 NOP 0000 KO0001 TRA TO K000l
K0002 RAL 4H GLX1J H TO LA
4LX1J LDD 0000 144 XX TO DIST
144 BMI  4GXRH 4GXLH TEST H
4GXLH RAL 8001 145 GET X1J LH
145 SRT 0005 146
4GXRH RAU ~ 8001 GET XIJ RH

: SRT 0005 -

RAL 8002 145
146 SLO 4T COMPARE X1J

NZA 4XEQT WITH THETA

BMI K0001

ALO 8001 REPLACE

STL 4T 147 " THETA BY XIJ
147 LDD  4L1JC AND LIJCT

STD  4LT K0001 BY LIJCX
KOO0l  RAL 4LIJC IS 1JC

SLO 148 COUNTER

NZA ABT MAX IMUM

ALO 149 STEP 1JC

151%
1477
1512
1402
1428
1478

1490

154]
1598
1544
1545
1484
1612
1859

1559
1965
1941
1747
1710
1854
1663
1835
1642
1810
1804
8001
1806
1577
1735
1691
8003
1549
1548
1547
1856
1654
1909
1567
1657
1715
1627
1579
1637

1590
1543

1551
1785
17921
1546
1593
1601
1704

0o
Co
20
20
00
00
00
00
00
00
00
00
00
00

69
24
69
24
24
69
24
69
24
65
20
65
35
65
35
10
00
01
00
65
69
46
65
30
60
30
65
16
45
46
15
20
69
24
65
16
45
15

0000
0000
0000
0000
0000
0000
1131
0000
0001
0000
0000
0001
0001
0001

1962

1738
1694
1856
1450
1760
1482
1788
1806
1713
1891
0000
0009
8002
0001
1594
0000
0006
0000
1450
0000
1657
8001
0005
8001
0005
8002
1482
1590
1543
8001
1482
1738
1644
1738
1446
1704
L0

0003
0008
1903
1903
0001
0001
0000
0009
0000
0002
0001
0000
0000
0000

1965
1941 -
1747
1710
1854
1663
1835
1642
1810
1804
8001
1806
1577
1735
1691
8003
0000
1432
1546 -
1856
1654
1909
1567
1579
1715
1627
1567
1637
1741
1546
1551
1785
1791
1546
1593
1601
1906
1812



4INPS

4XEQT

8002
155

8002
157

158

139
140
143
150
151
152
154
156

ABT

STL  4L1JC
RSL  4H
STL 4H
~ BMI  4INPS
RAL 4LX1J
ALO 150
STL  4LXIJ
RAL 4SHPL
ALO 151
STL 4SHPL
SLT 0005
RAL 8002
SLT 0001
NZU 4LMB
RAL 4LMB
ALO 152
RAL &4LIJC
ALO 154
RAL 0000
SLT 0003
STU &4IX
. SUP 8001
SLT 0002
STU  4JX
RAL &4LT
ALO 156
RAL 0000
SLT 0003
STU 41T
SUP 8001
SLT 0002
STU 4JT
RAL 41X
SLO 41T
NZA
BMI 147
RAL 4UX
SLO  4JT
NZA
BMI 147
99 9999
SLT 0000
00 0000
00 0001
00 0001
00 0001
RAL 00b0
RAL 0000
PHASE. 5
RAL 160
LDD 161!
SDA S5GETX

41INPS

153

8002
155

8002
157

158
K0001

9007
K0QO01

9999
142
K0001

0000

0000

0000
155
157

47

COUNTER
REVERSE
SIGN OF H
TEST H
STEP XX
ADDRESS

STEP
p
SHIFT
IS

p
ZERO

STEP MUBAR
ADDRESS

X1J EQ THETA

IJCX TO LA

STORE IX

STORE JX

IJCT TO LA

STORE IT

STORE JT
COMPARE
IX WITH IT

COMPARE
JX WITH JT

CONSTANTS

ALTER BASIS TABLE

INITIALIZE

XI1J ADDRESS

1812
1841
1757
1754
1610
1862
1719
1807
1912
1769
1660
1473
1631
1687
1492
1595
1741
1643
8002
1857
1865
1523
1681
1737
1645
1599
8002
1907
1915
1573
1731
1787
1695
1725
1775
1528
1629
1597
1697
1500

1760
1788
1594
1765
1815
1698
1496
1452

1906
1771
o

&0
Ei {\
20
15
20
65
15
20
35
65
35
65
15
65
15
65
35
21
11
35
21
65
15
65
35
21
11
35
21
65
16
45
46
65
16
45
46

99

2
=

00
00
00
00
65
65

65
69
22

1738
1450
1450
1807
18656
1765
1856
1806
1815
1806
0005
8002
0001
1891
1891
1698
1738
1496
00N0
0003
1470
8001
0002
1542
1644
1452
0000
0003
1520
8001
0002
1592
1470
1520
1£28
1785
1542
1592
1500
1785

9999
0000
0000
0001
0001
0001
0000
0000

1916
1524
1664

1641
1757
1754
1610
18192
1719
1807
1912
1769
1660
1473
1631
1687
1492
1595
1804
1643
8002
1857
1865
1523
1681
1737
1645
1599
8002
1907
1915
1573
1731
1787
1695
1 ¢25
1775
1629
1546
1597
1697
9007
1546

9999
LS T,
1546
0000
0000
0000
1857
1907

1771
17id
1817



5L00P

8002
167

5GMB
5SHP
168

F0002

F0003
170,
5GETX
171
5XRH

5XLH

5STOX
~ 5RBE

BS1JC
172

5UPDS

STL
STD
STU
LDD
STD
LDD
STD
LDD
STD
RAL
ALO
LDD
SDA
RAB
SLT
RAL
SRT
STL
RAL
sLO
NZA
RAL
SLT
RAL
SLT
AUP
LDD

RSL
USTL

RSL
STD
RAL
STL
RAL
LDD
BMI
RAL
ALO
RAL
SLT
AUP
SRT
STL
RAL
SLT
ALO
SLT
AAB
STL
RAB
SLO
STL
RAL
ALO
STL

5STOX
5Q
55CB
162
5GMB
163
5SHP
164
5L1JC
5L1JC
165
166
551JC
0000
0005
8002
0005
5CIJ
5LI1JC
4LT
5GMB
0000
0009
8002
0001
169
5CIJ
8001
5CBAR
47
5CBAR
4T
5TBAR

0000
5XRH
8001
5TBAR
8001
0005

‘5TBAR

0005
0000
2IR
0002
2JR
0001
2CIJR
0ooC
2CIJR
5CIY
5CBAR
5scCB
5CBAR
55CB

5L00P

8002
167

5RBE
5SHP
168

8003

170
170
5GETX
171
5XLH

535T0OX

55TOX
5UPDS

551JC
172

5UPDS

F0J01

48

SET Q@ PLUS
SET SCBAR 0
INITIALIZE
MUBAR ADDR
INITIALIZE
P SHIFT
INITIALIZE
1JC ADR CTR
LIJC TO LA
SET

1JC
ADDRESSES
IJC TO LA

STORE CIJ
IS LIJC EQ
TO LIJCT

GET MUBAR

TRANSFER
ON MUBAR
Clyu TO DIST
MUBAR IS
PLUS 1

MUBAR IS
MINUS 1

G TO LA

XX TO DIST
TEST Q
ADD

THETA BAR
T0

X1J

STORE NEW X
CONSTRUCT
1JCIv 2

STORE NEW
BASIS ELEM
SET CBAR TO
CIJR MINUS
() )

UPDATE
SIGMA CBAR

1817
1800
1. 753
1670
1576
1966
1923
1867
1973
1550
1860
1617
1623
8002
1910
1673
1781
1693
1600
1813
1699
1502
1913
1733
1692
1749
1963
1648
1614
Y572
16469
1622
1837
1745
1664
1714
1667
1825
1568
1875
1887
1897
1847
1863
1814
1621
1864
1671
1677
1914
1964
1651
1764
1721
1723

20
24
21
69
24
69
24
69
24
65
15
69
22
67
35
65
30
20
65
16
45
65
35
65
35
10

&9

66
20
66
24
65
20
65
69
46
65
15
65
25
10
30

65
a5
15
35
17
20
67
16
20
65
15
20

1847
1748
1717
1873
1502
1720
1913
1770
1904
1904
1763
1570
1677
0000
0005
8002
0005
1797
1904
1644
1502
0000
0009
8002
0001
1552
1797
8001
1819
1482
1819
1482
1742
1748
0000
1667
8001
1742
8001
0005
1742
0005
0000
1407
0002
1408
0001
1409
0000
1409
1797
1819
1717
1819
1717

1800
1751
1670
1576
1966
1923
1867
1973
1550
1860
1617
1623
8002
1910
1673
1781
1693
1600
1813
1699
1863
1913
1733

1692

1749
1963
80032
1614
1572
1837
1622
1837
1745
1€64
1714
1568
1825
1847
1875
1887
1897
1847
1764
1814
1621
1864
L&ILE
1677
1914
1964
1651
1764
1723
L7233
1647



FO001

176

161
163
165

166
169
173
175
177
178

CHECK

6LOOP

6GETX
182
6XLH
184
6XRH

RAL
ALO
SLO
NZA
ALO
STL
RSL
STL
BMI
RAL
ALO
LDD
SDA
STL
RAL
ALO
STL
SLT
RAL
SLT
NZU
RAL
ALO
STL

LDD
SLT
RAB
STL
00
00
00
00
00

5LIJC
173

174

8001
5L1JC
5Q
5@
176
5GETX
175
55TOX
55TOX
5GETX
5SHP
177
5SHP

0005

8002

0001
5LO0P
5GMB
178
5GMB

0000
0000
0000
0000
0000
0001
0001
0001

0001 -

PHASE 6

RAL
STD
STD
STU
LDD
STD
RSL
STL
LDD
BMI
RAL
SRT
RAL
AUP
AUP
STU
SLT
RAL

180
6GETX
6Z
6SUMX
181
6T
62
6Z
0000
6XLH
8001
0005
8001
6GETX
183
6GETX
0005
8002

CHECK

49

STEP 1JC
ADDR CTR

1S LIJC MAX

REVERSE SIGN
OF Q@

TEST Q

STEP XIJ

- ADDRESSES

176

5LO0P

171
168
167
172
FO001
0000
0000
0000
0000

CHECK NEW

6LOCP

6GETX
182
6 XRH
184
6UPSX

184

STEP P
SHIFT

1S P ZERO

STEP
MUBAR
ADDRESS

CONSTANTS

DISTRIBUTION

INITIALIZE
XX ADDR

SET Z 'PLUS
SET SX TO 0
SET T TO

M PL 1 MIN N
REVERSE SIGN
OF 2

XX TO DIST
TEST 2

X IN LA

STEP XX
ADDRESS

1647
1566
1773
1532
1586
1743
1616
1666
1701
1766
1919
1727
1650
1700
1716
1767
1925
1816
1679
1838
1795
1750
1866
1823

1524
1720
1763
1570
1552
1869
1672
1620
1969

1937
1895
1624
1920
1848
1668
1850
1821
1820
1967
1870
1578
1871
1729
1626
1783
1574
1888

65
15
16
45
15
20
66
20
46
65
15
69
22
20
65
15
20
35
65
35
44
65
15
20

69
35
67
20
00
00
00
00
00

65
24
24
21
69
24
66
20
69
46
65
25
65
10
10
21
35
65

1904
1869
1526
1586
8001
1904
1748
1748
1716
1664
1672
1847
1847
1664
1913
1620
1913
0005
8002
0001
1550
1502
1969
1502

0000
0000
0000
0000
G000
0001
0001
0001
0001

1640
1820
1917
1845
1851
1801
1917
1917
0000
1870
8001
0005
8001
1820
1779
1820
0005
8002

1566
1113
1522
1937
1743
1616
1666
1701
1766 .
1919
1727
1650
1700
1716
1767
1925
1816
1679
1838
1795
1750
1866
1823
1550

1714
1733
1910
1914
1647
0000
0000
0000
0000

1895
1624
1920
1848
1668
1850
1821
1820
1967
1871
1578
172
29
1626
1783
1574
1888
1578



6UPSX

6CXWS

186

187

1927

183
185

~ RPSUB

RPC1 |

315PC
315P7

3154

315F

3151
315G

ALO  6SUMX
STL  6SUMX
RAL 6T
SLO 185
NZA
STL 6T
RAL  6SUMX
SLO  SUMS
NZA
HLT 9008
RAL 5SCB
NZA
HLT 9011
PCH A0001
PCH 1927
RAL RPC1
LDD AO
00 1928
00 0001
00 0001
RESTART
STD RPXX
PCH 1927
RAL RPCl
LDD RPXX
00 0000
PROG 315
RAL 8000
STD  315XX
LOD 315A
SDA  315A
SLT 0004
SDA 3158
RAL 3154
AUP  315C
LDD 315D
SDA - P00O1
AUP 315E
SLO 3158
SUP 8003
NZA
AUP 8001
ALO 315E
ALO 3158
SUP  315H
NZU
AUP 8001
PCH P0001
RAL 8001
SLO 315H

6CXWS
6L00P

186
9008

187
2011

315P7
0007

0000
0000

50

UPDATE
SUM X

END OF
LOOP TEST

COMPARE SUMX
WITH SUMS

STOP

1S SIGCBAR
ZERO

STOP

PUNCH TJC
PUNCH
ALTERNATE
OPTIMAL
SOLUTION

CONSTANTS

PUNCH SUBROUTINE

315P7
0000

P7 PUNCH

315P7

315J

8002

315G

3151
8002
3154

PUNCH
MASTER DATA
CARD AND
1JC XX
TABLES

SUBROUT INE

PCH CONSOLE
STORE EXIT
SET

FWA

AND

LWA

FWA TO LA
LWA TO UA
SET CONTROL
WORD

STEP PCH ADR
HAS LAST
WORD BEEN
STORED

HAVE 7 WORDS
BEEN STORED

PUNCH 7 WDS
MODIFY
CONTROL

1492
1799
1798
1618
1676
1620
1582
1849
1885
1938
1589
1971
1674
1726
1628
1678
1639
1927

1779
1921

1900
1722
1728
1689
1632

1950
L38
1776
1534
1584
1945
1602
1935
1793
1949
1901
1724
1868
1826
1730
1789
1774
1918
1778
1732
1782
1682
1839

15
20
65
16
45
20
65
16
45
01
€5
45
01
71
45}
65
69
00

00
00

24
Tl
65
69
00

65
24
69
22
35
22
65
10
69
22
10
16
11
45
10
15
15
11
44
10
731
65
16

1845
1845
1801
1921
1630
1801
1845
1931
1938
9008
1717
1674
9011
1827
1927
1632
1400
1928

0001
0001

1768
1927
1632
1768
0000

8000
rLI72
1680
1680
0004
1899
1680
1739
1596
187
1818
1899
8003
1730
8001
1818
1899
1822
1732
8001
1877
8001
1822

1799
1798
1618
1676
1582
1850
1849
1885
1589
9008
1971
1726
9011
1628
1678
1639
1718
0007

0000
0000

1722
1728
1689
1718
0000

1718
1776
1534
1584
1945
1602
1935
1793
1949
8002
1724
1868
1826
1682
1789
1774
1918
1778
1782
8002
1935
1839
1780



315A
315C
315D
315E
315H

SRT
ALO
STL
PCH
69
24
00
00
24

0004
P0O00O1
P0001
P0001

0000
P0002

0000

0001
PQ009

315XX
8003

315
0007
0000

315F

51

WORD ON
LAST CARD
PUNCH
LAST CARD
CONSTANTS

1780
1842
1634
1684
1680
1739
1596
18138
1822

30
15
20
71
69
24
00
Q0
24

0004
1877
1877
1877
0000
1878
0000
0001
1885

1842
1634
1684
1772
8003
1901
0007
0000
1901
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The Transportation Problem
S Poley
Machine Operating Notes

wat Deck Descriptions:

'f’rogram I: (81 cards serially numbered from 496T1 000 to 496T1 081)

1)
2)
3)
4)
5)
6)

Small Big

Program I Program I

Master Data Card I Master Data Card I
Di's Di's

Sj‘a Si's

Cost Matrix Blank Card

Blank Card Cost Matrix

Program II: (148 cards serially numbered from 496T2 000 to 496T2 148)

1)
2)
3)
4)
5)
6)

Small Big
Program II Program II
Master Data Card II Master Data Card II Output
(ij Cjj) Table (ij Cyij) Table ~  p=———= { of
Xij Table Xij Table Program I
Cost Matrix Blank Card
Blank Card Cost Matrix Circulate
Cost Matrix | ———=—=—=——-— { in
! Read Feed

Program III: (115 cards serially numbered from 496T3 000 to 496T3 115)

1)
2)
3)
4)
5)
6)

533:

Program III

Master Data Card III | _ Output of
(ij Cij) Table §  ~~ T~ 777 { Program II
X]J Table
Blank Card
(ij C,-_j) Alternate Optima Indications} —--{Output
of
Program II

Place appropriate deck in read feed, blanks in punch feed and use 650

Utility Control Panel.
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50:
Half-cycle switch - RUN
Display " - DISTRIBUTOR
Overflow " - STOP
Programmed " - STOP
Error " - STOP
Storage entry switches - 70,1951, 3000
1) Press computer-reset key
% program-start key
3) " read and punch start key on 533.
>rogqram I:

Press end -of-file key when read hopper empties.

Programmed
Stops Cause and Action
9000 ZD; # T 8; : terminate run;
check input d]ata..
9001 Number of basis elements # (m+ n- 1);‘ v
should not occur.
9002 Normal stop at end.

.estart Procedure:

If stop is due to key punching error {double punch, blank column, no sign, etec.)
fix bad card and place remainder of input deck with error card first in read feed.

a) Press computer-reset key

b) Press read start key on 533

¢) Manually transfer control to 1988.

If stor is not due to key punching error, start over.

rogram II:

Small: Press end-of-file key wher. read hopper empties
Big: Circulate cost matrices in 533 read feed.
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Programmed
Stops Cause and Action

0001 Cannot calculate UV table; pressing
program start will give machine
second chanqe to calculate UV table.

0002 Second chance to calculate UV table
unsucessful; basis distribution is
degenerate; pressing program start
key will cause punching of incomplete
UV table for visual study; terminate run.

9003 Normal stop; end of UV punchout

9004 Normal stop; punching of solution over
and alternate optima indications are
not desired.

9005 Normal stop; punching of alternate optima
indications over.

0006 Error in ji table; pressing program start
will give machine another chance to cal-
culate }71 table.

9007 Duplicate basis element; error restart.

9008 ZX # 7 8. (amount shipped not equal
to am]ount avelllable) error restart.

(If not using distribution given by Program I,
error may be due to incorrect data)

9009 Total cost has increased; error restart.
(This stop should not occur) !

9010 This stop should not occur; error restért.

Restart Procedure:

At the end of phase 6 (checking), the sign of the storage entry switches is
interrogated. If it is minus (-), the current master data card and basis
table * will be punched out in exactly the same form as the input m1tlal
distribution. This output serves two purposes:

* (ij Cij) and Xij tables.
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1) It may be used as an "initial distribution" at some future time if it is
desired to run the problem in stages.
2) It is loaded back into the 650 in the event of an error restart.

Thus the machine operator should periodically, during the course of running
a problem, set the sign of the storage entry switches to minus and obtain the
punchout described above.

rror Restart:

Place the following deck in the 533 read hopper:

Small o Big r
Last restart punchdit =~ Last restart punchout
blank card blank card

cost matrix

cost matrix
|

(be sure to "zero" the cost matrices in big problem)

Press computer-reset key and manually send control to 1975. Press read
start on 533.

If it is suspected that the program has been damaged, start over using the

last restart punchout as an initial distribution. If stop is due to key punching
error, follow procedure given under Program I.

rogram III:

Press end-of-file key when read hopper empties.

Programmed
Stops Cause and Action
0006
9007 1 - -~=-+--- Same as Program II
9008 )
9011 Change in cost# zero; error restart.

* Master data card, (ij Cij) and le tables.
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rror Restart:

Place the following deck in the 533 read feed:

master data card last good
alternate
(ijC..) table optimal
i solution
le table punched
blank card

Press computer-reset key and manually transfer to 1988: Press read start
on the 533. -

If it is suspected that the program has been damaged, start over using the
last good alternate optimal solution in place of the output of Program II.



APPENDIX B
- MODIFIGATION TO IBM PROGRAM 196

To modify a program listed on a deck of cards, it dis only necessary
to place the cards containing the modifications at the end of the pro-

gram deck. The necessary modifications to the IBM program are listed

below.
Card Number Location of Operation Data Instruetion
Instruction . Code Address Address

1. 1247 20 193L 1209
2. 1850 71 1927 1730

3 1730 65 1748 1776
L. 1748 00 0000 1358
5. 1776 69 1205 1745
6. 1745 23 1205 1836‘
7o 1655 N 1358 1795
8. 1795 L5 1336 1358
9. 1336 - 20 1312 1465
10. 1282 2l 1235 1487

L0
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