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Preface

Matrix Generator and Optionals (MGAO) is a computer software package
developed by Paul Chang and Terry L. Roe. The program is designed to
generate input data for a linear programming problem approximating a non-
linear programming problem, submit the generated problem to an optimization
package, from which the user receives standard computer output.

This paper results directly from efforts by the author to utilize
the program and is the first comprehensive documentation written on the
program. It is hoped that this paper will make available a useful computer
program to those interested. Criticism and suggestions are welcome.

Terry L. Roe provided a significant contribution in the theoretical
section and in the general organization of the paper. Reviews by Jeff

Apland, Vernon Eidman, and Boyd Buxton are appreciated.



I. INTRODUCTION

Matrix Generator and Optionals (MGAO) is a fortran computer program
developed to generate input matrices for mathematical programming algo-
rithm.[1] Of primary importance is its capacity to generate a linear
programming problem approximating a nonlinear programming problem.

Specifically, the program is capable of generating matrices for solving
linear approximations of nonlinear programming problems incorporating linear
or nonlinear supply and demand functions, linear and nonlinear production
functions having multiple inputs, and substitutability in demand.

The program operates in conjunction with Multi Purpose Optimization
System, MPOS, a system of mathematical programming algorithms developed for
solving optimization problems on CDC 6000/CYBER computers. The system includes
various linear programming (LP), integer programming (IP), and quadratic
programming (QP) algorithms, and an interface with CDC's APEX, a system
designed for solving large scale linear programming problems.[2]

For purposes of exposition each mathematical program may be viewed as
being composed of two parts, a nonaugmented and an augmented section. The
nonaugmented portion is perhaps best illustrated or characterized by most
traditional linear programming problems. Following Intrilligator, this
portion of the problem may be stated as "choosing nonnegative values of
certain variables so as to maximize or minimize a given linear function
subject to a given set of linear inequality constraints....

max F (X) = CX
X

Subject to

AKX <b, X>0

(where A is mxn, X, nxl, C, lxn, b, nxl)



"or, written out in full:

max F(xl, x2,...xn) = clxl + c2x2 +...F Cnxn

Xy KgeeoX

subject to:

a

1A
o

1131 + alZX? +.. .+ alnxn

1
alel + a22x2 +...+ aZan < b2
amlxl + a 2x2 +...+ amnxn < bm
X 2 0, X, 2 0,..., x 2.0."[3]

Clearly, a problem of this nature requires nothing more than defining
the activitiés (x's) the coefficients (c's and a's) and the right-hand-side
(RHS) parameters (b's). Therefore in this respect, MGAO is simply a means
of entering the data for a linear programming problem, or the linear portion
of a nonlinear programming problem. This specification is referred to as the
nonaugmented problem, i.e. it has not been augmented to include a nonlinear
function.

The augmented portion of the matrix is that portion generated by the
program from input data in linear functional form. The principle involved is
that a nonlinear function may be approximated by a number of linear steps
each of which is a separate linear programming activity. Hence, this
technique is also known as separable programming. As the number of steps
increases the loss in accuracy decreases. The nonlinear programming problem
is stated by Intrilligator below.

"The nonlinear programming problem is that of choosing nonnegative values
of certain variables so as to maximize (minimize) a given quasi-concave (convex)
function subject to a set of inequality constraints....

. max F(X) subject to g(X) < b X220
X



or written out in full:

max F(xl...xn) subject to

Xl...xn
<
.gl(xl...xn) S bl
gm(xl' Xn) = by
_>_ ... Z ."
X 0, » X 0."[4]

This portion of the problem requires entering the objective function
F(X), and the constraints Eﬁg), in nonlinear form. MGAQ then defines discrete
linear programming activities with the appropriate objective and constraint
activities according to the instructions provided by the user.

The augmented portion of the matrix is also referred to as the extended
portion of the matrix.

In specification of problems with both nonaugmented and augmented matrices,
the user is advised to design the matrices such that the nonaugmented portion
of the matrix, i.e. that part not containing linear approximations of nonlinear
equations, 1s in the upper left hand portion of the matrix and that all trans-
fer or summary columns from the generated rows of the matrix containing the
linear approximations of nonlinear functions be on the left hand side. This
will prevent respecification to fit the program input format. This will

become apparent with examination of the same problems.

IT. THEORETICAL REVIEW

Although the program can be used in solving many different types of
problems it was designed to facilitate the solution of sectoral models. The
user is referred to Duloy and Norton, and Klein and Roe.[5]

The concept is that given'heil-behave&'supply and demand functions, a
market equilibrium price and quantity may be found by maximizing the area
bounded on the right by the supply and demand curves.

Referring to Figure 1. Equilibrium Solution, the equilibrium price and
quantity, P*, gd*, may be found by discovering the quantity that maximizes

(area A and area B).



s=f,(p)=£_(q)

p*

D=F(p)=£]" ()

Figure 1. Equilibrium Solution.
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Area A is the portion of the integral under the demand curve above p¥*,
area B is the portion of the rectangle p*q* above the integral under the
supply function. Under certain conditions these areas are commonly referred
to as consumer and producer surplus, respectively. The total area, A+ B = Z

may be stated as follows:

(1) z

"

g*e -1 - pkqg# wqk - [ 9F
[y £, (Ddq - pxax + pax - [ Ff (q)dg

where:
P = fd_l(q) is an inverse demand function,
where price is a function of
quantity demanded; and

MC = fs(q) marginal cost is a function of the
quantity supplied.

Rearranging the equation for Z,
@ z= [, M @da - [T, (@da.
Provided that Z is a quasi-concave function, is twice continuously differentiable,
and in the domain of real numbers, 4* may be found by maximizing Z with respect
to dq.
Applying the Kuhn~Tucker theorem, the necessary conditions for a
maximum fo exist are stated as follows:

(3) _2_3_?_ = -1 - < 94
34 fd @) fS (9) £ 0 and 3q%

Rearranging, ﬁ;l(Q) =f (9

Substituting p for fdfl(q) and MC for fs(q) results in the competitive
solution of price and marginal cost being equal.

One may easily complicate this problem by moving to an interregional trade
problem. Similarly,the total cost function, L;fs(q)dq could be replaced with

input supply functions and a production function.
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Following Klein and Roe, the following simple nonlinear programming problem is
specified, and then converted to a linear programming problem. Both equation
and tableau specifications are provided for the linear problem. For a simple
case, deriviation of the economic information embodied in the dual variables
of the LP problem is provided. [6]

Let the demand function for the jth commodity, j = 1,..., J, be specified
in inverse form as:

(4) Pj"a-'b

i 7 P54

i
where qj is the quantity demanded, aj is the intercept, and bj is the change
in the quantity of a3 demanded given a change in its own price, Pj-

Let the supply side be specified by the following total cost and
conversion equations. A
(5) Let q5 = mjxﬁ’ i=1,...,7J
where m > 0 is the conversion factor for x into q.

Let cj be the unit cost of xj, j=1,...J.

The nonlinear programming specification of this problem is

q
= . - b.q,)dq; - Ic,X, + DA, (m,X -q,
(6) mexz =If (8 = byay)day = Zegxy + Idy(myx;-q,)
q,X ] 1 ]

or in matrix form,

(7) max Z = Q"(A - .5BQ) - C'X + A((MX)' -Q")
Q,X

where:
Q is Jx1 of elements 94
B is JxJ of elements b
C is Jx1 of elements c¢
X is Jxl of elements xj
A is Jx1 of elements A

M is JxJ of elements m all miy = 0 for i # j.

ij°
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The procedure for linearizing the problem is to find the definite integral

of each of the j demand equatioms,

pj = aj-quj, and evaluate the integrals forcu varying over i, or
qji’ i=1,..., I, over j = 1,..., J, or
2
.. = a8.9q,.=0.5b,
Y51 T 83951 1

For each commodity, qj, the area under its demand curve is found for
i=1 to I steps. Each of these steps, wji’ are to be activities in the
linear programming format, and enter the solution at levels a.,. Certain
restrictions (to be explained) are placed on the aji in order to insure
feasibility.

The linear programming problem may be stated as follows:

(8.1) max 2°= ZZa.iW.i - I¢,X,
a, x PPRREA LR I

Subject to the J commodity balance constraints

(8.2) m,x, - Za,.q., 20 j=1,.. :

Qs 2 e I
A P A

and J convexity constraints,

(8.3) ?aji <1 j=1,..., J
i
z° Lz z + IZA( % ) + ZA*(l Ta..)
or max = a,,w,, - Lc,xX, m.xX, - Za,,q, ,(1~Za,,
.. i . . 1751 . . ji
a, x 3i Jji Jjzt j 3] ] J ] Ji] 3 J lJ

This problem is shown in tableau form below in Table 1..

The convexity constraints are crucial to the problem. Duloy and Norton
have shown that if the nonlinear problem is concave, a nontrivial solution
will exist where the following will hold for each of the j activities. Either,

(a) aji= 1, all other ajs= 0. for a particular j,

(b) aji< 1, all other ajs= 0 for a particular j, or

= = i, 1+L. 7
(c) aji-Faj(i+l) 1 and all other ajS 0, s # i, 1i+1 [7]



Table 1. Specification of Commodity Market Demand in Linear Programming Format.

Constraint Supply
Constants Activities (x) Demand Activities (A) Dual
Commodity 0 < m ~q, =Q, ... —q Market Price (Tm)
- 1 2 I

Balance
Convexity 1 > 1 1...1 Consumer Surplus (m#)

Constraint
Objective Z= -c W, Wop voe W Consumer Plus

- 1 2 I
Function Producer
Surplus

Source: Klein, Harold E. and Terry L. Roe, "Agriculture Sector Analysis Model

Design: The Influence of Administrative Infrustructure Characteristics,"
Table A.1, p. 299.
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The implication is that depending on the difference between segments

qji and qj(i+l) the solution to the linear problem, 2°, can be shown to be

an arbitrarily close approximation of the solution to the nonlinear problem Z.
Given this arbitrary closeness of the linear to the nonlinear problem,

it can be shown that the duals of commodity balance rows are equal to the

prices, and that the duals of convexity constraints are equal to consumer

surpluses. Case (a) is used for simplicity, otherwise the problem is

complicated by combination Ofaji’ or fractional values of 844
For a positive aji’ the Kuhn-Tucker conditions require that,

3Z°

Baji

::w

%*
., = A.q., = A, = 0,
ji Jqu k| 0

For a basis variable, it follows from the nonlinear problem that

BZ iz 3(w-i)

_._...J__—" A =0
aq.,
31 344y ;
= . -A, = 0.
Pj1™ %

Therefore Aj’ the shadow price or dual for the commodity balance row
is equal to the equilibrium commodity price.

Since aji is assumed to be one, and Z° is an approximation of Z, pji
may be substituted for kj and

Bzo =
aaji

Wig " Pypdyy T Ay T O

That is, A?, the shadow price on the convexity constraint is shown to be
the consuqer surplus for qji at pji'

These results can be extended to the production side in the case of
total cost expressed as an integral of marginal cost instead of average cost
times quantity. In the case of production functions, it is asserted that the

shadow prices on the convexity constraints are producer surpluses accrued to

the holder of the processes .
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It should be pointed out that fixed factors having a positive opportunity
cost are also included in calculations of other relevant shadow prices. The
same 1is Lrue for any other form of price or quantity restriction. In order
to determine exactly what is involved in the determination of a dual value,
Kuhn-Tucker conditions should be stated for each problem, from which
expressions for all dual values may be derived.

In summary:

1. The shadow prices on commodity balance constraints for demand functions
are equilibrium market prices for the commodities.

2. The shadow prices on convexity constraints for demand functions are
consumer surpluses associated with the commod?ties.

3. The shadow prices on factor balance constraints for supply functions
are equilibrium market prices for the factors.

4. The shadow prices on convexity constraints for supply functions are .
producer surpluses associated with the factors.

5. The shadow prices on convexity constraints for production functions

are producer surpluses associated with production of the commodities.

ITI. DATA ENTRY

In proceeding to the section explaining the data entry it should be
useful for the user to have a broad view of how the program operates.

The first block of information includes the dimensions of the nonaugmented
portion of the matrix, the algorithm and/or system desired (one of several
MPOS algorithms or APEX). The objective function, constraints, and if an

integer program, the integer variables are read in.

The second possible block of information is in conjunction with
an option to read in a second data set to be inserted some place

within the data set previously read in for the initial
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models. This option could be useful in the case of expanding the number of
columns or rows somewhere in the middle of the nonaugmented portion of the
matrix, Qithout having to repunch a new data deck.

The third possible block of data includes the information necessary to
generate linear activities approximating a nonlinear function. This block
is further divided into two groups of functions and associated procedures.

The simpler of the two entails taking linear steps of a single variable
function, and calculating the coefficients for the objective function and
the row constraints. Examples of this type of function include supply and
demand curves where quantity is a function of price. The program calculates
the area under the curve at each quantity increment. These values are then
placed into the'objective and approprilate constraint specification by the
algorithm.

The more complex of the two nonlinear functions involves the generation of an
input substitution surface. An isoquant defining the relationship of an
output, Q, two inputs Xl’ and XZ’ in Cobb-Douglas functional form is provided
for. It is also conceivable that 1f Q were viewed as a composite consumption
good, the surface could represent how Xl and X2 substitute in the consumption
of Q. TFor example Q could be fruit, Xl oranges, and X2 apples, the program

will calculate as many activities as necessary to satisfy the steps in Q

desired.

Card Format
In moving through the data input cards, the user may wish to refer to the
listing of variable names and options, the flow chart, and the program listing

found in Appendices A, B, and C, respectively.

Input cards are listed in read statement form, each with its fortran format
given. A short explanation is given where program branches occur, or where an

explanation may otherwise be helpful.
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READ (5,500) IpM, M1, COL, ROW
500 FORMAT [I1, I2,2I5]
IDM =0 for maximum

=1 for minimum

M1, algorithm within MPOS

= 01, REGULAR -, 2-phase simplex (LP)

= 02, - REVISED ~, revised simplex (LP)

= 03, -~ DUAL -, dual simplex (LP)

= 04, - MINIT -, primal-dual (LP)

= 05, - BBMIP -, branch and bound mixed integer program (IP)
= (06, — DSZ1IP -, direct search O;l integer program (IP)

= 07, - GOMORY -, Gomory's cutting plane (IP)

= 08, - WOLFE -, Wolfe's quadratic simplex (QP)

= 09, - BEALE -, Beale's algorithm (QP) -

= 10, - LEMKE -, Lemke's complementary pivot algorithm (QP)

= 11, - APEX 1 -, MPOS~APEX data file interface (GENERAL)

= 12,

APEX 2 -, MPOS-APEX data file interface (GENERAL)

COL, number of columns in nonaugmented matrix
ROW, number of rows in nonaugmented matrix.
READ (5,501) TITLE

501 FORMAT (8A10)

If the problem is an integer programming problem, the following cards are

punched indicating the number of integer variables and variable names.
the problem is not IP, then the card block is left out.
kEAD (5,503) N2, (ACT(Il), I1 = 2,N2)
503 FORMAT (I3, 11A7/(3X, 11A7))
N2, the member of integer variables

ACT (I2), the activity names

If
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Read in the nonaugmented or traditional LP activities

READ (5,505) (ACT(IA), IA = 1, COL)

505 FORMAT (3X, 11A7)

ACT(IA), activity names
COL, number of columns in nonaugmented matrix

Read in the nonzero coefficients of the objective function of 'the

nonaugmented matrix. Activities such as transfer columns having no

objective value need not be entered.

READ (5,506) (ICOL(IB), SIGN(IB), COEF(IB), IB = J1, J1+4)

506 FORMAT (5(I4, Al, F11.2))

ICOL(IB), the integer number of the activity, ACT(IA) for
which an objective value is entered. Numbers
begin with the left hand side of the matrix with
1, and run consecutively up through COL.

SIGN(IB), the sign, + or -, of the objective value

COEF(IB), the real value of the objective function.

Note that up to five such entries may be entered on each card.
FLAG - Once all objective values are read in, or if there are
no nonzero values associated with the nonaugmented matrix,
then ICOL = -999. So at least one card, with entry ~999
in the first four columns is necessary if any nonaugmented
activities are entered.

Read in the constraints for the nonaugmented matrix.

READ (5,506) (ICOL(IF), SIGN(IF), COEF(IF), IF=J2, J2+4)

506 FORMAT (5(I4, Al, F11.2))

Exactly as in the case of the objective function, only the nonzero

coefficients need be entered. In order to signify the completion

of input for each constraint, three possible values may be assigned

to ICOL. These values coincide with the nature of the constraints.
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ICOL = -100, ——— < RHS constraint
ICOL = -200, —— = RHS constraint
ICOL = ~300, ——— > RHS constraint

Just as in the case of the column coefficients, the right hand side
parameter is entered with SIGN and COEF along with the appropriate
ICOL value. No other indicator is necessary to signify the

completion of comstraint input.

If this block of cards complete the data input, it is followed by
an end-of-file (EOF) card. This card is multiple punched, 7-8-9,
in the first column, and completes the input.

Read in data for the insertion option.

READ (5,511) ISID

511 FORMAT (I5)

If new activities are to be inserted, ISID is given the value
of 99999, and a subroutine called INSERT is called. If the user does
not desire to use the insert option, a blank card is necessary.

If the insert option is used, the cards following ISID, and
used by the subroutine INSERT are listed below.

1. ZLocation of insertion
READ (5,511) NINS
511 FORMAT (I5)
NINS is the column number of the existing nonaugmented matrix
at which the new activities are to be inserted.
2. Number and name of inserted activities
READ (5,503) NAA, (AACT(IA), IA = 1, NAA)

503 FORMAT (I3, 11A7/(3X, 11A7))
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NAA, the number of new activites to be inserted.
AACT, names of the new activities.
Read in objective of inserted activites.
READ (5,506) (AICOL(IB), ASIGN(IB), ACOEF(IB), IB=1,NAA)
506 FORMAT (5(I4, Al, F11.2))
This input is identical in format to the objective
data entered above. However unlike the earlier case in
which only nonzero coefficents were entered, an objective
value for each inserted activity must be entered.
AICOL, the column number of the inserted activity, beginning with 1.
ASIGN, the sign on the coefficient.
ACOEF, the objective coefficient.
Read in number of nonzero coefficients to be inserted.
READ (5,511) NBB
511 FORMAT (I5)
NBB, the number of nonzero constraint coefficients to be inserted.
Read in the coefficients
READ (5,512) (AEWROW(IX), AEWCOL(IX), AEWSIGN(IX), AEWCOEF(IX),
IX= 1, NBB)
512 FORMAT (4(2I3, Al, F13.2))
AEWROW, row number of the coefficient.
AEWCOL, column number of the coefficient.
AEWSIGN, sign of the coefficient.
AEWCOEF, the coefficient.
Note, this option has not been tested and it is unclear whether or
not the numbers for AEWROW and AEWCOL are row and column numbers of
the new matrix. However, this appears to be the most logical first

choice. As above, if this block of data is final, then an EOF card

follows the insertion and the input is completed.
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Read in information for extended functions from which the
augmented portion of the matrix is composed.
This section is characterized by having two options. The
first is to generate linear activites from a single nonlinear
function, such as a supply or demand function, the second is
to generate a substitution relationship between 2 variables
according to an exponential function, such as a production
function with 2 input variables. Data entry is given for both
of these cases. )
READ (5,510) EID, RM, IDPV(JA)

510 FORMAT (IS5, F10.2, I5)

IDPV, flag for two variable function,

= 0, single variable functionm,

# 0, three variable function.
EID, for IDPV = 0, denotes the number of nonzero coefficients
for activities in the nonaugmented matrix in the same row as
the generated activities; for IDPV #¢ 0, EID = 3, denoting the
number of rows necessary for the exponential function, one

1’ XZ’ and Y.

row each for X
RM, the right-hand-side value for the extended row. This
program is designed for the RHS value of an extended row to

be either 1.0 or 0.0. For each set of activities generated, a
convexity constraint is generated automatically having a RHS
value of 1.0. 1If a RHS value of zero is desired then RM is
given a value of zero. Although no example is readily available
for which it may be useful, it is possible to enter a negative

RHS wvalue but not possible to enter a positive RHS value. In

general, RM will be given a value of 0.0.
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Case a. Single Variable Function
This type of function will require the use of a single quantity constraint
row. In éhe case of a supply or demand function, the generated activities in
the augmented portion of the matrix will require at least one transfer activity
in the same row in the nonaugmented portion of the matrix. It is possible,
however, to generate augmented activities with no other coefficients in
the same row.
In this case, IDPV = 0, EID = K, where K is the number of nonzero
coefficients for the row in the nonaugmented portion of the matrix, and
RM = 0.0, unless a negative RHS is desired. Note that in the case where
all three values equal zero, a blank card is stiil necessary for the program
to proceed.
The following cards are punched in the case of IDPV = 0.
1. If EID # 0, read in coefficients, otherwise, skip this card and
proceed to 2.
READ (5,506) (ICOL(II), SIGN(II), COEF(II), II = 1,EID)
506 FORMAT (5(I4, Al, F11.2))
IC06, the number of columns in which the coefficient is to be entered.
SIGN, the sign of the coefficient, + or -.
COEF, the coefficient to be entered.
2. Read in mathematical function to be extended.
The program is designed for input of exponential functions of
the following form:
*1 %2 *

= + ...+ .
W ClX + CZX C.X

Note that in the case of X being a commodity for which a supply or
demand funcgion is defined, the equation entered is the integral of

the supply or demand function. In the case of supply, the equation

above would represent the total cost function associated with a marginal

cost or supply function of the form:
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W a1 ap=2 - og7l

X = MC = OLlClX + 0c2C2X + ...+ ochnX

If the first term were an intercept, o, would have the value of 1, so

1
that the value would simply be Cl'
READ (5,508) IJ, (CC(IK), IEXP(IK), IK = 1,1J)
508 FORMAT (I5,5(F10.4, F5.0))
IJ, the number of terms in the functionm.
CC, the coefficients Ci for the functiom.
IEXP, the exponents oy for the function.
3. Read in the initial value, the magnitude, and number of steps to
be taken in the linearization procedure.
READ (5,509) A(l), DELTA Q, STEP
509 FORMAT (2F10.4, I5)

Q(1), initial value of the function.

DELTAQ, the increment value,(Qi-Qi_1) ¥, =

i i, n.

STEP, the number of steps, n, taken.

From the function and linearization information, the program adds
the number of columns consistent with the number of steps, and calculates
the area under the function at each step for the objective functionm.
Two constraints are generated, a quantity allocation constraint
containing the quantity steps specified, and a convexity constraint.

All quantity steps are generated having negative signs. The
direction of the constraint is determined by the program to be, <, in

the case of a supply function, 2, in the case of a demand function.
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Case b, Multiple Variable Function
As stated above, the most obvious use of this option is to incorporate

a production function where two inputs, X_ and X2, are combined in the

1
production of various quantities of some Y, specified by a Cobb-Douglas
type function.

The concept used is to define several input ratios, or expansion paths
at various levels of Y. From the ratio and Y values, values for X; and Xy
are determined. The calculation of the ratios follow:

Y = Ax1“1x2“2

RATIO = (Xl/XZ)’ rearranging

Xl = XZR, where R = RATIO.

Substituting for Xl’ and solving for X2.

- a1y %2
Y = A(X,R)"IX,
_ (11 al Otz
Y = AX, R X,
g+ 1 0
X, 1772 g1l
1

o1 -0] Tras
X, = (YA 1pm¥1ya+e

For each ratio rj, i=1,...,n, and for varying levels of Y,a unique value
of Xy is calculated which in turn determines the appropriate value of Xl'
This grid linearization is illustrated in Figure 2. The Linearized
Specification of Y = f(xl’XZ)‘

The number of activities generated in the number of steps in Y times
the number of ratios. Three quantity constraint rows, one each for Xy,
X9, and Y, and a convekity constraint row are generated by the program.

Zeroes are placed in the objective function.
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ratio=1

i=1

(2 a)
X
2 /l=2
/ ratio=2
/
/
/
4
/
/
/ _ ratio=1
/ _ /‘/ i=1
/ e
-
/ _ -
/ et
/ -7
K-"
(2 b)

Figure 2. The Linearized Specification of Y=f(Xl,X2)-

Source: Roe, Terry. '"Modeling of Nonlinear Functions into A Linear Programming
Format'. Staff Paper P75-9 [8]
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Values for the first card of this group are as follows:

For

IDPV # 9, the value 99999 is given in some sample decks

EID = 3, the number of quantity rows to be generated

RM = 0.0, right hand side values.

each of the three rows, the following sequence of cards is necessarv.
Read in the number of coefficients in the row in the nonaugmented portion
of the matrix.

READ (5,507) IEID

507 FORMAT (I5).

IEID, the number of coefficients,

Read in the column, sign, and value of the coefficients

READ (5,506) (ICOL(I1l), SIGN(Il), COEF(Il), Il=1, IEID(I3)+1)

506 FORMAT (5(I4, Al, F11.2))

ICOL, the column number in which the coefficient is to be entered.
SIGN, the sign of the coefficient.

COEF, the value of the coefficient.

Important! Note that the right hand side value and the constraint
type must be entered by the user. Therefore the final entry will

have one of the following values for ICOL:

ICOL = =100 < RHS constraint,
ICOL = -200 = RHS constraint,
ICOL = -300 2 RHS constraint.

Read in information pertaining to the ratios to be used in generating
activities.

READ (5,584) NOR, (RATIO(I2), I2=1, NOR)

584 FORMAT (I3, 11F7.2/(3X, 11F7.2))

NOR, the number of ratios.

MTIO, the ratio, (Xl/Xz) .
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4, Read in the Cobb-Douglas function parameters

Q = Aax;1x72

READ‘(5,585) AA, ALPH1, ALPH2

585 FORMAT (3F10.2)

AA, the multiplicative coefficient

ALPH1, the exponent on Xl.
ALPH2, the exponent on XZ'
5. Read in the initial value, the magnitude, and the number of

steps to be taken.

READ (5,509) Q(1), DELTAQ, STEP

509 FORMAT (2F10.4, I5)

Q(1), initial value of the function.

DELTAQ, the increment value.

STEP, the number of steps taken.

This concludes the data input section. It should be pointed out that

once the input is complete, end of file (EOF) card is required. This

card is punched 7-8-9 in the first columnm.
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IV. SAMPLE PROBLEMS

For illustrative purposes, two sample problems developed by Roe
are provided. The first problem is stated in nonlinear form and then
restated in linear form. Results concerning the values of shadow
prices on commodity balance and convexity constraints are provided.

Provided for both problems are verbal and mathematical specification,
tableau representation, data input deck, MPOS specification, and finally
MPOS summary of results.

Problem One

The first problem is one of maximizing the sum of producers' and con-
sumers' surplus, with a variety of perfectly inelastic and elastic,
and sloping supply and demand functions, and a production function.

Three commodities which are perfectly inelastically supplied may be
combined. One of these inputs and an input supplied with an upward sloping
function, may be combined to produce another commodity. The produced
commodity faces a downward sloping demand.

The nonlinear programming specification of the problem follows:

MAX Z = ,5LACT1 + .9LACT2 + .7LACT3 - l.5Xl

X2 Y
- fo (Xz)dX2 + fO (90-1.2Y)dY

+ A (90 - .4LACT1 - .3LACT2)
+ kz (80 - .3LACT1 - .2LACT3)

+ g (200 - .4LACT2 - .9LACT3 - xl)

.5

; =9

.3
+ A4 (4Xl X
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where:

X, = ;upply or marginal cost of X,, and
90 - 1.2Y = Inverse demand function for Y.
The nonlinear programming problem is now converted to a linear pro-
gramming problem. Notice that each of the constraints stated in

lagrangian form corresponds exactly to a row constraint in the tableau

specification of the problem found below.

M N
Max Z0 = ,5LACT1 + .9LACT2 + .7LACT3 - 1.5X1 -3 ayYp * L aw
nn
LaXl’a m=1 n=1
+ Xl (90 - .4LACT1 - .3LACT2)
+ AZ (80 - .3LACT1 - .2LACT3)
+ AB (200 - .4LACT2 - .9LACT3 —X1)
M
+ A4 X2 - I amXZm)
m=1
M
+ XS (1 z am)
m=1
P
+ Aé ( Elapxlp - Xl)
p—
P
+ A, (I a - X))
7 p=1 pxép 2
P
+ AS (pél apYb -Y)
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Where:

- fXZm

2.X2m
Ym 0 ]0

(X2)dX2 = [0.5%X2 , the area under marginal cost curve,

or total cost, of X2, at the mth quantity of X2.

Wn = fYn (90 - 1.2Y)dy = 9OY-O.6Y2, the area under the demand function

0
(marginal revenue under competitive assumptions), or total revenue for Y,
th X
at the n~ quantity of Y.

am, the level at which the mth quantity steps of X, is supplied in

the solution

a s the level at which the nth quantity step of Y is demanded in the
solution.

ap, the level at which the pth step in the production of Y, from inputs
Xl and Xz, enters the solution. Note that the index P embodies both
ratios and quantities. Referring to Figure 2 may be of some help. Given
a particular input ratio i, as quantities j of Y are changed, quantities

of X1 and X, change accordingly. Therefore the index p runs over both

2
ratio numbers, and the quantity steps in Y, or P = (ratios) (M).
Linearization Parameters, Problem 1.

Supply of X2:

Total cost: W = =0.5X22 area under supply
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Initial X2 =0
AX2 = 10
STEPS = 12

Production of Y

Y = 4X1 X2

Initial Y = 10

AY = 10
STEPS = 5
RATIOS
RL = .4 R2 - .8 R3=1.4 R4 =1.8

Demand for Y

W = 9OY—.6§ (area undeg demand)
Initial ¥ = 0
AY = 7.5
STEPS = 12

The matrix, data input, computer specification and results follows:
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Problem Oue lnput

o © 3 - - -
tx 00, 13 TESE TRAC, LRy INPUTY SUPPLY »PRODUCTI Oy FLIYC
LACTS  LACTe LaCls  XxiT  yay YT

AR BEMAND SPECIFICATION

140,53 : 240.9 3+0.7 o bei .5 R A

1+0,4 £+0ed -100+83.0
110,38 o S+0.2 =-100+&0,0

2+0,4 TS+ 0e9 7 0 - 44140 - =300+200.0

S5+1,90 . e o e eeen e e e e e

1={+5 240
Ve 0 10.0 le
Ces - R -;99999 e e e e DU
2
41,0 -100+0.0
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4Ue & g8 L& 1.8
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" An explanztion for each card follows
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Problem One, Input Explanation

1. maximum problem, MPOS regular algorithm, 6 columns and 3 rows in the
nonaugmented matrix
2. title
3. variable names
4. objective, nonaugmented
5. row 1, coefficients by column, constraint type, RHS value
6. row 2, coefficients by column, constraint type, RHS wvalue
7. row 3, coefficilents by column, constraint type, RHS value
8. blank card for no data insertion
9-12 generate supply of X2
9. 1 nonzero coefficient in nonaugmented portion of row 4
10. entry of row 4, column 5, equal to 1.0,
11. integrated supply function, 1 term, coefficient = -0.5, exponent = 2.0
12. initial step = 0.0, increment = 10, 12 steps
13~22 generate production surface Y = AX al X 2
13. 3 rows generated, 99999 = DEPV subroutine
14. 1 nonzero coefficient in row 6, (X1)
15. row 6, coefficient by column, constraint type, RHS wvalue
16. 1 coefficient row 7, (X2)
17. row 7
18. 1 coefficient row 8, (Y)
19. row 8
20. 4 ratios, vl = 0.4, Y2 =10.8, v3 = 1.4, v4 = 1.8
21. production function Y = 4X10'3 Xzo'5
22. 1initial Y = 10, increment = 10, 5 steps

23-26 generate demand for Y

23, 1 coefficient row 10
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24, row 10 coefficient
25. integrated demand function, 2 terms, coefficient 1 = 90, exponent
1= 1.0, coefficient 2 = -0.6, exponent 2 = 2.0

26. initial Y = 0.0, increment = 7.5, 12 steps

Following is the computer output generated for problem ome.
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Qutput Interpretation - Problem One

A brief description of the output follows. Those needing further
explanation should refer to the MPOS manual.[2]

REGULAR - The particular MPOS algorithm requested by the user.

TITLE ~ Followed by user provided title

VARIABLES - The names of variables in the nonaugmented position of

the matrix are given first, followed by the augmented or generated

variables. Variables associated with the supply of X2 YAL

through YA12; production, YB1 to YB20; demand for Y, YCl to YCl2,

MAXIMIZE - The type of optimization requested for the objective

function that follows. Note that the sign and objective value

for eacﬁ variable is provided.

CONSTRAINT - Followed by each row constraint in the problem.

Variables having zero coefficients are not listed. Note that

constraint (4) is the commodity balance row for X2. The values

at each step are the quantities associated with the total cost

values in the objective function. Constraint (5) is the convexity

constraint for X2.

Summary of Results

For each variable the following information is provided.

STATUS - Whether the variable is in the optimal basis at a zero or

positive value. LB indicates zero; B positive value.

ACTIVITY LEVEL - The level or value a variable takes on in the

optimal solution.

OPPORTUNITY COST - The cost in terms of a change in the objective

function given a marginal increase in the particular variable.

This item is used synonymously with shadow price or dual.

LOWER, UPPER BOUNDS - The lower and upper limits of a variable

within which the opportunity cost is unchanged.
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Interpretation of the slack variables of the row constraints is the
equivalent of finding the values of the dual problem.

The first three slack variables are associated with row constraints
of the nonaugmented portions of the matrix. They are the commodity balance
rows of fixed resources.

STATUS - Whether the slack variable is in the optimal basis at a

zero or positive level. LB indicates zero; B a positive value.

That is, SLACK takes on a positive value only when the resource

is not totally exhausted.

OPPORTUNITY COST - The change in the objective function given an

additional unit of the commodity constrained, or the value of an

additibnal unit of the commodity.

The resource in row 2 has a positive value (69.76), indicating that
it is not used up or is not a constraining resource. Since it is not
constraining, its worth or value is zero as indicated in the opportunity
cost column.

Additional units of the resources in rows 1 and 3 would be worth
$1.96 and $0.78 respectively.

The interpretation of the Lagrangians or dual values of the rows of
the augmented portion of the matrix was discussed in the theory review
above. Again this value is given as the opportunity cost here. These

values, taken from the computer output are listed below.

A4 - dual row 4 - price of X, = 15.00
A5 = dual row 5 - producer surplus X, - 100.00
A9.— dual row 9 - producer surplus Y - 1214.89
A10 - dual row 10 - price of Y - 31.50
A11 - dual row 11 - consumer surplus Y - 1417.50

The value of the objective function is 3064.61.
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Problem Two

In problem two, surplus is maximized from two limited resources, which
may be combined by two different production functions into a commodity facing
a downward sloping demand.

The nonlinear programming specification follows:

~1.8%,.-1.8X

Max Z = 2.0X 21

Y
22+f (90-1.2Y)dY

~2.0%
1 0

1 12

+Aq (25-X )

217%22

+A2 (75—X11—X12)

+3¢-5_ax

11721

.6X.l5

12722 )

+hq (Y-4X

Linearization Parameters

Production Yl

3

Y. =

1 4X.7 X

Initial Yl

AYl

STEPS

RATIOS

R1 .4 R2

Production Y

¥,

Initial Y2

i

AY2

STEPS

u

[}

Demand for Y

W = 90Y

Initial Y

AY

STEPS

The matrix,

(]

= 3XJ

5

11 21

10

10

5

.8 R3 =1.4 R4 =1.8

2

6 X.lS

12 722
10

10

5

area under demand

12

data input, computer specification and results follow:
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Input Deck - Yroblem 2
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Problem Two Input Explanation

1.

10.
11.
12.
13.
14.
15.
16.

17.

28.
29.

30.

31.

maximum, MPOS regular algouthm, 6 columns and 2 rows in the
nonaugmented matrix.
title
variable names
objective, nonaugmented
row 1, coefficients by column, constraint type, RHS value
row 2, coefficients by column, constraint type, RHS value
blank card for no data insertion
8-17 generate production surface Yl = 4Xii Xéi
3 rows generated, 99999 = DEPV subroutine
1 nonzero coefficient in row 3, (XII)
row 3, coefficient by column, constraint type, RHS value
1 nonzero coefficient in row 4, (XZI)
row 4, coefficient by column, constraint type, RHS value
1 nonzero coefficient in row 3, (Yl)
row 5, coefficient by column, constraint type, RHS value
4 ratios,

0.3 0.5

production function Yl = 3Xll X21

initial Y=10, increment =10, 5 steps
0.6 ,0.15 .
18-27 generate production surface Y2 = 3X12 X22 similar to 8-~17
28-31 generate demand for Y
2 nonzero coefficients in row 11 (Y1 and Y2)
row 11, coefficients by column
integrated demand function, 2 terms, coefficient 1 = 90, exponent 1 = 1.0,

coefficient 2 = ~0.6, exponent 2 = 2.0

initial ¥ = 0.0, increment = 5.0, 18 steps
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ACTIVITY

LEVEL
0.0000UCY
- 02000040y
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RO ESTRERN U IVERSETY
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GPPORTUNIETY
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00000
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INF
INF
INF
INF
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- INF

INF
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INF
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- INF
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- INF

INF
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INF
INF

- IMF
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INF
INF
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Problem Two Dual

For problem 2, the dual values are taken from the cdmputer output

and listed below;

A6 ~ dual row 6 - producer surplus Yl - 91.18
210 - dual row 10 - producer surplus Y2 - 30.79
A1l - dual row 11 - price of Y - 9.00
212 - dual row 12 - consumer surplus Y - 2730.00
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Three groups of JCL header cards are given. The first is to generate

maximum output for troubleshooting.

The second is to utilize a previously

compiled program and to generate only output pertinent to problem solving.

The third is to address APEX-1.

1.

Maximum output, No LP output

NAME,T10.

ACCOUNT,GQM1111,PASSWORD,

BIN CARD IF NECESSARY

RFL(77000)

ACQUIRE(MGAO) .

FETCH (MINNLIB/V=MNF)
MNF (I=MGAO, B=CMG)
RETAIN,CMG/CT=PU.

CBR(INPUT,TAPES)

R, TAPES.
SETTL(20)
CMG.
COST.

7
89

Data Deck
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Reduced output using compiled deck, CMG, with LP output
NAME,T10.
ACCOUNT,GQM1111,PASSWORD.
RFL(77000)

FETCH (MINNLIB/V-MNF)
ACQUIRE,CMG.

CBR(INPUT, TAPES)

R, TAPES.

SETTL(20)

CMG.

R,TAPE],
COPYSBF,TAPE1,OUTPUT.
R,TAPEL.

MPOS (TAPE1)

COST.

7
8y

Date Deck



49

3. APEX-]

In order to access APEX, the following cards are inserted between
the MPOS (TAPE1l) and COST cards in deck 2.

R,APXFIL.

COPYSBF (APXFIL,OUTPUT)

RETURN,TAPEL.

R,APXFIL. -

RENAME ,TAPE1=APXFIL.

APEX(SOLV~==m=wumm )
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VII. FINAL COMMENTS

This computer program has not been fully tested and problems may be found.
However, initial testing and use indicate that the program could be extremely
useful in solving certain types of problems. The fortran program itself
is rather straight forward and appears to be organized in a way that would

facilitate user provided modification.

Some comments regarding the use of MGAO with APEX are in order.
Currently, only APEX-I one is operable. APEX-II may be accessed, however
format errors are incurred. If the user accesses APEX-I directly, parametric
and/or ranging procedures are difficult if not impossible to perform.
An alternative is to use MGAO to punch out the data deck and then put together
a completely new problem specification for the APEX problem. This may be
done with cards or‘through the use of permanent files and interactive terminals.
The user should not be limited by the mathematical forms of the functions
as currently read. One need only to change the format and the read

statements to fit different needs and problems.
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* sYCh 3 T4 EYr50 Fe+YCHAY trtYrSh LetYCRY TrEYraR z,
# +YCha LiEYCHN Zr2YCh rerYrH2 Lev£YCR3 TeIYray 2.
* LYCAhK L1 LYCHA +e2YCHB7 v iYrHA 1t 1YCAn LrEYC70 s
* ~YC71 te&YCT72 T21YLT73R r3iYe7u Lr£YC7H Y76 3
& ~¥C77 LrEvCT7R L9 2YC70 20 2YCRQ 2rivCan tetyrn2 *,
- wYCig T4y ( AL Tr+yYLCRS LoEY O RA teEYCny TrivraRn T
* “YCRU TaEvCQu ++2YCO1 FrtYrap trfvCaxz rrivyray e
= -vCGH L &Y0C9A $e2YCQ7 t.2Y093 trivCon TrEvyr100 3t/
DATA cYlmoMmd) g Mazr1 o100/ 2vDY t.2Y0o Ly tYND3 te¥YIy *,
=3+ 1DS b
- ~Y0h LeEYNT +02YN8 PR A fal-] YN 2rEyntd .
* +YOlo Lo EYNN1R Ls2YD4a ie2¥N15 LeityDia LrEYr1 7 T,
* LY R Leg¥Nla 1 2Y032N i ryn21 rrEYn2? F
* +YDo R Erévnzu Let¥D2H terYN2PA zZriYNo ErEYRPR Lt
* ~Y{irg Fre¥Y0O3N ErrYN3Y LerYN32 f2ivDz3 Tetvr iU F 3
* +YDAS e EYN3A 19+YND37? 2y YDA t12YNDzg LrEYnun t.
» LYY Lrayinho TrYNDHA Ledinun TeriYDuw TrEYNUGL b3
“ +YNu7 Lo dYnlR FoetY4a L0 TYNR0 T rYDRY TrEYNR2 T
- ~ YN 3 FeirYnhha I 2YNOHK 2r1YnBa LeiYNey 2P YRR Lo
3 ~Yha Fo LY HBO FerYDNbBIL e 3YNnH2 TrIYNATR LrivYnAl %,
* A TaY Lo t¥YNBRA Lot ¥YNAET e IYNAR trivYDaa 2rEYn70 Z,
* ~¥N7 Fewyin?o PR A A Tet¥YN 74 TriviTw TrEYNTA kY
- «¥Dv7 L YNTR Ze1YN7aQ 22 EYNRN T YNy trIYARD T
» LYNRA L £YNAY trYNAR Lt YNRA 2 YDy 1Y AR T
» Y IRG Fr Y9N Fr YNG9 Le7YRA2 ErtvyDay Letynay kAR
" PO AF1°1N L IYI9a Ly 1YNNG7 Le2YNAR trivDaa tr¥yatinog t/
LnTA Y {ReMu) y aaz s 100 /4YF Y LriYEo fodyra TatYTy *.
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Lo EYFE3A
Ly &YE4D
Lo FYFUR
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TP EYFHRO
L1 EYF DA
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EVEAFTR
124 $YFRU
L EYFQa
Lo YFOR
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v Yr

Ly tYFlua
Fe2YE2n
L tYFPHY
Te+YFA
TrtYF37
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1 tYFBHY
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[T el FL G5 e wie UF Cul HaddS wl) ROLS,.
READ {robua) InsMemteCULIRUS

LTWEOT «mF TITLF UF YOUR PrOBLEM.
KREAD (e ®%u1) TIVLF

WHRITE UT ThF ALGORITHMES miAWE AND TIT) =
WRITE tela) MElRn(mi) s VAGSIIY o TITLF

I

TEST w. FTriFr ThlS 18 AN TePe PROBLEM,

IF IT o8 s Iowe WRORLEVY RELD THE IMT, yarsS AND wRITF TO TAPF
GeWs LANTINHE THF RPROCFSS.

IF ({we 114 5) cubia (MY L,GT« 7)) 60 TO

HEAD (meBuR) Nos(aCT(I1)elezt1en2)

RITE L 1edn1 ) varSi2) s (ACT(T1YeI1z1,ND)

COUNT Liv.ofF

KEAD I TO al bl OF TwE ACTIVITIES
KEAD (~o506) (ACT(TAY» TAZL,COL)

READ LLYD THE COEFFIFNTS Ut OBUECT FeTInN.

Jisi

CUNT I F

READ (-otua) (TCH (IR)2STou{TBYSCOFF(Inm) e 18920101 vn)
Lo IhH Czdlrul+a

iF (IC. L GIiC)Y «Ehe =9Quy) GU TO 20

CunT e F

wlizdit-

OV TG .N

NUOH L~ The N0. UGF NOW=ZErN CORFs 0OF ORJECTIVE FUNCTIONS
CONTIN.F
NOUE = 10 -

wITE AT THE COEF. OF ORBJ. FUNCTION Ta OsRUFNANT eTLE (Tapr 2)
WRITE 25201 ) (STen{TO)CosFiIn) 100 (1D) . 1021 NDNa)
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TEST Lo TeERE 1S 0 ANY CovSTRATHT M NON=ARGUUENTED
CONSTRATRT “alwta
LF KU, oFae. O G0 T W3

REaU LoTO Tht CurFFIFNTS O CONSTRATHTS.
G221 e KIZn hlEama

CunT L

Lid YU < FZ 1, ROV

CuitT Liw F '
WEAD LesBun) (TCUl LIFYsSToalIFY 2 CORFF(IE) s IFSU2s U2 ru)
L3O A0 JBzZOseu2+d

IF (ICAl (L) oL Ta ») 60 TO 4n

CoiT v F

Jesdete

wy TO .7

COHuT In K

TERT 1 THIS ROW COMNTAINS MY ONF COEce wlTH zlLFt RELATTOnm.

CIFEOYES D THEN PUF 1T TN TFoe LnCa

GTHERW ST CONTIRAF THe PRUCFSS.
I (i «HB1. 2) -0 T 48

1F (I8 (i)Y ol is «1ug ) uo 170 45
KisKi+,

(ACT (. = aCr(lenbl1))

TT206 10 2Q1aM TG
TTAHRLVZCOrFLIGY ZCnER )

Gy 1O R :

CuNT L oF

NOUCO CaiiTalnS THE w0 OF NON=ZFRO COFF, 08 COHNSTRaTNT.
Irew=lE..+1
NOCO(E-w) = [ =1

uRITE UT THE COFF, aND ReHeSe OF FACH COUSTRAINT.

WRITE ,29201) (STGH{TA) s CUsF (L) » Te0l (1) , IHZ1 MO0 (CEEW))

ToFLz=l OLCTR)/{(=1un)
WwrRITE L 202n2) GEWLAIGFLYvSEaN(LIS)Y e COER{TH)

CONTIiv. F
Jezl
CONTIN F

NORD CAlTatTNS Trie 80, OF DR,
WUCE) CadTatus Tnd <0, OF LONSTRAINTSG,
wWuRY =R > WOCL = RON=AOHD

f
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CundT i F

TEST b Trorar ARF QOE NFa ACTIVITIFS WSEn 10 8F TNSExTED
THE Fu. e GATRT . (1510 = 9993a9)

IF YES, Trsd Cale SURKOGUTIVE ETnSERT e

CTHERw«SFr CONTIUN THF NUSMAL PROCESS,

LOGE = 1

LTAPEF = »

CONT LN F

READ (-o511) ISTD

IF (EG-(8) JivfFe ueY GO TO A%

Ir (IS0 o uFe Qadae) o Tu 52

IWGOF « LuLP/Z2 211 Q0RPZTLUNPY2  SITADEY = o FITApzp = 7
IF (Lua0P (nEe Luok) B0 T uy

ITAPEY = 7 2l ThPF2 = 2

CONT Liw ¥

CALL v NSF2Y

Gy TO .4

CONTIL . F

TEST L THE PROALFa NEEDS TO BF FXTFNDFRDY (CHFCK FaF)
CONTIwF

JAZUAT,

gEAD (-0 nta) Eler o LOPV I IA)

iF IEW-{R) JiEe Ued Gu TO &5

IF (Ab-(1in) «LFa thnexx(=10u)) Gn TO Ku

GNF. = it

CONTILie F

TEST i TelS IS an EXTENTINN OF TWo NEo. VAR. FUNeTICHS
IF YES TeeN Cal L QURROUTIVE #nEPVE

Oewe CabiTlunr THE PROCESS,

WRITE L 3,m07) FLDenNFE

iF L~V lan) «Fus ) 6 Tu 8%

CAlL ~F R

GO TO -7

CUNTIN-.F

IF WEhe oFae ) 60 To RA

READ (e Bha) (ICOEAIT) o STIGNITIVsCOFFCIT) »TI=192TN)

TINTO

UPDATE THiF cOL. Co0Rn. OF MON=7FRO COEFES TF £OL. 5Te NINS,

JF (IS F oiF. Guyua) o0 TO 46

UO W2 L=l eFiD

TF (ieat (17) WGie mINSY TICoL(Im=Icor (rT)+nan
COUNT e F

CGulTlia F
RITE S %e?il) (S (TLY»COFF(INY I (rI), [Tz1,F1n)
CONT Do P
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%k FROCES~ Vo ErIF oIl PROLEGIRE .
KEAL L.TO imE Fomo La
READ (me®i)y Tus Lo UTIRY 2 TEYPILILY s Inztr 1))

xkx READ T8 T8I TIaL ValilE OF ar DFELTA O Aud CTEPS.
EAD (mesvua) QCLY o 0Bl TAQYSUEP

x4 SET Up TriF New aCTIVITIES.
87 CONT L F
(U 58 LA=1,8TER
ACT{kA  COLy =Y CirAn)
Sa CONT L F

x%x CALL ToF SURKOUITINE GEN TU GENFRATE THe VallFS OF A AND W.
ITF (ITusvlua) «tEe n) 60 TU &2
CALL. b~

k4x EXTENDNG THF ORUFCT FUNCTrOlde
fwzl
U0 KO Pz coiL+le CnL+STEPR
SIGHILI ) ZwSTGN{1.9)
COFF L. znssiallu)) 3 ICAL(IR)= COL +1In
Twzlat.

Are CUNT Liv F
GO TO .4

e CONTIWF
Iazi
U A3 P=COL+1L CUL+STEP
SIGHNIL.)Y = 2+#
CUFF(L ) ~ 40 <ICUL(IPY = cOL+TQ
1w = 1.4
R CORT Tive

¥4« STORE +HF valUFS OF ROw +Cnlr aND STFPe
o CONT I F
WHOW (U ) ZROW  $NCOL (A =Cu SNSTER (JM ZSTER $nuFINn(JA)ZEIN

¥ s EXTENUyRG THE CONSTRAINTS.
TF (1o Moy «F . n) 60O Tu AR
WHITE Rel0n) {W{T 1) ITZVT 0 STER(JA))Y
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x% & GPOATE omiF v ALUSS OF COL A KOs
tyn CONT Lo

COL=Uiu +91FP - RDw = RAWH2
IF Clonv(aa) ofFe n) ROW = ROwW+G
GU U -3

R CoLT I F
UnTdie,

*ex SET UFP Tiirk VART .WHLES.
Wk ITE 1 e 103R) Vax<si3)
wRITE s lemnu) (LCT{dn) e i1 0COL)

*xw HEWTaw THFE 3 PERMENANT FYLFS (1TAPFR.TADER,TAPFL)
Rew il LTanF2

- REwlADL 3 - - e e e Ce e -
Rewlive 4

ke SET UP TriF FINAL ORJFCT FUNCTINH
Tz fu.ta
whITeE 19 1n3) VAS(INY)
READ (rTARPFZ 2010 (STONIT W COFFOLINY»IrOLIID)Y v 10=1+NDOB)
wRITEC o i02) (SLEG(IM 2 COEF(TID) fACTLTICHLLTD) ) IN=1,N0OR)
IF (JA oFwe U) Gu 10 bA
Wit TTe s1etu2dl {SIGuITO) »CUSFLIINY P ACT(IrOLCIN) s IN=NCOL (1) +4,COL.)

¥kk SET UP THE FINAL CoNSTRAINTS.
A CUNT L F
W JTTE 11 3%) VARSIEH)
DU 76 ot enuln
READ (+TAPE20201) (STGNUTEY o CORFOIAY e IoDL(Tit) » THz=1 . NOCOTUCH)
WwRITE (Lo 1) (SIGNITR) o COET{TAY v ACT (TCOL{TH) ) THZ L NOCO(JCY)
KEADY (WTARPF29202)0 TTTLITT IO TTTS
WRITEC 202 TTTLeTTT2eTTH R
7o CONT v F
IF (JA JFu, 0) @u 70 BB
Iaw = COLCY)
NC &Y A=t edn
WE 1D fAESGT F T ONF
IF (1Tu~V(ur)Y FWe 1) O Tu 74
1J hsy T3210F I
KE AL FR0R11) LGt R)
ILF 2 LFTa0AR) +
SRR TS B G o | (]\:')l [0 58 IR BIE TS B

wis LTE  cbe i1 02) (~leaa{TL) s COFF I0(T=))

-t
jatl

H
121

T~
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T = JCOLTIEy /(=100
RE A cR UG (S TENCIRY o CTA) v IRST IS TED (Us))
W I TE s Y2 (K‘:‘:im”‘[H)l\;(Iﬂ).ACT(‘]:OI (J»\')*‘IH):TQ:‘l'NC;TF:)(.JK))
wITE 1o 202) GEULiCT)» ST u{lir)eCoFs(r Iy
Buaa CONTILF
GUNC = 1Ten
Wik 1TFE Y1eta2) CISTGNeNONF s ACTCHNCOL (URYFT D) p 1221 0 iSTERP(JK ) Y
WHRITE (V1as202) GBFLI1TY » ISTGHONE
o TQ A0
7u ('.(/Nflm..F
IF (Ll oFw. 0) ou TO 7%
KEAL (50201) (ST 1) eSO (I ICOLLITY s TISteE T
SRITEC s 102y ASTow{IT) yCOEF(TIL)Y snCT(ICHL{TI) Yy IT=1.FID)
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