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BCA and HRA: Two Programs for

Computing Economic Equilibria

by
Thomas Elken

I. Introduction

BCA and HRA are computer programs designed to solve a version
of the economic equilibrium problem. For an introduction to this
type of problem and models for dealing with it, the reader is directed
to Elken [2]. Very briefly, we will describe mathematically the
problem which these codes solve.

Find x, t, A, and [ such that

Dx + t =b

AD - ¢ = e

(c,, \) - Aiti =0, i=1, ..., IR

i)

*1‘1 =0, i=IH+1, ..., NROW

(1)




where D 1is a matrix with NROW rows and NCOL columns, IH is

the number of consumers or households, is the NCOLth unit

NcoL
vector, and (+, -) 1is the usual inner product.

The BCA is an implementation of the bilinear complementarity
algorithm presented in Wilson [7] and in Elken [2]. The HRA code
implements the homotopy retraction algorithm as described in [2].
The reader must consult the latter work to be able to formulate a
problem correctly and to be cognizant of the conditions under which
these algorithms will solve his/her problem.

The algorithms have so many features in common that many of

the subroutines in the two programs are identical. In particular,

both algorithms begin by solving the linear program
maximize XNROW
subject to [I|D] Pi] b,
£, x 20 .

To solve this linear program, the code LPMl written by John
Tomlin is used. Actually, the subroutines comprising LPM1l are part
of both codes, BCA and HRA. LPM1 has been documented in J. Tomlin
[4]. LPMl has been converted into a linear complementarity code,

LCPL, which has been documented in J. Tomlin [5] and [6]. Since

(2)




S

LCPL uses many of the subroutines of LPMl without change, the reader

is referred to the works cited for a description of how the matrix
A = [I|D] 1s stored and how transformations are processed.
Next we discuss some important details of the implementation

of BCA and HRA.

Source Language
The programs are written entirely in FORTRAN IV for the IBM

series 360 and 370 computers. They are WATFIV compatible.

Specification

The main program is executed as a job step. The program
input is described in Section II.l. All input occurs in subroutines

MAIN, INPUT, and BASINP.

Error Indicators

Error indicators and other diagnostics and messages will be
indicated in the documentation for each subroutine. The error indi-

cators for the LPM1l portion of the code are described in [4].

Subroutines

The routines making up BCA and HRA are as follows:




i BCA HRA

MAIN MAIN

BLCONS BLCONS
o R DR SE D L LT R R,
REVOE o L L e e
R T I A G R A .
L A R DR R R A s
SRR . i T T e
T i R AR B L RSSO T
ENDPNT ENDPNT
QUARY - R I dR o e

o AL e SRR T |

GTN

DERIVG
CONBHEK "¢ oo 0 0L dihs v e @ e« o & v & GONGHK
FIN FTN
DERIV DERIV

NORM S e e e e e 1w e e NI
DECOMP o is wlie v ie v cowm @ e wow e DEGOMP
SOLVE. & ol'e wreiavr wre 5s w6 e e v i S0RE
SING SR e e e R sk N OV
BEBUG &' s ¢ v s w-w v o v & o o s« DEBUG

The dotted lines indicate the subroutines which are essentially
identical. Ll 1

The remainder of the subroutines are from LPM1 for both programs. 0
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BLOCK DATA

INPUT

FTRAN CHSOL

BTRAN UPBETA

FORMC NORMAL
[ TRUEDJ ITEROP J

PRICE UNRAVL

CHUZR CRASH

WRETA BASINP

SHIFTR CLEAR

INVERT

UNPACK

SHFTE

These subroutines are described in greater detail in the

remaining sections of this report.

Program Size

The total length of BCA is 3831 source statements (including
comments and common blocks, etc.); HRA is 3772 statements long.

LPM1 comprises 1819 statements of each of these.

Array Size

The standard version of the codes requires a blank common
array of 133,256 bytes of core. This is dependent on the setting of

[ maximum problem dimensions.




There are eleven labelled common blocks which require 97,448
bytes of core. Only the size of common blocks LNCONS and INDXZ

are dependent upon problem dimensions.

Accuracy and Convergence

The linear constraints (1) and (2) are satisfied with a toler-
ance of ZTOLZE with a default of 1.E - 4. The bilinear constraints
(3) are satisfied to a tolerance of TOLFZ; 1.E - 10 is the default.

Convergence is guaranteed in the BCA and HRA when the first
IH values of b are chosen appropriately. See Elken [2] Chapters
V-VI for a discussion of the convergence properties of these algorithms

and suggestions for improvements.

Timing
Using the FORTRAN H compiler with OPT = 2 the codes have
X
solved a problem with 6 consumers and 4 goods with D € R23 o in

.45 and .38 seconds for the BCA and HRA, respectively. A problem

97x107

with 3 consumers and 56 goods and D € R required 4.54 and 6.19

seconds for the BCA and HRA to solve. A description of numerical

results for these and several more test problems is in Chapter V of

iz},




II. The Bilinear Complementarity Algorithm (BCA)

II.1. Input Requirements

The program input consists of 4 (or 5) segments.

E A) Parameter specification relevant to equilibrium problem

B) Parameter specification relevant to the auxiliary linear program

o

C) Data for the LP in MPS standard form
D) Basis input (optional, see [5])

3 E) Specification of the C matrix (3). (Initial endowments for

the individual consumers.)

We will now deal with these in succession.

A. Program Parameter Input

' Parameters are changed from their default value for each problem ’
by means of a FORTRAN "NAMELIST" input from the card reader. The
first card must start with &PARMl in column 2 or later; each card

must begin with a blank, and the list must be terminated by &END.

Example

columns

o a Lo S

223

&PARM1 IH = 3, L = 2, ICECHO = 1, &END f
The parameters which can be defined by the &PARMl statement

are listed below along with their default values.

e T
SR—




REAL *4 Tolerances

TOLFZ

TOLBD

TOLCV

(DEFAULT = 1.E - 10)

Termination criterion for the solution of the bilinear equations.
(DEFAULT = 1.E - 4)

Feasibility tolerance for the linear constraints.

(DEFAULT = 1.E - 5)

Termination criterion for the return to the curve.

INTEGER *4 Parameters

IH

ICNTRL

IECHO

ICECHO

IPROD

Number of consumers (traders). This parameter has no default.
It must be specified in the &PARM1 statement.

(DEFAULT = 1)

If ICNTRL.LT.O, then the program behaves just like LPM1l to
solve one or more linear programs. This may be useful when

one desires to solve some preliminary linear programs to deter-
mine initial utility levels. Otherwise, an equilibrium problem
will be processed by BCA.

(DEFAULT = 0)

If 1IECHO = 1 while ICNITRL.LT.0, the D matrix of (1)

will be printed out, ten columns at a time.

(DEFAULT = 0)

If ,FQ.1, the C-matrix of (3) will be printed.

(DEFAULT = 0)

If .EQ.1l, it is assumed that the consumers own certain shares

of the producing firms. Thus, data containing those shares

must appear following the LP data in 10F7.4 format.
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ITLIME (DEFAULT = 500)
The maximum number of cells which we allow the program to pass
through.

KOUTB (DEFAULT = 0)
Unit number of output of the optimal basis for the auxiliary

linear program. If KOUTB.EQ.O, no basis will be saved.

REAL ¥4 Parameters

STPMX (DEFAULT = 100)
The maximum possible step in the direction tangent to the curve.
STPRD (DEFAULT = 0.5) 1
The factor between O and 1 wused to reduce the steplength

when it exceeds STPMX. ?

B. Linear Program Parameters

Next, a list containing parameters of importance for the linear
programming portion of the code must be included. The beginning of
this 1list is &PARAM. We leave the description of these paramaters

to [4] with one exception. The parameter IOBJ contains the row

number of the objective row in the D matrix. Since this row is *
always egRow (2) no flexibility is necessary here so we require that

IOBJ be the last row of D. Since we did not want to alter the LPM1
part of the code, the user must know how many rows D has and enter
the appropriate value for IOBJ in the parameter list. This rather
irritating requirement makes bookkeeping easier in many parts of the

code.

Bt o e <
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Also, the auxiliary linear program (4) is a maximization problem

while LPM1 is a minimization code by default. This can be remedied

in one of three ways:

: T
k. 1) Let the last row of D be ~eNROW®
2) Set ZSCALE =-1.0 in the &PARAM 1list, or

3) Set IOBJ = -NROW 1in the &PARAM list.

E Remember to do only one of the alternatives above.

C. Problem Input

The D and b referred to in (1) are read from unit KINP
(DEFAULT = 5) 1in slightly modified "MPS format'". The card images

required are:

NAME Card

This has "NAME" in columns 1 to 4 and the (up to 8 characters)
problem name in columms 15-22. This card is optional but highly

desirable.

ROWS Card

Has "ROWS" in columns 1-4.

Row Names
Each row is assigned a (unique) name of up to 8 characters, .

one per card, in columns 5-12. Embedded blanks are allowed (unlike

A EATRTI 0 555557




MPS). Also row types must be supplied in columns 3 of each card

L: < constraint

G: 2> constraint

=1
)

constraint

N: objective function row .

For the equilibrium problem all constraints will be of type

"L" except for the objective function.

COLUMNS Card

Has "COLUMNS" in columns 1-7.

Matrix-Element

The non-zero elements of D are supplied by column. All

i the elements of a column must be together. Each column is assigned

r a (unique) name of up to eight characters. The format is:
cols 1-4 5-12 15-22 25-36 40-47 50-61
blank column row element second second
name name value row element
name value

(optional) (optional)

Again embedded blanks are allowed in column names.

11




RHS Card

Has "RHS" in columns 1-3.

Right Hand Side Elements

The right hand side vector (b) may be given a name, which
should be different from any row or column name. The elements are

given in the same format as the matrix elements.
ENDATA Card
Has "ENDATA" in columns 1-~6. Sample input is shown in Section

I1.4.

D. LP Basis Input

If KINB is initialized to a nonzero value in &PARAM, a basis
is read from unit KINB. If KINB.EQ.KINP, the basis must be entered
following the LP problem input, and before the ENDATA card. This basis

will be the initial basis for solving the auxiliary LP (2).

NAME Card
Has "NAME" in columns 1-4 and the basis name in columns
15-22. If this name does not agree with the problem name, or the name

card is missing, a warning is given.

12
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Basis Cards
For basic columns of D, the column names are given (one per
card) in columns 5-12. For basic columns of I (slack variables),

the corresponding row name is given in columns 5-12.

ENDATA Card

Has ENDATA in columns 1-6.

E. C Matrix Input

In most problems the data for C will be predominately extracted
from the RHS vector b. For this reason we use a rather short, but
complicated, form for the input of C.

The data is read from unit KINP directly following the MPS
format data. The instructions constructed from the pointers in this
data produce a matrix packed into a vector in the same manner that
[1|D] is packed (see [6]).

In the current version of the code it is assumed that (if
IPROD.NE.O) each consumer I is associated with a fraction SHR(I),

which represents his share of each firm in the economy, such that

IH
I=1

matrix can still be input; however, it requires more work.

SHR(I) = 1.0. If this assumption is not true, the correct C

The form of the data for inputting the C matrix is as follows

1. One or more cards containing (SHR(I), I =1, IH) in 10F7.4

format (only if IPROD.NE.O).

13




¢

|
|
|
|
|

2. Several cards describing the column of C associated with
consumer 1.
3. A blank card.

4. Information associated with consumer 2, etc.

We now elaborate on the specific requirements of point 2

above. Assume that we are dealing with column I of C.

The first card for column 1 contains values for the integer
variables ISHR, LL, and KK in 314 format. ISHR is a control

parameter which behaves as follows:

A) If ISHR.EQ.1l, the program reads one or more consecutive ele-~
ments of the RHS corresponding to constraints on one or more of
the firms in the economy. These numbers are multiplied by SHR(I),
the Ith consumers share of the firm, and stored in C.

B) If ISHR.EQ.O, the program reads one or more consecutive elements
of the RHS corresponding to the constraints on consumer I alone.

C) TIf ISHR.EQ.-1, the program reads one or more elements from the

card(s) following in the input stream in 10F7.4 format. These
usually correspond to commodities (or firms) which are owned by a

number of consumers, but not in any fixed proportion.

LL and KK determine the range of rows of C which will be
altered due to this card. If only one row is involved, either KK
can be set equal to zero (leave columns 9-12 blank), or set KK equal

to LL.

14
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A blank card indicates that the program should move on to the
next column of C (the next consumer).

If the problem has been formulated and input correctly, the
sum of the columns of C must be equal to the RHS vector (see [2],
Section V.3). Examples of input and output for some small problems

will be given after the program in Section II.4.

II.2. Main Program

The main program consists of 350 statements which perform a
variety of functions: the parameters are initialized and altered
by reading the name list PARMl, the subroutines of LPMl are called
to solve the auxiliary linear program, the data is read so that the
C matrix can be constructed, the machinery is set up for the bilinear
complementarity algorithm to begin, the main path-following subroutine
ENDPNT 1is called, the updates and decisions made necessary by the
output from ENDPNT are performed, and the final solution is printed.
If options were added so that a number of equilibrium problems could
be solved, this main program vould undoubtedly become sort of a master
subroutine, as NORMAL 1is for LPMl.

Restrictions relevant to the use of BCA.

1. The number of consumers (IH) must be less than or equal to 10.

2. A must have not more than 350 rows or 400 columns.

Of course these limits can be extended by redimensioning all

vectors of size 10, 350 or 400 and allocating more core.

15




Before describing the subroutines of BCA we will define the ’
variables in the labelled common blocks and some of those in blank

common (those of use in the subroutines outside of LPM1).

Variable Glossary

We have specified that almost all real variables are REAL*8

by the statement

IMPLICIT REAL*8 (A-H, 0-Z) .

Notable exceptions are the initial data in A and C which are stored

as REAL*4 wvariables.

COMMON/LP1/:

PI(1302) The complete set of dual variables (prices and relative
costs).

XX(1302) The complete set of primal variables, slacks first and

then the structural variables in their original order.

COMMON/BLCST/ (Bilinear constraints)

COMMON/BLCST2/

These variables store the current version of the budget surplus
function in terms of the superbasic variables (see Elken [2] Section

II1.3). The functional form is

16
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Type 1: fu = BF1 + D1*PI(MU) - DIAG(PI(MU))*(F1*XX(NU) + El)

(3)

Type 2: £ = BF2 + D2**PI(MU) - DIAG(XX(NU))*(F2*PI (MU) + E2) ,

where PI(MU) refers to those components PI(J) of PI such that
MU(I) = J for some I =1, 2, ..., KMU, KMU {is the current number

of dual superbasic variables, and

PI(MU(1)) O wse 0
0 PI(MU(2)) 0
DIAG(PI(MU)) = :
0 . PT (MU (KMU)

XX(NU) and KMU are defined similarly.
Also in COMMON/BLCST/ are C(800), IC(800), and LC(20)

which store C in packed form in exactly the same manner as A.

COMMON/LNCONS /

These matrices and vectors allow us to express the basic vari-
ables in terms of the superbasic variables. If IH and DIGMA are

index sets for the primal and dual variables, respectively, then the

relationship is |




)

e e A S R

KNU
XX(JH(I)) = J GL(I,J)*XX(NU(J) + BA(I)
J=1

KMU
PI(DIGMA(I)) = J G2(1,J) *PI(MU(J)) + BB(I)
J=1

™ L, ceny M

I=1, ccep N

where the arrays are dimensioned G1(350,10), G2(400,10), BA(350),

BB(400) .

COMMON/INDX1/NUH(10), MUH(10), NU(10), MU(10)

0 if XX(I) 1is not superbasic

NUH(I) =
J 1f XX(1) 1is the Jth
superbasic variable I =1, ...
0 if PI(I) 1is not superbasic
MUH(I) =
J is PI(I) 1is the Jth
dual superbasic variable, I =1, ..., IH
NU(I) = J 1if the Ith superbasic variable is XX(J)
MU(I) = J 4if the Ith dual superbasic variable is PI(J).

Note that NUH(NU(I)) = I.

COMMON/INDX2/JH,DIGMA ,KINBAS , IDBAS

These arrays correcpond to O, o, Y and Y in the description

of the algorithm in Chapter III of tZls

18
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JH(I)

=J if XX(J) is basic and pivots on row 1I.

DIGMA(I) =J if PI(J) 1is dual basic and corresponds to the Ith

KINBAS(I) =

row of G2.

0 if XX(I) 1is non-basic

J if XX(I) 1is basic and pivots on row J.

0 if PI(I) 1is not dual basic

IDBAS(I) =
j 4if PI(I) 4is dual basic and corresponds to the Jth
row of G2.
COMMON/SCAL/
BT = A scalar that helps to define the normal hyperplane subproblem

JJ

MFLAG

DD1

PD

MPD

in ENDPNT.

= The index of the constraint in Gl or G2 which defines the
exiting facet for the current cell.

= A flag which defines the type of jacobian which must be
calculated.

= The number of bilinear constraints which are currently at
zero.

= The index of the pivot column determined by subroutine FINDP.

= The flag which determines whether the initial facet corresponds
to a primal (PD = 1), a dual (PD = -1) variable, or a bilinear
constraint (PD = 0) at zero.

= Identical to PD except that if refers to the final facet of

the currant cell.

19
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INEQ

KFUN

KJAC

1, if the bilinear inequality is the last of the Type 1

constraints.

2, if the bilinear inequality is the last of the Type 2

constraints see (1).

Counts the number of functionals evaluated in (1).

The number of partial derivatives of the functions defined

by (1) which are calculated during the course of the algorithm.

COMMON/DIM/ (DIMENSIONS)

IH

M

N

DD

KNU

BL1

BL2

MP1

= The number of households.

Number of rows inm the problem.

Number of structural variables in the problem.

Current number of superbasic variables (= DD1 + 1).
= Current number of primal superbasics.
= Current number of dual superbasics (DD = KMU + KNU)

KMU - 1, 1f INEQ = 1

KMU, otherwise

KNU - 1, if INEQ = 2

KNU, otherwise

M+ 1 -

N+ M

20




COMMON/TINT/

IPS(30) A vector storing the permutations for a LU decomposition

linear equation solver used in conjunction with Newton's

method.
KDET The sign of the determinant of the current jacobian of f.
KOUNT The number of times ENDPNT has been called.
ISING A flag which is 1 when the current jacobian is singular,

0 otherwise.

COMMON/TOLER/TOLFZ, TOLBD, TOLCV, ICNTRL, IECHO

EE.35

(2)

These parameters are defined above.

Subroutines of BCA

SUBROUTINE BLCONS: Calculates the coefficients of the first DD
bilinear constraints. DDl of these are constraints which define
the curve. The last is an inequality which is not yet binding,
but which must be the next one to become binding.

The calculations are motivated by the fact that the bilinear

functions

M
) C(I,J*PI(J) - PI(I)*XX(1), I=1, «ves DO
s

can be reduced to functions of the superbasic variables by using

(6). The position of DD in the index sets MU and NU deter-

mines BL1, BL2, INP, INQ, and INEQ.




(3)

(4)

(5)

(6)

(7

SUBROUTINE FINDP (PD1l, IS, P): Finds the element of largest
absolute value in the row determined by (PD1, IS) and stores
the index of the variable corresponding to that element in P.
When we.say the row determined by (PDl, IS) we mean G1(IS,-)
if PD1 = 1, and G2(IS,-) if PDl = -1.

SUBROUTINE PIVOT (SS,RR): If variable XX(SS) 1is entering

the basis and variable XX(RR) 1is leaving the basis, the columns
of Gl and G2 and the columns BA and BB must be updated.
This is accomplished by a simple pivot. The details for this
pivot are contained in Section III.5 of [2].

SUBROUTINE UNPACKC(II): A call to this subroutine causes the
IIth column of C to be unpacked and stored in the M-vector Y.
SUBROUTINE BSCNG(S,R): This subroutine updates the index sets
JH, KINBAS, DIGMA, and IDBAS when variable S replaces variable
R in the primal basis.

SUBROUTINE SUPERB(KEY, PD1l, IS, PD2,JS): Revises the index sets
defining the superbasic variables. It also adds or removes

columns of Gl and G2 depending on the values of the parameters

0, 1f columns are both added and removed,

KEY = {1, if columns are only added,

2, if columns are only removed.

(PD1,IS) determine the column to be added.

(PD2,JS) determine the column to be removed.




s
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(8)

(9)

The calculations iuvolved in calculating the column to be added
are described in [2] Section III.3.
SUBROUTINE RECALC: The parameter INVFRQ of LPM1 specifies
how frequently the product form basis is to be reinverted. Each
time the basis 1is reinverted while the BCA portion of the code is
in effect, Gl, G2, and BA, BB are recomputed using the new
basis inverse. The same thing could be accomplished by DD calls
to SUPERB with KEY = 1, and (PD1, IS) appropriately specified.
SUBROUTINE ENDPNT (JS, PD1l, IS, NET): implements the path-follow-
ing algorithm described in Section III.4 [2). The initial point
is in a facet of the cell defined by (6) and the bilinear inequa-
lity; we call this the initial facet. The algorithm follows
the curve defined by the DDl bilinear constraints and the DD
superbasic variables. The objective is to follow the curve until
it intersects another facet of the cell and to find the point
where that intersection occurs. We call that point the endpoint
which is contained in the final facet. The initial facet is
determined by the equation described by (PD1l, JS). The final
facet is determined by (PD1, IS). NET counts the number of
Newton iterations which were required in the various subproblems
of the algorithms referred to above.

A common block is referred to for the first time in this sub-
routine: COMMON/NEWT/H(10, 11), X(10) Z(10), ACC(2, 10). The
following vectors are used in this routine: U(3), V1(10),

(V2(10) F(10), DOT(4), RHS(10), UL(10, 10).

23
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H(10, 11)

X(10)

Z(10)

ACC(2, 10)

u(3)

V1i(10)

V2(10)

F(10)

DOT (4)

RHS (10)

UL (10, 10)

stores the jacobian for the various Newton subproblems
contains the superbasic variables as X = (PI(MU), XX(NU))
is the correction to X supplied by the Newton method,

z = HIF

sotres the two vectors which determine the current linear
approximation to the curve. f—l(O)

stores the coefficients for any guadratics that have to
be solved

holds the gradient of the functional defining the initial
facet

contains a vector in the null space of H, a tangent to
£10)

holds the values of f and any other functional involved
in the current subproblem

a collection of accumulators

a work space for finding the tangent vector by solving

a linear system; RHS = H(-, ICX).

stores the LU decomposition of the current jacobian matrix

Subroutines called: QUADS, DSENT, CONCHK, FTN, DERIV NORM,

DECOMP, SOLVE.

It should be noted that the Newton's method being implemented

is a modified Newton's method with descent. The iteration is

X

k+1 xk

o Tt T o L T T TR
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where o 1is the first scalar of {1, %,

"f{Xk+l

&=

Yl e ﬂf(xk)u

..} such that

The basic loop is something like the following

DO 100 K = 1, 15
CALL FIN(F, X)
CALL NORM (F, S1, DD)
IF (S1.LT.TOLCV) GO to 800
CALL DERIV
CALL DECOMP (DD, H, UL)

CALL SOLVE(DD, UL, F, Z)

ALPHA = 1.0

CALL DSENT (ALPHA, S1)

DO 95 L = 1, DD
X(I) = X(I) - ALPHA*Z(I)
95 CONTINUE
100  CONTINUE
c TAKE CORRECTIVE ACTION IF NEWTONS
(¥ METHOD HAS NOT TERMINATED WITHIN

c 15 ITERATIONS

25

calculate f(X)

set S1: = Mgl
terminate if S1 < 10-5
calculate H: = f*'(X)
decompose H = UL

solve by back substitution

UL%Z = F

implements descent on the 1

norm of f.
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(10)

11)

(12)

SUBROUTINE QUADS (U, TMAG, ALPHA, BETA): finds both real roots

of the quadratic

B(1) -« a° + U@ + o % U3 =0

If there are no real roots, the flag IMAG is set equal to 1.
If there is a double root or if U(l) = 0, the root is stored

in both ALPHA and BETA. If there are two real roots ALPHA
stores the smaller root and BETA the larger.

SUBROUTINE CONCHK (GMIN, KGMIN, MP2): checks whether the con-
straints of (1) are satisfied at the point defined by the current
superbasic values. The basic variables are evaluated in terms
of the superbasic variables as suggested by (4). GMIN stores
the minimum value of these variables and (MP2, KGMIN) indi-
cate which variable attains this minimum. The theory tells us
that we only have to check the current bilinear inequality among
the bilinear constraints described in (3). If this value is
less than GMIN, MP2 is set equal to zero.

SUBROUTINE FTN(F, X): evaluates the first DDl bilinear
functionals as they were defined in BLCONS (3). The last com-
ponent F(DD) stores a different function value depending upon

which subproblem is being solved in ENDPNT.

If MFLAG = 0, then F(DD) = 0.




(13)

(14)

(15)

If MFLAG = 1, then F(DD) contains the value of the functional
specified by (MPD, JJ).

If MFLAG = 2, then F(DD) = X(JJ).

If MFLAG = 3, then F(DD) = (ACC(2,:), X? - BT (the normal
hyperplane to ACC(2,-), if F(DD) = 0).

SUBROUTINE DERIV: computes the exact jacobian of the function

calculated in f. The form of the jacobian is as follows

PI(MU) XX (NU) PI(MU) XX (MU)
D1 DIAG(PI(MU))*F1 DIAG(F1*XX(NU) + El)l 0
B = &
D2 l -DIAG(F2*(PI(MU) + E2) DIAG (XX (NU))*F2 [ 0

The last row of H contains the gradient of the last functional
of F as described above.
SUBROUTINE DSENT (ALPHA, PNORM): Implements descent on the norm
of f 1in Newton's method as described above. ALPHA is cut in

K*1y) ¢ pnorM = I£(xX)I or until ALPHA < 107°.

half until HIf(x
SUBROUTINE DECOMP (NN, A, UL): (Borrowed from Forsythe [3].

The reader should look there for a complete description.)
Implements a Gaussian elimination scheme with partial pivoting

to produce a LU decomposition of the matrix A. A few statements
were added to this subroutine so that KDET would change sign

every time a row interchange was performed. KDET will eventually

be the sign of det A (see Elken [1977a], sec. III.2).
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(16) SUBROUTINE SOLVE (NN, UL, B, X): 1is also borrowed from Forsythe
[3] with the additions of statements which change the sign of
KDET every time UL(I, I) < 0. SOLVE uses backsubstitution

to solve the system L*U*X = B. L and U are a lower and
upper triangular matrix which are stored in the square matrix
UL.

At the end of SOLVE, KDET is equal to sgn(det A). «
{17) SUBROUTINE SING(IWHY): 1is also borrowed from [3]. It is called
from DECOMP and SOLVE to print messages concerning the sin-
gularity of A depending on the parameter IWHY.

(18) SUBROUTINE DEBUG(MODE): prints information which may be useful
in debugging the program when changes are made. The information

which is printed depends upon the value of MODE.

MODE = 1: Prints the time left in this job step by calling the
system subroutine LEFTIA(TIME) where TIME 1is a
RFEAL*4 variable. When running this program in WATFIV
or on a system other than SLAC, this portion of code
should be removed.

MODE = 2: The arrays BA, Gl, BB, and G2 will be printed by
rows.

MODE = 3: The index sets defining the primal basis, JH and
KINBAS will be printed.

MODE = 4: Information about the location and value of the first
IH primal and dual variables will be given (KNU, KMU,

NVH, MUH, (XX(1), PI(I), I =1, ..., IH)).
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MODE = 5: The coefficients of the bilinear constraints will be
printed: BFl, BF2, D1, D2, El, E2, F1l, and F2.

MODE = 6: A variety of variables will be printed out which are
of use in debugging ENDPNT: PD, KMU, KNU, INEQ, MUH,

NUH, JH, DIGMA, PI and XX.

The remaining 1815 lines of BCA contain the subroutines which

comprise LPM1. The reader is referred to [4], (5], and (6] for docu-

mentation relating to them.

I1.4. Sample Problems

The sample input and output are given below for two small pro-
; ) blems. The computational results for these problems are given in [2]
Chapter V.

For the reader to learn how to formulate an equilibrium problem
so that it can be input and solved by BCA, (or HRA) it is necessary
to read Sections II.2 and II.3 of [2]. We will discuss the definitions
of D, b and C of (1) for a small problem here.

The problem devised by Mas Colell (Wilson [7] is concerned
with three consumers and two goods. By using the theory of Section
II.2 of Elken [2] we see that solving the equilibrium problem devised

by Mas Colell is equivalent to solving (1) with




F-l 0 0 0 ] r--0.9 W
0 -1 0 0 -0.95
D = 0 0 -1 [ 28 b= |-3.92 s
«5 X, +25 1 3.0
[ 1. AL .20 1.J 1 3.0 ]
and
F-0.9 0 0 :
0 -0.95 0
c=10 0 =3.92 .
1 j 1
{ X, 3 55 ¥ |

Notice that the sum of the columns of C is b. This will
always be the case. We are almost ready to type the data cards for
BCA, but we have to add a row to D to represent the objective row
and assign names to the rows and columns. Below is our choice of

names.

ACT1 ACT2 ACT3 MEXP

uTiLl -1
UTIL2 -1
UTIL3 -1
~ Goonl .5 % .25 e
GOOD2 i .5 .20
0BJ
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We only enter the nonzero values to emphasize the fact that
only the nonzero elements of D and b need be entered.

In the sample input below (Figure 1) we specify that we want

three consumers (YR = 30 .
two goods (L=2),
no production (IPROD = 0) ,

and a

C matrix input check (ICECHO 1}

Notice that we specify the Ith column of C by reading the Ith ele-
ment from b and placing it in the corresponding position of C(-,I),
and we read in the 4th and 5th elements from the card following

'-1 4 L AL

Sample Output

The output for the solution of the Mas-Colell problem by BCA
is on the following pages. The current form of the program is rather
verbose -- an option should be put in to print only the final solution
if that is all that the user wants to see.

The first page of output shows the values of all parameters,
gives the problem name and the output concerning the solution of the
auxilliary linear program. Messages concerning time can be ignored

in this printout because no timing routine was being called.
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: 0.5  MRS-COLELL
- 1. &PRRM1 IH=3,L=2,IPROD=0,ICECHE=1, ZEND
, 2. SPRRAM 10B.=-€, SEND
b z, HRME RS- COL
- q. ROKS
:. L UTILY
6. L UTIL2
7, L UTIL3
3. L GOOCT
3. L GoOD2
1. NGB
. COLURNS
12. RETH UTILY -1.0 GGOE! 0.5
13. AETI 0002 1.0
1. RET2 UTILZ 1.0 BCOD! 1.9
5. RET2 B0GE2 0.5
16. ACTI UTIL3 1.0 00O ¢.25
16.5 ACT3 0602 0.20
17, ME WP GOOC 1.0 GOOE2 1.0
13, MEXP 0B 1.0
12, RHS
20. ENCONK UTILY 0.9 UTILZ -0.88
2. ENDOK UTIL3 -3.92 »
22, ENDCH B0GC 3.0 G002 3.0 ;
21, ENDRTR i
E il
250 =1 4 3
1. £e
0 2 90
= e
. B
5% %
e | Y -

Figure 1
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The following pages give information concerning the behavior
of the bilinear complementarity algorithm, and finally, the solution.
As a measure of the work done by the algorithm, the number of calls
to subroutine ENDPNT, the number of scalar function evaluations, and
the number of IX X IH jacobian evaluations are printed. The solution

is printed in a common format for linear programs:

JH(I) The names of the primal variables which may be non-zero
in the equilibrium solution

VALUE gives the value of these variables. The value of MEXP
should always be near zero in an equilibrium.

ROW NAMES is self-explanatory

PI(L) gives the value of the dual multiplier associated with
that row. These PI's associated with commodity balance
rows are the usual "equilibrium prices."

RHS gives the value of the original RHS vector (b).




CXTULVA 40 SNWNTI0D WwanidNELs

*238 0493001 FON S1 13437 3InIl 341
e+ occcaccece i~ g0 GCCC2029°D - reo
00000000 °E 0*¢ 2a00Y 0090323£9°*2 dx 3n
ccuLoooL e 00cuulULC L 10009 spo0cci12ec*0 2aouo
¢00000ce*t - oococese*u €714n cuddd025°c €10V
coccolseC - gcecocecocy e 1N 003000¢€5°*0 Z12V
00000006°0C~ 00C0000CS*V 111N 00000006°2 110V
SHd (1)1d SAnVN MOd 4NV A (1)Hr
T0O-SVYNW
S1 S gocCoLeceo v 1aou9o cQuuS S666651 %0~ v L8] 1
el v ggecccecc 1~ < 10009 cQuoe cC00C122°*0 1 1 1
Wi3ION v 13N ra U9 4NN AN0OD3A NIDHA ANTIWA dd ANIN SNHilvAS ANND L]
91~352.4E3°0 = X NI ~40833 S3Allv3dd
Svi3 v ZNCON 9v10 440 & :STvi01L
Svi3 1 ZNON € N
SYL3 E ZNON 6 3 ]
INN8 MC1I39 SH0LD3A &
uot®* =1¥870. dANNd 2A38v Se0L1D3A £
SISV3 NI SNANTUD IvENIONELS ¢
=5\ SISVS NI ZNGN 91
SOI1S11vi1S LI¥3ANI
=AVALIN® CSe *23S 000000°1 MON ST 1437 3WIL 341
CJOIS*0 = ALISNZ2C
SAIN3N3T3 OB3Z-NON 21
SNANIDD TvHNLIDONNLS ©
SAO» 9
SOILISI1IVIS mW3TH0HEd
=7
2CHD L1 °1
A3D-SV EERIial.T-]
anN33
8C-38000CVO01"* =vQ0d1z°*0C =@NIN* T I-3€p00(CCOT" =vi312
*IC=-4991000¢
LZ*S0~-35200666666" =d8U1LZ2 *66666 =Wia140E =OYJAN] * Ut =HD11*3 =fgnl1°*1 0
=HSuD41 "
B4l *S =dNIA*boEbL =mIdINCGEE =TIVNOUN®* 1 =1930N*0 =9 Wl *Jule =XV W3N
*oeoe
=XVINEN® 00000C00® 1~ =4TVISZ*E€0-3S000GCCC1L* =4S0D217*S0-3%€£000CCOL" =AdI0LZ2*E C-35000. 001" =327W017
WYUYES
1 £ v J4D DI *HICOMISI
GN3%
001 =3NITLT O =31L03»*0
=00v¥ai ‘<
b =HI*1 =0HO 401 0000 0000000000000% " =Cud1s* 000000000000000C*0OT =XANdL5*0
=TMHAND LIS U-ULbE0HLOHK66E6H6HL6606E° SADTMILCEC-QTICOO00L00I00G0OCO00TL " =081 *50-0300C000X0C 32098 J01" =241
InNAVa3

R S——

s o




00022C¢*0- COQJD00°*N =d QCCOOCL* D S((X)JINSUN
S6S1Z2°0 £eCevIto =X z NOl1lvdz11

S92000°0~ $92000°0 =4 2s0100" =((X)3)ANaUN
69512°0 Byviv3°*C =X 2 NDILvaiLl

VE€EL9L0°0- $ELYL0°0 =34 615801°0 =0(X) 3INGON
£68622°0 BE485°0 =X 1 NOTlva3dd

E09GZH*0 £L2220°0 =3 11292%°* 0 (X)) SIWHON
€Ss21°0- <ESEEOB*O =X 0 NOllvH311l

P LL90* 0=~ 40 3NTIVA vV HIT%

g3umnNN - 0 3dAl 51 INIVHISNID 3M81Sv 43N] 150W IHL

CAINIVOLISNID ONDYM 341 03>»D01d L “H1

LrdONYC

0*0 0*®0 =4 0°*0 =((X)3)naON
c093c°*°0 58128 °0 =X 2 NOT1vd311

CCOOIT*0~ uBZHED* O =4 8RHEL®D S(UX)3IWaON
00932°*0 9vies L =X 0 NOlivddll

(S e ):33AL INIVHILISNID 6SS2¥%0E€°0 =HLION31d31S

0°0 ILICHL BV
73S515%¢L°0 CUUYSEY *0~
ey +{Nnx)ev
$SI SAdND 3H1 O1 NIOTLIVAIXOZBddV oGVINTT AN3JYND 3IHL
WD INJUN3 HUE dH1

*DdH3Z 1V 53571d3¥2NS 1354008 | ¢ MIN 3V JA¥3IHL
*0832Z2 LIH AINIVHLISNDD HV3NITNIE 3HI

¢SNOILvH311 NIO1Im3N O u314dv

0°*0 =4 0*0 =(EX)4)n0N
915vL*0 =X € NOIlvy3il
{02 >L ):3dAl LINIVHLSNDD 9SISvYZ*0 =H1ON31d31S
0CJ0235°0 (Vo R AR PR R dn |
€y +(N=x)y
tSI 3ANSND 3HL J1 NJ3ILVAIXOBddY «v3NIT AN3I28ND 35HL
SO INJUN3 HLZ 3H1
20339 :17023A T11Nn INID3A

*0a3Z 21 LN3¥ 31V ISVA valad HLS 3IHL
¢SNOILVE3L] NILI%3N O &u3lav

S*v =4 L =S(IX)3IWaDN
00cwy *C =X 0 NGTIvedll
(v L | )$3dAl AINIVHLENDD 0o002vv*0 =H19N37d31S
0% 0 CJQL0dJ"¢
£y +(N«)2v
ISI 3AHND ML 2L NILLYWIXOHGEY MYINITT AN3INNND 3Hi
STAWD LNJUNS HLI EIRS |
0o°*0 0°*0 0*0
2300°1 CCo0*1 [T PRVECRZD {
0000°1 C000°*1 onco 1
9026°¢ ~ c* 0 S
ek - 00S5°*D~ c*e
o°u C*e CLO0L°* 0~
€ 40207 uHL 1 SNaANTIC)

D B N N B )
-“-NMEOOMNDOO NS
OCCAOOO0ONO mtom ot o
e e I e R

..
co
on

35

. 2
O A

-

D s R RSN s i A

R T

LR 306 AR - bt

AN

T SO

P R

O LTS ST

Lo G ¢

P

s




(
OOOOOOOO
VOCCo0CC
GoUCU0cCcH*E -
ocCo0CsSée*C -~
CIC0C0C6°0~
SHY

(oReRofie RoRVIVASE B 80 £200C0C0°0 rH0
Ol ows6L92°0 <C00Y £cl00J00C°* 0~ dX 3w
ceusieedL . 16009 IpC52449°D 1140
$S5<cC99e £14n LT1HoYIES* Y €40V
Sv5cC99u*( clilin 69P00LPST°1 cl1ov
SE7LEEES 13110n I20SELLG ) 110V
1)l SH4WVYN MOH ANTIVA (1)Hr

MW O-SVN

tvysge*C 3<0993°C SLbred® o :S3214d

csbHv92cc v SooLvSI®} v0GEL LS T c5I3A3T ALITNIAN
#2938 000000°1 MIN ST 1337 3nWiIl1l 3HL

/4 =SNIJI11VvNIVAI NVIGOoOVr
LE =STIVD NIILIDNNG 3VIVOS tSviLINd

*WN1d8ITINI3 3AVH4 3M *STVD INGGON3 & 8314V

*083Z AY S3ISNIIHNNS L390N3 € * MDN 3V JU3HL
*0U32Z2 LIH. AINIVHISNID ¥VINITIIGE 341

‘SNDI1LgE311 NDIW3N 2 31 dv

c0C000°0- OUDOOC*O 0000000~ =3 050a¢C >°*C =((X)3IIWHDON
0690 °*0 0L P02 O LEEEI O =X 2 NOITIVy311
9¢€ TGOV C~ Hs1¥LUO0D®0 g8020C0°*) =4 691CCC* 0 ={AX) 3INSON
10202°0 conozeC YPECEI®O 2 R NOILlvE3l1
LLLSSC* O 9C0u00°*C 110000°*0 =d 6055 3C* 0 =((X)IINHON
868640 °0 89c12°?0 ceB6eEI3*0 =X 0 NOILVH3L11
(93 ¢Q )s3dALl LINIVHISNID 766624 0°C =H19N3 1d31S
0°%0 1500665°0
C8ys3512°0 CI98SEC®O-
IYE 23t C QLELIC0* 0~
19 +(Nx)2vV
:S1 3A3ND 3HL 31 NIILVAIXO3ddv dvaNIT IN3dd3ND 3HL
ST VWD LNGUON3 Hiv 3HL

*J¥3Z 1v SIASNIIYNS 135an8 ¢ ¢ MDON SMV JusHL
*0¥3Z 11H ANIVEISNID H¥aINItiu aH1

*SNOIL1vd31]1 NILIW3N ¢ ¥314V
*23S COODOD™ Y M3N S1 1431 3N 2H1
L526EC* 0 S961658°0 SE02932°0 =vaaavl
C*0 CAEER EASRY BUYsLG9* UL = 1
0 0 1 =(1)inn
0 1 & =(I)HNN
1 =NAMX 1 SANX 204N1 O 1Sved3dns

36

ONDOO~NMENENLOO=AMEDONTOO=AMININDOO=NMETDONTLCO=MEIDONITOO
=t NNAUNNNANNNNMMMMMMMAMMMEddd?eddddaNHONDOOVNOOLCOOOOLCOCN

- ot - - . " -t - vt o ot o ot Wt d ot v ol - A o o g T - Tt ot ot o o o ot o - - -

£ TR AR =




Sampic Problem: Whisman

Next we give a sample input and output for a problem formulated
by Al Whisman (Wilson [1976]). The problem involves four traders and
three goods. Each trader Is concerned with two to four activities.

To describe the problem we give only the D, b, and C matrices of

problem (1):

5
Srfieg
=}
P =
Bood ok
A .
7 SRR
b
B, FekBi
s 48
- 32
2 1
2 3
%) 3




Again, only the non-zero elements of the matrices are given.
The input follows. The first card, again, is just a header;
it is not to be included in the input stream.

The sample output for the Whisman problem also follows, page

k 40.
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WHISMAN
LFARMY IH=M L=3,I°RCD=0,ICECHC=t, LENDC
LPRRAM ICBU=-8, LENC
b o MNAME KHISMARN
- 1uy, RCMS
1% L
~ 136,
102,

a8,

s e

LTIl
UTILZ2
LEIES
UTILY
GRCCH
O e
GCCL3T
CBY
COLUMNS

C1RC1 HT R -1.0 GOGL1
C1 GC002 2.0 GCCC3
ce BriLd =t GoCoD
ce
1

—

e

—

=i e rerrg

y e

Goore 2.0 GCCh3a
-0 EH H |

.....
R

1

BTILE

el s’ el ool il il i il

.
T
=

sooea . GCCE3

DD T T LN L ) [ = IS
.

TAD ot wod ot i ke s e it e KD

R el LTI RV R 3 SV N (P

t2n. C2Rca UTIL2 el GOCC! .
) 5 C2RCE2 soee2 . GLOC3 .
L. C3ACH LTIL3 = a0CL2 .0
r23. C3RC2 UTILZ =il GoCC! .
=4I C3AC2 ECooCe .

25. CIRCS BTILES =i sgoces 3.
26. C3RC3 GOCLE -

i C3IRCY LTILS =l Geeot 3.

=8, C3RCH SCCC3
29. CYRC1 Ry
S0, CHRC LooCz

iR R Y [ <R (N RSO (A SRSORN 7Y IS
.

GOCLY

—
-

e e o Ve ke ok
L}
xl
ot
o

3Y. EHRCZ LY A GCCLH o

32, MEXF SCCR1 . GooL2 1

33, MEXP SCCe3 . CBJ 1

Toaic RRS

1A . ENCCK BTILA -0.48 R =i 32

136, ENCCM UTILE =5 UTILY =25

a7, ENCCW SCCLt T sCep2 1.8
! g ENCCK SOCC3 oh :
1 ;o2 ENCRTR

o 0 n 1 0

i 9 = 5 7

TH2. 247 s B

Ly 2T

144, 0 z 0

& = = z

i - 1) 2 i

147,

148, 0 3

i =i} S s

150, te e o

s

} 52 0 Y

1S3, = 3 7

51 7 . 1 {4

155 1
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II.5. Source Listing for BCA

The following pages are a listing of the program BCA as it
is written in FORTRAN IV. The subroutines which make up LPM1

(Tomlin [1975]) are omitted.




IMPLICITY REAL#®Y (A-HC-7)

INTFCER N PDL PN ¢SSekRZFLAGIRS P4 CD N1 4BLL 4BL.2
INTECERY2 JH( TG0 ), DICMALCE2) ¥ INRPAS(1302),1NBAS(1302) .
INTFEGER*L TSTYPI 3l Al € ol A IF PUNGSLC(20)41C(300)

DUUBLE PRECISION F(R2CC)

RE AL A(GCID) oCLENY ) s CMINJCUND oERMAX o SUMINF

CUMMEN NDSUNGDPELD LY 4DEDP (350 ) e X( 2S0) o Y{AEN)eYTEMP(

1A¢S eCMINJCUNDFPNMAXe SUNINT ICNAM(L13)2¢2) o NAME )

PANTEMPL? ) ok INP o I Y INGJTINVMGITINV W JTIAV MATAT (0 3Je IROWP S IVINGIVIUT,
JITONT S INVAT QoI TULINGIFFL 24 JCOLEaNRUW oNCILoNELIMGNETAJNLELFMJNLETA,
ANGELEM o NINE o NUEL FM o NUETAGNNEGDUGNL INFSG ISTYRE (IS0 )
SLAC1302),LiT(2002).PUN(B)

OIPUNCoNDECTIsNDUAL JNIP T iIFEAS, IFCRSH

o

CIMMON

CUMNEN

CUMAMU N/

CJMMPNI 1 )

CLUMNMONZ 1

CuUMMON/AL n\( Cct v . { )

COMMON/Z (ANCX ] { C
S
=

-

=OLCUNONISWN=CCINDUL L~

PN e ™ s e e P s e et

JeColCHhl
oF2(412
D) (40
1)

+E2(19

(Ss19)

«EA(3S )

YaMU(T

CUMMCAN/ZINL XS/ Jt

COAMONZ SC ALY PY.h‘.JJonLAG-)( D eMPN G INEQeKFUNJK JAC

CH4VCNI IN/Z THIN M UD o kMU s KRNU FLZ2eMOL 4 NM, IND, IND
JAMONZINTZ [O5 (").VDPT.kthY-!S!M

CU4M(N/ FLERZ TOLEFZ+TOLRDTCLCVsSTFMXeSTPRD

NIMENSI N VE(1)) +SHR(10

NAMEI!QI/HANM!/1LkFI.TPLQU¢IOLCV.ICNTHL'l‘CHOo

ISTPMXsSTEWD [CFOCHO oI oL o IPRCD ¢KAUTE, ITLIME

NCA ¢ A CCCE wrHICH INPLEMENTS THE RILINCAR CONPLEMENTARITY
ALGUSTTHE FOF SOLVIN, ECCNCMIC EQUILTHPIUM PRORLEMS,

AUT GRS THCMAS 24 ELKFEN
SYSTFMS CPTYINMIZATION LABQORATORY
(1t QAT TUNS RESEARCH DEPARTMENT
STANFURD UNIVERSITY

FOR A D' SCFIPTICN OF THE ALCORITHM AND DOCUMENTATION OF
THIS PROGRANM €7y SGL TECHNICAL REPDRTS 77-26 AND 77- .

C
C
C
G
G
C
P
C
L
C
C
€

0L o=

TOLCV=

TOLFZ=

STRMX=

STPRD=

ITLIVE=

ICNTRL= !

fECHC s °

KOUTH=

1CECHC =

KFUN= C

KJAC= €

IPRCNH= 1

READ (SPAfLN])

WRITF (¢ ¢PARM])

ARTITE (5 ¢9) 1ECHCsIHs ICECHED
G OEORNMAT () x4 IFLHO ol ICECKFCY314)

ot e i
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e e e

1= ¢fen13u) 19,05.40
CALL INSUT(LACT)

IF (IACT) -30.-2C, 20

IF (IECHO.EQ.X) GU TC 29

MUB= Nk(w
WRITE (fHel1)

FORMAT (/777740 STRUCTURAL COLUMNS OF MATRIX.®)

L3 MUE+ ]
Mitiz= LE® 146
K= 9
DO 2 Jy= L .MU
IF (JeCT«NCOLY GC TD 26
Kz K¢ 1)
CAL' UNOACK(J)
07O 2«4 1= 1eNERGW
Clllek¥= ¥(]1)
CONT INUE
CONTINU:
WRITE (f +27) LB3eivUit
FORMAY (////7/7¢" COLUNMNS * 4,14, THRUOGH *.14)
DL 23 1:1«NRCW
WRITE (¢ o2¥) (G1(led)ed=19K)
FORMAT (I1Xs15F8¢2 )
COUNTINU
IF (MUB L Te NCOL) GO TC 22
CALL NCrM2L
CALL UNrAVLI())
GG TOQ ¢
STOP

CALL INPLT(LIACT)
CALL NEruUG(1)
CALL NOFMaAL

CALL UN=AVLI(C)

CALL 0&#UG(1)
CALL SHIFTR(344)
KFEND= ©

KiNDSV= C

THL= Tke L

M= NKCw

N NCCL - NeOw
NM= N+ M

Li= W=
MMl = M= ]
ITSIANV= 1

[F (IPRUNEQLN) €0 TC 42
REAC (5617 10) (SERC(T)oI=1slF)

ICCuU=0
I15AV= §
LEC¢ )= 1§
D) €8 K= lelH
K21 K+ 1
PEAD(CKINPG131)) ISERe LLe KK
IF (ISFR«Nel) GO TO S0
IF (ISHH Oe=1) GU TC 42
IF L «+FQ«0) GC TQ %1%
IF (KK«NEeV) GC TC 47
1COU= TCCU+ |
1ICCICCU) = L

46

ed e el aed

e
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128, C(ICOU)= E(LL)
109, GC YC 45
110, a7 CH 48 = Lty &K
11l 10Uz fCous 4
112 [Icqrcnu) = 1
113. criccuy> adl)
114. 48 CON1 INU
115, GO 10 45
L15 . 42 IF (KRK«NTed) CC TC a4
117, ICCcu= ICDUs 1
118, IcCIcouy= LL
1 19 REAL (S,1C03C) €liccu)
E 120 . GLh 10 4%
f 121 . a4 P ISAV= ICLU+ 1
i 122 §+ NC 44 1= LLIKK
4 123 Tcous 1CONY 3
3 L% o ICLICOUY= 1}
125 4n ! CCNT INUE
126 e PFACC=+103)) (C(J)eJd=1SAV,ICOU)
127, GC VL 4%
L2t 50 IF (KK.NE«))} GO TO S3
129 iCru= [COU+ 1
130, Ict1coul= LL
131 CLICOY )= SHR(K) =E (L)
132, S0 10 45
133, 53 0BG YE TR Ll KK
134, fCCuUs= 1COL+ 3
4 135 CLICLUYT SHRIKI=P(T)
3 136 1€ icauy= ¢
1 137, 59 CCNTY INUF
; 13%. GE TU 4%
139, 54 LCIKPY)= 1COU+]
140, &E CONTINLY
141 . EFE (TCECHFOJEOQLC) GE TE &S
142, MUk = 0
1 1473, WRETE (L <€)
4 144 o 61 FURNMAT(/ /7774 STRUCTURAL COLUMKS 0OF MATRIXe®)
145 62 Lit= MUE+]
L4t e MUEI= LB+ [H - 1
147, K= )
148 . DO &5 J= LPMUB
142, IF (Js3TF JNCALY) GC F¢ W&
1950 K= v+ 1
151 CALL UPAKC(J)
157 CO ¢4 = 1o NKROW
e Gl(lek)= Y(I)
154 A4 CCNT INUE
155« 65 CUONTINUL
150 AE WRITE (% 467) Lt g MUK
157 67 FURMAT (/7777 % COLUMNS *,Ja4,* THRUOGH *,14)
158 . D5 74 1= 1 NROW
s 157 WRITE (He721) (Gl (1sJd)sd=1slK)
169 73 FUKNMAT (1X,120F1C 44
E 161, 74 CONTINUF
162 6% DO 70 I= 1M
; 163 . IR= UHC(1)
3 L6564, xX(IR)= x(1)
1 1565 PI(1)= YTEMP(T)
164 dA(I)= X(I)
157 70 CONTINUI
47
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MP1= M4+ ]

DO 100 J= NP1 4NM

IF (KINHAS(J)eNFE s 0) GC 10 90
D5UM=

LL=

KK =

A9

[R=

DE =

DPRCEC= DIIXYTEMP( IR)
DSUM= DTUM + CPRCD
CONTINUL

Prey)=s DSUWV

Gi) YO 123

PLlJ)= "

CONTINGS

K= 9

-

TBENNNNNNNNN
-
.

-
=

NM
) «€£Qe 0) CU YO 105

1
SCI
0

TEXINDIU DLIN=OIINOUISWN

CITGNA(
H3(K ) =
IDliAS( 1) =
XXC LYY= ).
110 CONTINUT
THIS 5 THi BIL INEAR FHASE OF THF ALGODRITiIM, VARIAALES XX(1)eeses
XX(M) ARE THF SLACKSe ANN PI(1)esecesPI(N) ARE THE USUAL PI'S,
XKXCME 1) go e o XX(MEN) ARE THE X®Sy PIIMET ) yoee eI (MEN) AT THE
DUAL SLACKS o MORE INITIALIZATIONS.

B e e et B e Bt bt e bt e e Bt B P g et

eI RTPXX L

T+C) GQ TO #2%
e 1.004040)

N

1l «e=14C0«CsC)

-

L SR R Y )

y

CALL BLCUNS
ZFLAG= 9

GO TC 440
NTENMPCL) = NTEMP( 1)+ JTINV
CALL INVERT
CALL RECALC
ITSINV= D
KEND= KEND
ITSINV=

T (KeEND
WRITF
FORNMAT (/

AMNANANNAN
B R S e




223
’{;‘(.' .
23Ce
231
232
2355
~ 34
230
A23C e
£37 »
38 ¢
237
240 o
241
AH2 .
245
244 .
245,
€46,
247
240
2479 o
2590
251
252 .
253 e
254 o
255
256
257
258 o
259
"60.
261 «
)_(.’?.
263 .
254 o
2N e
266
67
2ol e
265
/70.
271 .
277 .
T3
208 &
75
276 «
27T
778
279
2H0 e
731 e
2827
37
2HG
5
2HE
237

ANnAO

-

Ca Tl i)

1afs® THE 414,%TF ENDFNT CALLZT)
CALL SRUPNTLJSPCLoISoNET)
IF ( (RiNLLYIR3 JREe KEND ) GO TO a&8
CALL OEr uG(a)
CALL DENUGLL)
468 WRITE (5+47J3) NEY
ATC VFORMAT (1X¢* AFTER 9,[3:* N WTON [TERAT LONS, *)
IF (PO1.CC1 sARCe IS«FO«NNM) GO TO 922
IF (PD1) 300¢30£ +21C
399 WRITE £9«395% 15
305 FORMAT (1Xxe* TH Yol 30°TH CUAL VARTIABLE WENY TO ZERIJe®)

GL TO 4
396 WRITE (

fie3C7) DD
SO07 FURMAT (/ZelXe® THE BSILINFAR CONSTRAINT HIT ZERQe® e/
127 THERE ARE KOW 4"+ 13¢° PUDGET SURPLUSES AT ISROe")
IF (B0 «EC€« IH) G TO %20
DH=s CD+¢ 1
GO T a7
3TY WRITE £&6+31%) 15
315 FURMAY (1Xxe" THE *413¢'TH PRIMAL. VARTIARLE WFNT TU Z2FRQe.')
480 I (PDi«tCe=~1) GC TE &30
IF (1S +£Gs DDOY €L ¥a 490

A PRINAL VARIABLE MWENT TC (ZER

NIUNSBASICe ANE THE 1
LARGEST CLFMENT [N

POH= -1
483 IRMNWP= ¥ INFAS(IS)
CALL FINDE(ls1ISed

THAT VAR[ABLF MUsT GO T
BLE 1S NETERMINED RY FINDING THE

(e
NCOMING VARTA
FLAYE RQOwW CF Gt .

THE AFFROFR

( CL

F)
[NNAM1= 1CANAMCJUCOLP.1)
29

INNAM2
TUNANMI TENAM( IS
IONAMZ= TCNAM(TS,
WRITE(C485) TNN

4135 FORMAT(1IX,* VECI
CALL PIVCT (JCOLP
JCuL

)

LN T

A

N

.
CALL UNFACK( F
CALL FTrAN(IL

CALL wkETA
CALL BSOCNCLJCOLP

CALL BLCLN

JS= 1S
g $1ITS
GO TE ast
499 1nS= DC
DD= DD =1
J3= CD
I (DDsFCe) STOF
PO= 0
I (KINBATCILS) .«
CAL L GURFER(2¢D«0
GU) TO 40
523 CALL SUPHRE(2+20C

GO TO &% ¢

A DULAL VARTIASLE
BASTI 5¢ AND Tk LEAV

5 e ARG iy s Ak b S A Y e e S A S AT ETIRE G

TCNAME JCOL P

1
)
M1e INNANVD G IONAMIL . TONAM2
P YezA4,! VECQUT { * «2A4)
53

~

153

INV oGt.e INVFRGC) GC TQ 459
L -

NEs @) GE FD 599
s 1 IDC)
v~ L3 DS)

WERT TC ZEEO. THAT VARIAAQLE MUST ENTER THE
ING VALTAFPLE MUSY {F DETERMINED B8Y FINDING

49

ol e D B T T e T

L SRR




288 . C THE LARGEST FIVOT FLEMENT IN THE INDBAS(IS)-ROW IF G2,
289 . < :
290, €20 PD= 1 !
291 IF (I15+.£Q.0D) GO TR £30 :
292 §23JCOEP= 1S .
293, CALL FINDFE(=141S4P) .
294 , IRCWE= KINAS(P) E
295 o INNAML = [CNAM(IS.1) :
29 . TAINAM2 = TCNAM(IS 42) : B
297« IUNAME= [CNAM(P, 1) ¢ 1
298, IONAM2= [CNAM(F, 2) :
299, WRTTE (£ 4485) INNAML o IANAM2 , TONAML 4 ICNAM2 3
300 e CALL PIVOT(JCOLP 4P) T |
301 CALL UNPACK( JCOLF) t
302+ CALL FI17AN(1) ) :i
3034 CALL &affTA ]
304 . CALL HSCNC(JCCLP oP) I j
305 CALL SUPERP({(Os1eFe—=14F) 1
3060 CALL PLCLNS 3
3€ 7e Js= 15 A
58 IF (ITSINV.GEINVFRQ) GU TC 45) 1
109 G TC 450D ,1
310 530 PD= ) ;
31 . 1DS= DL :
312 D= £O— 1 :
3§34 Js= bb ?
IEA 4 IF (DDWEC«O) STOF ,
315 IF (ICPAS(IDS) «NEe 0) GC 'TC S40 1
SLE, CALL SUPEFR(2:NsGCe=-1,ICS %
31 7 o GU TO 463 i
$19, = :
319 540 CALL SUPFRE(2+J+Ce1sICH) :
500 GU YO &24 i '
321 e G 4
322 C }
323 20 WHRITE (6,4,630) KFND
394 s % FORMAT(//+* AFTEFRY 414 +f ENCFNT CALLSe W5 HAVE EQUIL I1SRIUMG)
325 KJAC= KJIAC/ § TH%xTE) !
26 o WIRETE (He320) KFUNJKJAD
32T o 329 FORMAT(/,* TUTALS: SCALARP FUNCTION CALLS='+13+¢/¢11Xs*JACORTAN FVA
198 e ILLATIOAS=' 1B 4/) g
329, CALL DE=UC(1)
330 DG 635 = 1«1IH
331 935 VvSlI)= -a(I)+ xx(I)
3732 4 ARITE (£+542) (VE(T1)s1=141IH)
333 e WRTITE (54,545) (PI(I)Ysl= 1e IH )
334, FHC FORMAT { 1Xs* LUTILITY LEVELSY Ys&6F1SeT)
135, G945 FURMAT (1X,9 PRICFS: ¢ 4GF1246€)
356 D) 950 [ = 14NRCW
$37 e IN= JHET)
$3A X(I1)= XXCLIV)
339 o Yiii= L1}
$4C G50 CANTINUL
361 . CALL UNSAVLID)
dJ42, STOP
3405 . 1010 FORMAT (1€14)
S446 ., 1030 FURNVAT (10F7«4 )
345 . END
346 SUSRCUTING BLCONS !
387 C
11
)
50
!




— s et GRS R e

34K e
S49
300
351
192
353 «
394 .
455 e
2960
357
358,
3539 e
360 e
361 e
362 o
ot 3e
364 .
3495
350
a7
do¥ .
309.
‘78.
371 «
372
alle
$T4 o
TS e
376 e
ITT e
374 e
379
380 e
5351 e
IHE o
333 .
354 .
335
386 .
37 e
338 e
IH9 .
390 «
391 e
392
393
$34 .
29%
396 o
397
333 e
399 e
4G0 .
401 .
@C2e
403
“ )4 .
40
3% .
407

OO ONN

FOi

50

60

WE ARE GNING T CALCULATE THE DD FOWS OF COLFFICIENTS
THF BIL INEAR EQUATICANS AND THF RILINFAR INFOUALITY,.
THE BASIC MATHEMATICAL STREUCTURE IS THFE "OLLOWING:
BFlL 4+ O1#PT(MU)= DIAGIFPTI (MUY )a(F1eX(NU) ¢« FL1) = O
BF2 ¢ DZxPI{MU Y= DTAGIXINUI)S(F22PTI(MU) ¢ E2) = O
IMPLICITY FEAL%3 (A-H.0-2)
INTEGEFR FL ePD1 e L2 45S kb ¢ ZFLAGIRSe P4 CCeNDl 4NBLLIWBL2
INTIECER & = JH(-EJ\'DIQNA(C‘")-KIJMAS(13).).'1HA (13)’)
INTECERED sTYPFE oLAGLE s 1A [E+PUNLIEC(20),1CTRCI)
NOUBLE ~REC :. IC™ Fecedd
R AL A u«"\; +C{EOD )y CMINJCONDsERMAX ¢ SUMINF
CCMMEN DSUNGDPROG«DY sCESONMasP{(359) s X( 2S0)+sY(350) e YTEMP(3ISC),
FA ot sCMINLCEND 3SR MAX o SUMINF « ICNAM{130242) NAMI (20),
AINTENMPLL D) s KINFE ST i'.N.JYH"-ITH\V-JTI'\V-MSTAr.IOGJ.l‘-ONP.lV!N'IVlUY-
SITONT G LEWF RO ITIL IMIFFEZ G JCOLP s NRCW ¢ NCOL o NFELEMJNE TA JNLELEMJNLET A,
u\anL;v..1mv.>~rltu.wufTA.NNran,kLl.r<.!%fYDF(353).

SLAE L202) 5L (2302 ) «PUNLED)
NIPUNCyNIEC T NDUAL SNIPIW, IFEAS, IFCRSH
CCAMUN [ 1CHs TTCHA, [FPIWT « IFNEG.KCUTH

COMMON TA(400J), 1f (800C)

COMMUN 7HLCET/ZBF1(10)YsBF2(1C)eET1(10)1,E2(19)4CelICoLC

CCviME N2 l’l/PI(l"‘.‘)o'<x(13’32)

(A‘Mul NZILCST2701 (12513 )0C2¢5010) oF 14913} 9F2(9613D)
GAMONZLNCENSZGTE (3502100 9G2¢400410),FA(3RS59),B3(479)

CJ-HML."."U\ZXI/ NUF (10 «MUHL10) «NU(L D) oMUY D)

COMMCNZINL X2/ JHJDIGNMAJK INFAS, IDPAS

CUMMONZSC ALY/ “T.b..JJ‘V‘LAG.ODl.p VD GMBD G INK Gy KFUNGKJAC
CUMMINZILINZ TH N M DO sKMUGKNUY4BL L «PL2+sMD]1 gNM 4 INQ,y INP

Kl= O

= D)

Rt t= J

HL2= Q

INO= MUH(LC)

INFP= NUNH(ZD)
1IF (KMU-EGe)d) GUL TO 100

DO- PO K 1 S ML
K= FMUYltx)

IF (K1.4T«IH) GO TC 80O

IDD= KIMITASEKI}

BLi= BLY+ ]

IF (KNU+tCe0) GG 7 45

RO 4% 1 1 X NU

FIIKeI)= GLCIODL 1Y

F1(K)= 5A(100)

CALL UPAKC (K1)

DO 60 1= 1 KMy

NDSUM = 0.0

IE EMUCT Y LEs M} DSuM= Y(MU(TI))

ne - 50 J 1M

1CJd= ICEAS(J)

fF 1104 »EGs €) GO TO SO

PSUM= CSUM+ Y(J)=G2(I0J1)
CONMNTINUG
LUlI(Ks I )= CSUM
CONTINU:
sF1EK)Y= Q.
DO 7C J= 1M
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AannA

NANND

70

30

P1

129

.
N
Ee}

-
[CUROTY

N O p

140

| . B

A
AL

IFCICRASCJIEQ.D ) G2 TC 70

HBF1(K)= HBF1(K)+ Y(I)*RE(ICBAS(J))
CONTINUE

IF (K1l«NELLCD) GO TC BQ

INEG= 1

SLiI= G8LI=1

CONTINUT

NOw THE SeCOCND TYFE CF ECUATION 1S CALCULAT
(K) IS EASIC.

IF (KNU.FGCeQ) P TURN
DD 145 k= 1.KNU

K2= NU((R)
IF(K2eCTallk
I1D0= ICLAS
BL2= BLZ2+
IF - (KMl G EG
NG
F2(
e2(
CAL
1F
(2 I
D2¢

cCC ¥C 145
2)

~e
CTU ~
H DL il mee DT it
X
= B -l o X
TI +4 0 & ra® AN reo b=~
Aom~e C K~

0!

C=u T Um0

~

« M) DZ2(KsI)= Y(MUCTI))

e Lt B . S

S RArarme i) ZTe (4 X
n

NZeJO~2ZZm

) i~

ouJ
O~
~wae ™ e

¢) GO0 106
+

) 5
y(J)xca(tl

=
CRBAS(J)s1)

HCC~T

o
P

) GG TO 143
(J)*ER(IDEAS(J))

Ne C N

RETUKN
ENO

SUBRCUTING ¢ INDP (POl 41S4P)

D BECAUSE

THIS SUBRPGOLTINFE CHUOSFEFS THF VARIABLE TO SECOME IMPLICITLY

SIC AS THE (NZ WIlh THE PIVEY ELENEANT LARGES
SOLUTE VALUE

ITVPLICTIT FEAL %% (A=H,0=27)

INTEGER L 4PND1ePL?2 sSSsFEWZFLAGIRSy FoLDyODL
INTEGER®Z JH( 3ISD)4DIGMA(SS?2) ¢KINBAS(1302),1
CUMMON/ZLNCENS/ZGL (450410) +G2(4004510) +EA(350)
CUMMENZINGXYI/Z NUF(10)sMUF(10)eNUCL10) sMU(10)
COMNEN/TINCX2/ JHGLIGNAGK INOGAS, [ORAS

COMMUNZUIN/ THWN oM eDD e KMU G KNUsBL 1 3L FeMP 1 4N
COMNONZTULERYZ TOLF 2, TCLED+TCLCV4STEYMX4STORD
P= 9

IE (POLvEGCs=1) GE& FQ AC

IDD= KENLAS(LS)

NO 20 I= 1eKANU

52

D

B(L1.RL2
NRAS(1332)
v 2B8(60))

Mo INQe INT




468 IF (PaNELC) GU TC 10
4h%9 o BIG= CAES(GLIIDC.1)) E |
4 aT0 P= NU(ID) i
471 . GD YO 23 i
472 12 COMEs DASS(GILLICC«1) )
473 IF (COMDGLELBLIG)Y CO TO 20
474 . BEG= CCMP
475 P= ANU(T1)
a4lo. 20 CUNTINU!
«774 IF (RIGt. T TOLFZ) P= O
479 PF TURN
473 Z: InDE ICHaASCTIS)
40 DO 49 J= 1 s KNMU
81 . IF (PuhE «0) GB TC 25
432 . B3IG= DANS(G2(IDD ) )
483 . P= MU(J)
434, 35 COMFE= DARS(Gz(IDLCJ))
WS, IF (COMR A F.BIG)Y GO TO &)
GHE . BLG= C(M§
48T, P= Mu(lJ)
459 40 CAONTINU!
“RQ . EE (BIGLYSYOLFZ) Ps O
490 QE TURN
491 . END i
4924 SUBRCUTINE PIVAOT (5S.FF) '
4% 5. (& g
434 . (@ THIS FOUTINE PERFCRMS A DIVOT ON THE PRIMAL. SUPER- H
495 e C  BASIC COLUMNE L[F PN EQsle DUAL IF PDFQa=1¢ THE BIVOY i
96 . C RBRINGS CCLJMN SS INTO THF FASIS AND COLUMN R OUYT OF THE i
447 & BAST Se
49 C
: 49 o IMPLICIT HFAL®8 (A-H,0-7)
s 500« INTECER PO PN PL? ¢3S eRR ¢ZFLAGeRSe D4 TNeDD1 ¢ 1,8L2 :
2G1 . INTEGEP =2 JHC 350 )DIGNA(SES2) «KINFAS(1302),IDPAS(1302) £
307 « INTEGER® 2 [STYPE oLALEs TAS IF «PUMLC(20),1C(8CT) ;
503. DIOURLF ORECISION  E(8CLO) :
504 o QF AL A(GO00 )4 CLENYI I CMINLZCOND 4 FEMAX ¢ SUMINF :
P R C
506 CUMMCN DSUNGDPRDDOY +sCE«CP o (353) e XU IS0) s Y(359)42ZB(350)
507 LAGE qCMIMN G COND qE R NAXy SUMINF o ICNAM( 1 20242) e NAME(20) &
508, AINTENP (27 ) oKINP oI TIMeJTIMGITINVeIJTIAVeMSTAT 41030 IRDWP S IVINLSIVOUT,
SU9. STTONT INVFRQ 2 ITRLUINMZIFFF 24 JCOLP ¢ NROW ¢NCOLJNELEM NETAZNLELEM NLFTA,
21C ANGELENM N INFoNUEL EMoNUFTA JNNIGDJIoNL INFSISTYPFEF(350)
>l le SLAC1.202) oLEC2C02 ) sPUNCE) o
912 e AIPUNCoNDLEFC T NDUAL «NIRPIWe IFEASGIFCREH :
513 COMNEN TTOHGITCHALZIFPINT s TFREGXKOUTAH 4
S14a . COMNCN TA(40CD), TE(RG00)
515« CCMMIN/LPL/ZPI(13C2)+xx(1302)
310 CUMMONZLNCONS /G (3504 1C) e562(400,4192) +FA(350),B8(4720)
17 COMMENZIANLXTZ NUF(10) «NUH(10),NUC10) 4MU(10)
318, COMUONZINEX2/ JHWDIGMA K INBAS, IDEAS
519 COAMONYZ 3IN/Z THeN MDD oKMU GKRNU G BL 1o TL2eMD 1 ¢ NM, TNOy IND
520« ERS= 1E,%%(~13)
H21 RE= KINIAS(RR) :
g : 522 ¢ IE (SS «GT» TH) €O TR & :
: 52 3. IF (NUKH(SS).NE«O) GC TC 20 :
e & CALL UNVACK(SS) 5
2% CALL FTRANC(1) ]
D2 e 2D (RAY=z =1./7Y(RE)
827 (13 (065 %~ 1M
-
3
-
|« E
33

—

v

| 1




R T

ANARN

19
2J

4,

S0

b o

an
82

S

129

IF (LoeNF.RE) ZF(1)= Y(I)%ZB(RB)
CONTINU
60 TG 3¢
JS= NUK(S
LBCRA)= )
D0 2% s
IF (IeN! ol
CONTINUF

IF (KNU.F.CeC) G TC €85

DO 29 J= 1+KNU

IF (NU(J)«EQsSS) GC TO S0

<3
«/G1(RB4JS)

1M

) ZBUT)= =ClUTeUS)RZI(RIX)

Ve GliF<eJd)

Gl1(RBs+J)= Co

D) 4C 1= 1M

GLCTad)= CI(TsU)4 VEZE(T])
Gl{“Bel)= =G1IRPR J)

CUNTINUL
V= Al )
BA(WR)= 2.

D0 €0 = 1M
da(1)= HA(I)+ V*7R(1)
BA(RU) = =-EA(RR)

wE ATY NOWw PIVCTING CN THE DUAL SYSTEM,
NOT AN IMELICIYT [ASIC=-YYRPF PIVOT. WE CALL
CALCULATE ThE PIVOT COLUNMN,

[FL= N
RH= [CRAS(ES)

IF (RR +GY¥« W) CC TC 7C

IF (MUL(RR)NEQJ) GO TC 23

IPL= ¢

CALL SUM'EFRE(19=1eRR404C)

JS= KMU

Gu YO g2

JS= MUK (RR)

ZO(RB)I= 16/G2(RAB 4JS)

Dfy &% = I+

IF (TeNFoRE) ZA(1)= ~G2( 1eJS)I%Z(RR)
CONTINUY

IF (KMUECO)-GO TO 11¢

DO 110 J= 1.KMU

IF (MULJ)EQ«rRR) GO TO 110

V= G2(RitsdJ)
G2{RB«JY= O

~

J)+ v=2ZE(1)
] )

*Z8(1)

£ TURN
NDeNe=1¢RF)

g%
CALL SU"E KA
“E TURN

eND

s4

LF TH1S
SUPERR




SUBFRQUTINY URPAKC(T])
IMPLICTY LEFAL %8 (A-MHe.0=~2)
INTECERY e JHE3S0 e DIGNA(OE2 ) ¢KINBGAG(13202) INBAS(1302)
INTEGER®Z [STYPE JLAGLE o JALIF JPUNLLC(20),1C(80D)
NDOURLE FRECISION E(83¢C0)
HETAL ACGLGO) +C L5 V0 ) s CMINGCOND 4ERMAX o SUMINF
€
CCMMON OSUNGDPRRCD 3 DY eCEWLF o (350) e X(3250) Y (352)YTEMP(350C),
LAGE oCMIT o CCNDsFRINAXY SUMINF o ICNAM(13024+2) e NAMI (20) »
ONTENP(D2T) s[NP T TING UTIMy ITINMVoITIAVMSTAT, [C3Je IROWP,ITVINSIVIUT,
BITOCNT o TNV n Qo ITRLIMGLIFFE Z o JCOLP W NROW o NCUL W NELEMGNETA JNLI LFMeNLETA,
GNGELEM ¢ NINF o NUVL FMaNUFTAJNNECDJISNLINES«ISTYNE ( 152)
SLAL L302) «LE(2002)sPUN(E)
HEIPUNC o NDFG T NDUAL SNTP T, IFEAS, TFCRSH
COMMON TTCH,ITCHAJIFPIWT L IFANEGKOQUTPR
CUMMLN TACACD0). 11 (3000)
COMMCN/ZHLCST/Z8F 1 (12) oRF2CLI)EL1(J0)sE2(1J) +ColCoLC
C 3
DO 100 I= 1.NROW §
Y41)= O
100 CONTINUT
€
Ll CC€EtTIL)
Kk= LCCTIE=1} -
DO 200 = LL KK
IR= ECULI}
Yiiul= €AY
279 CONTINU:
€
QETURN
ENO
C
€ THE FULLOWING KCUTINE MAKES THE CHANGTS IN THF INDEX
C SETS NECECSARY FVERY TIMF A RASIS CHANGE IS MADF .
¢
SUBRCLTINE BICNC(SP)
INTEGE =2 JH(IS5D ) eDICNA(SS2) sKINFAG(1302)e INRAS(1322)
CUAMUNZ INDCXZ/Z JHLDIGMA K INRAS, TOFPAS
INTL GER CSe3LAVIR,FSAY
KRS AV= KINFAS (@)
JH((KSAV)= S
KINBAS(M)= O
KINAAS(S)= REAV
GSAV= IDPAS(S)
DIGVA(SCAV)= R
IDBAS(S)= O
1DBAS(H)= SLAV
RETURN
END
C THIS SURKCUTINE CAN CC THREE THINGS DETERMINED 8Y THE
(4 OARAMETER 'rEYY, IT CAN AN A CGLUMN, REMOVE A TIOLUMN, IR
C dUTH ANC AL L EMOVE CCLUMNS FTOM THE PRIMAL OR DUAL SUPFR-
C FASIC CCLUMNS ¢ DERFADRING CN WEEFTHER KEY IS 14 29 OR Oy RESP-
C ECTIVFEILY 201 15 1 IR =1 CEPENDING ON WHETHER A DRIMAL OW
( OUAL CULUMN 1€ AREINC ADDED. P2 IS A SIMILAR FILAG FOR THt
C CuULUMM BEING PEMLVEC. IS AND JS INDICATF THE OAQTYICULAR
C CrLUMN T0 EOADLED (R REMIVED FROM THE CROUP fF CCLUMNS
G SPECIFTED 9Y PDY ANC PO&E.
(
SUIRGUYINFE SUPEFRE(KLYsFN1s1S+PN2,4,J8%)




048, IMPLICIT WEAL*B (A-H.0-2)
069 INTFCE e FL M) 1ePC2¢SSenReZFLAGIRSsP4I'DeDNY o831 1 ,8L2
6h0 . INTECU1ED JH( 350 ) e NIGVNA(GED ) K INMTAS(1202),IDPAS(1302)
651 e INTFGER =7 1ISTYPE sLAJLEJTAWIE ¢2UNLLC(20),1IC(R0D)
052 . DOUPLE MRECISICN  £(2CCC)
653 PEAL ALGCGD) oC(FUQ) yCMINGCOND ¢CIMAX ¢ SUMINF
24 o L o
6055 COMMIN DSUNMGIPRD DY 3 CF o DP o P (350 ) o X(350) s Y (35S ) e YTEMP(2I50),
ot e LAGE sCMI NS CUMNDGFNVAX s SUMINF s ICNAM( 1 1’):-2).NAMF(?O).
957 ENTEMP (- 0)) oK INP oI TIMGJTIMGITINVOITINV MSTAT I03J¢IROWP 4 IVINGIVAUTY ¢
658, TITCNT o 1PVHEQe ITRLIMGIFFEZe JCOLP oNRNW GNCOL o NF LEMGNETA JNLFL TMNLETA,
659 . ANGTLEM o W INF o NUELEM o NUE TA NNFGDJ o NLINES ISTYOF (359 ) 1
660 . WLACTA07) oLEC2002 Ve PUNCE) [
atle CIPUNC O ANNECT NDUAL NTPTW IFBRAS,IFCRSH "
6He . CCMAIN ITCHRGITCHAGIFPIWTJIFAFGeKOUTH
(ST Y COMNMIN TA(4200) s I-(8BQCC) =
660G CCAVIN/ZLP1/PT(1302)eXX(1202)
Hos e COAMONZINCUNS 751 (390410) eG2(400,610)41:A(35)).21(a)0)
60H e COMMCNZINGXT/Z NUK(L0) o MUECLIC)NU(19) ¢MU(1D) -
aHT e COAMINZINUXZ/Z JH JDIGNVA JKINEAS,, INDAAS
6uSe CUMMUNZ O INZ THeNeM DD ¢ KMU G KNU o BL L L 2eMP 1 o NM o INQ o IND -
0653 e {(PS= 1é.o2%(~-123)
o7 IF (KEYEQs1) GO T SO
arle. IF (P2.GT+3) GO YO 28
6©7? . KM= KMU
a6lle KMU= KVi)=- 1
i 674 IF (JS «GTe IH) GG TO 4
0?7 MH= MUH(JZ)
0?70 e MUH(JS )= 9
677 IF (MHLGeKM) GN TG 6
074, DO & [ = MPFKMY
&/l e M= MU(TI+1)
HHD . MJ(I)= M
ol e MUH(IV)Y= NUR(IM)=- 1
632 e DU 5 J= 1N
033, G2¢CJel )= 2(Jdel+1)
Ol . S CUNTINUS
0AaG, £ MU(KM)= 9
' Lo 4 DU 7 Jd= 1N
617 6 7 G2(JeKM) =2 Q60
O . IF (KEY.EU+2) RE TURN
Oy G TG SN
} 69, 2) KN= KNU
I 6091, KNU= KN= 1
B9 . iF £J8 +0Ts IHY GO YQ 28
R NH= NUK(J%)
hG 4 . NUHI(JS) =
695 IF (NH.! Q«KN) GO TC 26
oI o DO 285 [+ ANH.KNU
097, IN= NU(T+1)
B9 e NULT)= UN
699, NUHIJUN) = NUH(IJUN) = 1
700 o 25 J 1M
701 o GllJel )= CICIsTIH 1D
7)7 25 CUNTINU!
70 1 o 2¢ NU(KEN)= C
70% 28 DO 30 = 1M
70% o 30 GLI(IsKN)= 0,40
706 IF (KEY.FEGe2) FFTURN
707 C
56
S Lt s TS o AL O
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[' 232 ¢
73-).
34
735
73
e3 T
758 o
(39 .
740 o
741 .
752 o
743
144,
745,
7oy,
747 .
F473,
4,
752«
51 .
TS2 s
7534
/564 o
75% e
796
57,
FOR .
75% 6
,()0.
761 .
702
%53
Toa .
765 o
7565 o
7657

[ala)

~Ann

AN

S lalalalale

oo

0J

70

73

EE

30

20

-

3]
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=~C1EINV(!
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NOW WE ACEC THT SUPFRFASIC VARTAGSLS SPECIFIED BY PD1.1S.

IF CPD LT 0} GO T€ 78
KN= KNU

KNU= KRhu+ 1

IF LIS.oT<fM) GO TD) T%
NU(KANUY= 15

NUH(IS )= KANU

CALL UNACKITIS)

CALL FY-AN(Y)

PR . HC [T 1M
GlllsKNU)Y= -¥Y{1)
RETURN

NOW Wh ARE HRINGING A& CUAL SUPERSASIC COLUMN IN.

KMU= ¥Mis |
IF (ESsGT 1Y SO 73
MU(kNMU )= IS
MUH(IS) - KMU
IF CISeLFeN) GQ TC 110

THE ENTrh ING VARTAOBLE IS A ZETA, THE ENTER ING COLUMN
A RCw CF INV(R) ANC A FCW Of INVIB)*0.

I1DD= KINSAS(IS)
DD 79 Iz Y«M
YOil)l= Qo
YL IEE)= 1.
CALL BTITAN
CALL SRIFTR{Z2a2)
DA #) 1= 1M
{DELS (1) «EQ«?) GG TC 82
G2CIDBA(1)eKNU) = Xx(1)
INU

CONTINUF

G2 (ILBALJ) kMUY= DOT
COUNTING

QF 1 LRN

NC VAR TAHLF IS A Pl THE ENTERING CNOLUMN
v ) AND PAFRTLY C2+ C1%INVID) %D,

ARY CF THE RASI(S INVARST COMRESPONDING TD
UMNS AND Thf YT=-HASIC RUWS.

OARTL

“w <
——

X=3A

N

1 1M
ASLT)ekENeB) GE TO YW

57




763, G2(IDEAT(1)eKNMU) = X(])

709 140 CONTINUS

770. D0 160 J= MP]1 (NM

271 « IF (ICEAS(J)eFEQen) GC TC 1E0

772« CALL UNDACK(Y)

773, DOY= 0"

(76 DO 159 1= 1M

775 1¥ (ICHAS(])«EQeCY) GO TO 1S0

P7€ o DOT= DCT+ Y(I)xXx (1)

&7 T 150 CONTINUS

778, G2(IDBAL{J)eKMU) = Y(IS)+ NCTY

779, 160 CONT INUS

7B0 . RETURN

THY o END

7H2 SUBKCUTINE RECALC

733 . C

7H4, C THIZ SUFROUTINE Rt CALCULATES THE SUPFRAASIC CCLUMNS

€59 ¢ ¢ USING THE CURRENT BASIS IN CR FORM, IT CAN ALLSC ADD

TG C A VARTAELES AND CCOLUMN TC THF SUPEFRBASICS.

737 C -
78 . IMPLICIT REAL*8 (A=-H.C-2)

789 4 INTEZEF PDGPD14PL230SeRFZFLAGeRS«P4CNeNN1 4L 1 JRL2

79C o INTEGF %2 JH( IS0 )+sCICMA(GUSE2)eKINBAS(1302), I17RAS(1302) v
791 INTEGEP 2 ISTYPE JLASLE  IAJIF PUNLLC(2D),1C(130)) i
7492 DUOUEBLE PRECISIGN £(RJCC) |
773 . PEAL ACGC00) e CLEDD) e CMINLCOND ¢ERMAX ¢ SUMINF i
794 € :
9% e CUMMEN DSUMGDOPROD ¢DY o NE DR ¢2(35)) o XC35D) o Y(3ISI)eYTEMP(35D), 3 :
776 TAGE o CMINGCCNL o ERRNAX g SUMINF ¢« ICNAM( 1 32242) 4NAME (20) ¢

797 « PNTEMRLZ20) oKINP gL TIMGUTIMGITINVGITIAV  MSTAT,IONRJJIRODOWD 4 IVINGIVIWT, }
I8 . BITOCNT  INVEFRQ ITRULUIMGIFFEZ 3 JCOLP yNRUW ¢gNCOIL s NELFEMGNETA dNLELEMJNLETA,

7999, ANGELEN JNINFoNULELFEM oy NUETA JNNEGD Yo NL INF S, ISTYPE (352)

HdJU e SLAL1302) LE(C2002)PUNTL) »

A0l « OIPUNCoNUECToNDUAL JNIP IWe IFEAS, IFCRSH

BO2 . CCMANIN TTCHSITCHALIFPIWT IFNEGKOUTHN

813 s COMMCHN TACA4002)e 1L (H7AC)

8204, COMMON/LPI/PTI(L1302) XX (11302)

23 g COAMUNZUNCUNSZG1(35)410)3G2(820,10)¢EA(257),,FA(400)

80U COMUCN/ZIANDXY/Z NUF(1C) eMUF(IC)eNU(LD)eMU(CLD)

GI7 e COMEONZINDXZ2/Z JH +DIGMAK INBAS, IDBAS

Hite CUAMIN/Z LCALYZ BT g N qJIeMFLAGCDDLsPe M) oeMPD, INFQeKFIINeKJAC

24N0 . COMMUNZDIMZ THaNsMeDD ¢ KMU G KNUSBL T o 1L 2eMP T cNMe INQe INT

H10. EPS= 16Hv®(~13)

Blle I (KNU.EGCeId) GO TAO 26

Hllae DG 28 J= 1 +KNUY

Al e IDD= NUlCJY)

414 . CALL UNDZACK(ICD)

nlSe CALL FT22AN(1)

AlE . PO 2% 1= 1M

57 e 23 GlETed)= = Y€}

eslide 22 CONTINUS

A1, 26 CALL SHIFTIR(1:3)

n2C e CALL FTHRAN(Y)

A2l DO 22 = 1M

372 e 22 AL T2 Y(L)

o Lt 3) IF (“MU.EGeT) GU TC 149

4,4 o DG 139 J=z LikVy

oS e IDD= MUl J)

Al H o [F (I0C+LESH) GO TO 70

427 e «




psd el R e

Hea .
629,
A3).
A31.
ni2e.
H3i3.
n 34,
M35
336,
437
438
H3)
A4 ) .
“al.
442,
n43,
HB44 o
aas .,
nab e
nGT7 .
Aad .
"a9,
H50 o
851 o
a52 e
"3,
854 o
855
456 o
457 o
HoM e
NG
HO )
351 .
nH2 e
HH 3.
Hoh o
B85 e
R6E6 .
67 .
863 .
359 o
H70e
H7) e
sl
B73e
B4,
H75
o7¢ o
ﬂ,r.
BT e
877G o
K20,
HAL .
832,
Lol Y
HH4 .
845 .
edt o
n37 .

ZETA- VARIAGLE IS ENTFR]

AN

KIni-AS(ICD)
IR §= 1M
)

= la

CALL 3TRAN

CALL SHIFTR(3.2)
N0 40 [- 1M

e s - e = g e

NG

{F (ICEAS(1).EN.03) GC TC 47

G2(ICBAS(1)»J)= X(1)
40 CONTINL®E
D3 ) K= MFELNM

I¢ (ICCAS(K)}FQeN) GO YO 60

CALL UMNPACKI(K)

PDOY= Q62

Dy S0 I= I«

IF. (10HAsS())s

DAT= ODCT+ ¥(1 X
S3 CONTINU

G2( ILBAS(K),J)= COT
A0 CONTINUF

GO TO 10

™M
) s LN,
(1) = i

lalala)

70

—

")

~

40

- o X

0 b
JecoCOocziMcmTN

NOVK <
Homtm 4 mrm s o ™ M M O

acC=2
Z~
T -

170

o]
NICC2ToONRTIOP DA~

—D e e O

NPACK(K)
o)

——

1
S EA

OT =300

G2(IBHATU(K) W J)= YOIDC)4+
CONTINUE
CCNTINU~
DU 150 t=
Y(1)= 0.0
I (KINCAS(AM) JNELC) vl
CALL BTRA

CALL SHIFTRL 3+2)

3 160 T= Jew

160 IF (IDBAS(I) eNE

D3 179 i=

1M

— e
v U
[SEo¥ <R

IF (IDFASH
CALL YN AIK())
DUT= Ce

PO 165 1= 1M
IF (108BAa5(1)eENeC) GC TC

Pl= VARIABLF (S ENTERING

FAS(K) .tQeC) GO TC

3) GO %0

€} GG TEC S0
)

120

<0 TO 11¢C
)

DneyY

KINPAS(NMY Y= 1,

¢) 88¢iDBAS(IY)I= X(1)

17¢

165




83, NOT=s DCY+ XL(T)=Y (1)
B89 . 16 CONTINUL
494, B3 ICBASLJ) )= DOT
391 o 179 CONTINUL
892 , RETUKRN
V3. END
Q4 SURRCUTINE ENOPNT(JUSPCI+IS«NFT)
83D . IMPLICIY REALX8 (A-H.0-27)
LSS RUAL*Y NINJMIN2
8l INTEGER =2 [STYPE qLAJLE+TASsIEPUNLLC(20),IC(H0))
499, INTEGER*2 JH(35))sDIGNA{SS2) KINHAS(13202),INRAS(1392)
099, INTEGTIE PDPDLPC2 oSS skReZFLAG PP «CNWCDY oBL L L2
930, REAL C(3CC)
VOl e COMMON/ZMEWTZ HO1C,11)eX(10)67(10)4ACC(3410)
L s CCAMUN/ZLP1I/P1(13C2 )+ xx(1202)
903, CUMMENZMLCSTZBFR L (1 0) +EFZ2C10)ELCL10)E2(1012C+1CstL.C
w04 . CCMMIN/ZBLECST2/01 (10 910)432(Q01N)eF1(S417)eF2(9:410)
Y0Sa COMMOENZLNCENS 2010 75)610)eG2(800610)FA(35D),'43(42))
V06 . COMMUN/Z TANDXT/Z NUF(10) o NMURTIC)NUTL1C) oMU 1Y)
Y07, COMMUNZ INDX2/ JHSOIGMA KINEAS,IDRAS
YO8 e CUAMIN/ZSCALZ BTo N3 JJoMFLAGDN 1P« D0 ¢MPD 4 INFQKFUNIK JAT
w09 COMMON/ I TM/ THoNg MDD sKMU g KRU S BL L FL2 MO o NV o TNQo INP
910, COMMON/INTZ TIPS Z7)eKDET oKCUNT S ISING
911 . COMMCN/TCLER/ TCLYF 7o TCLEC s TCLCV 4 STEMX 4STORD
912 DIMENSICN U(3)eVLI(1))4VE(LIC)F(10) 4DOCT(A) eRMHS{1C)eUL(10+10)
9l €
SRR (= THIS PRCGHAM WILL F IND THE ENDPOINT NF A CURVFE
F1lS. C DEFINED 8Y A SYSTEM OF DC-1 RILINFAR FGQUATIONS IN DD
Y16 C  UNKNLWNSe CNE ENDPCINT 1S KNCWN, AND THE NTHER END-
917, C PCINT [S D .TiPMINED BY THE FIRST INVFHRSECYION DF THF
91R . « CURVE WITF Cht CUF NM4l INCQUALITY CONSTRAINTS,
11, (= 1HE SYSTEM IS
920 . €
wZla C a3t 14 DX (MuUY= DIAGIXIMUYIX(F IRXINU)+ 11)= o}
Y22 . C BF2 4+ D2xX (MUY= DIAGUX(MU) )I#(Fr2xX{MU)+ F2)= ©
923 €
924 . € WHERE CNE CF THE ASCOVE 1S AN INEQUALITY [F ZFLAGNE .1/
G2, € THE INECUALLITY IS Tkt LAST IN THE GROUP CEFINED AY TNEQ.
w2 C TeC LINEAR INFQUALITIES APt DEFINED w.LCw.
427 &
Y28 . NET= 0O
Y29 FRAC=1,
S3)e € MFLAG=0 WHEN WE ARE SGLVING FOR THE INITIAL 3 POINTS
931 € MFLAG=1 WHEN CANE OF ThE G-CONSTRAINTS IS MINCING.
932 . C MFLAG=2 WHEN OAN~ (OF THE VARIABLE S GOFS TO Z=RC.
9314, (o MELAG=3 WHEN WE USE THE NCKMAL HMYDERDLANS TQO DEFINE THE
934, ¢ SURRPROELEM SKFURT (CF THE HOUNDARY OF THY CELL.
V35 ITER= O
Wi a 13G6CT= €
937 MEFLAG=0
3R, L=1
39, KK= 0
940 o YWi= DD~ 1
Y41 . 10= INQ
Y42 . KMUl= KVU+ L
943, IF (INEG «£Qe 2) I3= INP+ KMU
Ga 4 . IF (FDJfGeC) [D= DD
w45, ICX= 1
WG . [ (KMULTGCe0) GO YO 615
W4T DO €10 1= l+KVU

R PR
s

60




T T

et s weal B B e

M4, 1)

T
A ¢
o

o

.

G4 . 3¢

QU6 e &3 C

(P15 L's BP9 .34
1000« 41

X(I1)= rFiL(vuCl))
IE (KNULEC «O) 68 T0O &2%9
DO 622 1= 1+KNU
KM= KML+ |
X(KM)= Xxx(rtJ(1))
ALPHEA= -1
ITER=E JTTEfR+ 2
IF (DB.T.1) GO ¥NO 6
KET= §
62 TE &Y
IF (KNYLET DD oNRe KMLGEGDDR) GO T £30
CALL DFE2Ly
1SGLT= 56T+ 1
TE (ISCGCT.CT«DD) GO ¥TC 3IDC

00 20 I 10D}
RS )= <HET ¢« LCXY)
CTUNTING:

IF (ICX.EC.DD) GE TC 2S5
D0 =4 J= ICX.DDI
»13 So - e |

DU s 12 Lo D0E
F{lsJd)= H{1eJP1)
CONTINU!
IE 1R21.6T4l ) GO ¥O 35
IF (LABSIH(L41)) oGEe TOLCV) GO Ta 26

1

1

ESING= 1

GG o 37

VZi1)= RHS(1)/7H(141)

F (HEl «1)0CE+9Q) GG T 33
KDET= -]

GO TO «é
Kbt Y= 1
GS 10 &40
CALL QCCCVMP(DDLeFaUL )
I¥ (1S ¥RCNEwY) G0 Ta 28
IF tICX «EQOw 13 GG YO 3¢
= TEX=
G PO T
ICx= CO
GO0 TG 7
CALL SCULVELPC1sULWRHSsV2)
L :'ﬁ 1 l'l'()l
= CE- 1§
IF (Im,LT«CX) SO T a4}
IF1= M+ |
vellel)= vaiiv)

CONTINUL
Gu T a1
KDE T= 1
DO €34 [= 1+DD
Vellli=z Del
COUN I INU
YeOIGX= 149
I¥ CITineseTel) GC ¥O 45
SUM= 2.0
IF (PDe*Ge Q) GO TG 120
IF (PD+fGs=1) GO TC 110
JE= KIN3IAS(US)
IF (JIRBNF &) GO TO 194
16 IVECIl e GYeC) QO WY 13

61
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100K, GC T 140

1009, 104 DO 105 1= 1.KNU

1010, 1K= KMU+ 1

1011 . SUM= SUM+ V2(IK)I*C1(JHe])

1ul2e. 10 CONTINUL

1013, IF (SUMLTL0.0) €0 TC 140

lula., GO TG 13% ;
1015, 11d J8= [CEHASUJIS) 3
1016, IF (JB.NE«Q) GO TC 3112

1017, ¥ Iv2{ID)«6¥+0) GO %0 135

1018, GL TO 140

1019, 12 D8 118 [= :KMU

1020 SUMM= SUM+ VZ(I)*C2(JB.1)

) 9 1) 115 CONTINUT

1u22 IF ESUH LT Ce@) GC TC 160

1023 . GO FO 139

1024, <.

1025, C CALCULATY TrE GRADIENT CF TFHE SURFACF, F(DD)= 0.0
lul6e €

1027 . 120 IF (IN'(..FO.‘) GC TO 12€

1u28 . (o FOUDYI= BFLOING)+ CLOUINGe )R I(MU)- PICINGY*
1029 . C (FL1UINCoa)®XX(NL)+ FI1(1I J )V
1u3 ., INO= MUKI(NDD)

o3l « DO 122 1= 1+KMU

1032, 122 1¢CE)k= DICINGST)

1ui3 e no 1)! J= 1 4KNU

1034, JK= J+ KMU

1035, 123 SUM= Su™m+ Fl(INc.J) X (JK)

1036, VIC(ING)= VI(INQ)=- SUNM~ t1(INQ)

1937, PID= X{INC)

1038, DO 124 J= 14KNU)

139, JK= U+ KMU

10490, 124 VI(JK)= = PINxFL(INQ+JI)

1041 . SumM= ¢,7

1342 . DO 12% 1= 1.DD

1043 s SUM= SUM+ VI(I)¥v2(I)

1944 IF (SUMCLTL)) GO TO 149

1045, GIY ¥ 1%

10460 o =

1047, C FLOD)= BFACINGIE D2(KNUy o) 2P T(MU )= X(IPQ)E(F2(INP o) =T (MU)+E2)
10a5, C

1049 4 1246 3= INP4+ XKMU

1650, DO 127 J= 1.KMU

1051 o 127 SuM= SUM+ FZ(INPGJI)I=*X(J)

1052 . PIDs X(1R)

1053, DO 129 J= t.KMU

1956, VI(J)= DZUINDGJ)= PID2F2( INP,J)

1055, 128 CONTINU!

1056, DU 129 J= KMULDD

1057, 129 Vi(J)= 0.0

1SR, VI(I8)= =SUM=E2( INP)

1059 SUM= 0,9

1050 . O 130 I'= 1,00

1961 . 139 3UM= SUM4 VI(I)sv2(Tl)

1062, IF (SUMLT 0} 6U TC 140

10048, 13% IN1T= xh‘1

1064 4 GO TC ac

1065, 140 INIT= ~«DET

lusb . 45 CALL NCaAIM(VZ2,S14CD)

1067 . Si= (KCEYSINITI/Z G

62
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168 6 DO 47 1= 1}
169 . ACC(Z o
1070 . ACE L 31,
1G71 . CONTINLE
1972 WRITE (048RS
1u73e ARPTTE (5 & C(ACC(14J)91=2+3)ed=1:DD)
1074, .
1075, & FINLC THE FIRRS T BOUNCARY THATY THE TANGENT, J(ALPHA)
1lu76 . HITS. wt ARF TRYING TC FIND
1077, THE SMALLTST ALPH+A SUCH TFAT
107 1. ’ GLlsa ) RQCALFHAY ¢ wE(L)Y = 0O
1679
1anCe IFLAG= ©
1031 . IF (KNUJEC") GO TC 249
1942, DO 250 I= 1.:M
1lui3i. IV=. JH (1)
1034 4 IF (IV:.r0«M s00Rs IMJLELIH)} €O YO 250
135S 38 P40 CLLE 24N
1086 o WCEL ) ) B
1047, B .23 3 1+KANUY
L8 o KNML
1089, UL )+ GI(I«K)*ACC(LL oK)
109G o J
1091 . CONT
1052 41 ug3)s
1093, IF (DARS(U LFZ) GO0 TO 2%=0
10 20 ALP
1099 « 1F (ALPHA i 3 GQ 11 2590
W 260 I[F (AL PHA GC TO 244
1697« TLE=
1095, DC 242 K= 1«KMNU
1029, KN= K+ KMNU
1100 TCO= 1CD+ Gl (I K)®ACC(2,
3101 « IF 70D + 6T ~TOLFZ) GO YO 2
. 1F (I[FLAGEQ. 1) 66 TC 243
SELACG = %
Ja= 1
MIN= ALPHA
¥PD = |
GU O 259
[F (ALPHA.GE «MIN) GE Y& 289
JJa= |
MIN= ALPHA
MPC= |
CONTINLE
IF (KMU.tCeJ) GU YG €4C
Df) 259 I= 1eN
IF (DICMACL) M) GC TOQ 259
DD 3

t1A =

KM)
£0

TN WM

NG JP Wm0 L

~

UCLL)I+ G221 +K)EACC(LL +K)

CONT INLT

U= W3 3

IF (ARSK «JOLFZ) GO TO 2SS9

ALP A= g v

IF (ALPHA TELFZ) o T 259

iF TCLReLY CC TO 258
TLE= 959

Wwhee <
® ® 0 ® 9 & 9 0 2 % 0 0 % 0 9 00 0 2 ? 40 o

ocra

1
1
1
1
1
1
1
1
1
!
1
1
i
1
1
1
1
1
1
1
1
1
1
1
i
i
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1
!
1
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i
1
1
1
1
1
1
1
1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
l
1
1
1

e T s B et e s Bt e W e PP s PP s e et P s et S s T e B e gt e ot Pt e

e - -

e s T g g Bt B s E08 g B et s el e e e et

28 ¢ DC 252 K= l14MNU

29 TOU= TOD+ ACC(2.K)*G2(14K)

30 252 COCMNT INUE

31l [F C(TOD +GTe -TOLFZ) GO TO 259

325 258 IF (IFLAG,FQ.1) GO Y0 2%3

33% IFLAG = 1

36 <) 1

315. MLt AL HEA

5t e Mi -1

< o G e 59

38 . 253 IF (ALFHAJGE «MIN) GC TC 259

§ e 3 I

40 o M A ALPHA

0 I LS & |

42 o 39 CUNTIN

44 40 ML AC

G

/‘(,‘. ) T ) I = l"

40 o S8 D (I)= 0.0

a7, 30 1F. %) 14€0:2) GC TO 6CH

48 e ) 32 1= 140D

4 IF (1.GT«KMU) GO TOU S91

5Coe YOU(L)= 00T (1)¢ CLUING,I)Y*ACC(3,1)

31 o RDET(2) NOYT(2)¢ D1ICINGI)RACC(2,1)

>2 ¢ GC 1. 592

23 0 59 Ir - KMU

4 o BCT(Z2)= BOTE3)¢ FILINGsIK)YSACC( 2411)
S DCTLAa)= DUT(4)¢ FI{INCWIKI®ACC(2.1)

56 e 592 CONTINU

7 o Ull)= -ACC(2,INQ)%DIT(4a)

58 U(2)= ~(ACC(2:ING)==]1 (TRC)+ ACC(3+ INCI*¥XONAVT(4))+ DOT(2)
&0, U(3)= NP1 CINQ)+ CCTCL1)= ACC(3, INQ)®(CCT(3)¢ FL(INQ))
6H0 e CALL GUADS(UIMACJALFHA LU TA)
61 e IF (ALPHA LT «TCLCV) ALPHA= BFTA

HZ e GO TO €95
(ST I 600 18- INP+ KMU

O o IF (KMULEC.T) GO T €02

05 DO €32 1= 1.KMU

v6 o ICT LY== OOT{L)¢ C2UINFLIINRACCE(3vI)

T a YCTEZY= DNT(z)+ CZ2(INPWI)®ACC(241)

S DLUT(3)= DOT (1)+ F2UINPGI)®ACC( ts1)

s YOT(4) DUT(4)+ F2UINF 1) 2ACC(2,41)

70 e 692 CAONTINUE

71. 633 U(l)= ~ACC(2,IN)*DOT(4Q)

Fe e U2 )= =(ACC( (2,18 )%E2(INP)+ ACC(3.,INP)XDT(4) )+ DOT(2)
73 Ul3)= PF2LINPI+ CCTCL)~- ACC(3.INP)IS(COT(3)+ F2QUINP))
74 o CALL GUACS (U4 INAC, ALPHRARETA)

e IF (ALPHA LT TOLCV) ALFHA TA

76 5 IF (IMAG.¥Gsl) G TG 26

v IF (BETA «+LT. -TCLCV) GO TG 260

78 IF (ALFHA JLTe =TOLCV) ALPHA= BFETA

79 [F (ALFHA +GTe MIN) GC TC 260

10 o JIyes M+ 1

il e MIN AL PHA

T4 MPD= )

33 C

34 o { NOw CHECK T Skl LE NG - EF THE: VARTABLES 6UFS TO ZFR0
15 . ( BEFORE ANY COF ThE CCNSTRAINTS SeCOME TIAHT o
30 C

37 « P60 MFLAG=




1138 N 280 1=1,,DD
1189, DO 265 1L=2:3
1190 WOLL Y= ACCELL o L)
1191 26 CONTINU
1192« IF (DARS(L(2)Y) «LTe TGLFZ) GO YO 289
1293« ALPHA= -U(3)s7u(?)
1174, IF (ALPHA 0T, MIN 0ORe ALRPRHA LTe TCLFZ) GU TO 28)
1195, Jb =
1196 MFLAG= 2
YESIT o MIN AL DHA
1198 280 CONTINW
1199 4 WRITE (6£+635) MINe MPDy JJ
1220 e 3% FORMAT(* STFRPLENGTH= ®*4F 156" CORSTRAINT TYRPEI( Y3 1392e® 513,939}
1201 « I (MIN JLTe STFNMX) GC TC 285
1202 ¢ MIN= NMIN& STPRD
T s MFL AC= 3
4 1204 o WRLITE (FeE3E) MIN, NMPDe JJ
) 1205, 285 BT= 049
1206 DU 290 1= 1,DD
1207 o XET)l= WINk &% ACC(2s5L) & ACCE3s T
; 1203, BT= &% + XCLIRACC (24 T)
i 12394 299 CONTINUE
i 1210, C
1211 C NEWIGN'S METROD FOR THE PROBLEM OF FINDING THE INTFRSFCTICN
1217 ¢ CF THE CUNMVE WITH THE CCASTRAINY DEFINED 8BY MPD AND JJ.
1721 3% C
! 1214, 295 KK= KK+ 1|
" 1215, IF (KK ,GE o5 STNF
} 121 6. DO 100 K= 1ws}1€
] 1227 « KMl= K= 1
X 1218, IkwCINM= DO
i 12194 [FIMFLAG«GY a1l) TRWOIM= DD
i 122G CAlLlL FTIN(Fq«Xx}
b 1221 ¢ CALL NORM(FE +510IRWDIM)
I 1222, WPLTE (6+454) KMYo(X(T)sI=14CDY)
! 127”3, D4 FOSMAT (¢ ITERATILNRY o T3¢ % X= ¢ 4GF1045)
: 1224, WRITE (6£493€) Sly (F(I)el=1eIRuDIM)
122% IF C(SYJLFTCLEVY GE B 50O
122A, CALL CERIV
1227 NE = NET+ 1
P 12”28 I (BCsGY el ) GO TU £5
F22% e IF (SABSUHULI 1YY LY« TOLOVY GO TO S3
230 Z41¥= FLUZ2MELEe 1)
2Z3 ke GE FC 68
17242, & CALL CECOUMP(IKWDINM+,UL)
1233 If CISINGsFGs0) GC TO 690
17224, S WEITE (£4+94C)
) Bt STi:F
i 1226 6C CALL SCLVELIRWDINMULFZ)
; V£3 T - o5 ALPH: 149
1 1728 CALL ECSENT(21.PHeS1)
j 1737 It CAEPHGY « TOLFZY 3€ YO 70
i 1747 WRITE (F4645)
i 1741l GE TC 800
12742, 7, CC 9SG I= 1+€0
12413, XELY¥=, X(EY= BSEPE % ZETYH
12464 o 95 CCHT TNUE
1245, 130 CONTINU
1240 4 MFLAG=
1747, MIN= MIN/ZZ




D -

1246, IF (MIKh.GY¥TROLBDY GC TC 25%
1249, 6L Y€ _3CQ
1250 B8J0 IF (MFLAG.FQ.3) GC TO S
1251 » CALL CIUNCEK(GMIN JKGMIN M2
1252« IF (KMU.FCeQ) GC TC 146
} 253 ¢ DO 145 1= 1:€kMU
1294, «v= MLCOT)
$25% . PItkm)= x(1])
1256 IF (X(1)GE ¢TNMIN) GC TO 145
1252« GMIN= x(1I)
1°58 . KOGV IN= KM
1259, MP2= <1 T
1267 14¢ CONTINU
1261 14€ IF (KNUL.ECe2) GO 1C 149
1262, DO 14T 1= KMLLDE
1263 « Ik= |- =xMU
17264 o KM= ANLIIK) %
12695 « xX{KM)= x(1)
166 IF (X(1)eGE GVMIN) GC 10 147
1267 « CMIN= X(T1)

. 1768 KGMIN= KM

i 1769 NE2= -
12704 147 CUNTINUE
1271 148 IF (GMIN LT+ =-TCLBDY GG T 2170
1272, FE (MPL JMNEe O €4 TO 182
1273. PNl= 0
1274, RETUN
1275 153 IF (NFLAG.EQ«2) €O TC 150
1276« IFf (MEBD«ECs ~F) €0 TN 151
1277 I8= -Jdptd J)
12793, PROt= 1
12724 RETURN
128C. 191 1S=s CICMALJIS)
1231 . Pol= <1
18532 RETURN
1/2%5 . 180 IF (JJ«GT kMUY GC TO 1852
17284 . 1S5= MU(DI)
1285 POL= -1
1786 PETUFRN
1787 152 JJd= JJ= ¥my
1738, IS= NUCJUJ)
128% . PO1= 1
1290 . RETURN
1291, C
1292 . & IF 1THF CURRENT VALUE CF X VIQLATES THC CCNSTRAINT OFF INFD
1293, C AY KSMIN AND MP2, FINC A GCOD STARTING FOINT FUR NFWTON'S
1234 . C METHAD Y CINCING THFE FPCINT CN THE LINF SEGUENT
1275 C ACC Y se) # ALFHAX({X = ACC(14e)) o 0<= ALPHALC= |
1£29¢ , C THAT SATISE LES THE VIOLATEE CONSTRAINT EXACTLY.
17227, C
1298, 178 JJ= KGMIN
120%, MO = NE
1409, FLAGE ]
13091, L AL I & (A 9172%) MPLWJJeGNMIN
t )2, 174 FUPMAT(/Zs* THIL. QUADKATIC PICKED THE WRONG CONSTEAINTG' </
EA42 s b THE NOST INFEASIUBLE CUNSTYRAINY IS TYPFE ¢ ,12,
1304 . - NUMBE R *efae/ 9" WITH A VALUE OF*F14¢6)
1305, oYy 17l 1z 1sDC
130¢ 4 P Wl | Vit i)z X{1)= ACCL241)
1a07. DO 17 I 1e4
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CSTARTING

SECTIGN CF THE SFGMENT UEF INFD AROVE AND THE CONSTRAINT,
199 IF CINEOQO«EG. GC IO Z60
F\!_} 1!;? [ = l . N
LF (I.uY.KML) GO TC 191
RLreEl )= LUT(I) C1CINQeI)*ACC(3,41)
DoCrC2)= DO 2)+ C1EINGel)Y®=VILT)
[ 1 O i
191 [k [- kMU
DETE3)= DAOT (I} FLEIKCLIKISACCLI1)
DCY (4 )= IT(a)+4 FIOINQ, IK)*VI(TI)
192 CONTENUY
Ut )= -vi€ I )Y*DCY (&)
Ul2)= =(VI(INQ)SET{INGCI+ ACC(3+IN0)«COT(
LVI3)= BFI(INQY+ DDT(1)= ACCL(3I«INQ)®(COT(
CALL CUACS({YsIMAGSTHLEE TA)
IF (STR..LT<TOLCV) STR= BRETA
DO 193 1= 1.EC
193 X{I)= ACC(3,1)+ STRk=vVI(1)
GO TO 29°¢
209 18= INFP+ kMU
IF { KPUFQ,0) GC TO 204
DU 202 1= 1.KMU
DOT(!1)= DOT(1)+ C2(INPl)*ACC(3,1)
DET(2)= DOT(?2)#* D2(INP«l)=VI(T)
DCT{(3)= DOV (3)+ F2UINPLI)*ACC(341)
DCT(a)= DOT(a)+ F2CINPIL)Y=VI(IT)
202 CUNTINUL
204 Ull1)= -VI(IE)Y=XDOT( &)
Ul2)= ~(vVICIBIXEZ(INFI+ ACC(34 INPY*OHICT(A)
J(3)= BF2CINP)+ DOT(1)- ACC(3LINPI®(DAOT(2
CALL QUALS(UWIMACN,STR,&FTA)
IF (STPLT«TALCY] STR= KREYA
N0 203 1= 1.00
2038 XEIYys RCCT3¢1)® STRaVILE)
G TE 2%
300 WRITE (5,%$720)

DC1CTL)= 0.9
IF {MPE.EQ:0) GO TC 190
IF (MPC.EGe~1) GE TU 1FC
D 172 1= 14KNU
IK I+ KMt
DET(1)= DOT( 1)+ CLLJJeI)RACC( 2, 1K)
DOT{2) DOT(2)+ G1(JJ«1)RVL(IK)

CONTINU!

S5IR=s (~-3A(JJ)-DOT(L)I2DOT(2)

Y ATE F= 180

XLTF Y= ACC(3 1) %

G T8 2%

NG 1343 I = 1<KMU
DOT(1Y= LOTCEL)Y+ GZ(JI«T)RACCL3Is1)
DETr(Z)= 00T A2+ G2(JJ» X %VI(I1)

COANT INUL

S3TR= (=CTE(JS4)I=-DOTL 1Y) 20CGT(2)

DO 186 1= 1.D0
XL 3= ACCES SN

6U T 27

STReVI(T)

STrexvi(l)

THE BILINEAR CONSTRAINT IS

BOTNT BY SOLVINE THE

NOT SATISFIED AT X
CUADPATIC DFFINED

4))+
3) % E

-
N2

FIND A GOOD
AY THE [INTER-

00T (2)
L(INQ)Y)

N oD
—~ -t
e
™
T~
-

-




13564, HS0 FURMAT(LIX ¢*THE CULRRENT LINFAR ADERUCXIMAT [ON T THE CcURVY ISt
E 1369, 1e/01X0" A2 (%U)+ A3%)
i 147). 855 FORMAT (1X,2i 1767)
1371« Q3F FURNMAT(IX 2 'NORMIFIX) )= *+F 1CehHo* F= $439%10.6)
1 1372 240 FORIMAT (I X/7%%4% sxALGCRITHM PONHED WITH SINGULAFP JACOHBTAN®® %)
LT Y« G455 FORMAT (L K+ *NU DFSCFNT FOSSIEBLF -=- ALPHA WAS ZEQRQD.Y)
L7 % QHO FORMAT(LX o *NFWTOAN®S NETHCD FAILED TO CONVFRGE L)
1375« STQaF
176 . UND
1477, C QUALS T INCS THE SMALLESTY NCNNEGATIVE ROOT NOF
1378, € U1 )RAL "nA*&2 ¢ L(2)%ALPFA ¢ U(3) = 0« IF THERE
1479, C IS GNE. IF NOTs IMAG IS SET = 1.
1330 L
1 1041 . SUHHROUTINE QUADS(ULTMAG AL FHA,LRIZTA)
; 1332, IMPLICIT FFRAL*R (A-tie0G=7)
# 1483« INTECER NN gD 1 4PD2 oSS Pk ZFLAGP «NDGCDY sRLL,,EL?
1394 . INTEGEE®? J L3S0 )+ DIGNMA(SS2)+KINRAS(1307)4[0RAS(1302)
R 0 B COMMUN/ZTULENRZ TOLEZ2TOLED s TULCV.SETPRM X STPRY)
1356 CCMNUN/ZDINZ THoN oV qUD o KMUSKNUGPL T o fL2eMI] oNMy INQe IND
1 1407, DIMENSION LU 3)
‘ 1488, IMAG= ©
4 LsH9, IF {DABESELIL) Y}« GTle FTOLFEZY GC YO 213
|1 4 1320 e IF (DAFSIU(2))«LYTOLFZ) GO TC B
1321 « ALPHA = ~U(3)zu(z)
12497 BEYT A= At PrHA
1293, RETURN
1454, 8 IMAG= 1
1395, RE TUBN
149G o 1) RT= U(2)*%x2 - 4xL(1)*u(3)
1427 e GREY FCs 0 He
15898 ¢ C
1397 € THE GUAURATIC DCES NCT INTERSECT THIS CONSTRAINT,
1<2J . €
1401, 20 IMAG= 1
1402, 2 TURN
1403, (8
14046, € THERE IS A DOURLE RUCT.
1405 C 1*
1400, 3C ALPHA = U(2)/(U( 1) *24)
14)7., BETA=s Al PHA E
1498, e TURN
1419, (
110, < TwC Rt aL KROCTYTS EYIST.
lallo, €
14lce 4n NDIS= PSUET(RT)
lal 3. ALPHA= (-U(2)-DIS)I/ZC(24%Ul1)Y)
lala,. BETA= (~LEe)+DIS)Z2E2 2001 ))
lalHe IF (ALFAA Jl.5Ee HBHETA) RETURN
lelhe SAVE= AL PHA
1al7, ALRHA rE TA
1a1 3, HET A= SAVF
14196 2. TURN
14700 £ ND
1421 . SURRCUTINE CCNCHFEK(CVMIN JKGMINMP2)
l1422. C
1423, ( THIS SUMKOQUTINE TVALUBRTES THE CONSTEAINT FUNMCT 1OMS i
la. G, C AN FINDS THE SMALL EST VALUE IN GMI NG ZFLAG [S 30TH AN
1’5 9 INPUT AND UL TEULT PAFANATE I, I# ZFLAG+=Cel INIVIALLYy THEN
1426 . i JNLY THEE NINLINTAL (DNSTRAINT IS EVALUATED. PELAG IS SEY
1427, C EQUALL TC © It ANY CCNSTRAINT IS NONPOSTITIVFe OTHERWISE IT
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148 C RFEMALING Zft Q.
la29, C
| 1a i) IMOLICTT KEAL %8 (A-H.O-Z)
| = le ¥l e INTECER FD DL ePE2 658 e o ZFLAG«P oD CD1 L1 o BL2
| a7 INTEGFIRRZ ISTYPF LAJLE «IAIEJPUNSLC(ZI)WIC(RD))
) 1433 ~E AL ACAaCON) qC(END ) s CNMINJCUNDCRMAX o SUMTINT
| lalda INTEGE =2 JH{ 350 ) DICMA(SE2) JKINEFAS(]13)7), [CBAS(13)2)
i la o COMMON/ZNE AT/ HEL1O0411)9X(10)4Z(10)sACC(3,10)
ladha CUMMONZLCST/GF L1 (10)oOF2(10)eE1(10)4F2(19)4CeICsLC
1437 COMNMCNZEL CST2/D1 (104 1CYeD2(Ss10)4F1(Se10)sF2(9:19)
1 sre COMMONRZL O LZ21(13C2) «XX(1302)
y . la 9. CUAA NZLNCENSZGL(3%50010)+6G2(4004192) 4RAC390)R3(GNO)
a6 o CUMNONZINDX2/ JHWCIGNMASKINFAS,,IDPAS
lea) o CUMMUINZ SC ALY BYGNSgJJoMFLAGeND 1 o3 PD o MPDoINE Qo KF UNW JAL
1447 CCMNONZUINZ THeN o MaDC o KNMU S KAUSBL L +AL 2471 o NM,, INQ, IND
leg 1, oMIN= 1)
leasa . ZFLAG: 9
1ad45 DO 20 1- 1M
ladhe 1K= JHIL}
1447« CG= 0.0
1ada 4. 1IF (KhUEGQG.C ) GC TC 18
leuid, DO 19 J= 13KKU
1450 ¢ JRE J+ KNY
1451 GC= GO+ GI(1 eddxX(UK)
1452 . 10 CCNY ITANUL
1453« 15 GG= GG+ RA(1)
1454 o XX(1K)= CG
lene I€ TIK «ECs N} G€ TL 20
last e IF (GOGJGEGMINY GC ¥C 20
1lahnh 7. GMIN= GG
1458 KCMIN= |
1455 MPZ= 1
1460 20 CONTINUI
lat:1l o NY 40 I- 1N
14”2 IK= CICMA(T)
la4b 3 e CG= Ce0
letrb o IF (KMULFQeO)Y GO TC 23S
165 e ) AC J= 1.KMU 3
1406 o GET GG C2(T9Jd)HX(J) :
1467« 30 CUNTINUE 4
lahGre Lf CCG= ¢C+ £BLL)
1669 FIUIK)= GG
1470 IF (GULeGE4GMIN) GO TC 40
1471 » GMIN= CC
1472 KGMIN 1 i
1a7 4. MP2= -1
1474, 4l CONTIANU!Y
1675, IF (FD«FGe0) RETLRN
ta/0 . 45 DAY= Ce
147¢, DOV = Cs
larlé, GG= 060 |
1w /7, IF (INEQ = 2) 504+ 60y &C |
1420, 50 IF (KNLUEQ:0) GO T4 .58 |
1481 . DG S¢ J= 1ykNU {
lal2e JK= J+ KMU |
1653 4 54 NOT= DOT4 FLOING «J)¥X{JK) |
Tara, 55 GG= AFITING)= XCINGI*{DOT+ EI(INGY)
1%, IF (KMU.LCeD) GO TN PO |
j4%5¢. . 0o %7 J- 1 skMU £ |
1487 « HB?7 GG (G+ CIUINQeIIRX(D) |
!
i
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1438, Gt YL B2

1489, 60 KisZ2= KM+ INP

1490 IF (KMUJEQeQ) GOI TO €C

1491 . 00 63 J= 1+KMU

1492 . NDOT= DCTH F2(INP JJ)xx(J)

1493 . 63 N0T1= NOT I+ D2CINPJInX(J)

14944 CS Qb= RFI(INF)+ DOTI~- X(KRZ)*(DOT+ F2(INP)Y)

149% GU TO Rne

1426, 80 [F (GG a3k o« GMIN) S TURN

27, OGMIN= (¢

1494, MpP2= ©

1499, RICTURN

1900, “ND

1901 . (&

1902« 5 SUBRCUT INE FTN FVA UATES THE FUNCTICN F(X)=

1503, (5 CICMUI+ DIEXINMUY + DIATIX(IMU)Y) #(F 1 xX(NU)) >

1504 4 CHINL)+ 28X (ML) + DIACIX(NU))S(FaRX(MU)+ F13) >

EHES e C

1506 SUSKRCUTINE FTIN(F ,Y)

1937 €

1508 € THIS SOUTING PVALUATES THE FUNCTICN wWHICH THE FNDOAOINT

133% « C SUBRUUTINF IS CURRENTLY TPRYING YO FINO A ROGT QOF. IF MFLAG I

1510 C FRFOUALS 1| THEN THE LAST FUNCTICNAL CCHMPRISING F IS ONE If THE

111, { INFQUALITY CONSTRAINTS=~- TH! INEQUALIYY DETERMINED RY TH&

) C PAMAMETERS MPLC AND JJe

I%k3e C

1514 IMPLIC!T KREAL#Z8B (A=-Ho,C=-2Z)

1915 INTEGE . PD PL ¢PL2 eSS eFP 4 ZFLAG 240Dy CL148LL L2

1916 INTIECET =2 ISTYPE ol AqLEsTA TEPUNSLC(20),IC(8BND)

1517, FEAL  ALALC0) yCRUDY s CNMINGCOND JFRVAX 4 SUMINF

19518, INTLCER®Z JH(39) ) DICGNA(GS2) e KINEAS(1322),IDBAS(]1392)

1517, CUAMEN/NEWTZ HEICe11) oXl19)4201))+ACCL361 D)

152Ce. COMNCN AL CET/BF L (1 0) aBF2(10)Y«C1010)+E2(10)3CH» T CLLE

1521 CUAMINZNLCST2/C1(1041C)e02(G010)eF 1(SelD)eF2(2419)

1522 CUMNEN/ZLNCOENS/ZGT (150010) 462(800,10)4FA(357), 2(400)

1522, COAMONZ IROXTZ NUFC 1)) o MUHLE 1C) o NULL D) oMU 1))

1524 COANMUNZSCALZ OT o N1 JJ o NELAGDD1sPeEDyMPD, INFCoKFIUUNGK JAC

1525 CUMPIN/ZDIM/Z THoN oV o JID o KMU s KNU G BL T 2L 2 ¢ MP | ¢ NM o INQ 4 IND

1526 INTEGER CLTeBLJsE2LLCCC

1927, DIMENS ION F(DD) 4 YIPD)

1528« FEDECY= 2.

1529, KFUN= KEUN+ DD

[ 855 i 5 KMi)l= KU+ )

1531, IRO= 9§

1232« IF (KMU.FCed) GC YO 22

1543 PO 28 1= 1 ,KNMU

19244 IF CINEQ.EGe2Y GEC TO =

1935« IF (L.EG.INQ)Y GO TO 1S

1936 5 IR= I~ kO

1037 . BOvs e

1538, IF (KNU.EGQ.,®) GO TO 1€

1539, 0O 10 J= 1¢KNU 9

1540, JEK= Jé KMY

1561 . 10-DOT= DOTE FIUIsJ)RY(JX) |

1542 o 15 FUIR)=2 =Y(I)¥=(DOT¥ EFCIN)+ EFLILL)

1543 IF(KNMULEt Ne0) GU 15 20

1944 DG 18 J= 1 kMU

1545 12 FUIR)= F 1K)+ T1led)2Y(J)

15646 GO 0 20 %

19507, 19 120= 1
¢
i

o U 1
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15%4hn6,
169,
1050
1951
15982
1553
Lo5He
1955
1996
15%7
153 ™4
1559
1560
| TP
1562
196
1544
Lalh
1506
167
1908,
196G &
1570,
1571
172
1273,
1674 4
1575,
1a7hA,
15277,
iaT8,
1579,

BN S NN R YR R A

100
1605,
163U o
16)7.

o
95

129

182

i

CUNY I NU i
I¥ (LZ«FCol) GO TO 7C :
itz INE s KNy
Y 5 ! Ny L LD
Lwer = | ML
IfF (INt o0l ) GC TC 24
iy (1.8341P) G0N 1IN 3%
s f= Ti4
i | +
IFIRMy, S.2) GO 10 3D
i 19 e |.VU\__

I N T4 FOUIMR J)=Y(J)
(1) =¥(1)s(COTAFE2(IMP) )¢ BF2( IME)
i KML i Coe0) GO TC »2
i > LMy
F(IR)= FULIP)+ D2LINBGI)Y( )
¢ T¢C
= )
CUnT Ny
I (¥FLAGGTel) KRFTURN
Ir LMPLIt o2) GE 1C 128
W1~ .
D0Y1: Co
DUT2?2= 0.
1 (INES « 2) 804 300 eg
IF (KNUFGWQ) GO IC »E
Ly AR J 1 s+ NU
JK=E J+ <ML
DOYT= DLT# FLEINDJI)sYiIK)
FLOD)= HFLEINQ)=- YUINC)®(DOT+ EL(INQ))
IF (KMU«EC,2) GG TC 120
P 27 J= TKMU
F(D0) FTL)+ B (INQeJ)*Y(J)
G V. T
IF (KNMUEGeI) GO TE 95
DO 93 J= 1.KMU
T COTr FRUOINP «JYaY(J)
POT1= DYl D2AIN2cIISY( )

IKN= TN+ KMU
F(DU)= AF2(INFI4 DCT1= Y(IKN)®{DCYT+ E2(INP))
[F (MFLAG.LT.1) RETURN

IF (MFLi.EG+D) RE TURN

IF (MFLAG = 2) 12%:41€C+170
(F (MRDLECy =13 €2 TO 1Al

iF tRNUECLD)Y GO TO 128

NG 130 J= 1eKKU

JK= J¥ EMYy |

FIIND)= FICD)+ Gl (JJodIAY(JIK)
FLAC)l= F (0 BA(SI)

RETURN

IF (KMUFQeQ) GO TC 150
DO 145 J= J.KMU

F(PL)= FLEC)+ G2(Jdes)xny(J)

FLOO)= F(CDY+ ERL(JI)

R TURN s
FIDDY= Y(J4J)

RETURN

NOT= Qe

o 189 J= 340D
DCT= CCT+ ACC(2,J0%V(J)




1608, F(DCY= NGT~ AY

1o)9 . RETUAN

1610, e ND

10l 1 o SUHRQUT INED CERIV

16l 2, C

10l 4 ( THIS SUPCULTINE CALCULATFS THE EXACT JACIRIAN OF THF
114, C BILINFAR FUNCTICN CEFINED BY BLCONS. THERF MAY (O MAY
1l 5. ¥ NOT o ANCTREPR FUNCTICNAL AEFENDED WHICH Wi APE ATTEMPT-
1ol he. € ING TC MAKE INDING wITH NEWTON®S METEDD. ALSU)e A COL~-
1017 € UMN MAY oF CMITIFC IF TRF FADPOINT ALCGURITHY FEQUIRES
16t 8, C THE CCRFESEONDING VARTARBLE TC BE FIXfCe

lol%. £

1620, IJDLICH _REAL %A (A-+H,0=-2)

ludl e INTFGER N ¢PD1ePC23SSeRP o ZFLAGeP +ONe DLl «BLL,PL2

16 o lN’CCF""’c’ [STYPF lLAJLE s IAL U oPUNMLL C(20)4IC(3NTY)

1023, PE AL ACGCCO) oCL 30 ) ¢CNMINGCCND ¢ =ZRMAX SUMINF

lolda . INTEGER%2.2 JH( 35N )eDICMA(GS?) JKINEFACS(12C2),1DRAS(]322)
LloldSe. COAMUNZNE WT/Z HO(1Cs11)eX(10)eZ(12)eACC(3,1))

162t o COMNON/ZHL CEST/ZFFL(LIC)sPFO(L10)ELCLI0)+F2(10),Co1C,LC
1027 COMAUONZHLCETZ2/D1 (10010 ) 92 (G+1C)oFL(GelN)eF2(9417)
1675 COANCNZLNCINSZGL (1500 1C) o G2(40C 12 ) FA(3S7)4.313(400)
1329, CUAMUNZTNT X1/ NUF (1)) MUK LIC) s NUCL D) oMU LD)

s iJ e COAMON/ZSC ALY T NEZIIWNTLAGDDI P E0 MDY, INE Qo KFUNWK JAC
10oil . COMMINZDIMZ THeN oM MO ¢ KML o KANU o 1L l't‘L?.MDl.I\M'INU:INU
1632, INYECEKR CCLJYJ
lodue KJAC= KJACH+ DL = 13D
1634, fF (NFLAGWEQeC) KIJIACE KIJAC- DD
1635, D0 10 1= 1:LD
1036 . 00 10 J= 1:0C
1037, 10 H{(TsJd= Co
3%, KAUl=s KU+
Llev s, KNUL= KNU+
1640, nbl= DC-1
1641 o coLJd= )

Inacl,. IF (XMUTFCeD) GO TC S§S

los 3. DO 30 J=1+KMU

1644 . IF (JeFCodJ «ANDe MFLAG.GTel1) 40 TO 4S5
1645, JM= J=CCLJJ

160480 IF (KMU.LGC.0) GC TO 3%

1647, IRC= C

1lovan, ecn C I= 1leKMU

1644, IF (INEQECe2) GC TC 15
1650 It C14EQ4INQ)Y GU TC 28

1651 . ) & 19= I=- fRC

1652 ¢ F(IRWJUM) = DI1C(1ed)

1655 IF (1eNFed) GC YC 36

1654 4 LErE Qe

16955, IF (KANUSECSD) GIf TI. 25
156 B 29 R= 1sKNU

1657 Kt = KMU+ K

1658 6 29 DCT= DCT4+ FlL(lex)EX(Kis)
loh9, 25 HITR s IM) =2 H{IR«J¥)= COT=- EI( 1)
1660 . ch raQ 3-”

1661 o 28 Ise= 1

loou . 39 CONT INLE

1o %, 45 IF (Pl 2EQ«CY GC ¥C SC

1oH4 DD a0 I= KMUL.CH

1lool e INE = 1= KMy

Ihrf . IF (1NEOQsEQs1) GO TO 37
1667, IF LIVMB.FCeINP) G YU 38

72

R 2 e,
Snude




1668, s FC
1669, = C2(IMBJ)~- F2(IMPJ)EX(1T)
1670

InT}) «

1072,

173,

1674, ]

1675, £ CONTINU

le7¢C. S IF (KNU.FCe0O) GO TO 141

1677 Ba e J KNU1 ,0D0

1078, 1B (1 Qe JJ ¢ ANDs MFLAGGCT«1) GC TO 65
1679 M= J=COLJIY

laC JML= J-KMU

161 (KMU.FECed) GO TO 72

1nl2 £

.
.
.
.
1hale
.
.
.
.
.

I 366 e ST
) : G 1C S8
1

1644
jals
1earsty . = N
1637 HTIR, XCI)*r 101y JMU)
16 ¢cL 10

lod e 5 IRC=

1690 0 NTINUE

1671 o 10 7)

19D, JJ= 1

1n43. :
16026 o
16HreH o
1thibe

leva7 e

i
&
1h=

~

onzZooo

—_n0
€

‘2 ln)
SO0
-

-~

L S
| S8

(INEC +EQe 1) TIRC= |

(BL:eZ2Ce0) GO TO 14}

80 1= 1+KNU

M= [+xMU

(IKVMoCF ¢JJeANCoMFLAGCT 1) COLYI= 1
(IKM.,TCedJ «ANDe MFIAGC.CTel) GO TC R
INFhsFCel) GC TO 73

«INP)Y GO TO 7€

IR

"TmAMAL

{
1o
- X
M
e
ML
¥

TR v 759 550

ZXA L
ol

«33 GO TQ 77?
s KMU
H
b

-
T

.

I
1
I
<
(K
NDag 7% kK
H T e KNL
H{IK " NC
Gl) ¥C Bv
IRC= 1|

CONTINUL

(IKJKNC)= F2(14K)xX(K)
([KeKNC)= F2(T1)

IF MFlL AG=1 THE [INEQUALITY SPFCIFIEC BY MPD AND
“TERMINES THE CDT+ RCW CF THF JACOBTAN MATRIX He.

IF (MFLAG.

IF (MPD.FC

GO T8 120

IF (INFa=¢)

Do 1SS 4=
JelGT oK MY

NN N NN NN NN NANNSNSSNSNSN NSNS
N e S SRR ON Sy SRR )
WN=OL INDPNSWLUN=DLINDNE o

N e e
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~
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.
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.
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DO 152 K= l.KNU

KB= KMU+ K

DOT= DOT+ FL1(INOKIFEX(KS)
H(DDsJ) = FLDLsJ) - DCT~- L 1(KNU)
640 IC 17¢

JK= J=KlU

HIDCeJ)= ~FLINQ UK)EX(INQ)
COMNTINUE

G TO 189

KB82= TAD+ KMy

DO 164 J= 1,00

IF (JeaGTe KMU) GC TO 165
HIDE W J) = DelINRP, J)= FR2UINPJIXX(KR2)
GO TE& 154

IF QD™ <KB2) GO ¥E 1E€Ew

NOT= 0«0

IF (KMUGEQ«J) GU YU 1LE€F

DU 167 K= 1 KMU

NDOYT = DUT+ F2(INFsK)®X(K)
H{NDCsJ) = =~COT=-E2(INP)
CONTINU-

Ga YQ 129
IF (MELAGETe1) TETURN
IF (MPLefCe?) RETURN
IF (MFLAG - 2) 1€0+,23C.240
IF (MF+.EQe =1) CO TQ 210
DO 2C0 J= KMUL . C
JM= J- KMLU
HIDCosJ) = CLIJIeJN)
RETURN
DO 220 J= 1.KMU
H{DCeJ Y= (Z2(JJeJ)
<5 TURN
HIDEsJd )= 129
HFTURN
B 259 1= }JwBOD

H(DD,WT)= ACC(2,41)
RETURN
",N,
SUGHUULTING NORMU Y,S1oN)
IMPLICIT RFAL%E(A-K+C=-2)
DIMENSININ Y(1D)

Sl= 5.0
N0 10 1= 1N
8= 819 VYII¥»Y (L)
Si= DSGCPT(E1)
RFTURN
=ND

DSENT 1S A SUBRLUTINE WHICH IMOLFMENTS DESCENT ON
THIT NrfUiM CF THE FUNCTIUN WHFCSE RCCT IS BEING OfF TER-
MINFD Ity NEWTON®*S METHUD.

SUBROUTING DSENTLALEHA (FNTCRM)

IMPLICIT REAL%8 (A=H,C=-2)

INTFEGEE DD o)1 oPPN2 4SSy KE o ZFLAG P DD« CDL «BLL,, BIL2
COAMUNZDIN/Z THeNgM DD o KMU o KNU s UL 1 ¢ PLZ ¢MP 1 3 NM 4 ITNQ o I NP
CUMMON/NEWT/Z {1 Ce11)eX(1U)eZ(13)4sACC(3,10)
DIMENSININ Y(10),F(10)

DO S 1=t.0C
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By
.

e
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I 4
17
17
179
) {7
L/
7
17
17
17
17

1801,
1n8)2
1805
1504
1825 .
1n0ha
1807 «
1808,
1HI9.
1810
1411 «
1412,
181 %,
1ald4.
1alSe.
18146
1317
1ol d.
1419 .
1R20 e
1421 .
1H27
123«
1n2a.
125
1826
1427 «
1828
In29.
183 «
1531 .
1n32.
1es33.
1834,
ladssS e
1836
18327
1nine
1ni9e
134D
134 ] o
1842 o
184 3,
1144
1445,
IRA6G o
1147,

g ol

0N

alal

S Y(I)= X(1)~ ALPFA%2( 1)
CALL FTrEKaY)
CALL NCHNM(F+32.0L)
IF (S24L7TPNUOKRMA) RETURN
ALDKA= ALFHAZC,.
IF (ALPHA CT. «0CO01) GO
RFE TURN
END

T

DECCMF AND SOLVE ARE BCRROWED FROM FARSYTHE ¢S THF

CF LINAER :SYSTEMS CF EQUATICNS: THEY
JINATICN SCHFME WITHE PARTIAL DIVUTING TC PRODUCF A LU
OF THE MATRIX A, *SCILVE' PORFORMS THE PRACK SURSTITIONS
10 SULVE UE % X = B o« KOET FINDS SIGN( DET A e
SUBROUTIRT DECUMFE (NN,ASUL)
INPLICIT REAL¥B(A-HC-2)
CUMMUNZINT 7 IPS(20) 4 K2ET «KOUNT o I SING
DIMENSTIUN A110613),ULILIC.10)eSCALESL10)
N= NN
KDET= 1
INITIALIZL IPS.ULe AND SCALES.
ISING= )
DA S = 1.k
IPS5(1)= 1
RCWNKNZ 0,9
230 2 Jd= TN
WEGE s d¥=0uA 6 Eiash)
[F (RCWINRM=DAES(UL{TWJ))) 142,42
1 COWNRN= CABS(UL(T+3))
2 CONT INUE
[F (KCWNRM) 2,4,23
3 SCALF SC(E)= 1 +/RCWNRM
GN TO %
4 CALL SING(1}
ISING= 1

SCALES(L)=
S CONTINUS

Je

GAUSSIAN FLIMINATICN WITH FARTIAL PIVOTING

N“Ml= N-= 1
PO 7 K- 1NV
FIG= a0
DG 11 I= KeN
[F= IPS(1])
S12F= CAES(UL(IP«K))*SCALES(IP)
I (SIZE=-B1G) 11edl,1
10 BIG= SI1ZE
ICXFIv= I
11 CUNT I NUE
IF (A1G) §13el2913
0§ caiL. SINC(2)
1SING= 1
GG TQ 17
13 IF (ICXPIV=K) 14¢150614%
14 J= IPS(K)
JFS(K)Y= [FSCUICXPLIV)

)€

ToxPiv)= 0
= -KCET
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KF= 1FS(K)
PIVUT = UL(IKS ,K)
KiPl= K+1
DR 1€ 1= KP] oN
1= [PS(])
P ¥z —UL(IP«K)ZFLVOT
Ut (IPeK) = =EM
DU 16 J= KPPl N
ULITFeJ)= UL(INsJ)+ FMRUL(KP,))
CUNT [NU:
CIONTINUE
K= IRS(N)
IE QUL (KPP N)) 19619619
CALL SING{(Z)
ISING= 1
R TUPN
END

SUBRCUTINT SOLVE (AN UL oF 4 X)

IMPLICLY CAL*8(A-Hs0-2)

COMMEN/ZTNTYZ [PS( 20) ¢KMOEY JKCUNTLISING
DIMENSTION UL(10,12),E(10)eX(10)

N= NN
NOL= N+ |
I1P= [FPS(1)
X{1)= E(L1P)
DO 2 I= 2N
IR= 18s{1)
IMl= I-=1
SUM= 2.0
2 SN R
SLV= SUM+ UL(IPJ)*X(J)
X€(I)= e(IP)- Su™
182 IRGIN)
XI{NY= X(N)IZUL(IP oN)
IF(UL (IS sN)eGED)Y CO TC 1C
KDET= =-«DE 7T
1] 4 TBACK = 24N
I= NP1- IkACK
I GCES (N=1)sesesl
IP= 1PS(1)
(9= [+l
SUNM= C40
B 3 J= (BRI
SLVM= SUM4 UL(IFJ)Y%Xx(J)
Clivs ULeIPs1 )
[F{DIV.GF «3) GO TC &
KNET = -kKDET
X(I)= (X(1)=5Um) /D1Vv
~FE TURN
ND

SUTQUTINE T ING( [wkY)

FOUNMAT (I X *MATR T X WITH ZESC ROW IN OECOMPNST 4')
FLRMAT (1 X o 'SINGULAR MATRIX IN DECOMPCSEe ZFR0O DIVIDE

1 CIwryY= 1) 141 62
N2 (FHell)

IN SDLVE"*)

21
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1908« Gu YU 1
1909« S WRITF (uyele)
1910, 10 ETURN
191le ND
1912, [UAROUT INC CENUGIYUDE )
1v13. IMPLICIT REAL®H (A-+,0-2)
1«14, ICAL®A AN
- 191% RTAL®G ) ¥
1 19) 6 e INTFrOER MU ePNL PP sSS1VR ZFLAGeRSsPeCDeDDL s HL T +BL2
: 191 7. INTOGE 2o JHE IS0 )Y DICMA(CEZ) JKINFAS(1302),I0RAS(13927)
‘s 19l INTrGFW=2 ISTYPE oL AJLEs1AQIFPUNLLCE20),1C(8CI)
1409, YU . CISTUN {2Ccu)
2 1620 4 “r Al ALST D)o C(BOI)eCMINMLCUNDERMAX ¢ SUMINF
1wl <
1w, CUMMCN SLUNMLOPROD DY 4NELOP B350 ) e X( IS0 s Y(ISD Ve YTEMR{EGC)
. 1v2 3 JAsL sl MINGCONLU oFRNAX sSUNMINF o ICNAM(130242) +NAME(20),
1924 . \'£N7(f").KlN“.YVII’gJ‘IV.'TYNV.JT”\VGVSTATQIUJJQ'pn"n'!VlN'YV“UTI
w25, ATCNT o IMVERQ G ITOLIMGIFFI 72 s JCCLP o NRCW «NCOL « NFLEMNETAJNLELEMNLITTA,
192€ INGELEM G INF g NUEL EN JNUETA JNNFGNDJoNLINE S ISTYPT (359)
1927, CLACL130LZ) JLE(2CO2)sPUN(Y),
1928 . GIRPUNCeN P CLeNIUAL s NIP IR IFFAS, [FCRSH
1429 CCAMUN TCAJITCHAGIFPIMT L IFAFGKCU T
193N, CLMMCN TA(4CC3)e1E(BOCH)
1931 . C\A\H&‘(V/L"l/ TE1A305)eXx(2322)
1932, COAMUNZILCSTZBF1(10),BF2(10).E101C)ER2(10)+C s1C,HLC
f93le r(J"‘N(.f\/ WLET2/701 (1 0010)eN2(G9410YeF1(GelD)eF2(341))
I wla ., u\dv"./‘“"hslnl("'*.‘.‘.IO).’-?(QC!‘.-IG).FA( 3650 ) E£3(400)
t9otre \dk‘th/K\ X1/ NUHTL1Q)+MUL (1C)eNUCLY) yMU(C10)
19364 COMMUNZ INCX?Z JHWDTGMA K INEAS, IDBAS
tws7. CUOMNCNZWC ALY HT o NP eJdJdeNf L ACSED1 «P o FDogMPD 3 INEQyKFUNGKJAC
19l COAMUNZ T INY/ IFNoeMeUD o XKML ¢ KNUSRL L oL 2 4MP 1 ¢ NV ¢ INQy INP
1439 IF (MODT=2) 10e3C+60
195640, 10 CALL LEFTLIA(TIME)
Ival. wRTIE(E+2C) TIME
19a2,. 23 FORMAT (1%«Y THE TEIME LFEFT IS NOW *,F9: 5+% SEC«*)
ivaé 3. Pt TUYN
1944 , 33 WRETE €nya)
19645, WRITF (r,41) (BA(I)ol= 14oM)
1646, WRITE (€£.49) (BE(I)sI=1sN)
1947z, If (KNUEG.0) GO TO 35
19449 WRITE (6442) ((GLTlsd)sl= 1eM)sd= 14KNU)
1946, 37 IF {(KNUEQ0) RE TURN
1950 WETITE (54a72) ((G2(Ted)el= 1eN)ed= 1,yKMU)
1951, RETURN
¥9S 2 ¢ 4) FURMAT (/Zel1Xse®* LINEAR CCANSTRAINTS.Y)
1953, 42 FUORMAT (IXe® Gl= Y4 7F}2eS)
1454 4 41 FORMAT (1X,' BA= '4,7F12,.5)
1955, 39 FORMAT (1Xe® BH= Y47F]13.5)
195¢% o 43 FORMAT (1X¢*' G2= '47F124%)
1457, 6C TF (MODE - 4) 65¢70+10C
1wsR, & WRITE (v+3C) (K INEAS(I)e1=1eNCCL)
P 19459 ¢ WRITE (v oFfE) (JHTI)el= 1 oNRCW)
; 1960, 80 FORMATY (IX.' KINEAS= *,2014)
{ s 95 FORMAT (1X«' JH= *52014)
q 1967 o HETURN
! - 196 3a 7C WRITE (£ +71) KNUKNU
17904 WHITE (8s182) (NUMTITYeI=10TR)
1965 WHRITE (ne151) (MULE(T)el=1,41F)
| 1vbh e WRETE (ws7a) (XX(LYski=1slH)
197, WRITE (Ae728) (PICtTI)el=1011)
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1968,
1969 6
1970,
1971 .
1972 .
1772,
1974,
1975 .
1976
T e
1978,
1979,
1980,
1981 .
1942 ,
1923,
1984 o
1935
1986,
1987
19838,
19139,
1990 .
1971 .
199 o
1993,
1994
1995,
1946 o
1937,
L9998,
19499,
2000
ELVIVE
2002
2003«
2004 .
2005 .
2006k,
2O07.
2004 .
2009
2010
2011

71
74
D

100
101

108

N

Pt ot gt B e ot P
SRNPRNR IO
BN AP UWRN=O

-
(9,00 3
=0

——
ne
ne

FORMAT (
FURMAT (
FORMAT (
RETURN
IF (MQCH
WRITE (-
IF (KMU.
wWrRITF (¢
ARITE (~
WRITE (5
IF (KNU.
WRITE (&
I (KNU.
WRITFE (+
wRITE (o
IF (KMU,
WR1ITE (A
WRITE (»
RETURN
FUORMAT (
FORMAT |
FORMAT (
FORMAT (
FURMAT (
FORNMATY
FORMAT (
FORMAT (
FORMAT (
WRITE ¢
(
(
(
(
(

FORMAT (
FORMAT (
RFTURN
=ND

SUPFREASIC KMU= *4113)
S0 yGF126¢€)

1
LAMBLCA = GF 12 4€)

LAY INFI.? KNU=°®,]3,.°
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III. The HRA (Homotopy Retraction Algorithm) Code for Solving Equilibrium

Problems

III.1. Revisions to the Original Code

The homotopy retraction algorithm is described in detail in
Chapter IV of the report [2]. However, since the completion of that work
the author has changed the HRA code to improve the domain of convergence
of the code with respect to the user supplied initial utility levels.
With these changes the code successfully finds equilibrium points for
problems and starting points which resulted in failure for the previous
version of the HRA. Also, solution times have been as fast, or faster,
than before. This version of the code has not been tested on a sufficient
number of test problems but the advantages over the old code seem to be
so great that we should describe the code in its present form.

By Lemma II.2.4, solving the equilibrium problem is equivalent

to solving for
3 - I8 i
wE o, A T EB), pyoa, €t 2 (1€ a), p)
which satisfies

fw) = 0, wED, (5)
where

Tu = A W) (£ (@) + v))
f(w) =

(W)W - Am(w)(tm(w) + vm)

79




(m(w) refers to the first m components of w, etc., and

DE{wlyi i—ti-vi 1€m
? Bi Zi + pe + s = ? wi
1=l i=1
et - vt t=0, 1€m
T.e = p =k
mTs =0
& 2t =0 ’ i€m
w >0 }

The original homotopy which is used to define a path to the

solution of (1.2) is
0
F(w, 8) = 0f(w) - (1 - 8)(A(w) = 1)
where Xo is determined by the solution to the auxilliary linear program

(2). As part of the modification to HRA we changed the deformation above

to

80




FOw, 0) = BEG) - ¢ - O)(ee) < &) .

Here t(w) refers to the slack variables of the first m rows, where

m is the number of consumers in the economy. By the properties of the
auxiliary linear program, it will always be true that to, the value of
t(w) at the optimum, is identically zero. This is because one can never
achieve a higher level of exvorts p by allowing consumers to have a
greater utility level than vy Thus, we can simplify the definition of

the homotopy to F:Dx[0,1] + R",

Flw, 8) = 6f(w) = (1 = @)t(w) .

A convergence theorem using the path defined by (6) can be proved
even though we will not do so here.

Other amendments to the algorithm include a procedure for alter-
ing the initial utility levels Vi i =13 ..., m, 1f the processing of
the auxiliary linear program indicates that the solution is unsatisfactory.
There are three factors which can cause the program to change the initial

utility levels:

1. If the l.p. is infeasible, then vy is too large. They will all

be reduced.

can be increased

If some Ag = 0 dinitially, it indicates that v

-
without changing the optimal value of the objective function. For

each i for which this is true we increase Vv

i until Ai > 0.

A LA A D | . e A S R [ RS i S
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3 TE fi(w) < 0 for some 1, the initial boundary conditions are
not satisfied. By reducing vy for such indices i, we can

increase fi until it is positive.

When we say to increase vi or decrease v, we mean that the

following procedure is followed:

a) After each solution of the auxiliary LP, a scalar TI
is incremented by one starting with TI = 5.

b) If any of the three conditions above occurs, to reduce
v, we let

)

vg = v - 1/TD

to increase v we let

i

v, = vi*(l + 1/TI)

i

c) When TI reaches 20 and the solution to the LP is still

unsatisfactory, the program terminates.

ITI.2. Input Requirements

The form of the input data for the HRA is exactly identical

to the form for the BCA. See Section II.1 for a description.

PG
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IIT1.3. Main Program

The main program consists of 390 source statements which per-

form many of the same functions as the main program for the BCA. The

parameters are initialized and possibly altered by reading the name-
list PARMl. The subroutines of LPMl are called to input and solve
the auxiliary linear program. Tests 1 and 2 of Section 1 are performed.
The data is read so the C matrix can be constructed. Then the budget
surpluses fi are calculated and test 3 is performed. The rest of the
main program is essentially identical to that of the BCA except that
different decisions are made after the ENDPNT subroutine has been
called to determine which is the next cell (see Figure IV.3.1, Elken

[1977b]).

Restrictions Relevant to the Use of HRA

1. The number of consumers (IH) must be less than or equal to 10.
2. The matrix D must not have more than 350 rows or 400 columns or

more than 4000 non-zero elements.

Of course, if one must solve a problem larger than these dimen- |
sions allow, more core must be allocated and the dimensions of the

appropriate variables must be changed in every subroutine in which

they appear.
Before describing the other subroutines of HRA we will define

the variables which differ from those in BCA as described in Section II.2.

i
|
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Variable Glossary

In HRA we refer to one more variable from the blank common of

LPMI.

'N' if the auxiliary linear program
is infeasible
MSTAT =
'0'" if the current solution is optimal

'U' 4f the LP is unbounded.

We use MSTAT to check if the current auxiliary linear program
is infeasible.

The common blocks L¥i, BLCST, BLCST2, LNCONS, INDX1l, and INDX2
are identical in both HRA and BCA. COMMON/INT/ contains the variable
KEND, the number of times the ENDPNT subroutine is called.

We include this variable to pass its value from the main pro-
gram to ENDPNT so that we can test to see whether this is the first
call to ENDPNT or not. In addition to those variables described in

Section II.2, COMMON/SCAL/ contains the variable

IHP1 = IH + 1 the number of consumers plus one. This is the dimen~-
sion of the consumer space plus one for the homotopy
parameter.

COMMON/DIM/

1, if the Newton tail routine is in effect,

FEALL =
0, otherwise
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The description of the algorithm in Chapter IV of Elken (2],

shows when ITAIL 1is set equal to 1.

The rest of the common blocks are identical to those in BCA.

II1.4. Subroutines of HRA

We will describe only the differences between the subroutines

of HRA and those of BCA.

1)

Subroutine BLCONS: Calculates the coefficients of the bilinear
functionals the budget surpluses so that f(w), (6), can be eval-
uated in terms of the superbasic variables (see VI (4, 9) of
Elken [2]. This subroutine is substantially the same as BLCONS
in BCA except that in this case all the bilinear functionals are
computed rather than the first DD, the number of bilinear con~-

straints which are currently satisfied.

Subroutines called: UPAKC

2)

3)

4)

SUBROUTINE FINDP (PD1l, IS, P): same as in BCA. See Section II.3.
SUBROUTINE PIVOT (SS, RR) , SUBROUTINE UPAKC (II), SUBROUTINE
BSCNG (S, R), SUBROUTINE SUPERB (KEY, PK1, IS, (PD2, JS), and
SUBROUTINE RECALC: same as in BCA, see Section II.3.

SUBROUTINE ENDPNT (JS, PD1l, IS, NET): This routine implements

the path-following algorithm described in Section IV.2 of [2]. The
reader should consult that work to be able to understand this
subroutine. Here we will describe some details which were not

mentioned in Section II.3.
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The independent variables (superbasics) are placed in a vector

X of dimension IH + 1 =IHPl. The extra dimension is for the homo-
topy parameter, 8. Theta always occupies the last position in X,
X(IHP1).

From computational experience, we know that thé curve F_l(O)
is highly nonlinear in the last variable when the algorithm begins.
That is, for the first tangential approximation in the first cell,
® dincreases very quickly, initially, but quite slowly thereafter.
Remember, € increases from 0 to 1 as the algorithm progresses, although
some decreases are possible. To remedy the poor guess at 6 which
would result from following the initial tangent all the way to the
opposite boundary of the cell, on the first iteration we move only
one quarter of the distance to the opposite boundary. This rather
ad hoc procedure seems to work quite well. After this initial step,
the algorithm described in the work cited is followed precisely. The
first tangent of the first cell is characterized by the fact that
KEND = 1 (KEND is the number of cells traversed) and INFL = 0 (INFL
is set equal to 1 after the first steplength is reduced).

In this program, the integer variable MFLAG has a different

meaning than in the BCA code

0 when the tangent to the curve is being computed,
when a "hyperplane subproblem'" is being solved,
2 when an endpoint in the opposite facet is being
MFLAG = solved for, and
3 when the equilibrium point appears to be in the
current cell. Newton's method will be implemented

as a tail routine on F(X) = 0.
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SUBROUTINES CALLED:

QUADS, DSENT, CONCHK, GTN, FTN, DERIVG, DERIV, NORM, DECOMP, SOLVE.

Subroutines QUADS (U, IMAG, ALPHA, BETA) and DSENT (ALPHA, PNORM)

are the same as in BCA.

e e S D e

SUBROUTINE GTN (IFL, Q, U, F) evaluates the homotopy F(w, 6).

-

Vo el A

o When one writes this function in terms of the superbasic variables

one has

THETA

X(IHP1)

Q(X) THETA*f (X)

KNU
) GL(MUH(J), I)*X(KMU + I) + BA(MUH(J)), J =1,...,KMU
1=1

1 ~(1 - THETA)*

X(RMU -+ 3) J =L e KND

The values of the variables of t indexed by MU (the first

KMU in the vector above) are saved in the vector BLAM(10). These
values are used in the subroutine DERIVG to be described later.
The last component of Q contains the value of a functional

determined by the value of IFL (MFLAG in subroutine ENDPNT). If

i

IFL = 1, then

: H
I D Q(IHP1) = § ACC(Z, I)*(X(I) - ACC(1, I))
] I=1
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If IFL = 2, then

KNU
§ Gl(JJ, I)*X(KMU + I) + BA(JJ) ,  if MPD = 1
I=1

Q(IHP1) =
KMU

} G2(JJ, I)*X(I) + BB(JJ) ,
I=1

The subroutine FIN is called to evaluate f(X).

SUBROUTINE DERIVG (IFL, U, G, F): calculates the jacobian of the

function evaluated by GIN. The jacobian 1is of the form

Gl L
DG (X) =|:[THETA*Df(X) - (1. - THETA) (%1__»1(1@,-_) £(X) *( v )]

SUBROUTINE CONCHK (GMIN, GKMIN, MP2): this subroutine evaluates

the basic variables in both the primal and dual systems, saves the
value of the minimum in GMIN and points to which variable it is with
(KGMIN, MP2). From the theory of the homotopy retraction algorithm,

it is known that the first IH primal and dual variables cannot become
negative so we ignore these variables when searching for the minimum.
Also, the primal and dual variables corresponding to the objective

function are of no importance to the algorithm, so we do not compare

these values when searching for the minimum.
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SUBROUTINES NORM (Y, S1, NY, DECOMP (NN, A, UL), SOLVE (NN, UL, B, X),

SUBROUTINE FIN(F, Y): evaluates the bilinear budget surpluses and
stores them in F. This subroutine is identical to that in the BCA
code except that no additional functionals are evaluated. That task
is performed by GIN as described above.

SUBROUTINE DERIV: evaluates the jacobian of the function described
in FTN. This is identical to the subroutine by the same name in the
BCA code except, again, it is simpler because no rows need be appended

because of an additional functional.

SING (IWHY), DEBUG (MODE): are identical to the subroutines with the

same names in BCA.

III.5. Sample Problems

Below we give the output of the HRA program for the same two
problems (MAS-Colell and Whisman) presented in Section II.4. The
form of the input is identical for HRA and BCA so we will not repeat
the input decks here.
The output is very similar. The reader will note that the
subproblem solved by ENDPNT is (IH + 1)-dimensional with HRA while
the dimension grew from 1 to TH for the BCA. On these two problems,
though, the HRA code required fewer calls to ENDPNT before equilibrium ;

is reached. This behavior is typical with larger problems as well.
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III.6. HRA Source Listing

==

Below is a listing of HRA without the subroutines which com—

3

prise the linear programming code LPMl.

T
N

ey

—

[y
-

e




; |
| N
R &
E 3t
3 g-
E N 1. IMPLICIT REAL*B (A=Hs0=2)
§ ] 2 IEAL A ZTOL??.ZTOLFV;?SCALEoZTEYA-ZYOLQPolTOLRI
e 3. INTFGER PD.PDl.pDZ-Su OSSQQROZPLAGORSDPOQN
4. INTSGER®2 JH(350) +CIGMA(SS52),KINTAS(13)2)«ICRAS(1302)
3 e INTE GES KD ISTYPF sLAWLZ s TALIZsPULNWLC(20),1IC(BCO)
N D DoYALT PRECISION  E(8000Q)
i e TEAL A(a077) oC(30C) e CMINJCONL sERMAX ¢ SUMINF
& e €
Ge COMMON DSUMGDIPRODIOYDELP4B(350)eX(350)sY(3S0)e YTEMP(3S0), §
17 4 1A S o CMINGTOND oERMAX S SUNINF s TCNAM(1302,2) e NAME(20)
] 1l, ?NTtﬂP(?C) KINP g ITIMWIT IMGITINV I ITINV MSTATIOBS s IROWP 4 IVINLIVOUT,
1% ‘!TtNT.INVFL1o1TPLIN-[FFEZ.JCOLF'NRCV.NCJL.NGLCH.NETA-NLELEM;NLETA.
1. GNGTLI My NINF o NUTLTMGNUZ TAGNANCGL JoNLINE Sy ISTYPE(350)
1% ELACIIC?2 )W LT(2002)4FPUN(S),
PE ‘IDUNC""nEGf'NDUALQNI"INlIFEASOI"CRSH
16e CONAON ITCHWITCHALIFPIWT, IFNEG,KIUTE
17 COMMON TA(4000)IE(3000)
17,1 C
17:.2 DATA QN/'N v/
14, COVMONZLPL/PTI(1302) +XX(1302)
2Coe TOAAMIN/ZBLCET/SF1010)+3F2(1C)eE1(1C)e2(10) eCo1CHLC
21, COVMON/ZELCST2/D1 (104010 )4C2(910)sF1(9410)9F2(9+41C)
2 COMMDON /L NCONS /G1(3S2410)4G2(40Ce1C) o2A{350) +EE(400)
Sle COMMONY/ INDXL1/Z NUH(IC) s MUER(10)eNU(1IC)sMU(C1Q)
A, SOMMONZIND X2/ JH«DIGMA sKINEAS, IC3AS
25 e COMMAIN/SCALZ ST NBoJJsMFLAG, THP 1P 980 9 MPD ¢ KF UNsKJAC
2he COMMON/ZDIM/ THNyMeKMU s KNU ¢MP] gNM o ITATL
Pl COMMONZINT/ 1P S(30)sXDETeKCUNT T SINGsKEND
e COMMOIN/ T LSS/ TOLFZeTOLEDs TOLCVeTHETA, 3TPMXs STPRD
A . SIMWENCSICN V3(1Q) +F (12) +3HRK(10)
7 2. NAMEL [ST/ZPARIMI/ZTOLFZ o TOLEBO o TILCV e ICNTRL,, [ECHO,
22 2QT’"X-QWQQUoICfCHCoIH.L-IPFJO'KDUTE.!TLIME
2%.1 C
32.2 € HRA ¢ A CONE WHICH IMPLZEMENTS THE FOMOTOPY RETRACTION
30,2 C ALGORI THYM FOR SOLVING ECONCMIC EQUILIEBRIUM PRCBLEMS .
1 ’.".4 C
: 325 < AUTH S THOMAS R, ELLKEN ;
f 32e€ € SYSTEMS OPTIMIZATIUON LABCRATCRY -
; 22 47 (= MOCERATIONS ESEARCH DEPARTMENT
Z2e473 & STANFQORD UNILVERSITY
{ 329 (o
i 32,81 Ly FOR NDESZRIPTICN OF THE ALGORITHM AND DOCUMENTATION
{ 32632 C 25 THIS FROGRAM SEE SOL TECHNICAL REPORTY 77-26,.
= 22 4272 C
: ERH TAL2D = 10=C4
e 24, TILCV= 10=-CS
£ 1 18 5 TOLFZ= 1D=17
: 1 37 STHOMX= 10.\
P e, STPEN= (45
¥ 39, ITLIME= 100
g AN o TCNTRL= 1
£ | 4t IEcHD= o
i 1 a2, KJuTi= €
'é e a3, fCETHY
4 8é o KFiN=
f 4s, KJAC= 0
i I Q86 IPRAD= 1
£ 67, SEAN (5 ,PARM] )
5 484 WRITE (F,PAIM])




)

Ete
£2
€3,
K4 o
55
S6 .
87 o
K2,
SC.
~Ce
€1,
62
€3
€4,
65 o
(X%
A7 o
&c
H e
rn
71
72
72,
74,
6
rs o
77 .
7761
77e2
T ¢3
77,4
76 o7
7Re3
6 o b
PTRe=
TRe®
7Y .7
72 2
rC,
79,1
70 42
73
T4
796
7T *
TG «7
7% R
7949
AN,
RT 41
7 o2
80« 3
re
RCe
B74
qa .,
PG,
SCe
G e

>

LA
>

NN
M) -

W8N
LRl T2

343
342

344

345

143

LY Yal

IANTRL) 1
INPUT (T A
IACT) 39
IF (ITCHDe 7 De
MUFR = NF QW
WRITE (&621)
COIRMAT (/77774
L3= MUR+]
MUR= LR+ 14
= 0
NN 25 J= L¥ «MUR
IF (JeGTeNCOL) GO TO 24
K= K+ !
CALL UNPACK(J)
D 24 1= 1,NROW
Gl(l.+x)= Y(1)
CONT INUF
CONTINUS
WRITE (E£427) LHeMUR
FACMAY (/7777 +°' ZOLUMNS ', 14,' THRUOGH
NN 2% I=1eNSIDW
WRITE (F,2¢) (G1{1sJ)eJd=1,4K)
FORMAT (1Xe15rF8e3 )
COAONTINUE
IF (MUE +LTe NCOL) GO TC 22
CALL NO@MAL
CALL UNFAVL ()
GO D 10
ST
CALL INPUY ( IACT)
CALL OFRUG(1)
MFI_AG= C
{TeY= ¢
TIT Se
IF (ITFY oL 10) GY T 344
WRITE (€4302)

240

20

F
AL
£ .
0 T 29

—y—
-~

v &
T)
e

0
[
’
o)

9
9
G

STRUCTURAL COLUMNS

FOOMAT(* MYST TERMINATES TOU MANY TRIES AT INITIALIZATION
1°4/4* CF V WITHOUT SUCCESS.')

ITRY= JITRY ¢ 1
CALL NCORMAL

CALL UNPAVL (MFLAG)
MELAG= 7

TI= Ti¢ 1,

IF (MSTAT NF, QN) GO T3 348
DO 3345 1= 1s1H
BlT)= (12 =14/TI) = £(I)
GO TO 3a3
20 249 = 1,149
TF (Y(1) «GTe TAL3ID) GO TO 349
S0T)= (le ¢ 1e/TI) * E(1)
MFLAG= 1
CONT INUF
IF (MFLAG +3Te 0) GO TG 343
CALL DEEBUG(1)
CALL SHIFTF(3,8)
KEND2 ¢

KENDSYVE )
IHL = T-e L
M= NRw

OF MATRIX.*)

'y 14)

o




AR A Y SOV YA R O 5 A €A

i
i
I
I

P |

Y

Pes—
L

B W N e

&
-

W WA HIOIIN UM UNTIN e e i1e 2 s it b e = 3 IO D
N IPYINBDPUWYSD AT INTDUN=AETPNT 2D AN D ONA

P et s b P g ® s 0 s et Bk P PP bk bt B e P e et et B e (e S e R s 1 ® et gt (P ot s o bt ya

Lot Jugaw

g
.0.......-'....0..'.O.............c.t.o.

an

a2

an

a2

“a

G

(o

2

55
e
LR

R
W) -

BTN AN i L

N= NCOL= NRDW

NM= N+¢ M
LiIs M=
MMl=z M- |
Il TSINVS
IF (I1PROD=Q43) GO0 TO 423
READ (T o170 ) (3R (I)el3zlelm)
1Cwu=?
13av= ¢
LS(1)= 1
N0 A% K= 1eIM
KP1= <4+ )
READIKINPG G1010) ISHAe LLs KK
IF (ISHR«EQel) GO TO €9
F (I19M2.50e~1) G) IC &2
I (LL«%Qe?2) GO T Sg
1% (KK eNZESC) GLU T 47
COu= TCOuU+ 1
ICCICOU)= LL
C(IChuU)= A(LL)
GY TN 4%
"Ny 4% T LbLes KK
ICuu=s 1CIaL+ 1}
tSeICcwy= 2
ctICOUY=s 8(1)
CONTINUZ
GN Ty as
19 (KkeNTZal) 5C TO 43
1ICCU= 1CAU+
ICLICOUNs L
SEAY (5,123C) CcI1CCU)
GO TO &S
ISAvs [CJUs )
DN a6 1= LI WKK
1CoU= 1CaUu+ 1
IC(ISNU)=
SONT INUE
CEAD(S,1239) (C(J),sJ=15AV.ICOU)
GO YO &¢
1€ (KK NF:g0) GO TO 33
1ICNuU=s 1COU+s 1
ICCICAUY= LL
ClTICU) = SHF(K)*E(LL)
GO T &%
0N 85 Tz (LLe KK
TCU=s 120U+
CICIU)= SKE(K)EA(])
1C(I7Dou)=
COMT TN
GO TO &S
LO(RPY)= 10NV
CONY INUE

I€ (ICTCHrYe Q) GC T} A9

My2= ¢

4317 (6e51)

P OYRANGT( /777760
L= Mys+)

Myilz LEe TH -
K= 0

DY £S5 J2 LBJMUR

STRULCTURAL CCLUMNS OF MATRIXe*)
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2e F (JeGTeMC('L) G0 TC €4
3. K= K+ 1
Q. CALL URPAKZ(J)
€, N &4 = 1 NROW
4 € GI{leK)= Y(I)
: 6a CONTINUFE

EC CONTINUE
6 WRITE (6:67) L3 sMUS
E7 FOAIMAY (/77774 COLUMNS *, (4, ' THRUDGH *,14)
M) T4 1= ) GNRIw
KR ITT (H5473) (G1(1eJ)eJ=1s1H)
72 EORKMAT (1X410F10.4)
74 TONTINUE
653 ND 72 I= 1M
TR= JH(1I)
XX(IRY= X(1I)

18

19

18

B

15

15

15F

152

180,

151

1€2e

152,

164 .

155 .

16€.

1£7

169, P!(!)= ¥YTEMO(T)

157, A(I)= X(!)

17Ce. 7C ONT INUE

171, M°l= Mée 1

172 . NI 137 J= MP]1NM

173, 1F (KINBAS(J)«NE, C) GO TC 930

174 DISUM= C,

175 LL= LA(JY)

176 KK= LA(J+Y) -~ 1

177, N 8D 1= LL.KX

179, IR= 1A(1])

17C, Q== A(1)

1eC e MPROD= DEXYTIMP(IR)

1”1, DSuUM= DSUM + DPRID

182 . 80 CONTINUE

123, P1(J)= DSUM

1Pa, 30 TN 100

185, 0 PI(J)= Co

18-, 160 COAONTINUE

1R 7 s -0

182, DG 11C T= 1.NM

18a, IF (KINBAS 1) .%Qe 0) GO TC 10S

190 o IND2AS(1)=

191, 50 TO 119

122, 105 k= K+ 1

193, I IGMA(K )= 7

154, IN(K)= PI(CT)

17 IN3AS(1)= K

195K, XX(T)= Ce=

167 110 CONTINUE p

108, = THIS IS THZ SILINEAR PHASE OF THE ALGURITHM. VARIABLES XX(1)seser

193, C  XX(™M) ART THE SLACKSe AND FI(:).....F (M) ARE THE USUAL PI°'S.
; 209 C XX(M*1dseeesXX(M4N) AFE ThHE XS, ICM+1)eesesPI(MEN) ARE THE
g 3010 cC DUAL SLACKS, MORE XN!TIALIZ:\TX\JNSQ
3 Lo #

202, Lphp= 2

Cbe

e BT S B 1



g

£ 212 120 CONT INUF

¢ 213, KNU= 0

i 214, KMU= 0O

i 215, DO 430 T= 141K

3 216 IF (KINSBAS(1)«GTeC) GC YO 425

¥ 217 CALL SUPEK3(1e1els2e0)

b 219, G Ty &43¢C
219 225 CALL SUPERA(1e=1014CsC) }
2P2C. 43C CONTINUE :
221 . IF (KMU.“Q.?7) GN TC 435 i
22?2 DO 433 1= 1.KMU i
223 337 vS(l)= PI(MU(L)) 3
224, 2435 IF (KNU.Qe2) GO TO 84 «
225 DD 438 (= 1KUY i
22F, IK= [+ KVUY 2
227 435 VS (IK )= XX(NU(T)) 1
22%e CALL 8LCIINS :
22C . 440 CALL FTM(F4VS)

?%1e 0= 1
2H2e THETA= Co?
53 VRITT (Fe449) (FII)elI=1,41H)
258 ¢ +4Q FTOCMAT (1x,' INITIAL 3UCCTST SURPLUSES '4/,9F1346)
257 o DO 136 I= lelH

e IF (SCEL)oBT«2) G0 7O 129
2357, A= (1) + F(L)/ZPL(T)
255 o3 MFL AG= 1
PECe 13N CONTINUF
201 IF (MFLAG «GTs 0) GO TO 32423
2R& o ZFLAG= °©
265, G0 YO K€L
266 o 480 NTEMP(1)= NT-MP(1)+ JTINV
23T CALL INVERT
PR3 e CALL PECALC
20,G o ITSINV= O
27C o 260 KEND= KF NO4+ 1|
27 ITSINV=E [TSINV + 1
72 I CXENE +GTe TTLIVE) STOP
372, WRITE (6,222) KTND
274 ¢ D2 FAANVAT ([ ) e e e mc e n e m e r e m et . — - ——— - ———— - {
P 3 . 1o/t THE *lae*TH £ NOPNT CALLLY)
7R o CALL FNMOUNT (IS, PD14 1S ZFLAGNET)
2T2e TE ( (KEND/3)%3 oNEe KENC ) GO TO 408
DAC o CALL OF PUG(4)
281 . CALL DFRUG(1)
62 GES WRITET (f.AT0) NET
202, a7 ENUMAT (1Xe® AFTIR 0,1 3,¢ NEWTON ITERATIONS.®)
a4, IF (ZFLAG«EQe2) GC T 92¢
2%, 1E (PDYe* 21 sANDe I3eZGeNM) GO TC 92)
236G I1F (N1 ) 300,310,310
287 39C WRIYE (ve305 1s
ANE o AT TORMAT (1X,* THE *,I3,'Tk DUAL VAKIABLS WENT TO ZERO.')
289, 30 TO 468G
290 . FI0 - WRITE (A 319 15
231 e LS < )IMAT (11X e!' THE *4[34'TH FRIIMAL VAKTABLS WENT TO 28RQe )
292 28C I¥ (PD1e“Cs=1) G) T S2¢C
2G 3, c
234, C A S2IMAL VAKX IAOLE WENY TC 2<kCoe THAYT VARIABLE MUST GO TO
29% . C NINBASTIC, AND THE INCUMING VARIABLS 1S DETERMINED 8Y FINDING THE
276 & LARGEST ELFMENT IN TrE APRPRCPRIATE RCW OF Gl

4




298, PD= =}

299, TRIWP= KINBAS(IS)
30Ce. CAlL. FINDP(1,41ISsJC0LP)
30t . TNNAMI= TOCNAM(JCOLF.Y)
E 302« INNAM2= ICNAM(JCOLFP,2)
b 303. !DNAM1= [CNMaAM(ISe)
y 304 , I INAMD TINAM( 1S, 2)
305 w?[TL(‘-.u") INNAM!.IMNAUZcIONAuI.IONM‘z
306 . A0S TNRMAT(IXe ' VECIND ' ,2A4," VECCUT: *,2A48)
! 3C7. TALL PIVOT(JCILPIS)
1 3C8, TALL UNPACK(JCOLP)
309, CAlLL FTRAN(1)
31Ce CALL. WRETA

CZALL 3SCNG(JCOLP,IS)

311.
312, TALL SUPER T (0e=13JCOLP 4 1+JCULP)
313. CALL PLCONS
14 . ST TS
315 I (ITSINV +GEe INVFRQ) CGU TO 450
3 31€. S0 Y462
317 €
312, G A DULAL VARTIADLS WENT TC Z2i:h0Oe THAT VARIABLE MUST ENTER THE
31%. C FAS TS, AND THE LFAVING VAFRIAGLE WNMUST BE DETERMINED BY FINOING
32Ce C THI O LARGEST PIVOT FLFMENT IN THE IDOBAS(IS)=ROW OF G2
321, ¢
322, K2¢ BND= 1\
324 Jeoe= 1S
324, ALL FIND2(-14.1S54¢P)
32% . TROWhk= KINFAS(P)
32¢, INNAMLI= 1ICNAM(1IS.1)
327« INNAM2=z JINAM(IS,2)
322, IONAME = TCNAM(P, 1)
3249, IONAM2= TCKAM(PD,2)
330, WIITE (H4495) INNAML, INNAM2, [IONAM 1, IONAM2
1. CALL PIVAT(JCOLF 4P} 4
322. ZALL UNPATZK(JZOLP)
333, CALL FTRAN(L)
334 . TALL WRETA
235. CALL BSCNG(JCOLP,P)
336, TALL SUPERA(D el ePy=1,.”)
‘337 . b AL BLCIONS
328, Js= 1S
339, [F (ITSINV.3S.INVFRQ) GO TC 450
340, GU TO 46"
3a1. G
342, C ANNDTHER SILINFGAR CONSTRAINT I §& SATISFIED. WE INCREASE IH
3472, C AND WF HAVE A PQOINT IN W(IK)e
34a, €
345, 320 WRITE (6,330) KEND
346, IIN CORMAT(//s" AFTERY ,14,¢ ENCANT CALLS, WE HAVE EQUILIBRIUM.')
347, WRITZ (6+220) KFUNGKJIAC
4 34R, 320 FORMAT(/,.' TOTALSS SCALAR FUNCTION CALLS='eI8+7011X, *JACOBIAN EVA
4 349, ILUATINNG =2 41 347)
: 357 CALL NEEBUG(L)
3%1e ND 535 1= 14.1IH
352, I35 VS(1)= =0( ")+ XX(1)
353, WRITFEF (64240) (VS(I)sI=1y1IH)
354, WETTE (A4445) (PI(I)el= 1y IH ) 2
f 355 . AC FOSUAT (1Xe% UTILITY LEVELSE '0€F1Se7)
§ 35K, 45 CATMAT (I1X G 'DUAL MULTPLIERS: '45F1246)
F 167 o a9 asn = 1 4N3¥NWK
102 L
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FAOMAT (171a)
FORMAT (10F7464 )
END

SURRQUT INE 3L CONS

W7 ART GLING TO CALCULATE THE IH ROWS OF COEFFICIENTS

Fk THE RILINFAR FQUATIONS ANC TrE OILINTAR INEQUALITY.

NANANNND

PeePprep
00 e 0 o 3t ot
NN et

THE QASTC 4ATHEMATICAL STRUCTURE IS THE FCLLOWING:

Al ¢ 01 P I (MU)= DIAG(FI(MU) ) #lﬁx(Nu) + F1)
W2 & D2721(MU)= DIAGIX(INU))R(F2%PI(MU) + E2)

]
0
IMPLICIT ZEAL®8 (4A-H,0-2)

INTEGER PDePD1sPD245eR 1S5 eRReZFLAGIRSP
INTEGTRED JH{350) JDIGMA(SE2) 4KINPAS(1302
(29)

)+ IDBAS(13C2)
INTFGEL %2 YSTVDr-leL:oIA'If-pLNaLC I1CtR00)
DOUBLY PRECISION € (RC09))Y
RFAL A(2C00).C(80 C)'C“INoCLND.FQNhX SUMINF
COMMON DSUMMUPROD +DY 4 IE4CP 4B (350) +X(350).Y (3
iA¢H fCMINLCOND yERMAX,) SUMINF s ICNAM(13C0242) + NAME(20) »
INTEMP(2C) o KINPGITIMeJT ING ITINVsJTINV.M3TAT, I
?”'NT-INVPQQ:ITPLIV IFFEZ ¢ JCOLP JNRC & o NCOL s N
NOELIMy NINF  yNUFLTMoNUETAJNNEGDJIoNLINE S, I1STYRPE(35CQ) »
SLA(1302)4L%(2002) «FUN(3),
ATPUNCNDEGTaNDUAL JNIP I W IFEAS, IFCKSH
SO TTCHe ITCHALZIFP I wT s IFNEG.KOUTH
SOMMEMN TA(A40CO)«IE(BCD0)
COUMMONZBLCST/RBF1I(10)33F2(10)sE1(10)4E2¢(10)+CHrICHLC
TOMMON/ZLPL /PT (1302) o XX(1302)
COMMON/ BLCST2/701(10410)4D2(9+10)4F1(9,10)4F2(9,10C)
COMUON/ZINCONS/G1 (35041 0)+G2(40041C )9 65A(350).BE(400)
COMMONZTND XKL/ NUMCI0) o MUH(10) o NUCIC) 2MUC10)
COMEGN/Z INDOX?/ JHeCTGMAGKINEAS, ICEAS
COMMON/SCALYZ BT tNHtJJ-NFLﬂ4'XHPloP.FDoNQD.KrUN.KJAC
-"MM(N/U!M/ THo Ny MeKMU o KNU sMP 1 ¢NM, I TA
Kl =
K 2= G
IF (KMU«%Q.2) GO YO 100
D3 2C K= 1 4KMU
Kl1= MU(K)
[F (K!'eGTLIH) 50 TO 30
100= KINGAS(K]Y)
IF (KNUEQe2) GO TO 45
D) 40 1= 1 4+KNU
FI(K«T)= G10IDD, 1)
s E1(K)= FA(IDW)
CALL U2AKZ(x1)
Lp 1 B - T 4 "K"KU
JSuM = 0e¢0

IF (MJUCT) oLEe M) DSUM= y(MUL(LI))
D0 59 J= 1M

Id= 10RAS(Y)

IF (1DJ +EQ. 0) GO TO SO

103

C)eYTEMP(350).

3

e

OBJUs IROWP, IVINSIVOUT,

LEMeNETANLELEMINLETA,
E

- e e i g ) T S Ry PO (9 2o D T : o




418«
41G.
427 .
a21.
422
a1,
424,
425,
a2k,
A2 7.
429 o
429,
43C .
431
422,
63 3 .
434,
435 .
43¢
427,
438 o
423G,
aacC o
LY B
a82,
4N 3 o
444,
a448=,
a4n
487,
Q144
844G,
AS50C e
451 .
ASZ .
452,
454,
A5S
457 o
457
A58,
453,
4Kn o
4'. x .
4F2a
463,
464,
457,
Act o
GF T,
4K,
4k,
a7 .
471 .
472
472,
474,
aT= .
47€ .,
avr7.

OYND
-

NN

-
(RIS

(SN

lataalalh)

i)
5

J
>

70
AR

DSUM= DSUME Y J)=G2(IDJL1)
CONTINUE

D1(K,1) = DSUM

CONT INUE

OF1(K)= C,

00 70 J= 1M

IF(TDRAS(J)FQeN) GO TC 70

AF1tK)= AF 1K)+ Y(J)RRBR(IDBAS(J))
CONT INUF

TONTINUE

NNW THE SZCOND YYPE OF EQUATION IS CALCULATED 3ECAUSE

PI(L) IS BASICe.

10C

180

16%

— Q
ST T I

TF (KMU.,Q«0) RETUFN

DD 14% K= 1,KNU

K2 = NJ(K)

IF(K2.G7,1H4) GO TO 145
INDEAS (£2)

KMU.LQ-”) GO TLC 123

©

1T -~
——X b KK ]

)
)
J G TO 132
MU

NOM NI

) GO TC 125
Y(JDIXG2(INBAS(J) . 1)

o
NG e ¢ o® aaD)

’

ﬁ

L% e M) D2(Kk,1)= YI(MU(I))
’

)

(

+O

w=?(k)
3T 148 1eM

I (IDBASLJ)«EQeD) GO TO 1ac
AF2(K) = 3F 2(K)+ Y(J)*¥BE(ICFAS(J))
CONT TNUE

[F (K2«NF,1H) 0 7TC 1485
TONTINUF

RDETYRN

END

SURRQUT ING FINDP(PD1+1 S.P)

«©

TAIS SU3FIDUTING CHCOSES TH: VARIABLE TO BtCOME IMPLICITLY

SASIC AS TH= ONE WITH THE PIVOT ELEMENT .LARGEST IN
ABSHLUTE VALUE

TMOEL ICTT ~rAL*q (A-HQO‘Z)
INTEG:R 1SS I RRWZFLAG 41§y P
INT ~G=PV’ MA(GE2)eKINBAS(1302).IDBAS(1302)
COMMONMZENTUNS/Z/G1(350017)+G2(8004+1C)eBA(350).BB(400)
COMMONZ IND X1/ NUH(10) e MUH( 13) o NU( 1C) s»MU(10)
COMMON/ INDOX2/ JHeDIGMA,K INEAS, IDBAS
TOMMONZDTIM/ THoNMeKMUKNU ¢MPL ¢NM T TAT
(QMMUH/Y‘\VPI TOLFZsTIOLBC s TOLCVeTHETASTPMX,y STPRD
0=
) B (“01.").-1) GO T2 39
IDN= KINRAS(IS)
93 20 1= 1 .KNU

104
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478, IF (PeNELQ) GO T 10
479, AI1G6= DABRS(GLI(IDDI))
43C, 2= NU(CT)
AR, GO TI 2¢
482, 1C ComMP= “ﬂn)(Cl(ID)oll)
+33, IF (COMPJLEWBTIG) 'GO TO 26
484, S 1G6= COMP
aARnS, P= NU(T)
48L&, 20 CONTINUE
b Q87 o IF (BIG.LTLTOLFZ) P= Q

437, PETURN
a9, 30 1DD= IDBAS(YIS)
age, DO 40 J= | JKMU
AQl, IF (DNEL0) 50 T 35
467 o Rl 3= DAKNS(G2ETIDD«J))
4AG3 e P= MU(J)
454, 35 T“0OMP= DAGS(G2(ILD«Jd))
465, 1F (COMFP .. F BIG) GC TO 40
43F ITG= CNOMP
4G7 o P=-Mytd )
4G3, 40 CONTINUF
40a, IF (HIGel.TeTOLFZ) P= O
300 RE TUSEN i
501 « TN
502« SURKDUT INT PIVAT (S3:1RR)
503, €
S04 = THTS YOUTINEG PERFURMS A PIVOT CN THE PRIMAL SUPER-
e < RASIC COLUMNG IF PD.FQels DUAL IF PO JEGe=~1e THE PIVOY
SC6 e (] BEINGS £NOLUMN =S5 INTO THE gASIS ANC CCLUMN RAk OUT OF THE
SA7 e & BRASISe
S0R C
503 IMPLICIT RcALX3 (A=He)~2)
510 INTEGER DD ePD1aPD235eR 935S 1RReZFLAGeRS P
F11le INTEGFLE R J4(350) ,DIGMA(SS2) +KINNAS(1302) IDBAS(1302)
12 e INTEGER %2 ISTYPE JLASLE»TALJEWPUN,LC(20),1C(800)
St 2NYKLE PRECISION €(R00C0)
514 4 FEAL A(4000)+C(30C) s “MINL,COND JERMAX s SUMINF
515 (2
S1F, TOMMIIN DSUMGIPROO DY eNE BP9 3(35C) o X(35))sY(350)sYTEMP(350)
S17 IASF ¢ TMINSCOND s " RMAXs SUMINF s ICNAM{120242) «NAME(20) »
S18e PNTEMP(Z2C) s KINP S ITIMeJTING ITINVoJTINVeMSTAT o I0BY S IROWPLIVINLIVOUT,
519, BITONTINVERQ s ITRLIMIIFFEZ yJCOLP JNRCWeNCIL e NELEM NETASNLELEMJNLETA,
520, ANGELEM, NINFyNUELEMZ,NUSTAZNNEGDJINL INES, ISTYRPE(350),
521 KIA‘!3r()OLt(9)°”’IFUN('§’I
SP7 e FIPUNC NUEGTSNDUALJNIPIWL,IFBAS, IFCRSH
5922 COMVMON JTCHGITCHALIFPIWT s IFNEGeKOUTS
524, COMMUON JA(&4CCO)15(4300)

1 €25 COMMON/ZLRPL/PT(1302)eXX(13202)
£2€ COMMON/ZLUCUONS/GL(350010)+G2(4C061C)eBA(350),8BB(400)
8528 < COMMONZ INOXY/ NUHC1C0) s MUH( 10) o NL(1C) 4MU(10)
529. COMMON/ THNDX2/ JH.DIGMAJKINEAS, ICBAS
530 ¢ TOIMMON/ZDIM/Z THeNsMKMU GKNU s MPL oNM, TTATL

T 831« FPS= 1€ o%x(=-13)
532 R3= KINCAS(RR)

. 521, I1F (55 «GTe 1H)Y GO TO 5 H
534, IF (NUH(SS)eNELC) GO TC 20
D35 8 CALL UNPACK(SS)

" 536, CALL FTRAN(1)
T27e YTFMP(RE)= =1 4/Y(RR)

.- 538, D0 10 1= teMm

P




g o et o "
339. IF (T oNFentR) YTEUP(I)= Y(I)XYTEMP(RR)
5S40, 12 CONTINUE
541, GO TN 3¢
542, 2C JS= NUMI(SS)
543, YTEMP(RI)= 14/G1(RELJS)
544, DO 25 T= 1M
545 . IF (1eNF oR8B) YTEMP(I)= =Gl(IsJS)*YTEMP(RB)
S46, 2% CONTINUS
547 o 30 IF (KNJ«ZQe0N) GO TO S5
548, 10 SS9 J= 1 +XKNJY
554G, IF (NU(J).FQeSS) GC TI 5C
550 v Gl1(RPR,.J)
551 G1(RBsJ)= Co
552 DO 4C 1= 1M
852, 4 Gl (TeJd)= G1(1eJ)+ VRYTEMP(I)
584, 51(RA,0)= ~G1IRB,J)
55S o 5) CONTINUS®
556A. 56 v= BA(ERR)
S57 GA(R3)= 0,
558 NG A0 1= 1M
559 60 3A(1)= RA(I)+ VEYTEMP(I)
36C o DA(FR)= -BA(RB)
561, C
562, < W™ ARE NOW PIVNTING CN THE DUAL SYSTEM.
5613, € IS NOT AN IMPLICIT 3ASIC=TYPE PIVOT, WE CALL
564, € TO CALCULA Y™ THZ PIVCT COLULMAN,
865, C
566 IFL= 0
567 3= IDRBRAS(SS)
S68 4 IF (RR «GT, IH) GO TO 7C
569. IF (MUH(RR)«NELO) GO TO 80
570 o 1= )
S71. CALL SURERB(] +=11RF,0.0)
572 JS= KMU
373 G TO %2
574, RC JS5= MUH(<R)
575 QA2 YTEMP(RB)= 14/G2(RBeJ3)
576 70 95 1= 14N
577 IF (1eNEGRB) YTEMP(I)= «G2([ e JS)XYTEMP(RAB)
578 25 CONTINUF
579, IF (KMU«"Q¢0) GO TC 115
3480 o DN 110 J= 1.KMU
581. IF (MU(J)«FQ.RR) GC TI 110
S02. V= G2(FPeJ)
593, G2(R34J)= D
58a, DY 190 I= 1N
5355 o 10C G2(T4J)= G2(1esJ)+ VERYTEMP(I)
586 G2(RB34J) = =G2(RBJ)
S27.,. 116 CONTINUE
539, 115 v= BAR(RP)
SP9e gn(=21)= 0.0
39C o NO 12C 1= 14N
391 129 43(T)= 23(1)+ VEYTFEMP(I)
592 38(FA)= -AR(RE)
593. IF (T1FL."Qe0) RETURN
536, CALL SUPFSR (240404s=19RR)
595 . RETURN
3Q€ ., FND
SG7 . C
56K o ([~

IF THIS
SUPERB

&

bmd el e

bt e s S
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&
599, SURRODUTINE URPAKC(I1)
ACCe IMPLICIT REAL*8 (A=-HsN~2)
601, INTEGIRZ2 JH(350) OIGMA{952) +KINBAS(1302),.IDBAS(1302)
A02 ., INTEGERYX? [STYPE,LALE « A IESPUNLLC(20),1C(B00)
A0 3, DOURLE PRECISTON E(’32C0)
A04 , AL A(3700) «C(40C) +“MINSCOND+ERIMAX, SUMINF
. ACC . C
&£06, COMMON DSUMGDPRUD DY eNESCF «3(350) o X{(333)9Y(3SO0),YTEMP(350),
507 1A GE sCMINVCOND o ERMAX SUMINF o ICNAM( 1 2C242) « NAME(20) »
SCA. PNTEMP(20) e KINP g ITIMGITINGITINVJIT INVyMSTAT, I0CJ, IROWP . IVIN, IVOUT,
3 509G, FITONTLINVEFRQ s ITRLIMGIFFEZ o JCOLP¢NRCWoNCOL sNELEMINETAZNLELEMNLETA,
; 510, ANG‘LFM.NINF.NUFLFM.ideAcNN&GDJ.NLXN‘S.!bTV°E(350)
: 11 SLA(I3ND) JLF(2002) +PUN(8)
; 5120 EIPUNC s NPREG l.\'ﬁJﬂl_aN[J[&.[FSA.}'[Fcﬂ‘H
313 COMMON ITCHe ITCHA, IFOIWT, IFNEG.KOUTE
Ala. COMMON TA(492Q) o 1F (3200 ©
Al COMMONZELCST/ZUT1{1C)e3FECIC)H»E1010)s2(10)+ColIColLC
3 6518 TOMMONZDIM/Z THaNoMKMU GKNU o MPL JN4, ITATIL
617 4 <
518, DO 109 I= 1M
Al3. Ytl)= Q.
A20. 100 CONTINUF
R21. 3
R22 o L= v Ce11)
522 KKz LCEIT4Y) — i
524 ., DY 220 I= LL +KK
ARE, IR= 1C(1)
B2Ah, Y(IQ)= C(!)
27 o 209 CONTINUE
6P %, C
A2 WETYRN
63N, END
a H31e C
532 . C THE FOLLNWING ROUTINE MAKES THE CHARNGES IN THE INDEX
533 C SETS NECESSAXY EVERY TIME A EASIS CHANGFE IS MAODE.
.’."" f
3%, SUAROUY TN ASCNG(SR)
He TNTFCTRYY JA(250) sDIGMA(952) e KINBAS(1302)s IDBAS(13C2)
637 o COMMONZ INIX2/ JHsDIGMA (KINEAS,ICEAS
H3Fe INTFGFF SeS5AVeRF5AY
E3Y NSaAV=E KIN3ZAS(R)
54C . JH(RSAV )= S
581 . KINSAS(F)= O
6542 KINEAS(S)= SAV
LY B SSAV= 1DRAS(3)
Hat, DIGMA(SSAY)= R
LY L INUAS(S )= 7
car, [D3AS(W )= >3AV
687 . ~ETURN
KR8F, £ND
hal, € THIS SURKOUTINE CAN DC THREE THINGS DETERMINED BY THE
A5C » € PARAMETER IK=Y?, IT CAN ACD A COLUMN, REMIOVE A CULUMN, OR
E51 C  BOTH ADD AND SFMOVE CCLUMNS FROM THE FRIMAL CR DUAL SUPER=-
HED . c AASTIZ COLUMNG 4 NDEDENDING ON WHETHER KEY IS 1e 2¢ OR Q¢ RESP=
A8 2 € EBCYIVELYS PO 15 1 OR =1 CEPENCING ON WHETHER A PRIMAL Ok
6HEG € DUAL COLUMN < REING ALDZDe FI2 1S A SINILAK FLAG FOR THE
65% . C CIL JMN BTING nEMOVED. IS5 AND JS INDICATE THE PAKTICULAR
A5E. < COLUMN TN PE ADDED OR REMCVED FROM THE GROUP OF COLUMNS
A5 7. < SPECTFIEN BY PD1 AND PD2e
HHEAR, 4

e M o
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A5Q,
S€Ce
681,
662
663.
564 o
565
LN
6867,
548 .
AR e
K70,
571
672

573,
674
AT7%e
576 o
ATR,
8576
63C
681.
AB2.
6873,
AR,
635
H8F .,
SH7 o
688,
580 .
5G9C.,
691 .
592 o
567,
AQa ,
695,
£Ghe
697 .
598,
699,
7C0e
701
702 .
703,
704,
705
706,
7TN7 e
709,
7C9.
71C .
711,
712 .
713,
716,
715,
T1€,
717
718,
716,

~Eow

20

e
2¢

30

SUBRAOUT INZ SUPERA(KEYPD1+IS:PD2+sJE)
IMPLICIY RZAL*3 (A-He0=2) -
INTEGER 20420 14PD2,48Sen RR ¢ ZFLAG ¢RSe P
INTEGER*2 JH(350),D1GH 2)+K INBMAS(1302),IDBAS(1302) .
INTEGER%®2 [STYPE +LAL TEePUNILC(20)41C(B00)
J0UBLE PRECISION E(8

’ ¢ COND +ERNMAX s SUMINF

REAL A(2000),C(300)

B(35C)1X(350),Y(350),YTEMP(350),
iCNA"(l302‘2)oNANE(Z°)O
C

-

s
(
I
0
I

COMMON DSUM,DPRON, DY
lA. s CMI NGTOND ¢LPMAX L S
ONT MP(2C)sKINP, ITIM,
JYTCNTvINVFCQn!TQLXV'
ANGELEMeNINF JNUELEM
&LA(IBOZ).LE(ZOOZ).PU
SIPUNC «NDFG!I s NODUAL oNT

COMMON ITC M ITCHAL L
TOMMON TA(4000),
COMMION/ZL?LI/PTI( 13
COMMONZLNCONS /G 1
COMMON/ZIND X1/ NUt
COMMUN/Z TNDX2/ JH,
COMMON/SCAL/Z BTN
COMMON/DIMY/ THeNyM
EPS= 1€ %% (=14)

[F (KEYFJel) GO TO 50

IF (PDZ 467 40) GO TC 2¢
KM= KMU
KMU= KMU- 1
IF (JS «GTe lH) GC TO &
MH= MUH(JS)
MUH(JS )= 2

IF (MH.,EQsKM) GO TC 6
NN § T= MHXKMU

TM= MUCTI+1)
MU(T)= TMm

MUH(IM) = MUH(!M)- 1
0 & J= 1,
G2(Je1)= G?(Jo!*l)
CONTINUE
MU(KM)= 0
DD 7 J= 14N
G2( JeKM) = Qa0

IF (KFEY W fQe?) RETURN
G0 TN &¢
KN= KMU
KNU= KNU- 1

IF (JUS «GTe IH) GC TO 27 -
NH= NUH(JS)
NUH(JS)= 1

IF (NH.E 0QWKN) GO TU 25
DD 2% I= NH¢KNU

JN= NU(T+1) -
NU(I)= UN
NUHC JUN) = NUH(JUN) - 1
DD 25 J= oM
GllJel)= Gl(Js141)
SOMTYINUE -
NU(KN)= n

D9 AC T= § W
G1(I+XN)= Ne0 i

NV o JTINVeMSTAT108J+IROWP«IVINGIVOUT,
OLP«NRCWeNCOL « NELEMosNETACNLELEMJNLETA,
GDJeNLINESISTYPE(350)

£
ASe IFCFSH
N

Se
S
A
)
N
C
N
.
Z
.
.
1
. EG.KOUTB

P
[
I
’
N
F
I

)
CX—e XQUUZC"LU"
K wrewr do wPMTrae

e Pe = u Qa1 4CT OOMs
—Te (o

Te ZO~VSEXAN~IM ZTOQe Pe

e PO~~~

.03

n
-
CFZ*OO

.
.
T
J
N
€
&
2
2
1
-}
G
.

FLCN)O‘
=Te e O
e Ve ZQO
P=0OCe

Te O—~re

£
(=
.

x
z
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L3
)

7200
721,
722,
723
724,
7235 e
T2he
72 , -
728 o
729
73C e
721.
732.
T33.
714,
73S e
TI€6 o
737,
733,
T3C .
TaCe
741 o
742
743,
744 .
745,
746
Ta7,
T4H9 o
749 4
780
7501 o
752

783
754,
755
756 6
77,
79,8,
74 ¢C,
T6C
751
762
76 3.
764
7T€ES,
T6E ,
767

THhEe
TEQe
T7C+
’71 .
772
TE X
774,
77% ¢
776
777,
778,
777G

nNan

SN0

anan

AOANOAN

50

55

40

70

73

Is

75

101

1S PARTLY Cl%*TNV(B)
=CleINV(D)
THE

110

D

13

IF (KEY eEQe2) RETURN

NiW W™ ADD THE SUPERBASIC VARIARLE SPECIFIED BY PD1,IS.
IF (PD1.,LT.0) GO TC 70

KN= KN

KNU= <NUe Y

IF ('S.GTeIH) GO TO SS

NU(KNUY= 1S

NUH(TS) = KNU
CALL UNPACK(1S)
CALL FTCAN(1)
DO AN T2 |,M

Gl (I,<NU)= =Y(I])
RE TULN
NCw wE ARE GRINGING A CUAL SUPERBASIC COLUMN IN,

KMU= Kvy+ |

1F (13.GTelH) GO TO 73
MUCKMY) = TS
MUHEIR) = KMY
IF (YS.LE«M) GO TO 11C

THF ENTERING VARIASLE 1S A ZETAe THt cNTER ING CUOLUMN
A ROw OF INV(ARY AND A RCw CF INV(B)%D,

GO TQ a¢
xX(I1)

«FQ40)
KMU) =

MEY
(foaAas(y ).FG.J) GO TO 100
LL UNPACK(J)

T= DJeC

90 = 1M

[ =
2
0
9 100 J=
F
A
)

o)
& (lDPAS(l’.EO 2) G4 T3 90
NDY= DO+ v(1)*X(

ONT INUF
G2UINTTAS(J) «KMU) =
CONT TNUE
SETURN

)
1)

BT OUN=O0NCUMNN<<<0~

DCT

THE ENTERING VARIABLE IS A Ple THE ENTERING COLUMN
AND PARTLY C2+ CI1*INV(B)*D.

IS 2ART OF THE BASIS INVARSE CURRESPONDING Tu
X=SAS1C CULUMNS AND THE T=BASIC RCOwWS.

109
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7AC . 29 140 1= | M

781, IF (I0RA3(I)eEQe0) 50 T3 140 -
782, S2(10BAS(I)eKMU)= X(1)

7E3,. 14C ~ONT INU® i

b 784, DN 1AQ J= MPL JNM
785, IF (IOBAS(J)«EQeD) GO TO 16€Q
786, CALL UNPACK(J) -

3 787, 2NY¥= 0,90

3 7an 4 NO 1850 1= (M L4
7EQ, I¥ (IDAAS(1).E50s7) GO TC 150
740, DOT= NN+ Y(I)xX(1)
a1, 15C CONTINUE -

; 762, 32(ID3AS(J)eKMU)= Y(IS)e COT {
793, 160 CONT INVE a
794, HE TURN
794 END
7% 6 SUZFQUT INT RECALC -
7¢7, &
7ym ., c THIS SU3SOUTINF RECALCULATES THE SUPERSASIC COLUMNS 4 1
769¢<,. C USING THZ CURRENT BASI3 IN Ck FORMe IT CAN ALSO ADO !
ag':. g A VARTARLE AND COLUMN TO THE SUPERBASICS. !
501 ™
B02. IMPLICIT REAL®R (A=MH,0-2) !
303. INTFGER PO PD14PD2sSeR 1SSeRReZFLAG RSP % 1
306, INTEFGER®2 JH(350) +LCIGMA(D952).K INEAS(1302), IDBAS(1302) i
3CHe INTEGER %2 [STYPF LA GLE +[A 415 ePUNLLC(20)1C(B0C) )
A0k, DNOURLF PIECISION £ (89200) -
AOT7 . HEAL  A(47200) +C{300) ¢yCVIN,CCNDJERMAX ¢ SUMINF
BOK o (= : 1
AC 7 COMMON DSUMeNDPROD DY 4DEWCPsB(3S0) e X(350)Y(350), YTEMP(350), o
B1C., 1A, F qCMINSCUND o5 RVMAX o SUMINF ICNANM(1302¢2) e NAME(20) » i
Al ONTFMR(20) o KINP G ITIM JTIN, ITINVoJTINVIMSTAT108J¢ IRQWP I VINSIVOUT, = I
317 AITCNTINVFRQITRLIMGIFFEZ  JCOLP ¢NRCWINCUL eNELEMoNETAGNLELEMNLETA, ‘
A1 ANGFELFMyNINF o NUEL CMoNUSTAGNNEGDJ oNLINE S+ ISTYPE (350) o }
314, ELAT1302)4L%(2002) 4PUN(B), !
315, EIPUNC O NDEGT oNDUAL ¢NIPI weIFBASIFCREH i
RA1F COMMON ITCHe ITCHA, IFPIWT, IFNEG.KOUTH -y
a17. COMMON [A(4000) ,1E(3000)

CRERS COMMON/ZLP1/PL1(1302)¢XX(1202) !
320, COMMON/LNCONS /Gl (350410)¢G2(40041C)BA(350),BB(400)
821 . COMMONZTNDX 1/ NUH( 10) e MUNC 1C) oNL(1C) oMU 10)
a22, COMMNNZINDX2/ JHsCIGMAKINEAS, ICBAS .
323, COMMON/ZSCALYZ AT NABeJJ o MFLAGoIHPL 4P ¢ PD ¢MPD s KFUNsKJAC |
924 . COMMOM/DIM/ THoNoMoKMU o KNU o MP 1 4NV TTATL |
a2<, EPS= &% (=-113) : |
B25 e IF (KNULEQ.D) GO TO 26
927, D0 28 J= 1 ,KNU Y
a2, 10N= NU(J)
529 CALL UNPACKLIDD)
a3p, CALL FTRAN(1)
831, ON 25 1= 1M
132, 2 G1(Ted)= = Y(1) .-
433, 28 CONTINUF
434, 2F CALL SHIFTR(1,.13)
312=, CALL FYEAN(1) =
a1c, DN 22 1= 1.M .
327, 22 3A(1)= Y1) o~
A39, 30 IF (KMU.#2.0) GN TO 140
335, DO 130 J= 14KMU }
aan, 19N = MU J) s
110
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i
i
I
I

=y

341.
342,
R4a3,
Qa4,
QA€ o
Ya¢ o
a7,
Q4= ,
347,
86C »
9851
W52 .
as3,
084,
385 o
Q65 .
==7.
558,
ASGe
3IAC »
8F 1.
HSE 2,
AR”13,
ara,
QRES,
66«
857 .
BAH o
a86qQ,
Q7C e
B71.
A72.
572,
R7a4,
/RT7TE o
Q7L
arz,
A7 o
A73,
29C ,
33! e
832,
Ba3e
QR4 .
Q% 4
4Gk,
aQ7,
REa,
291G,
AN o
A91 e
892
g 1,
IGa,
39< o
995
397,
49k o
3G9,
WO .

aNnN

AN

IF (IDDeLceM) GO TC 70
ZFETA- VARIABLE 1S ENTERING

18= K IN=2AS(IDD)
3 35 1=z ] oW
% Y(1¥m Oy
Y(IF)= 1,
CALL TTKAN
CALL SHIFTR(3,2)
2N AG 1= 1M
IF (ICNAS(I)e€Q.0) GO 7O 40
G2LTDRAS(T)ed )= X(1)
an CONTINUE
ND A K= MP 1 NM
IF (INFAS(K)FQeN) G T EC
CTALL UNPRAIK(K)
00T= J,.C

20 &0 1= 1 «M

IF (IPAS(I).EQ

DNnrT= DNCYe Y1)
|~ TONTINUE

G2(IN"AS(K)eJ)= D
A CONTINUF

GO TO 13C

Pl- VARTIAZLE IS INTERING

A= KINHAS(IODD)
2 1= 1M

)

o

L

o

> Wod =

Y- le
T L AN

L SHIFTR(3,.,2)

100 1= 1M

(Tn24a5(1)e5Qe0) GO TO 100

(INPRAS(T)ed)= X(T)

NT INUS
120 K= MPL NM
(TOPAS(K)eFQeD) GO TC 129

LL UNFACK(K)

T

AT TR E & SUE
e

109

- S

QO PIUCVICEIP~A

200~

¢
110 I= 1M
(INBAS(T).EQed) GO TC 110
DNT= ODOT+ Y(I) %*X(1)
110 CONTTINUE
S2(1MMAS(K)»J)= Y(INDDI+ NDOT
129 CONTINUF
13C CONTINUE
140 DO 150 I= 1M
18C Y(1)= 0,0
I[F (KINRAS(NM) (NZ40) Y(KINBAS(AM) )= 1.
CALL ATLaAN
CALL SHIFTR(3,2)
NO 14C 1= loM
1A0 IF (I02AS(1)eNELC) BA(ICEAS(I))= Xx(1I)
I 17C J= MPL oNM
IF (INRAS(J)EQ.0) GO TC 170
CALL UNPACKI(J)
DNT= 060

.
n
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901 .
AC2e.
903 .
04 .
905 .
306
907
90A .
909,
I1C e
1.
12
413
Qla,.
Q1% .
6.
217 .
917,
919
27
921
22
323
[2a.,
| 175 o
} ‘)26.
27
128,
2% «
230 .
’3‘.
F 232

fie

233,
Yla,
v3% .
36,
327
334,
938,
933
J4C .,
141
282 .
14 3,
344,
945,
INC o
Qe 7,
488,
249,
250,
351 .
957«
I53.
954 o
I5% .
056 .
957,
58,
159 4

O AAINNANND

NOANANO ™

16S
170

88(XDRAS(J)
CONTINUE
RETURN

ENN
SUBRNUTINE ENDOPNT( JUSPC1+IS«ZFLAG,NET)
IMOLICIT RFAL*R (A-H,0-2)

REAL®A MINMIN2

REAL*4 C(800)

INTEGER PDsPDL1sPD2+SeReSSeRRIZFLAGIRSP

INTEGEQ%2 JH(350) +DIGMA(952) KINBAS(1302),1D08BAS(1302)
INTFGER %2 TSTYPELAIWEJIAIIEPUNILC(20)IC(800)
COMMON/NFWT/ H{10,11)sX(10).Z(10),ACC(3,10)+BLAM(10)
COMMON/LOL1/PTI(13%2)eXX(1202)
COMMON/ELCST/BF1(1C)sBF2(1C)sEL(10),E2(10)¢CyICeLC
TOMMON/RLCST2/01(10010) s02(9+10)eFL1(9,610),F2(9,10)
TOMMON/UNCONS/G1(350410)+G2(400¢10):6A(350),88(400)
CIOMMON/IND XL/ NUH(10) s MUH(10) e NU(10)eMU(10)
COMMIONY IND X2/ JHDIGMA  XKINBAS, JIDBAS

COMMON/SCALZ BT sNEs JJe VFLAG [HP1 4P ¢POJMP D KFUNKJIAC
COMMON/DIM/Z THoNy M KMU KNU ¢MPL oNM, ITATIL

COMMON/ INT / IPS(3C) sKDET KOUNTH,1ISING KEND
TOMMON/TOLF A/ TOLFZeTOLEL«T JLCVLTHETASTPMX,STPRO
DIMENSTION U(3)eVI(1C)eVZ(10)F(10)sD0T(3) RHS(10),UL(10,10)
DIMENSTION G(10)

THIS SUBROUTINE WILL FINO THE OPPUOSITE ENDPOINT OF

G¥®(~1)(0) wiTH RESPFCT TQ TrE CELL DEFINED 8Y THE CURR-
ENT SASISs WHERE

G(X . THETA)= THETA#F(X) = (1=-THETA)=*X
£t )' THE SUDGET SURPLUSES DETERMINED BY THE
FTN AND BLC INS 3UBRQUTINES,
THETA= THE HOMOTCFY FARANETFER,
NEY=
IN“L= 0
ERAC=7.5
JELTA = .01

TWOIEL= 240 *ELTA

MELAG=N wHEN WF ARE SCLVING FOR THE QUADRATIC APPROX IMAT JON
MFLAG=1 wWHEN WE ARE SOLVING ONE OF T HYPERPLANE SUBPROBLEMS <
MFLAG=? WHEN ONE OF TFE LINEAR CCNSTRAINTS IS BINDING.

MELAG=3 WHEN THE SQUIL IBRIUM POINT APPEARS YO BE IN THE CURRENT

CFLL NFWTIIN'S METHCC WILL BE IMPLEMENTED AS A TAIL RUUTINE ON F.

510

MFL AG=0
KK= N
ITRY= 0
INP1=z IHe o
T(IHPL)= 0,0
KMUT= KMU+ 1
I1Cx= [HPY
INTTIALIZE THE INDEPENDENT VARIAGLES I[N X
IF (KMUFDe7) GO TC 615
N &1 1= 1 .KMU
X(1)= Pr(Muttr))

112




¥ 960 . A1S IF (KNU.EQ.D) GO TD 625
W61, DO A2C 1= 1.KNU
362, KM= KMU+
67, 52C X{KM)= XX{(NU(1))
Sea, X(THPL) = THETA
. IHE o !T'-'Q: e
} ke 225 185CT= €
QA7 & [TER= 1 T70Q¢ |
l I6F o CALL GTN(JeGeXeF)
' 59, CALL NDERIVG(O X +GeF)
» 970 . 7 1SGCT= I1SGCT+ 1o
3 971, 1¥ (15GCT,.GT.1H) GO TO 300
Q72 an Y0 1T= § <IN
9713, PHS (1) = =H(T,1CX)
74 12 CONTINUF
7€, TEF (ICX.EQeIHPL1) GO TN 35
376, NY 28 J= ICXelIH
Qr?, Or=E g+ 1
: G76 O 23 1= 1.1H
i 370, 23 H(T,J)= H(1,JP1)
9RO, 24 ~ONTINUE
S ¢
62, ¢ SALVF THE LINEAR SYSTENM TC FINC THE TANGENT TO
IR, c THE (UBVE NEFINFD 3Y G**=1(0).
N3G o €
IRG, 35 CALL D=COMP(IHH. UL}
! - GRA, 37 IF (ISINGeNEel) GC T2 23
: 7, IF (TCX +F0. 1) GJ TO 38
i ELTIN 1rx= 1CX= 1
aao, G TH 7
0C . 2. 2% 1M
291, G T3 7
12, 1A CALL S0LVE (1A ULeRHS,V2)
BT I 4C DO 39 I= 1,1H
296 , M= [HP1 - 1
8, IF (IMJLTLICX) GO TC 41
A Pl1= M+ 1
I qa?, velrery= v2(1Im)
Qg TY CONTINUFE
: aua, a1 V20ICX)= 148
1900, 1F (IT"R«GTel) GJ TO 45
1001 SUM= 1.0
1232 IF (PL+*Qe=1) GO TG 110
1an1, JR= KINBAS(JS)
19Ca, IF (JPWNF.Q) GU TO 104
1702, 1€ (V2(ID)eGTe0) GC TO 135
100¢ o GO TO 14¢
19¢ 7%, 104 79 10% 1= 1.kKNU
| 120k k= KMU+ 1
1nne, SUM= SUM+ V2 (TK)I®GL(JEB, 1)
¢ 121C . 105 CONTINUE
; 1911, I (SUMWLT00) GO TO 140
¢ 1912, 60 TN 125
f 1011, 117 JR= 1DHA5(JS)
; 13144 1€ (JANEQ) GO TO 112
b 1715 IF (V2(ID)eGTed) GG TO 135
} 1915, GL YO 140
: 1917, 112 20 115 1= 1.KMU
1012, 5UM= SUMe V2(1)%G2(JB,1)
g 1319, 115 CONTINUE
|
113
' a
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L
AN=IO Y™
LR AN Y

aa,
ac,

VOQIVOVIONVUOVAIVOULUWYILIOOOWV IV

ANADN
N
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I XN

65 o
66,
€7

NG
oy
0

W) -
LA

e e e
NN NN
e

OWVOIVDOVILOV

—
Qo
~~
»R 2
e s

1A77,
1978,
1970,

anA

NAN YN

THE TANGENTY MUST PJINT TO KFEP GUING IN THE SAME OIRECTION.

138

140
as

47

235
2a
a1

242

3aa

e~
242

INIT IS THE CURVE INDEXS IT TELLS US W#HICH DIRECTION

IF (SUMLTe Qa0) GG TU 140
INIT= KDET

GO TO &S

INIT= ~KDET

ACCT (301
CONTINUF
WRITE (6K,8%
DN 48 U= 1, 1

WRITE (5,855) F(J)e (ACC(I sJ)e1=2,3)
CONT INUYT

FINC THE FIRST BUUNDAKRY THAT THE TANGENT, G(ALPHA)
HITSe WD ARE TARYING TO FINC
TH® SMALLE ST ALPHA SUCH THATY
G(lse)*Q(ALPHA) ¢+ GEB(T) = ©

IFLAG= ©
IF (KNULEQeC) GU TO 2489
D0 28" 1= 1M
lv= gH(1)
'F (IVefQaM ¢q0Re IVeleEelH) GO TU 2%0
DY 240 Li= 2,2
UlLL)= 0«0
DN 230 K= ] KNV
3= K4+ KMy
UCLL)= UCLL)+ S1 (1 eK)*®ACCILLWKY)
CONT INUE
COMTINUE
Ui 3)= U(3)
I (DABS(
ALPMHA= =y
IF (ALPHA

+TOLFZ) GU TO 250

JLFZ) GO TG 250
1F (ALPHA TOLRC) GO YO 244
TO0= Q.0

NO 242 K= |+KNU
KM= K¢ KMy
TOD= TOD+ G1(I+K)XACC(2¢KM)
1F (TOD «GTe =-TOQLFZ) GO TO 250
IF (IFLAG+EQe1) GO TO 243

~c

IFLAG = |
JJ= 1

MIN= ALPHA
MOM = g

50 T 282

I® (ALPHA LG «MIN) GO T) 25¢C

Ja= 1

MIN= ALPHA

wen = g
“ANTINUS -
I (KMUFQe?) G TO 64819
N3 289 1= i ¢N

17 (DIGMALT) «%2e M) GC TO 259

114
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t [}
DR
ne
° o
[IIRVELY)
“Tnn
~

1090,
12091 e
1792.
109 3.
17944 *5Z
1NIS,
1096, E et
- 1067,
1097,
is 1799,
1100,
1171 .
.- 1102, RGN
1195
Tira,
g 1105
11T 25¢
r 110%¢ 24 ¢
1129,
119G,
1110
111749
1112 535
1113,
1116, 34
I- 111%. G
1116, -
1317 i3
1118, 251
111G«
-5 1120
11227«
1127
1123, 29%
¢ 1124,
. 112% e
1176
. 1127 ol
E 112%,
1129, 2Q2
L i Bl
1131
. 1132 2013
! 1132, e 8
1124,
$13%
1136
s 1137
: 1120, 26%
112%

sy

e

- s

l.

e e e e

1 s KMU
UlLL)= UlLL)+
CONT INUF
ONTINUE
(2)= U(3)+ RA(1)
o (DABS(U(2) ) LTeTCLFZ2) GO TO 259
LPHa=s ~U(3)/7L(2)
F (ALPHA <L Te =-TOLFZ) GU TC 2€9
© (ALPHACGT. TOLRBD) GC TO 258
TND= 040
D) 252 K= 1 4KMU
TID= TON® ACC(2¢K)*G2(1,K)
TONT INUF
I (TUD +GY»
FLAGeEQWL)

!
6 =1
I

5201 oK) ¥ACC(LLWK)
N
3

e
L5
!
A
v
3

=-TCLF2) GC TO 259
GU TO 253

€ LTt
2 Zur
>~

ALPHA
- 1
6% 3 - 25%
I ALTHA ¢ GY ¢ MIN)
Ja= 1
MIh= ALPHA
MDD = =1
CONTINUF
UELAGE 2
IF (KFNDLGT
Al

"
J
In=
[ ln T

GC T2 2%9

1 «U2e INFLWEQel) GC TC 251
=

MIN= 0«29
MELAG
INFL= 8

TURMAT (1Xs'

THE CURVF

N
1

s
HIT

MACVE A TISTANCE '",Fl15.00¢ "
A'eI3,' TYPE CCASTRAINT,

ALONG THE APPROXe 'e/s
NUMBER® ,13)

TC Q(ALFPHA) AS AN APPROX~-
SOLUTICN,

(£4535) MIN, MO, JJ
NelLTe STPMX) GO TO 255
= MINX STRRC

MFLAG = 1
WRITF (6,635)

SET THT INITIAL
IMAT AN T THE

X FouaL
“NDPIOINT

MIN, MED, JJ

* ACC(2,1) +
XCT)RACC(2,1)

ACC(3,1)
CONTINUF
WRITF (£,2G92) MFLAG
FORMAT I /,1Xe* MFLAG= ',14)

[E (MP) ,%Qs =1) GC TO 263

TF (JH(JJ) Qe M) GO TC 2395
(ITAIL «FQe 1) GO TC 295

IR

(e1w
TALL GTHRIMFLAG 4G X

oF)
TALL NTUEM(GeS1e THPY)
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-
.

TTE (E493%) 'T, (

IT7(A4935) S514(G(

L. DEFIVGIWFLAGX
(S1eLTeTILCV) GC
I

Q
R
A

= [T+ 1
T= NFT+ 1|
(ITeLFe12) GO TC 255
MELAG= 1
MIN= MIN/Z2,
IF (MIN «GTe TCLRD) GC TO 255
sTaP
266 IF (NFT LT, A0) GC TO 268
26C WRITE (64267)
267 FO°maT (°* ENDPCINT HAS FAILED ==~

w
w
C
I
1
N
I

c
T
E
3

N=F20PNONPpWN
* ® g @ o ® g 0 0o

4, STOP
o 268 CALL DFCOMP{TIHP1.H,UL)
Ge IF (1SINGefNel) GC TOD 300
y TALL SOLVICIHD 1 eULGsZ)
L) 00 279 1= 1,1HP1
270 X(I)= X(I)= 2Z(1)
GO TN 265

280 IF (X(IHP1) .
IF (MTLAG.EN.
GO TO &25

GTe 1.0001) GC TO 2985
2) GO Ty 800

AP PRRIRNP AUNAQORNAS N2 POPLLPD>PLL
(]
.

DPAP ANV O

IF (YTAIL .FYeC) S TO 8O
“ALL DS NT(ALPH.31)

IF (ALPHGT, TOLZV) GC TC 70
WEITS (54345

B T 30T

7C WRITE(S5:955) ALDIH
89 o 9% 1= 1e.IH
X(I)= X(I)=- ALFH%®Z(I)
95 CONTINUF
An

e

CONTINYE
e e i P 0 e
INE CALL CONCHK(GMINGKGMIN,MP2)

Pt s vl ot o PR s it B e P s et e T e et o s PP et et R ey P P b et s P s et~ s B Bl D oy o bt e et s P i T et g VB s P R oy bt gt ot
e b B e Bt P el b et s P et b e et B et B et et PR e bl By D B R s s P s b e s P P B B ey ek et s P et BB s P ot Pt P e bt B oy el e S s
o
.

QVUICI00HDOVOT VDT DTAL VDV NNYNNNYINY

LD IPNP A= DT QU N
® 8 % g 0% 0 % 0 0" g0 e g,
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TOO MANY ITERATIONS. )

NEWTIN 'S MZTHDOD FCR THE PROBLEM CF FINDING THE INTERSECTION

eLTe TCLFZ) GO TO S8

-
» c
. C CF THY CURVE WITH THE ZCCNSTKAINT DEFINED 3Y MPD AND JJe
A7, c
295 MFLAG= 3
69, D0 170 K= 1,21
7Ce KMlz= K- |
1e CALL FYN(F,X)
2e CALL NIM(T4S1,1IM)
3, WRITE (Ae933) KM1, (X(I)el=141IK)
a, WRTIT:E (6¢922) Sl (F(L1)el=1,1IH)
Se TEF (S1leLTL,TALFZ) G)Y TO 8B0C
Fa CALL DERIV
T NIT= NET+ 1
& e IF (THeGT41) GO TO &%
e IF (DABS(H(1.,1))
e Z(1)= FLL)I/H(C141)
le GO T &5
2e s CALL D=7 OMP(1He1yoUL)
IF (1SINGeFQT) 69 TO 6O
€3 WRITE (6,340)
STOP
50 CALL SOLVE(TIHWLeFs2)
65 ALPH= 1.
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e IV T R I U B VIR VI e

N VU VUV EININNY VDI NN N g VI
JATALPAANL PP PRPPEP P WL
NN ARAN
e ® g 0 00

NNLUi e u V=D

v
n
2

1
1
1
1
1
-
1
1
1
1
%
1
1
1
1
1
1
1
1
1
!
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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1
1
1
1
1
1
1
1
1
1
1
1
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N
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THFTA= X([HY1)
TF (KMULFGe0) GO TC 146

00 145 I= 1,kMU

KM= MU(T)

21{kM)= x(1)
IF (KNUSQe") GL TC 143
DN 147 1= KMUL .IH

IK= - KMU

KM= NU(IK)

XX(KM)= X(TI)
IF (GMIN LT, =-TOLRBND) GJ TC 170
IF (MFLAGeLF.2) GC TO 133
ZELAG= 2
RETU N
IF (MFLAG.EQs1) 30 T 150
IF (MPDFQe =1) GO TY 151
1S= MHOJ)
PNDY1= 1
RETION
1S= NDIGMA(JJ)
PHle =1

IF THE CURRENT VALUF OF X VIOLATES THE CONSTRAINT DEF INED

Ay KGYIN AND M02, SINC A COOD STARTING POINT FOR NEWTON'S
METHID 2Y FINDTNG TH: PIINT CN THE LINE SEGMENT

ACC(lee) # ALPHAX(X = ACC(1lee))ds 0<= ALPHAL= 1

THAT 34TIGFICS THE VIOJLATEC CUNSTRAINT EXACTLY .

 yirdlp

Ty

175

2

¥7'S

1950

=3

JJ= KGMIN

vMPI= 422

MFI1 AG= 2

NRITF (6,174) VPDWJJyGMIN

FQORMAT(/, ' THE GUACRAT IC PICKEDL THE WRONG CONSTRAINT.'s/

h gL THE MOST INFEASIBLE CCASTRAINT 15 TYPE *,13,
2 NUMAER ¢ 14,7/, WITH A VALUE CF',.F14,.7)

30 Y71 I= QelHP
VIi{I)= X(I)=- ACC(3,1)
o3 17% 1=

1
NOT(1)= 0.0
IF (“PDeFRAs=1) GO TO 189
DO 172 = 14KNU
IK= [+ KMU
NOT(1)= ")T(L1)+ Gl(JJI)I®ACC(Z,41IK)
20T(2)= LOT(2)+ 31(JJei)xvV1(IK)
CONT INUS
STe= (=2A(JJ)=D20T(1))/C2T(2)
WRITT (FAy185) GI(JJel) eDA(UJ)+DCT(1)4DCT(2)4,STR
ND 173 1= 141P1
X(I)= ACC(2,!)+ STR%XV]1I(I])
GO 1) 26e
DO 121 = Yy
WCT(1)= ONT(1)+ G2(JJe1)%RACC(3,1)
COT(2)= MT(2)4+ G2(JJe1)%xVI(])
CONTINUE
STR2= (~913(JJ)=-D2DT(1))/DCT(E)
WRITE (€£4183) GP(JJIel)eEE(JIIISCOT(1)sD0T(2)eSTR
SORMAT(1Xe " K2y B3 D20T1ly DOT2 s STR 1! ,5F13.6)
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302
430

258
135
336
140
333
2723
W45
155
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D

e
0

an

49

196 1= 1,THP! :
XC1)= ACC(3:1)0% STREVI(T)
50 YO 264
WARITF (f,989) =
FORMAT (1Xs *THE CURRENT QUADRATIC APPRUXIMATION TO THE CURVE IS:*
19 /701 X,?" F(X) A2(*y) e A3*)
FORMAT (1Xe3F1747)
EORMAT(1X,s "ITERATICUN *sI&e' X= 'y GF10e5)
FORMAT( IXe 'NORM( 5(X))= *sFlle6,° = *,3F11.6)
FORVMAT (1 Xe//7t=dxkAlL GUR ITHAM HBONBED WwITH SINGULAR JACOBIAN®%%xx%x?¢)
CTORMAT (1Xe' ITERQRATICN ! *4l14,' X= '49F10.5)
FORMAT (IXe"NORM(F (X)) = "4Fl1l1e€s? F= ' ,9F10e6)
FORMAT (1 Xe *NO DESCENT PCSSIBLE == ALPHA WAS ZERO.')
EORMAT(1Xe* STEP SIZE= ALPKRA= ' ,FG,7)
FORMAY (1X ¢ "NEWTON"S MSTHOD FAILED TO CONVERGE +*)
STIP
NN
QUADS - INOS THE SMALLEST NCNNEGATIVE RJOT OF
UCY)EALDHA ™2 ¢ U(c)*aLPHA + U(3) = 0, IF THERE
IS ONF o £F NOTy TMAG I3 SET = 16
SUMNROUT INF QUADS (U IMAG.+ALPHAL,BETA)
IMOLICIT RealL™R (A=Ho0O=Z)
INTEGTT BUyPD1eH)I2e5¢R eSSesRRIZFLAG RSP
INTEGE2®x2 JH(3IS5C) L IGMA(OC52),KINBAS(1302),IDBAS(1302)
COMMOM/TOLER/ TOLFZsTULBCosTCLCVITHETAWSTPMX,STPRD
TOMMON/NTA/Z [HeNoMKMJ oKNU sMP L oNM, I TATL

CIMENSION U(3)
IMAG= £

IF (DARS(U(1))eGTe TOLFZ) GJ TO 10

IF (DA3S(U(2))eLT.TOLF2) GC TO 8

ALOHA = =U(3)/U(2)

HETA= Al OHA

<F TUSN

IMAG= 1

WETYRN B

IT= U(P)%R%2 - 4Ry(1)*y(2)
IF (FT) 20+ 3Ce 40

THE QUADRATIC NJIES NJIT INTERSECT THIS CCNSTRAINT.

TMAG= )

RETUN

THERF 1S &4 DOUBLE ROOQTs
ALPHA = U(2)/7(U(1)%*2,.)
FTA= AL VPHA

F '(J: N

Twn S AL PROFS EXTSTe

DI5= NSART (AT )

ALPHA= (-U(2)=DIS)/(2.%U(1)
(ETA= (~U(2)+DI1S)/(2e%U(1))
1F {(ALLPHA JLEs 3FTA) RETURN
SAVS = AILDHA

)

ALPHA = A-TA
SELENE SAVE
wE YN
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132C., =ND
1321, [+
1322+ QUARIUTIND DSEMT(ALPHA JENGRM)
1323, IMPLICTT REAL*3 (A=-HeI-Z)
1124, COMMONZNG HT/ HEL1D 11 ) o X(1C)eZC1C)eACC(3410)eBLAM(10)
132% « TIMMON /T IV THeNG MG KM o KNU 3 MP T JANV I TAT L
132€ 0 FIMENE TN Y(IC)eF(12)
1327, 1 Y § 1=z {aIM
132% o > YCTU): X(T)~ ALPHAXZ(I)
1132a, CALL FTYN(F,Y)
1330 ¢ CALL NIRM (Fy S291IH)
B i THF (S LT PRNORM) RETURIN
233 ALPHA= ALPHA/Z?,
133% 4 TR GALIHE JG6T e «200%1) GL T §
1334, SEYYLN
1335 FND
13¥3¢c. =
1337, SURFOUTINE GTN(IFLsQsUF)
E 1338, IMDLICTY ScaL %3 (A—Hy )=2)
133% INTTGTF 2D 4201 4PN2 ¢Se < e33Rk o ZFLAG RS, P
t 346, INTEC ~x 2 S 35S0 ) 2D TOMA(GEZ) WKIN-AS(1322),]10RAS(1302)
1341, CIMMON/NZWT/ HOL1Ce11)eX(1C)eZ(1C)eACT(241C)ebBLAM(1C)
13672, COWMDN /T Y M/ "'-\' eKMUGKNL g MP1 yAM, ITALL
136 7, COMMON/GCALYZ 3T 3 NB 0 JJ ey MFLAGIIH2 ] 3P 3P0 10D ,KF UNKJAC
1344, r~~v-A/Lwcnwsxox(5‘,.14).62(aoo.xc).3A(Jse).ea(000)
1345, TOMMONZINNDX2/Z JHWDIGMA oKINBAS.IDRAS
1345, TOMMON /ZINOXYT/Z NUS(10) o MR 10 e NUC1C) MU 10)
1347, DIMENSION U(10),2(10),F(10)
134~ , QI )= 0.0
1 34%, CALL FTIN(F o)
1350 « THETA=: U(IHAY)
1 351 IF (KN =0e0) 6O TC 21
1352, 2% 2% bR Yy
1353, IK= T+ <MY
1 3%a, Qs= (1K) #+ U(lk)
1355, A(TK)= THETA * )S - U(IK)
1356, 2% TPNTIwWE
§IR?, 1 i (X%WUs-Q«0F GO TC 24
1358, 27 27 t=x | JKMY
1 359, 122 MULCL)
1 340 4 I20= KINBAS(IP)
1361, SUM= 0 40
1362, 1= (KNU «EQe 0) G TE 7?7
13A3. YR K= 1 eKNU
1362 4 'K= K& KMU
138%, 3 SuM= SUME GI(IC3.k) ® U(TK)
1 3CEe LARTTI Y= SuUM + EAC IEB)
136", IF= 3. AavMt 1)
13682, Qss FLl)e OIF
135G, QU )= THETA¥3S = DIF
13T ) e 273 CONT INUF
1374, 26 1F (1+tL «FQe £) SITURN
1375, KFUN= KEUNG
1376, by B R oy
11377, L, L ROl 1 e i i
L YT Wy &G U= LIy
3 306, SUNVE SUM + ACC(2,1) * U(l)
1380, 25 ZONTINUF
13R1 . D(THE] )= SUM = AT
1 102, [ETYLRM

Nttt ey
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.
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.
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30 IF (VPR ,EQe=1) G) T 5¢C
IF (KNU*QeD) GO TC 45
0N Al 1= 1+KNUY
Tw= T+ KMU
SUM= SUM+ Gl(JJel):L(IK)
4C ZONT INUF
45 Q(IHPY1) = SUM+ RA(JY)
ETUSN
QAN IF(eMY Q") G0 TH 49
20 S5 1= 1.KMU
SUM= SUM+ G2(JJeT) *L(T)
€8 CNONTINUF
6C A IH-1)= SUM+ 8BB(JJ)
RETIRN
ZND

TURTAYTINT DF RIVG CALCULATES THE HESSTIAN NOF THE

FTT2ACTT N, FUNCTION, PLUS SCME GTHFR GRAUIENT
SPECIEINDY ay [€,

TFL=" ¢ NI NTHER GRACTENT
IeL=t ¢ A SPHERe DI TcRMINES THE GRADIENT,
IEL=s2 ONL OF THE _INTAR CCNSTRAINTS IS

THS GRADIENT,

SURE “UTINE DERIVG(IFL U WGeF)
IMPL 717 TAL%R (A=H40=2)

INTEGTE DD 4PN 4P I235eRe5SeRReZFLAGIRS P
INTEGTI*2 JA(035C) o IGVMA(SS2) oKINEAS(1302),
COMMON/NEWT/ H(O13+11)eX(1C)s2(1C)+ACC(3,10
COMMINZDIMY/Z THN M KMU KANU S MPY gAM, ITATL
COMMUN/STALYZ HT 3N GJJ s MFLAGsIHPL 4P 4FDyMPD
COMMON/ZLINCONS /61 (3500172 )9G2(40CG01C)eBA(S
TAMMINZINI X2/ JHDTGMA (KINSASLID3IAS

TOMM N/ [NDXT/Z NUHI12)eMUH(10)eNUC1IC)sMUC1Q)
DIMTHeION G(IC) o J(17) e G(10)eF(1C)

THETA= U(LIHPY)

TMTH= 1, = THETA

TALL DK1Y

DO 22 J= 1»1IH

D7 10 1= 1elH
H{ Ted)= THETA ¥ HN(LoJ)

b Jee TINT INUF
an "-") ‘Y‘nL'r.

SRR DU S O
IF(1 «GTe KMJ) GO T& 25
IB= MU(T)
197= < INRAS (1P)

74 U= 1 e KNU
JK= J+ KMU
HlT1sJK)= H(TeUK) = TMTHEGL1(IDB.J)

ETA CHONTINUE
Y T 28

28 MUT o1) = H(T el )= TMTH

20 CONTTINUE

80 35 1= 1+1IM

17(1 «GTe XKMU) GJ) TI 30
H(TosIHOY)= F(I)+ LaM(I)
(v a0

3 !(]:l”nl)= FOT) ¢ C(1)

IDBAS (130
)eBLAM(1C

'KFUNJKJAC
50).86(4C0)

Fed ped eed e e e R AR W R

ed

L

$on

bordq




l 1451, 39 IF (ITL o.0e J) 2WTURN
18452, IF (150 «FQe2) GO TC 52
1453, 79 6% 1= 1419P1

' 1458, ac MOTHPY g I)= ACC(2,1) i
LasF, CE TUL N {
ta=e, 30 IF (Wl e%ue-1) G) YO 74
1457, R B RS 3
1a=e, HUIHPY JJ)E D, 0
1486 4 TE (JeLEoKMU) G) Tu &%
taar, TS (J «FQe IMPI) GC YC 50
1841, Ma - kMU
14602, HITHPY ¢J)= GllJIJeIM)
1Ak, 8C CONTINUF
14/a o RETYCN

l 1409, 77 00N €8 = | G THPY
1264 , HETHD] ¢J)= Co0

: 1857, T (JeGTeRMW) G TC €0
; taea, ACTHRY o J) = G2(JJed)

I 1a6c, 40 ZONY TNUE
1472, SETURIN
1871, “ND
1az2, SUI DTINE COvTHR (G INKGVM INoMP2)
1477, C

I 1a7a, e THI ® CWUIROUTING FVALUATEE T CCNSTRAINT PUNCTEIUNS
1475, € BNT EIr0C THE SMALL=ST VALUE IN GMIN. ZFLAG 1S 80TH AN

. LtA745, F OINPUT ANT OUTRPUT PAAMAT: R, 1F ZFLAG.EGel INITIALLY, THEN
13774 € ONLY THT NONC INFAR CUNSTRAINY IS EVALULATED. 2ZPLAG [S SET
tara, C EQUAL T 2 IF ANY CONSTRAINT 15 NUNPOSITIVE, OTHERWISE IT
1a7¢c, C QEMATNS ZFR7),
1487, oo
1421\, TMOL T T W(FALYR (A-H(C=2)
1482, 2EAL %4 C(]00)
1422, INT: AR PPN M2 ¢53eR ¢3S eRReZFLAGIRS P
1ARG o INTEGT2R2 UM{ 350) DIGUHA(9E2) XK INBAS(1302)41I08AS(1302)
1486, INTEG QWD [STYPE qLAJLTe [Ae TE4PUNGLC(20), IC(8BCT)
1aR6, COMMAIN/NEWT/ H{17011)eX010)0e2(1C) eACC(3610)eBLAM(ILIC)
1au7, COMMIN/ZSBLCST/Z3F1(10)e3F2(10)4E1(10)4E2(20)4ColColC
1acR, COMA 'W/RLLST2/01 (1Ce12)oC2(263C)uN3(9410)4F2(,4108)
1aaq, AOVMONZLST T (1302) o XX(1222) ]
taan, AL I/ LNCONS/GL (350, 1))eG2(00Ce1C)eBA(3%9).8H(400)
1431, TOMAINZIND X2/ JH oDIoMA KINEAS.ICIAS
12462, COMM N/SCALZ 9T o NBoJJeMPLAGe IHP 14P 4P0 s MPD o KF UN s KJAC
14933 COMMIN/ZDIMZ THGN oM KMU o KRU o MPL o NM, ITATL
1496, SMIN- 1C,
r1a0<, AN " Iz LM
14Ge, Tk= palY)
1497 o LG R ”
taaa, I (KNU«" 20) G2 TC 158
1499, DY 19 J= 1exNL
1500, IK= Je KMY
1501, GG= GG+ Gl(1eJ)EX(IK)
13592 10 FONT INUT
1507, y & 502 GG+ 3A())
1504, XX(1K) = GG
150, I7 (IK oFQ M oD¥ e 1K oLt alH) GU TU 2)
1504, ' (MFLAGe=0e3 oANLe [KeEUeANM) GC Tu 20
15C7 . IF (G3eGT oGMIN) G) TL 20
1508, G N GG
15C9, ¥SMINS |
110, upos g
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n

an,

WANANANPE PP Ledp
NP N0 TN NE W
® 9 0. 0 ® g 00 0%

nan
MmN
e ¢ 0

sa.
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roM
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DAV AN AP AN ANAAGINDNATRAGD AV ANIAND S ANANT STV A NN AN VIR
N
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1364 «

ANNO Y

INAT ANO

E -
= 1N
DNITGMA(T)
wG= 0.0
T (KMUG.EWe0) GQ rC 38
M 30 J= 1.KMU
Go= GG+ 32(leJd)2X(J)
30 CONT INUE
35 AG= Ge+ AR(1)
PICIK) = &6
1 (1K oEQe M) GO TC 4C
IF (GG «5= «GMIN) G) TC 4)
MIN= GG
KGM TN= |
PR = -1
40 TONTINUF
SETYNN
=ND

N
[

ke
"n=-g

SUYRICUTINI FTN EVALUATLS
<A(MY)I+ DI=X(MU) + DIAG
<B(rMJY+ D2%X(MU) + CIAG

SUSRUT INE FTN(F,Y)

THIS RUUTINE “VALLATZIE THZ FUNCTICN @WwHICH THE ENDPOINT
SUFRDPOUTINF IS CJURRENTLY TRYING TD FINC A RJIOVT OF. IF MFLAG
TQUALT 1 THEN THE LAST FUNCTICNAL CIONFRISING F IS ONE OF THE
INEQUAL ITY COUNSTRAINTS== THE INFQUALITY DETERMINED B8Y THE
PARAMTTF RS MPD AND JJ.

IMPLIZTIT RRTAL%3 (A=He I=Z)
AL %4 C(323)

INT 376 POMN0D14PD2,50 935S 9RRZFLAGIRSO
INTE 57Nk JN(’%C)'DIGMA(95?)oKINEAS(l3JZ)|108‘5(1302)
CINTO ISR TSTYPE G 1A LI s IAWIZ JPUNLLC(20),1C(800)
COMMIUN/NTWT/Z H(10611)eX(1C)eZ(1C)sATC(3+10)eBLAM(10)
COMMON/ZPLCST/ZBF 1(10) e 3F2(1C)sEL1(10)4E2(10)sCoICHLC
TOMVIN/ZBLCST2/01(120¢12)402(9+1C)sF1(9410)sF2(9+10)
COMMIN/ZINDOXYIZ NUH(LI0) e MUF(10)sNU(1C)eMU(L10)
TOMM N/ GCALYZ 3T oNRGJJIIMFLAG o IHPYL 4P 4 FO VPO JKFUNIKJAC
COMMIN/ZDIM/Z THNgMKMJU +KNUSMP 1 o NV, ITTATL
DI NSION FOIH) oY (IH)
KMY1= KMU+ ]
KFUN= KFUN+ TN
IF (KMU.ZQe0) GO TO 23
N 20 I= 1 KMU
NATs N, 0
IF (KNUGEQ40) GO TC 15
9N 17 U= 1 +KNU
JK= J+¢ KMU
1C D207= AOT+ F1(leJd)2Y(JIK)
18 #(1)= -Y(I)”(JWT+ F1(I))+ BFI(1)
TE(KVMIZEQLC) GO TO 23
12,470 b B J‘ 1 oKi4U
18 F(1)= F(T)e NICTsJ)*Y(J)
20 CONTINUE
27 I (KNUezQe”) RETUNN
)) 47 1= KMULWIH
T™MA= Y- KAU




2
' 1571, DOT= NeC
1572, IF(KMU.EQ.0) GO TO 30
18772, DY 25 J= 1.KMU
1574, 2€ NOT= ONT+ F2(IMRB,J)%XY(J)
1575 . O F(T)= =Y(I)R(DNT+E2(IMR)) ¢+ 3IF2(IMB)
1576 IF (KMU 2 Qa0) GO TO 40
1577, D 17 U= 1.KMU
157& 4 32 FT)= FUL)+ D2(I4BeI)=Y(I)
1576, an ~ONTINUE
158C . IF TGN
1531, =4n
1582, JURRAYTINE DERITV
15922, c
13Ra, C THIS “OURFIITINEG CALCULATFS Terr EXACT JACOBIAN OF THE
1387, c AILIN A5 SUNCTION CEFINZC PY BLCLNSe. THERE MAY Ok MAY
130F, ¢ NIT Mt ANCTHER FUNCTIUNAL APPENDED WHICH WE ARE ATTEMPT=
1387, & ING Y ~SAKE AINDING NITH NEWTON'S METHOO.
158¢E o C
15R6, IMPLICIY REAL®A (A=He2=2)
159C QEAL*4 C(320)
1591, INTEGTR DD,0N1,PY2¢5¢Q¢SSsBR4ZFLAGIRS,P
1302, INTEGT ™2 JHM( 33C) +"IGMA(SS2) 4 KIN2AS(1392),10BAS(1302)
1362, INTEG %2 ISTYPELAGLF o [A, [ sPUNGLCL2C) ,IC(8CO) !
1594, COMMMN/NTWT/ H(172411)eX(10)eZ(1C)eACC(3,10)eBLAM(10) f
159%, COMM ON/ZBLCST/ZBFI01C)e3Fcl13) o 1(1C) sE2(10)eCoICoLC !
1306, COMMIN/FLCST2/01(1Ce10)4C2(3410),F1(9,10)sF2(Ss10) i
1597, ~DAIN/LNC ONS/ZGL (35041 0) ¢GE(4CCo1C)eRA(350)sBB(400) 1 3
1566 o CAMMINZ IND X1/ NUH(10) o MUHC 18) o NUC 1C) +MU( 10) !
- 1590, TOMMON/SCAL/ AT (NBeJJs VFLAG, [HP1,P,PDMP D+ KFUNsKJAC !
16Ce TOMMON/DIM/ T N oM eKMU oKNL o 4P1 sAM, I TATL i
2 146C1. KJAT= KJAC+ 1 i 3
1602, 50 §3 1= 1.0 :
16213, NPT 10 J= Le1H !
- 1”06, 10 HlTedY= D :
157, KMUL= MU i
i 1505, KNUL = KNU+ 1 {
1607, [H1= Twet ]
1806 o 1F (K2)eEWe0) GU TN S35 |
= 1507 DY =7 U= 1 WKMU
151C o DY 3% 1= lekKMU
i 1512, HlTed)= D1(1ed)
‘ 1512, 1= (I«NE.J) GJ TC 30
3 15172, NDOATs 2,8
v 1614, IF (KNU.%Ge0) GZ TO 25
1519, NI 20 K= 1eKNU ]
1614, KAz KWl +K !
= 1617, 29 YUTE DETE FLUL WKIEX(KR) {
1514, 2a H(Ie))= H(Lled)= DUT=- E1(T) 4
o 1515, = “ INTINUE :
1527, IF (XNUJEQ.0Q) GO TO &C i
1621, NS A0 Tz KMUL.TH :
e 1527, M7= [~ KMU :
15234 Hiled)= N2(IMA )= F2(IMI,J)®X( 1) ]
— 124, an LONMTY INUS
1625, 30 S INY 1Mt
U 152¢, e IF (KM eFQeN) RETURY
1527 M) 7?0 J= KMUL G IH
1529, Ju= J-<KMU
: - 1629, IS (KMUSEQe3) GO TC 72
152", DY EC I= 14KML
i -
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H(T4J)= = X(I)=FL1(1,IMy)

A5C TANTINUS
79 CONTINUE
72 IF (KN GEQ,0) <F TUKN

D0 A/) I= 1KNU

IK= KMU+!

IF (KMUEQeD) GO TO 77

NO 75 K= 1 KW
78 HIK,'T)= HIIKIK)=- F2(1
77 HOIK, I )= H{IK, IK )= £2(1
2~ TONTINUE

RETUIN

TND

;K)‘X(K)

NORM(YsS51eN)
AL*a(A=H,0-2)
(10)

S Y(I)®Y (1)

Si= OSOKY )

SETUL

“ND

SURPAUTINE DECOMI(NNeA sLL)

TMPLTTIT RFALX8(A=H,0~2)

COAMMUNZINT/Z TOS(3C) oKDET o KCUNT 3 ISING,KEND
OIM-NSTION A(12617)eUL(1C01C)oSCALES(1D)

N= NN
KD T= |}
INITYALYZ?C IPS,ULe AND SCALES,
TSING= C
2 8 = 1N
IPS(L)= 1
LOOWNSME TN
Y 2 J= 1 oN
JL(led)= A(T14J)
TF (KOWNAM=DAJS(UL(IsJ))) 14262
1 PO WNEM= DAPS(UL(TJ))
2 TUNTINUE
I7 (ROWNRM) 344,3
2 CTALES(I)E 1o ZRJWNRW
G YIS
4 cALL SING(Y)
I5ING= 1
STALES(I)= Co

S CONTINUF

G.US?YAN FLIMINATION wITH FARTIAL PIVOTING
MM N-
27 17 kK= | JNMY
ajes o

S E B B e r

— e ———tvnnceis
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1691 ISING= 1@
1692, GO Ty 17
1693, 13 TE (IDXPIv~K) 14,15,14
- 1694, 14 = TPS(K)
i 1A0F, I2S(k)= IPS(INDXPIV)
k. 1 16GE o 1PS(INXPIV)= J
1667, KD .T= «KOFT
15900, 18 KP= [26(K)
15463, PIVOT= UL (KPeK)
1706, KP1= K&
1701 . M 1o I= KPL1WN
i 17C2e o= (PS(1)
1702, EM= ~UL(IP,K)/PIVOY
17¢ca ., JLIP K )= =3M
1705, D1y U= KP1GN
17C% . UL (IR 4JU)= UL(IPWJ)+ EM¥ULIKP J)
1707, o TONT INUS
17C»2, 17 ZONTINUE
1709, KP= TPS(N)
f 171C. IF (UL(K2sN)) 19,18,19
1711, 12 CALL SING(2)
1712 I1SING= 1
17113, 16 RETUIN
3 1714, = NO
1715, C
1716, <
1717, SUSRQUT INZ SOLVE (AN UL s EsX)
1718, IMOLICTTY QEALRR(A~RH,DO-2)
171G, COAMMONZ INT /7 IP53(30) s KIET(KCUNT o ISINGeKEND
172Ce TIMTNSION UL(17010)e85(1C)eXx(1C)
1721, N= NN
1722 NP1= N+ ]
1723, IP= 125(1)
1724, X(1)= a(1P)
172S. 20 2 I= 2N
1726, ee IRS(L)
1727, fMy e 1I-3
1722, SUM =z Ce°
172%. T 1 J= 1,.IM1
1730 1 CUM= SUMe UL(TFR L U)*X(Y)
1731 2 X(I)= BE(1P)- 35uM
1732 <
1733, 10= IPS(N)
173a, XANYI= X(N)ZUL( IPWN)
ET 3% TFIUL(IPWMN)GFLC) GO YC 10
1736 . KBeT= «<DFT
1727, 1C D0 &6 THATK= 24N
1712, 1= N21-~ [HACK
1735, £ I GULS (N‘l)voa‘ol
174cC . IP= IPS(1)
1741, IP1= 1+1
1742, SUM= 0,0
1742, DM 3 J= 101N
1744, 2 SUM= SUM4E UL (1P J)%*X(J)
174, ctvs ULIP,T)
174+, IF(CIVeGTa™) GU T 4
1747, KDL T= =KO-T ]
1749, A4 X(1)= (X(1)=SUM)/DIV |
174, RETURN
175C. LND

[ONY -
[ = . .
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3 1751, C II 1
1752, [ o
1753, SUAROUT INE S ING( IWHY)
1754, 11 FOOMAT(!1Xe *MATRIX wITH ZERFC RCGw IN DECCAPUSE«"')
17%5% o 14 FORMAT( 'Xe *SINGULAR MATRIX IN DECUMPOSEs ZERU DIVIDE, IN SOLVE') 1
175€. IF (IwWHY= 1) 1,1,2 :
TS 7T 1 WRTITE (€,11) g
1758 . GO T 12 b
1789, 2 WRITE (¢412) l
] 1750, 10 IETURN :
1761, END y
1762, SUREPUTI NS DEAUG(MCDE)
. 1762, IMPLICIT ITAL%X8 (A=-H,0=-2)
1764, SEAL™Y MIN
: 1765, SEAL%*4 TIME I i
1766 INTEGTRE PDePD1iFPN2:5¢R 1SSeRReZFLAG 4RSHP :
1767, INTEAC T >0 J-1("S") DNIGHMA(S52) KINRAS(1302), IDBAS(1302)
1769, INTSGE 2 1S Yn{oLéthoIAclcoproLC(ZJ)oXC( 30C)
17nC, L= LE “"LY)ICN E(3009)
17720 . RF AL A(SlT2) o Z( 30C) s CMINITIND o SR MAX ¢ SUMINF l
1771. &
1772 CO“MOV USUMDPRID GOY I DEWOF eB(357) ¢ X(350)9sY(3S0)e YTEMP(350)
1T 7Xe 14 T3 CMINGCOND oFRMAX e SUMINF oICNAM(130242) o+ NAME(20) »
177¢, 2NT T Vp(d‘)oKY"thlTlVoJT!"o‘flNVoJTINV.MSTAT.IUBJ-IQOIPoI\’IN'lVWTo
E 1?78, "7’NT.!NVFQO-!TrLlMoKFFTZoJCﬁLPthCWoNCOLoNELBM NETASNLELEMINLETA,
1776 GNG - LTMGNINF ¢ NUEL “MoNUE TAZNNEGODJoNLINE S I STYPE(35C) » ’
b S o FILAM1372)4LE(2002) ¢FUN(3)y
1778 (lpUNxoV“'uloN“UALoNlpl‘ol‘eASIlF:RSH
1779, COMMON ITCHITCHA,IFPIWTs 1FNEG.KIUTB
1780, “OMMIN TA(GOCD) +IE(30290)
1761, CTOMMON/ZLLPL/PT(1302)¢XX(1302)
1783, COMMON/2LCST/Z3F1(1C) e3F2(10)sEL1(10)eE2(10)eCy ICsLC
17e4, COMMON/ZRLCST2/D1(1Ca12)402(941C)sF1(9+1C) oF2(9410) -
1785, TOVMMONZELNCONS/G1 (350410)0C2(40Cs1C)eB8A(350)48B8(400)
173¢, TOMMONZIND XL/ NUH(10) 4MUF(LIC) o NL(1C) MU(10)
17R7, ’OMMJN/IV”X’/ JH,CIGMAKINEBAS, IC 2AS -
1788, COMVDON/ZSCALYZ BTei3eJdJesMFLAGeIHP] ¢P ¢POsMPDIKFUNIKJIAC
1789 . COMMDN/P!M/ THoNsMeXKMU KNUsMP 1 NM,ITAIL e
1791, IF (MTDE=2) 10430,60
1797, 17 TIME= 1,0
1793 WRITF(: ,22) TIMF -
17G4, 20 TOOMAT (X' THE TIM: LEFT IS NOW *4FI.0e* SEC?)
179s BETUYEN £
1746, T WRITE (<440)
1 1797 ARTTE (Fes)) (BA(I)ol= 1oM)
v 179FP o WRITE (64635) (BA(T)e[=1eN) -
176G, IF (KNU.“Qe«0) Gu TC 35
13C€C, APT1TE (~432) (LGI(IsJd)el= 1eM)eJ= 1esKNLU)
1371, 38 IF (KMU."Qe0) RETURN
; 13C2. WRTTZ (£443) ((G2(1ed)el= 1eN)sJ= 1.KMU) I
1 § 307 «€ TUeN
. 13Ca, 4r TOOMAT (/elXe' LINFAR CCNSTRAIANTSG )
1a08, 4% FOSMAT (IXe' Gl= *437F13.5)
19C~, 41 TOFMAT (1Xe' BA= ?,7F13,5)
1307 49 FTORMAT (1X,* A= ¢ ,7F | 2,5)
1908, 6 FOAIMAT (IX o' G2= *47F12.5) ' ;
1ANG, AG TFE (MOOF = 4) 65,7C410C i
1930 & T WRITE (HheaT ) (K INEAS(I)e I=1eNCCL) ;
& 1311, WRTITT (=2e85) (JH(L1)el= 1eNROW)
¢ 1912 B0 F)DPMAT (1Xe' KIN3AS= ?,2014)
3
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