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BCA and ERA : Two Programs for

Computing Economic Equilibria

by

Thomas Elken

I • 
. I. Introduction

BCA and ERA are computer programs designed to solve a version

of the economic equilibrium problea. 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

D x + t  — b

A D - C

- (C 1, A> - A1t~ — 0 , i — 1, ..., (1)

A~t~~— O , 1 — 1 )1 + 1 , ..., NROW

(x , ~
) — 0

H x , t, A ,~~~> O ,

. 1 ]
[1

• ~~~~~~~~~~~~~~~~ ~— ~~~~~~~~~~~~~~~~~~~~~~~
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where D is a matrix with NROW rows and NCOL columns, IR is

the number of consumers or households, eNCOL is the NCOLth unit

vector, and ( ~~, .> is the usual inner product.

The BCA is an implementation of the bilinear complementarity

algorithm presented in Wilson (7]  and in Elken (2 ] .  The ERA code

implements the honiotopy 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 coninon tha t many of

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

both algorithms begin by solving the linear program

maximize XNROW

subject to [ l I D ]  [
~ ] — b , (2)

t , x > O .

To solve this linear program , the code LPM1 written by John

Tomuin is used. Actually, the subroutines comprising LPM1 are part

of both codes, BCA and ERA . LPMI. has been documented in J. Tomuin

[4] .  LPM1 has been converted into a linear complementarity code ,

LCPL, which has been documented in J. Toinlin [5) and (6]. Since

t 2
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LCPL uses many of the subrou tines of LPM1 without change, the reader

is referred to the works cited for a description of how the matrix

A — (lID] is stored and how transformations are processed.

Next we discuss some important details of the implementation

of BCA and BRA .

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 11.1. 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 m di-

cators for the LPM1 portion of the code are described in (4 L

Subroutines

The rou tines making up ECA and BRA are as follow s :

Ii

3
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BCA NRA r

MAIN MAIN

ELCONS BLCONS

FINOP FINDP

PIVOT PIVOT

UPAKC UPAKC

BSCNG BSCNG

SUPERB SUPERB

RECALC RECAL C

ENDPNT ENDPNT

QUADS QUADS

DSENT DSENT

GTN

DERIVG

CONCHK CONCHK

PTN FTN
DERIV DERIV

NORM NORM

DECOMP DECOMP

SOLVE SOLVE

SING SING

DEBUG DEBUG

The dotted lines indicate the subroutines which are essentially

identical.

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

INP UT

FTRAN CUSOL

L STRAN

FORZ4C NORMAL

TRUEDJ ITEROP

PRICE UNRAVL

CHUZR CRASH
WRETA BASINP

SHIF~R CLEAR

INVERT

UNPACK

SHFT E

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.); ERA 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.

£1
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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 i.E — 4. The bilinear constraints

(3) are satisfied to a tolerance of TOLFZ; i.E — 10 is the default.

• Convergence is guaranteed in the BCA and NRA 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

23x20solved a problem with 6 consumers and 4 goods with D E R in

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

with 3 consumers and 56 goods and D € R
97X1O7 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

[ 2 ] .

6
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II. The Bilinear Completnentarity Algorithm (BCA)

11.1. Input Requirements

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

A) Parameter specIfication relevant to equilibrium problem

B) Parameter specification relevant to the auxiliary linear program

C) Data for the LP in MPS standard form

D) Basis input (optional, see [5])

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 “NANELIST” Input f rom the card reader. The

first card must start with &PARN1 in column 2 or later; each card

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

Example

columns

1 2 3

&PARM 1 IH = 3, L = 2, ICECHO = 1, &END

The parameters which can be defined by the &PARM1 statement

are listed below along with their default values.

7
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REAL *4 Tolerances

TOLFZ (DEFAULT l.E — 10)

Termination criterion for the solution of the bilinear equations .

TOLBD (DEFAULT = i .E  - 4)

Feasibility tolerance for the linear constraints .

TOLCV (DEFAULT = i . E  — 5)

Termination criterion for the r±turn to the curve.

INTEGER *4 Parameters

IH Number of consumers (traders). This parameter has no default.

It  must be specifieci ~n the &PAR11l s t a t emen t .

ICNTRL (DEFAUL T = 1)

If ICNTRL.LT.O , then the program behaves jus t  like LPM 1 to

solve one or more linear programs . This may be use fu l  when

one desires to solve some prel iminary linear programs to deter-

mine ini t ial  u t i l i t y  levels. Otherwise , an equ i l ib r ium problem

will be processed by BCA .

IFCHO (DEFAULT = 0)

If IECHO 1 while ICNTRL .LT.O, the D matrix of (1)

will be printed out , ten columns at a time .

ICECHO (DEFAULT = 0)

If .FQ.l , the C—matrix of (3) wIll be printed .

IPROD (DEFAULT — 0)

If .EQ.l, i t  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.

S
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ITLIME (DEFAULT = 500)

The maximum number of cells which we allow the program to pass

through.

KOUTB (DEFAULT 0)

Uni t  number of ou tpu t  of the optimal basis for the auxi l ia ry

l inear program. If KOIJTB .EQ .O , no basis will be saved.

REAL ~4 Parameters

STPMX (DEFAULT = 100)

The maximum possible step in the d i rec tion  tangent  to the curve .

STPRD (DEFAULT = 0.5)

The factor  between 0 and 1 used to reduce the steplength

when i t  exceeds STP~~~.

B. Linear_ Pro~ r~~ Parameters

Next , a list conta ining parameters  of importance fo r  the linear

programming por t ion of the code mus t be included.  The beginning of

this list is &PARAM. Wc leave the description of these paramaters

to [4] p i t h  one exception . The parameter IOBJ contains the row

number of the objective row in the D matrix. Since this row is

always e
NROW (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 .

1
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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:

T1) Let the last row of D be

2) Set ZSCALE =—l.O in the &PARAM list , or

3) Set IOBJ = — NROW in the &PAR.AN list.

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) in 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 columns 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

10 •.
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MPS). Also row types mus t be supplied in columns 3 of each card

I

L: < constraint

G: > constraint

E: = constraint

N: objective funct ion row

For the equilibrium problem all constraints will be of type

“L” except for the objective funct ion .

COLUMNS Card

Has “COLUMNS” in columns 1—7.

Matrix—Element

The non—zer o elements of D are supplied by column . All

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

a (uni que) 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.

IJ 11
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RES 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 d i f fe ren t  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

11.4.

D. LP Basis Input

If KINB is initialized to a nonzero value in &PARAN , 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 B , 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 p roblems 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 da ta is read f rom unit KINP di rectly following the MPS

format data. The instructions constructed from the pointers in this

data produce a matr ix  packed i- ’to a vector in the same manner that

( l I D ]  is packed (see ( 6 ) ) .

In the current version of the code it is assumed that (if

IPROD .NE.O) each consume r I is associated with a fraction SHR(I ) ,

which represents his share of each f i rm in the economy , such that

SHR(I)  — 1.0. If this assumption is not true , the co rr ect C

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

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

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

• forma t (only if IPROD.N E. O) .

13



r ~~~~~~~~~~~~~~~~~~~~~~~~~~

2. Several cards describing the column of C associated with

consume r 1.

3. A blank card .

4. Information associated with  consume r 2 , etc.

We now elaborate on the sp e c i f i c  requirements of point 2

above, Assume tha t we are d a ling  wi th  column I of  C.

The first card for column I contains values for the In teger

variables ISHR, LL, and KK in 314 format. ISHR is a control

parameter which behaves as follows ;

A) If ISHR.EQ.l, 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 f i r m , and stored in C.

B) If ISHR .EQ.O, the program reads one or more consecutive elements

of the RNS corresponding to tho constraints on consumer I alone.

C) If ISHR.EQ .—1 , the program reads one or more elements from the

• ca rd(s)  fol lowing 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  on ly one row is Involved , either KK

can be set equal to zero (leave columns 9—12 blank), or set I(K equal

to LL.

14



I
I
— 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 11.4.

11.2. Main_Program

The main program consists of 350 statements which perform a

variety of functions: the parameters are initialized and altered

by reading t~w name list PARM1, the subroutines of L?Ml are called

to solve the auxiliary linear program, the data is read so that the

C satrix can be on~~t r u ct e d , the machinery is set up for the bilinear

comp lementarity algorithm to begin , the main path—following subroutine

Is ci~ 1ed , the updates and decisions made necessary by the

output from : NI)~’.T •ir~ performed, and the final solution is printed.

I f  opti~- Is were ridded ~o that a number of equilibrium problems could

be solved , this main program uould undoubtedly become sort of a master

subroutine , as NORMA L is for LFM1.

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
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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 LPM 1) .

Variable Glossary

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

by the statement

IMPLICIT p~A 1~*8 (A—H, O—z)

Notab le exceptions are the initial data In A and C which are stored

as p~J~J*4 variables.

COMMON/LP 1/ :

P1(1302) The complete set of dual variables (prices and relative

costs) .

XX(l302) 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

111.3). The functional form is



Type 1: f BF1 + D1*PI(MU) — D IAC (P I (MU)) *(F l*XX ( NU ) + El)

• 
(3)

Type 2 : f~ BF2 + D2**PI( 14U) — DIAC(XX(NU))*(F2*PI(MU) + E2)

where PI (MU)  refers  to those components P 1(J) of P1 such tha t

MU(I)  — J fo r some I = 1, 2 , .. ., KMU , KNU is the current number

of du al superbasic variables , and

PI ( MU( l ) )  0 ... 0

0 P I ( M U ( 2 ) )  0

DIAG(PI (MU ))  — .

0 
0 (MU (KMU )

XX(NU) and KNU 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 Ill and DIGMA are

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

relat ionship is

~
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t
KNU

XX (JR(I)) = ~ Gl(I ,J)*XX (NU(J)  + BA(I) I = 3., ..., N

J=l 4 .  -

KNU
PI (DIG MA (I ))  = ~ G2(I , J) *pI (MU (J)) + BB (I)  I = 1, ..., N

J=l

S

where the arrays are dimensioned Gl(350,l0) ,  G2(400,lO), BA(350),

BB(400).

COMMON/INDX1/NUH(lO), MUH( 1O) , NIJ( 1O) , MU (lO)

0 if XX(I) is not superbasic

NUH(I) =

J if XX (I)  is the Jth

superbasic variable I = 1, ..., Iii

0 if P1(t) is not superbasic

MIJH (I) =

J is P1(T) is the Jth

dual superbasic variable, I = 1, ..., IH
N1J(I) J if the Ith superbasic variable is XX(J )

MU ( I )  = J if the Ith  dual superbasic variable is P 1(J) .

Note that NIJ}I(NU(I)) — I.

COMMON! INDX2 / JU ,DIGNA ,KINBAS , IBBAS

These arrays correcpond to a , 
~~~, 

y and ~ in the description

of the algorithm in Chapter III of [2].

18
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I
I JH( I )  = J if XX (J )  is basic and pivots on row I.

DIGMA(I) = J if P1(J) is dual basic and corresponds to the Ith

I row of G2.

r 0 if XX (I) is non—basic
1. KINBAS(I) =

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

0 if P 1(t) is not dual basicr
IDBAS(I) =

j if P1(I) is dual basic and corresponds to the Jth

row of G2.

COMMON Is CAL/

ET = A scalar that helps to define the normal hyperplarie subproblem

in ENDPNT.

JJ = The index of the constraint in Cl or G2 which defines the

exiting facet for the current ne Ll .

MFLA C = A flag which defines the type of jacobian which must be

calculated.

DD1 = The number of bilinear constraints which are currently at

zero.

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

• PD = The flag which determines whether the initial facet corresponds

• to a prima l (PD = 1), a dual (PD = — 1) variable, or a bilinear

constraint (PD = 0) at zero .

MPD — Identical to PD except that if refers to the f inal  facet of

1] the currant cell.

19
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1, if the bilinear Inequality Is the last of the Type 1

constraints.

INEQ =

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

constraints see (1).

KFUN = Counts the number of functionals evaluated in (1).

KJAC = The number of partial derivatives of the functions defined

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

COMMON/DIM! (DIMENSIONS)

IH = The number of households .

M = Number of rows in the problem .

N = Number of structural variables in the problem .

DD = Current number of superbasic variables ( DD1 + 1).

KNU Current number of primal superbasics .

• KNU = Current number of dual superbasics (DD = KMU + KNU)

KNU — 1, if INEQ = 1

BL1 =

KMIJ , o therwise

KNU — 1, if INEQ = 2

5L2

KNU , otherwise

• MP1 = M + l

NM = N + M

20
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COMMON/INT/

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 curren t jacobian of f.

KOUNT The number of times ENDPNT has been called .

ISING A f lag which Is 1 when the current jacobian is singular ,

0 otherwise.

COMNON/TOLER/TOT , Z , TOLBD , TOLCV , ICNTRL , IECHO

These parameters are defined above.

11.3. Subroutines of BCA

(2) SUBROUTINE BLCONS : Calculates the coefficients of the first DD

bilinear constraints. DD1 of these are constraints which define

the curve . The 1~st 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 (I), I 1, . . . ,  DD
j=1

car be reduced to functions of the superbaslc variables by using

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

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

21 
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(3) SUBROUTINE FINDP (PD1 , IS, P): Finds the element of largest

absolute value in the row determined by (PDI , IS) and stores

the index of the variable corresponding to that element in P.

When we .say the row determined by (PDI , IS) we mean Gl(IS,~ )

if PD1 1, and G2(tS..) if PD1 =

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

the basis and variable XX(RR) is leaving the basis, the columns

of Gl and G2 and the columns BA and BB must be updated .

This is accomp lished by i simple pivot. The details for this

pivot are contained in Section 111.5 of [2].

(5) SUBROUTINE UNPACKC(II): A call to this subroutine causes the

11th column of C to be unpacked and stored in the N—vector Y.

(6) SUBROUTINE BSCNC(S,R): This subroutine updates the index se ts

Jh , KINBAS , DIGMA , and IDBAS when variable S replaces variable

R in the primal basis.

(7)  SUBROUTINE SUPERB(KEY , PD1, IS , PD2 ,JS): Revises the index sets

defining the superbasic variables. It also adds or removes

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

0, if col umns are bo th added and removed ,

KEY = 1, if col umns ar c onl y added ,

2 , if columns are only removed .

(PD 1,IS) determine the column to be added .

(PD2 ,JS) de termine the column to be removed.
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The calculations i~tvolved in calculating the column to be added

are described in [2] Section 111.3.

(8) SUBROUTINE RECALC : The parameter INVFRQ of LPMI specifies

how frequently the product form basis is to be reinverted. Each

time the basis is reinverted while the BCA portion of the code is

in e f f e c t, Cl , G2 , and BA , BB are recomputed using the new

basis inve r~ c. The same thing could be accomplished by DD calls

to SUPERB with KEY 1, and (PD 1 , IS) appropriatcly specified .

(9) SUBROUTINE ENDPNT (JS, PD 1, IS , NET) : implements the path—follow-

ing al gorithm described In Section III.’. ~2J . 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 -il gorithm follows

the curve defined by the DD1 bilinear constraints and the DD

superhasic variables. The objective is to follow the curve until

~t 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

cetermined by the equation described by (PD1 , JS). The final

facet is determined by (PDI, IS). NET counts the number of

Newton iteratftns 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 : COMNON/NEWT/H(lO , 11), X(lO) Z(lO), ACC(2 , 10). The

following vectors are used in this routine : U(3), V l( l O) ,

(V2(lO) F(lO). DOT(A), RHS( l0) , UL (lO , 10).
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H( 1O , 11) stores the jacobian for the various Newton subproblems

X(10) contains the superbasic variables as X = (PI(MU) , XX (N U ))

Z(lO) is the correction to X supplied by the Newton method,

Z = H 1
F

ACC(2, 10) sotres the two vectors which determine the current linear

approximation to the curve. f~~ (O)

U ( 3) stores the coefficients for any quadratics that have to

be solved

Vl(1O) holds the gradient of the functional defining the initial

facet

V2(lO) contains a vector in the null space of H, a tangent to

f 1 (O)

F(1O) holds the values of f and any other funct ional  Involved

in the current sub problem

DOT(4) a collection of accumulators

RHS ( lO) work space for f inding the tangent vector by solving

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

IJL( lO , 10) stores the LU decomposition of the curren t Jacobian matr ix

Subroutines cal led:  QUADS , DSENT , CONCHK , FTN , DERIV NORM ,

DECOMP , SOLVE .

I t  should be noted tha t  the Newton ’s method being imp lemented

is a modif ied  New ton ’s method with descent. The iteration Is

= .. a ( f ’  (xk)~~ f ( x k))  k = 0, 1,

24 
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where a is the f i r s t scalar of Cl , -
~~~, -i- , ~~~, . . . .} such that

H f ( X k+l ) O  < Of(X~)fl .

- 
• 

The basic loop is something like the fol lowing

• 
DO 1 0 0 K = l , 15

CALL FTN (F , X) calculate f(X)

CALL NORM (F , Sl , Dl) ) set Sl:  ~f ( X ) II

IF (S1.LT.TOLCV) GO to 800 terminate if Sl < lO~~

CALL DERIV calculate  H: = f ’  (X)

CALL DEC OMP(DD , H , UL )  decompose H = UL

CALL SOLVE(DD , UL , F, Z) solve by back subs t i t u t i on

UL’ Z = F

ALPHA = 1.0

CALL DSENT (ALPHA , Sl)  implements descent on the

norm of f .

DO 95 1 1, Dl)

x ( I )  = x(I )  — ALPHA *Z(I )

95 CONTINUE

100 CONTINUE

C TAK E CORRECTIVE ACTION IF NEWTONS

C METHOD HAS NOT TERMINATED WIT HIN

C 15 ITERATIONS

25
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(10) SUBROUTINE QUADS (U , :MAC , ALPHA , BETA) : finds both real roots

of the quadra tic

U ( l)  2 
+ U ( 2 )  . c~ + U(3)  = 0

If the re are no real roots , the f l ag  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.

(11) SUBROUTINE CONCHK (GM IN , 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) . GNIN stores

the minimum value of these variables and (MP2, KGMIN) m di-

cate which variable attains this minimum. The theory tells us

tha t we onl y have to check the curr en t bil inear inequality among

the bilinear constraints described in (3). If this value is

less than GMIN, MP2 is set equal to zero.

( 12) SUBROUTINE FTN(F , X): evaluates the first DD1 bilinear

functionals as they were defined in BLCONS (3). The last corn-

ponent F(DD) stores a different function value depending upon

which subprohlem is being solved in ENDPNT.

If MFLAG = 0, then F(DD ) 0.
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If MFLAG = 1, then F(DD) contains the value of the functional

specif ied by (NF l) , J J ) .

If MFLAG 2 , thcn F(DD) X(J J ) .
-

• 
It  MFLAG = 3, then F(DD) < ACC ( 2 ,~ ) ,  X > — BT ( the norma l

hyperp lane to ACC(2 ,~~) ,  if F(DD) 0 ) .

(13) SUBROUTINE DERIV : computes the exact jacobian of the function

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

P I(MU ) XX(NU) PI (MU ) XX (MU )

Dl DIAG(PI(MU))*Fl DIAC (F1*XX(NU) + El) 0

- -

D2 _ D IA G(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 .

(14) SUBROUTINE DSENT (ALP HA , PN ORN ) : Imp lements descent on the norm

of f in Newton ’s method as described above . ALPHA is cut in

half un t i l  ~$ f ( k+l ) f l  < PNORN = I I f ( x k ) Il or until ALPHA < 10~~~.

(15) SUBROUTINE DECOMP (NN , A , UL): (Borrowed from Forsythe [3 1.

The reader should look there fo r  a complete desc r ip t ion . )

Imp lemen ts a Gaussian elimination scheme with partial pivotin g

- - to produce a LU decomposition of the matrix A. A few statements

we re added to this subroutine so that  KDET would change si gn

every time a row interchange was performed. KDET wi l l  eventually

be the sign of det A (see Bikes [l977a}, sec . 111.2).
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(16) SUBROUTINE SOLVE (NN , 1.1, B , X~~: is also borrowed from Forsythe

[31 with the additions of statements which change the sign of

KDET every time UL (I , I) < 0. SOLVE uses backsubst i tu t ion

to solve the system L*U*X = B. L and IT are a lower and

upper t r iangular  matr ix  which are stored in the square matr ix

UL.

At the end of SOLVE , KDET is equal to sgn(det A).

(17) SUBROUTINE S I N G ( I W H Y ) :  is also borrowed from [31. I t  is called

from DECONE and SOLVE to print messages concerning the sin-

gular ity of A depending on the parameter IWHY .

(18) SUBROUTINE DEBUC(MODE) : p r in t s  informa t ion which may be usefu l

in debu gging the program when changes are made . The information

which is p r i n t e d  depends upon the  value of MODE .

MODE = 1: P r i n t s  the time l e f t  in this job step by calling the

sy stem sub routine LEF’TlA(TIME) where TIME is a

REAL*4 variable. When running this program in WATFIV

or on a system other than SLAC , this portion of code

should be removed .

MODE 2:  Th e arrays BA , Cl , BE , and G2 will be pr in ted by

rows .

MODE 3: The index sets def in ing  the primal basis , JR and

KINBAS will be p rinted .

MODE = 4: Information about the location and value of the firs t

IH primal and dual variables wil l  be given (KNIJ , KMU ,

NVH , MUll , (XX(I), P1(I), I — 1, . . ., IH ) ) .

28
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MODE = 5: The coeff icients  of the bilinear constraints will be

prin ted: BF 1, BF2 , Dl , D2 , El , E2 , Fl , and F2.

MODE = 6: A variety of variables will be printed out which are

of use in debugg ing ENDPNT : PD , KNU , KNU , INEQ, MUH ,

NUH , JH , DIGNA, P1 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.

11.4. 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 11.2 and 11.3 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 th ree consumers and two goods . By using the theory of Section

11.2 of Elken [2] we see that solving the equilibrium problem devised

• - by Mas Colell is equivalent to solving (1) with

In
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—l 0 0 0 —0.9

0 — l 0 0 —0.95

D = 0 0 — l 0 , b = —3.92

.5 1. .25 1. 3.0

1. .5 .20 1. 3.0

and

—0.9 0 0

O —0.95 0

C =  0 0 —3.92

1. 1. 1.

1. 1. 1.

Not ice 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 .

ACT 1 ACT2 ACT3 MEXP

UTIL1 —l

UTIL2 —l

UTIL3 —1
D-

GOOD1 .5 1. .25 1.

GOOD2 1. .5 .20 1.

OBJ 1.
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We only enter the nonzero values to emphasize the fact that

only the nonzero elements of D aud b need he entered.

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

th ree consumers (IH = 3)

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-

men t f ro m b and p lacing it in the corresponding position of C(~~,I ) ,

and we read in the 4th and 5th elements from the cird following

‘— 1 4 5’ .

~~~~~~~~ ut ut

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 f irs t page of out put shows the values of all parame ters ,

gives the problem name and the output concerning the solution of the

- . - 
aux ill iary li~tear program. Messages concerning time can be ignored

I L in this printout because no timing routine was being called .

lii 31

I

I- - -~~-____  
-
-- - -----------.- - - - - - - --- - - - --- - - .- -- -~~~~~ -- - - - -



MRS-CCLELL
1. ~PRRM1 IH=3,L=2, I PRCC= I I , I C E C H O 1 ,  ~:.ENC:
2. &PRPRM IC8 .J=-t. ~• E N D
3. r~R~iE NRS-CCL
4 . R O W S

L 1..’TILl
L UTIL2
L U T I L 3

3. L 60001
L 6000 2

0. N 08J
11 . CCLL !F1NS
12 .  R O I l  UT IL . l — 1 . 0  ~3Ootr

ROIl 60002 1 . 0
- 

~4 .  R CT2 ~~ IL2 -1.0 60001
15. Rf .T2 60002 0 . 5
16. U T I L 3  - 1 . 0  ~~O0C~

RCT 3 60002 0 . 2 0
6000 1 1 .0  60002 1.~

~3. ME:-:P CBJ 1 . 0
19 .  RHS
20.  EN DOW UT IL 1 - 0 . 9  UTIL2  -~! .~~5
‘1. ENDOW UTIL3 - 3 . 9 2
22. END OW ‘30001 3.0 60002 3.0
23. END~ TR
24. :‘ I

25. -1 
~ 5

6. ~~~. 1.

Es . 0 2 0
~9. 

-
~~ S

70. 1 . 1.

0 7 0
~3. -1 4 5
9. 1 . I .

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 :

31-1(I) The names of the primal variables which may be non—zero

in the equilibrium solution

VALUE gives the value of these variab 1.e~~. The value of MEXP

should always he near zero in an equilibrium.

ROW NANES is self—explanatory

P1(I) gives the value of the dual multiplier associated with

that row . These P1 ’s associated with commodity balance

rows are the usual “equilibrium prices .” H

RHS ~4ves t ht value ~f the original RHS vector (b).

~1. 33
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~~ext  we give a samp le inp u t  dud  o u t p u t  for  a problem formulated

by A~ ~l i t sman  (W 1 l~~on [ 1 9 7 6 ] ) .  Tue p r o b l e m  i nvo 1~~’i-~ f o u r  t raders  and

three  goods . Each t r ader  Is C oncerned w i t h  two to f o u r  ac t iv i t i es .

Ic ’ c 1 e s cr ib e  the problem we give onl y the  D , h , and C ma t r i ces  of

p rob lem ( 1) :
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Again , onl y the non—zero elements of the matrices are given .

The input follows . The first card , again , Is just a header;

it is nor to be included in the input stream. 1
The sample output for the Wi-iisman problem also follows, page

40.
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11.5. Source Listing for BCA

The f ollowing pages are a listing of the program 13CA as it

is written in FORTRAN IV. The subroutines which make up LPM1 I
- (Toinlin [1975)) are omitted.
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I

I I I .  The HRA ((Iomo t~pv R-~tr action Algorithm) Code for Solving Equilibrium

Problems

~~~~~~~~~~~ 

Revisions to the Ori
,, ~~,na]~ Code

The homotopy r e t r a c t i o n  a l g o r i t h m  is described in detail  in

Chapter  IV of t~ie repor t  [2]. However, since the comp letion of that work

the author has changed the HRA code to improve the domain of converg€’nce

of the code with respect to the user supplied initial utility levels .

With these changes the code successfully finds equilibrium points f or

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 11.2.4, solving the equilibrium problem is equivalent

to solving for

w I (it , A , Em) , , ;  s, t, z
1
(i Em) , p)

which satisfies

f (w )  = 0. w E D , (5)

where

- A
1

(w) (t
1

(w) + v1)

~m~~~~
(t

m~~~ 
+ v )
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r ~~~~~~

‘ ‘

(it (w) refers to the f ir s t  m compon ents of w , e t c . ,  and

D {w 111 
z~ 

- t
1 

— v~, i E in

~ 

B
1 
Z~ + pe + s =

‘Tr B1 — A ~~i
1

— ~~ = o , i E r n

I r e — p = l

It s = 0

1 Gm

w > 0  } -

The or iginal homo topy which is used to define a pa th to the

solu tion of (1 .2)  is

F( w , 0) Of(w) - (1 - 0)(A(w) - A°)

where A
0 

is determined by the solution to the auxilliary linear program

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

to
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a

I
F(w . 0) = Of (w) - (1 - 0)(t(w) - t

0
)

I

I Here t(w) refers to the slack variables of the first in rows , wher e

m is the number of ccnsurnc’rs in tht~ economy. By the properties of the

I auxiliary linear Pr ~~?4r:uT . i t  ~-;ill always he true that t0, the value of

t(w) at the optimum , is ~~ontically zero. This is because one can never

achieve a 111511cr le,’e~ of e - ’corts p by allowing consumers to have a

greater utility level than v
1. Thus, we can simplify the definition of

the homotopy to F:Dx[0,1,] ~l’ R”.’,

F(w , t~) = Of(w) — (1 — 0)t(w) - (6)

A convergr’nce theorem using the path defined by (6) can be proved

even though we w il l  not do so ILL-re .

Other amendmenti~ to the aleor i thm include a procedure for alter-

ing the initial utilit’— Levels v ., i 1, .., m , if the process ing 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 vj is too large . They will all

be reduced.

2. If some A~ = 0 initially , it indicates tha t vi can be increased

without changing the optimal value of the objective function. For

each I for which this is true we increase v~ until > 0.
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3. If f
1
(w) < 0 for some I, the initial bound ary condi t ions are

not satisfied . By reducing v~, for  such ind ices I, we can

increase until it is positive.

When we say to increase V
j 

or decr ease v1, we mean tha t the

follow ing pro cedure is followed:

a) Af ter each solu tion of the aux iliary LP , a scalar TI

is incremented by one starting with TI = 5.

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

we let

v~ = v1*(l 
— 1/TI)

to increase v~ we le t

v~ = v1
*(1 + 1/TI) -

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

unsatisfactory, the program terminates.

111.2. Input Requirements

The form of the input data for the HRA is exactly iden tical

to the form for the BCA . See Section 11.1 for a description .
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I

I
III  . 3. Main P,~~~ rarn

The main program consists of 390 source statements which per—

form many of the same func t ions  as the main program for  the BCA. The

param ett-rs are initialized and possibly altered by reading the name—

list PAR,M1. The subroutines of LPM1 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 bud get

surp luses f. are calculatlt.d 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 r i e t er rt i~~ ’, whi ch is the next cell (see Figure IV•3.l, Elken

[l977b]).

Restrictions Relevant tL ti ’, ‘CC of JIRA

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 cou’:se, 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 11.2.
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Var iable Glos sary

In HRA we refe r to one more var iable from the blank common of

I,PMI .

‘N ’ if the auxiliary linear program

is infea sible
MS TAT =

O ’ if the current solution is optimal

‘U ’ if the L? is unbounded.

We use MSTAT to check If the current auxiliary linear program

is infeasible.

The common blocks L~ 3 . BLCST , BLCST2 , LNC ON S , INDX 1, and INDX2

are identical in both HRA and BCA . COMNON/INT! contains the variab le

KEND , the number of times the ENDPNT subroutine is called .

We include this variable to pass its value from the main pro—

,ram 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

Sec tion 11.2, COMMO N/SCAL / contains the variable

IHPI = IH + 1 the number of consumers plus one. This is the dimen-

sion of the consumer space plus one for  the homotopy

parame ter .

COMNON/DIMf

1, if the Newton tail routine is in effect ,
ITAIL =

0, otherwise



~-.---,- -~

I
I

The descr ipt ion of r.he algorithm in Chapter IV of Elken [21,

shows when ITAIL is Set equal  to 1.

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

I

‘ 

111.4. SubroutInes of I-IRA

We will des r ibe  only  the d i f f e r e n c e s  between the subrout ines

of HRA and those ot BCA .

- 1) Subrou t ine  BLCONS : C,i l culat e s  the c o e f f i c i e n t s  of the bilinear

functionals the budget surpiu5es 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 t i l t -  case al l  the bil inear funct ionals  are

computed rather than the first DD, the number of bilinear con-

straints which are currently satisfied.

Subrout ines_ called : UPAKC

2) SUBROUTI N T- : FIN D P (PD 1, IS , P): same as in BCA . See Section 11.3.

3) SL’BROUTI~J-: PIVOT (SS, RR ) , SUBROUTINE UPAKC (II), SUBROUTINE

BSCNC (S, R), SUBROUTINE SUPERB (KEY . PR 1 , IS , (PD2 , JS) ,  and

S I ’ S R t ) U I ’ i N S  RECALC : same as in BCA, see Section 11.3.

4) SUBROtJTINJ-. LNDPNT ( I S , PDI , IS , NET) : This routine implements

the path—foi l- -wing a1~ orithm described in Section 1V .2 of [21. The

- 
r e~~d’,-r should consult that work to be ab]e to understand this

• subroutine . Here we will describe some details which were not

- mentioned in Section 11.3.
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The independent variables (superbasics) are placed in a vector

X of dimension IH + 1. = IHP 1 . The extra dimension is for the homo—

topy parameter , 0. Theta always occupies the last position In X ,

X(IHP1).

From computational experience , we know that the curve F
1 (0)

is highly nonlinear in the last variable when the algorithm begins .

That  is , for  the f i r s t  tangential  approximation in the f i r s t  cell ,

o increases very quickly, initially, but quite slowly thereafter.

Remember , 0 increases from 0 to ,1 as the al gor ithm progresses , although

some decreases are possible. To remedy the poor guess at 0 which

would result f r o m  f o l l o w i n g  the  i n i t i a l  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 thi initial step,

the al gorithm described in the work cited is followed precisely . The

f i rst  tangent  of the f i r s t  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 tangen t to the curv e is being compu ted ,
1 when a “h yperp lane subprob le m” is be ing solved ,
2 when an end point 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 imp lemen ted

as a tail routine on F(X) 0.
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I
SUBROUTINES CAJ.LEI):

QUADS , DS [N I’ , CONCRK , SfN , E V ~~, ~1I - ’51 VG , l ) F R I ~~, ‘-~ -R~ , [~ECOMP , SOLVE.

Subrout ines  QUAD S (U , 1MAC , A ~~% \ , i~i-~I~~) and I ) SEN T (ALPHA , PNO RM )

are the same - L -C in BCA .

SUBROUTINE GTN (IFL , Q, [, Fl evaluart-s the homotopy F( w , 0).

When one writes tiJ5 funct i -- , in terms ~f the superh~isic variables

one has

THE L’~ = X (IHP1)

Q(X) = THETA*f(X)

/ KNI’

( 

~ Gl (Ml’H(J), I)*X(KMU + 1) + BA(MUR(J)), J = 1, . .. , KNU
1=1

— (1 — THETA)*

X(Kl ’I lJ + J) , 3 = 1,. . . , KN1J

The values of t n ’  variables of t indexed by MU ( the  f i r s t

KMU in the vector ahovL) are saved in the vector  BLAM ( 10) . These

values are used in th - subrout ine DERIVG to be described later.

• The las t component of Q contains the value of a functionai

dete rmine d by the value of IFL (MFLAG In subroutine ENDPNT). If

IFL 1, then
I.

Il-I
Q(IHP 1) = ~

‘ ACC(2, I)*(x(I) — ACC(l , I ) )
1=1
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If IFL = 2 , then

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

Q(IHP1) =

KMU
~ G2(JJ , I)*X(I) + BB(JJ) , if NPD = —l
1=1

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

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

function evaluated by GTN. The jacobian is of the form

/ BLAN
DG(X) =[[THETA*Df(x) — (1. - TH E TA) ( g f ( X )  +

~ 
X
~u

SUBROUTINE CONCHK ( GMI N , GKNIN , 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 pr imal and dual variables canno t become

nega tive so we ignore these variables when searching for the minimum.

Also , the primal and dual variables corresponding to the objective

function a re of no importance to the al gori thm , so we do not compa re

these values when searching for the minimum.
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SUBROUTINE F TN ( F, Y): “v~Juat-~ s ri-c ~i l inear  budget surpluses and

st o re .~ then in i-’, This ~H’~ -u t ~ ~o is i c e ot i ca l  to that  in the BCA

code except that no a- l d itl - ’iiil 1in :ti -~~als a r e  e v a l u a t e d. That task

is ~~~~~~~~~~~~~~ by ~ITN as dencn ih -~d above .

I ~UhRt\UTtN~
; DERIV:  eval~i~ i.~ s the j t oeL~ n of the function described

in FTN. This s i ~~ica1 to  che s u b r o u t i n e  by the same name in the

BCA code exc ep t, a~~ in , it is si:-yler because no rn-wn need be appended

C e c a u s e of  an a d d L t ’ ~~aal  f ur . cr i o n a l .

SU3ROIJTINES YOR-~ (Y , ~I, N~ , ~EC~ ’-!P (NN , A , ~L) , SOLVE (NN , UL , B , X)

SING (IWHY) , DEBU G (MO D E ): are ~~ - :it ical ra th e subroutines with the

same names in -~CA .

111.5. pje Problems

Below we give the output of the HRA program for the sane two

problems C~-t\S—Cololl and l~h i o r -~n) i - r e st at e d  in Section 11.4. The

form of the input is idenfical ior Il~ J and BCA so we w ill not repeat

the input de ek- ~ hert .

The output is -;ery sim ila r. The reader will note that the

subpr obl em solved by EN~)FN’~ i s  (1H ~ 1)—d imensional with HRA while

the dimen — ’ ion grew from 1 to TH for I be BCA . On these  two problems ,

thou g i , the HRA code r e q u i r - ]  fewer - alls to ~‘N1)PNT b e f o r e  e q u i l i b r i u m

is reached . This b,-i ; ~-:in r is tvp i - n l  with I rcer problems as well.
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111.6. BRA Source Listing

Below is a listing of NRA without the subroutines which corn—

prise the linear prograunning code LPM1.
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C -~ L ( ~~~~~ q 

~~~ ! 1~~~T0  TH~~ c A , , 7 5  At~C COLUMN P~~ OUT OF THE
I” ‘4 I’- !~~~.‘7

5 ( 3 3 , M PLI7 ! “ ~c A L ’ ~~ ( ~— H .  3” 1)
S1C. I~~~~~~ L~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
“ 7 .  I~~~T ’- 6 ”— ” -~ J”4( 3~~0 ) , GMA 1’- 2 ) ,K I b”A S ( i302 ) . 1 O 8A S( 13 0 2)

IN G’ ’ ”’2 ISTY 1’~~~.LA . L , Z , T A , j E, P U N , LC ( 2 0 ) , 7 C ( 8 O 0 )
‘. 1 7.  “ r’)~J~~L’- ‘-“~~ CI5 I0 ’4  :(O’)C’))
51’ . :.‘~4 7 a c - , o ) , , ( - ~c c ) , C M t N . C ; N C ’ ,F’~ MAx .S UV 7 N F
sic .

( 3 ”~ ”1 M - t N  ‘.‘-,-J ” ~.C)”,.3,:.1
’
~Y.’)L.6? .-i (35C).X(3’5i),V(3b0).YTEMP (350).

1~~ ,F.’7 N,,;~~N),’- 4X,SUi’31NF,1CNAM (l,3O2 ,~~),NAME,(2O),
S .”. ? NY ’C’(.,~ C ) , .~~IN2 . !r I iC .J T 1 M . lT I N V . J TI NV . M S T A I , I O B J , I R O I P , LV Z N , IV O UT .
510. ,.‘l T ,I ,V ,IT1-IIM,I FF’3Z,JCOLp ,NpCW,C.4~~)L.NELEM,NETA.NL ELEM.NLETA,
5’:”'. 8 , , ; ’ ~ F,NuELEM ,NU~~TA. -EGOJ,NLIN~~~ ,I3TyP E(35Q),
‘i.’’ • ~_A( 1 “ '‘p)  .LE(?  302 ) ,PuN( ~f l.
32 ’-- . ~.I

r)uN (..\L-.~~c,I.’4iuAL.Nl~~ Zw,IF 0AS , IFC .’~ EH
C iA ” ’ - 1~~

’’~ .1’ :CH-\.IC R I wT . I F NL , ,K~~i:’T~~
• “‘-‘“‘ I’~ ‘- C 4 , ;’ .  3 ) • 1 7 - 3 ) 0 0

~ ?5. , ; , ‘: ‘4 / L . c , ’; /G~~ ( ,3 1 .j O ) , G 2 ( 4 C 0 . 1 C) . 5 A ( J = 3 ) , B B ( 4 0 0 )
• C (’Y”i ’”-’/T’.~)Xj/ NIJ’-4 ( 7C ) , M LJP- i ( LU).Nl.. ( IC),Mtj( 10 )

“-2’-’ . C7V*~”-~’4/!,eU*2/ JH.7I 6MA .KIl~.EAS,IC ~~AS
C’. T7M’ A ’ C ’~/ T ’ i ’ -’/  1.I,N.M .<MU .KP~O,NP1 ,NM .TTAIL

5 C I  • 
C~~” C ’ ç  !f

~ 3 ? .  “ ~~ “' I’ ‘ ‘~.~~F~’:’)
• ~ C -; ‘3 • ‘ l ’  • j 3-4 ) ‘, (l  ‘I , )  ~

‘ PC’ ( ‘ “ ‘ I ’ ( ” - ) . ’i ’- . C )  GO T f ~~~~C
c3” , ‘ C A L L  I)N,:~~,;K(~~ C )
5] o .  C A L L  F T LA ,4 ( 1)

~~‘7. V T -  ‘~ 1 ( ~~~F ) =  — 1  , / Y ( R~~~)
70 1( 3  1: I.’,’
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339. IF (!.‘-JF . .’eP) YTC ’4 P ( T ) ~~ Y ( t ) * Y T F M P ( F~R)
54(3’ . 7 )  CONTTN tJ7
54 1 ,  (

~~3 TI) 31’
542 .  2 (3 Js= MUP4(c’5)
543,  YTEMP (~~~L’)r 1 . /G l( ’~T’ .JS)
‘544. 00 25 1” 1 . 4

~45. IF ( 1 .N f .’~’4) YT EMP U)= — G i ( 1 . J S ) * v T r ~MP(Rs)
546. 2t~ C O NT I N&J’- —

547 . 31’ I~~ 
( K N J . E O . ) 50 10 55

545. ‘h’i 5’) J’. I .(NU
549. I C  ( NU( J> . ’ O . S S)  GC 1) 5~
550. V Gt (~~~~.J1‘3 57 C l ( ~~~fl , J)=  C.
557. 00 ~.C I” 7, M - ‘

‘553, 4(3 Gi(1.J)’ GI ([.J)-+ V*YTIEMP (I)
554 . ; t (C ~~~,J) r —~~~(RB.J)5 3  “f)NT T NU~
SN’S . 53 V —

~ 
‘3A(C ~C’)

‘-157. ‘- 3 A F ~”3)=  (3 . - ‘

1)7) ‘ (7  1= t ,M
60 ‘14(1)” ~‘4(1)4 V *Y ’1fE’4P (I)

-58(3 .  C ) A ( R 3 )  —f3 A F473)
561. C
5 6 ? ,  (3 w” *~~ E “ lOW PIVOT ING CN THE DUAL SYSTEM. IF TillS

C IS N0 AN IMPLICIT ‘3A ~~IC—TYPE PIVOT, WE C-ALL SUPERB
564. C TO CALCt,L~~~

’ TW3 P1 3/CT CCLLfr1’..
56C . C

IFL
‘557. -‘3 10PA 3(SS)
56”’. IF (PR •GT . IN) GO TO 1C
569. 1)’ (MUI4(PR).NE.O) GO TO 50
5.’O. ‘p ” IFL I

C . M 3 .  SUf’~~”~() ,—I , ,PP,0.0)572.  Jc <••IU
373 , 3) 13
574. P(3 J3= M4J4 ( la’ )
575• 2 YT’CMP( 0)= 1./G2(RB.J i)
576. ‘)O 5~, 1= !.N
577. IF (!.VI.~~73) YTEMP(IF —G2 (1.JS)*YTEMP (R5)
57)1. I

~~ CI)N’1INU I
‘579, 7 F (KMU. ”Q.r)) GO TO 115

‘3 1 i i ’ .  J= 1,KMCj
5Q7, 1~~ (MU (J).F,Q,Cl~~) GC 13 110
‘502. V ‘)2(~~ r .J)
5°” . (.2 (~~d .J)”  0.
‘5434. 0.3 110 1” i,N
SEC . I OC G2 ( ! ,J ) G 2( l ,J ) + V*Y I E MP( l )
30”’. G2 (Ril ,J)= — G ? ( Q 7 3 , J )
5°) ’ . 7 15  C r1N~~ !NU’-

~~~~ V ~~‘1(FP)

~~r 3( ~~”~ ) =  e .G
-iC ’.”' . “C) 1” 1’
,91. 120 “1(’) “ ‘s (l )+ V *YTFMP(1)
592. ‘1’I(I”rl)= -0R (’~~~)
593. I~~ ( T FL. ’CO.C’ ) S ’ - T U r .N

C A L L  SUP~~’~~ (2.0.0.—j.P’~)

~ CIIIPW

5”~7 . C

‘59 ’. . I”
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599. ~U’W0UTIN~
’ U?AKCC !I)

‘SOC. I MPL !1’?T IEAL”R (4— 11.0-—i )
601. ! NT ~~1,. P’X2 J l(350),c-IGMA(952).KZNBAS (l.302).!OUAS (1302)
‘SO?. INTC~~~~R*~~ TSTY”E,t.4,,.’C.LA.!E.PUN.LC (20),1C1-500)
‘70~~~ 

rI ”3 ,J131, . 1’-~ ’ ’C f S T O N  E ( 5 - 1) 0 )  ‘

‘Sfl4. 17’ ~~1 6 (i ”00).C(’iOC),CMIN,CI ).E’~~MAX ,SU441t~,F
‘~ C f .  C
‘506. ‘ .O MMCJN C~ SI, ’..0P9Li .IY.i’ .Ui~~.~~~(350),X(3’53).Y(3’5O),YTEMP(350).
‘707 . IA , L. CV I t . , C O V O . .’ :IAX .SUC4 INF . IC N A M( 1 3 02 , ? ). NA M E(2 0 ) .
‘SOS. ?MTEMP (2’3).KTr’lP,lTtM .JT1P’ .lTINV.JTtNV.M~~TA T ,IOt3J .IROWP.IVIN,IVOUT .
‘509. 3I NT.tNV F .ZT~JL 1M .tFF)fZ.jCjLP.NRCW, NC0L .NELLM.NETA,NLELEM ,NLETA .
‘510. 4’4G’LEM.NIVF.NUc3LFM.4Jk~ 1A ,NN c~(.DJ.NL!NES,ISTYPE( 35O),
‘51!.

[0 I’J(. , .1. “i 9’,J A L  .N  [ ‘-‘ 7 * .  7F  345,
- 1 3 .  Cfl ’A ’~’LN IrC,I.1T’ l A , I F ’ -’I~~1,IFNIG.K37JTb114 . C i J - lV ’~”J I..~~ ~o ’ =C),! r ( 7 7 , 3 0 )
‘. 1” .

‘ U ” 1W . ’ N / ( 3 t V /  l I-4,N ,M,KMU .KNU,MPI ,P.4,CTAIL
617.

2 )  7 0 ”  1- ” i, M
‘f( I )’- 3’ .

1 3 3  (‘ ‘1PJ1 13’33j ’
52 1.  C
‘.77’ . _ L ”  I “ (I’)
5 7” . < K”  L1( I I + ) — 1
“24 . 0 .  2 ” -) ir’ ‘,t , . K K
52° . IR~ 1 (I )

V (I°)” CC ’ )

~“2” C )N” ’’JJ&
62’) . C
“2’).
6,3~ ’.
“1, 11. C
‘.3 7.  C ‘1114 FO1~~.O W ! NG  ROUT I” & E MA KES TH E CH A N L~~~ IN THE INDEX

• C S’~’I3 N’~CES5A -V hV”C’WY TIM ’~ ~ EA SI S CHANGF IS 4AOL.
“1

S1i 11P!?IJ’T !C\~
’ ‘3sCVG(S,-~~)T’lTr~~~~’~~- ,’ Jd (35C),DIGMAF~5 ).KINi3AS(1JO~~),IOBAS(t3C27C(’)’AM C” J/ TN I) 72/ JH.DIGMA.KTNL A S .XCEC’A S

IV)FG’-I’- ~~~~~~~~~~~~~~~~~~
“ 1’-.’. 1-’ 5A V ”  K I N , 1A 3 ( . ’ )
‘74 CC . i H ( R ” A V ) =  ‘
‘54 1. K I V ’ A ’ 5 ( P )  0

— 
‘742. <I ”4~ ?4C’ (S)’ RSA V

‘C SAV r !T- ’ ’ A ’ -’(’3 )
054 1 • 

,‘7, I C , M A( ’,1’A 3 / ) r  ~

t 3 ’ ~ AS (I~~) ,sAV
‘747.

‘N”)
C THIS S7P~~OUT!NE CA N DC T- 4’I~~EE THINGS DETERMINED BY THE

.‘,CC ’~~ C’ P A R A M ’ - ’~~~~ ‘C3Y’ . 71 (.411 ALD A COLUMN . ~LMJV E A COLUMN. OR
C ‘,3(I”-4 *01 /N!) ‘~~M0VF C(’LUMP..’ F~~’)M ‘T )- E ~~~1MA L CR DUAL SUPER—
-: 1’C, ’- V (3 C f )L j ’ - ” S .  O’IPINDI”IC’. 9-~ ~ “ THE’~ K E Y  15 1. 2. OR C. ~(LSP—

~~~~~~~~~ 
C I C T I V ’LS- . “0! 1% I OP — 1  ~ LP3NOING ON W HETH ER A PRIMAL Q7~

• (C DUAL C1’LUMN - ‘ i 3 ’ - t ” J~, A12:3 . F)2 IS A 5! W1L4~ I’LAG FOh THE
65~~~. C CDL ,JVN P’-ING .~ EM OV~~ ,), 15 4110 J5 INDiCATE rHE PANT!CULAP’
6°.’-. C COLUMN TO r ’  ADD~~O UP 4~(-MCVEO FROM TM~ GROUP OF COLUMNS

C 5PCc,;YC~~F1 ’ BY øO~ 4N3 ‘72.
550.
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659.  IU°PI)UT!N SUP~~R~~(l ~ 1Y .P31 .I5 ,PO2,J !)
I MPLICI T k~~AL*5 (4—11,0—1) 

-.

‘SAl . lNTE3’C~ ~ i3.~~ )1.P)2,5..’l,SS,R,l.ZFLAG.0~S.R
667. INT ’G”0*~: J 1(3~~0),(.1G’4A (S’~2).KINIiAS (1302).IDBAS (13Q2) L.
663. INTE~~~~~’-2 ISTYPP,LA,LE .IA.!E.PU~~.LC(23).IC (8OO)664. -2OUSLE PQFCTS!ON E (8000)
665. “E AL  A ( 4 O 0 O ) .C (~~~OC ) , CM IN . CO N D.E R WAX .5U~41NF - ‘

~~~~~ C
667. C3M’~fl”J 03,jM ,0PQ00.DY ,DI~,cP ,B (35C) ,X(35O),Y (35O) ,YTEMP(35Q) ,

jA .r ,C1. ’TI~,.3(’ .L?~4Ax .SUMIF’*r .1CNAM(13O2.2),NAM~~(2O),2’~T~~MP(?C),KTNP .1T !M,JTI?0 ,!T1NV .JTIPV.MSTAT. !Of3J .IMOWP.1VIN,1V0UT,
670. 4!TCNT,7~~ VF1’Q, !TPLI~~~,!F’E/,JCOLP,NPLW ,NC L.NELEM.NE’.TA.NL i.LEM,NLEyA,
571. 4NG ~~LLM . N 1 V F .NUt :LEM ,NUFTA. N~~EGOJ.NLINLS,I5TYPE (35O).
672. tLA (1302) .LF ~(2O02).PUN (5).
67” . ‘7!PUNC,NC’FGt,NDUAL.NTPIW.IFEAS .!~~CR S H
‘774. COMM’ N ITC’H .I7CH&,!FPI.T.IFNEG .KOUIB

‘C3MM’3”~ !~~~~4000),IE(’~00’))
Cfl’~M,1N/L,’1/~~I(13’)2),)(*(7~~C2)
3 ’ A Mf 4/L NC ”NS/G1(350.1O),G2(4OQ,1O),BA (350).~,(3(4OO)
COMVC’N/IN)*l/ NU4I(l,;).MLH (10).Ntj(1O).MU(l0)

66(3. I I4MWUN/ I~~ .)X2/ J11.C!GMA.KlNBAS.IDt~AS
681. C3MMON/~f C A L /  FlT. PIFI,JJ. W FLA G.!MPI ,P,PD .M PC.KFUN .$(JAC
A52 . C 7DMM OM /D ’A / IH ,N , M ,Ic~IU .XN7J .MP1 ,I.M .ITAIL
‘Se). 17~~S” I f . ”~’ 7 — 1 i )

[F ( <e Y ,~ ) . 1)  G(3 T.. 50
IF (i- ”31’ •~~~~

‘ . 3 )  GO IC 2)
K’.I KMU
KMU= KML1- I

60 5.  IF (.15 .;r . [11) GC 10 4
6) 39.  “144= IAUH(JC) ‘

69(3. ‘AUH(JS)= 2
697. IF CMH.F).KM ) GO TC 6
69?. 00 5 != ~1H.KMU

1M ” -MU(I41 )
‘.94. , ‘A U( I ) 7M ‘ ‘ -

69’. . M t j H ( r l . ’ ) =  MUH(!M)— 1
7”) C J 1.N

697. 32 (J.I)= C,2(J.T+1)
590. 5 CONT INUF - -

-

699 . 6 4U (KM) 0
leO. 4 CII) 7 J= 1,”)
“CI. ‘~ 32 (J .KM)’ 0.”
‘U ?.  7F  (KFY.~~U .2) RE TU RN
70 3 .  GO 7’ ! C ( 3
104 . 20 KN K’IU ‘ ‘ 

-

70° . KM.). (t’JU— 7
706. IF (JS •t,T. IPI ) GC TO 2U
7”7. NH” NUH (JS)
10g. NUN(J5) (3
1C’3. IF ( N H .’-O.KN) GO TU 26
‘IC. SiC) 7” 7” VPI .K’4U
71) • JN 113.17 I l - I )
712. VU (I)= JN
‘13. NUH(,JN) = PsUH(JP4)— I
7 I~~~. Or) 7°, .1= 1.M
115. 317.1.!)” O 1 (J .1+ I )
h f .  25 “‘NtINUF
717 . ?e N~j ( S ( N )~~ ~

241 ‘ 3 - ’! ‘“ ~~~
‘I” . 3(3 G1 ( f . K P I ) =  “.0 - ‘

108

_ _ _ _ _ _ _ _  

T i
- -

__________________ _________________________________



- —--

I
I
I

720. IF (KLY.to ~ .2) ~ rT~JR~~
721. C
722. C “lOW ~~ AOL) THE S UPFj4’3 A~~IC VA RIASLE SP’~CIFIED BY PO1.IS.
‘21. 3’
72* , )F ( 0” l .LT .0 )  60 IC 10

<P-I” ~- ‘.J
- - 7”.. <“45= (NtI+ I

~~- - 7. 13’ C ‘ . 31. III ) GO TO t 5

• 7.”~r-. ‘51J(KM))-~- 75
79. NUI(1” ) KN~J
‘30 . ‘5 CELL LIN”A ) 0 ’ , ( I S )
P1!. C A L L  ~~~~~A~J 3 I)
“ 12 .  00 ~~“ ! t , M
T 7 ’  • ‘;t (I •~ ‘~u ) =  —Y (I)

C
1!.”. C “1C~ ~~ APE 7HL’oG!71G A DUAL sUPEkEASI: C 3LUMN IN.
7 3 7 . C
7 35.  70 <MU” K’~U+ I
73c~. IF (I~~.GT .I P4) GO 1(3 73

MU) <M’S) 7
P41 • u j - ~~(~~ 3)= <~‘.J —
-P42. 7 ’3  I0- ~ ( ‘ . i .°’.V )  GO T O  1 1 ( 3
7,3. I’

144, T5-l~’ F E ~~ tM~~ V A R I A 3LS- IS A ZETA . Th~ c~~TER 1NG COLUMN
745, ‘ 75 t* ~~~~ L’~ [NV (S) AND A RC~ CF IP.V(p)*D.
746.
7 6 ”~~ 10 0” < T P - .’4~. ( I 5 )
740 .  0 )  7~ l. ’A
741. ~‘ “ ~ Y (t ) C .
“‘3 ’ . v( ![iO I 1.

• ( CA L L  C ’ T C , A ’\I
(3 *L7 ~ rl 1F” o~ (3 . 2 )

7 z
754 . 1” (!““C’~ -S ( U . F U .) )  GO TO SC

~~7 ( 1 ” 3 A S ( I ) , s ~’4 U)=  X C ! )
~

7’,? , CCI 7’ .-” J~ ‘,!c’7, P-~V,

IF (~~ ‘~‘7” ’(J) .05U.U) 60 TO 100
7’ . 3’A’,L 1J” .o ’A C.~

( . 1 )
33)T D.C

7”! • ‘ i )  9” I” 1.M
7 17 ~~ IF (tI)F’AS( !).~~

‘Q.3) GU TO ‘ID
“t 3 .  “) 1T~ “) ‘ 3, +  Y( I )*X( I)

- .1’ ‘COIl~’ !’4UF
C;2 1,!r ’As(J ).KMU)= DCI

71- ” • 1’) ” 30N7 ‘N i l

i , _ ,__ . -cc IPIF - P-.~~ :PxNG VAR IABLE IS A RI. THE ENTERING COLUMN
7”C , (3 7’. PA-’ TL Y CI~~~vN V C B )  AND PAp7~~y C2+ C)*INV (9)*O.
‘71 . “ — C 1 * ! NV ( ’ * )  13 ‘~ A P T  OF THE ~ A SI$ INVA REE C04)RESPONDING Ti

~ ~~~r ~~~‘)4’,, ‘ CuLUMNS A”I) TI” 5 T 334S IC FOWS.
C

774. 11 (3 10” ” P- TNF !AS (I,,,)
77°. )3~ 7’” 7
17’.~~ 1 3’.  Y ( I ) C.
777. Y (ID”l) 1.
775•  C A L L ‘ ! TF A ’.~

‘ - 779. CALI_ ‘,HIFTP(3,2)
-

~
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II
‘Sc . )‘) 140 7” 7,M
‘St. Ir (Io P A ; 1 .~~Q.0 ‘~o r: i c o  —.
7 ) 3 2.  .2 (!OSIAS(I).KMU)r XC! )

14(3 C ( q ~~~ p~~~
7)34. 72 160 J MS.’! .NM

!F (IoeAi.(J).EO.o) GO TO l’5O
CALL UWI”ACK(J ) —

7)7. )O~~* 0.”
0’04) l~~(3 “ ' t,M
N flooASC!).r O . D )  GO T C I S O
‘~~)1~~ r51 ” +  v (7)*X ( I)

7O~~~~• 15(3 ‘.~ ‘N~~INU F
‘9?. .,2(!O~I A . (J).KMU)z Y (1S)+ COT
791. 18 0 CONTI NuL
794. 1,ETU~ N-‘ND

S( S3~~0UTIN” RrCAL C — 
-

C
‘C’ ‘4-I N ‘~J-0 ’.)U’!N.” 4-FC*LCIJLA TE S THE SUPE11SASIC COLUMNS f79C , C USI NG ~ 1I (tJ.~P°NT 04513 IN G’. P0MM . IT CAN ALSO 400
C A V 4 ’~~!A L ~LE AN ” COLUMN TO THE SUPFRBASICS.

‘331. C
SC’?. I M P L IC IT  ~~~AL *8 ( 4 — 1 1 . 0 — i )
-103. !NI”Cfl~ ~~).°DI.PD2,S, P ,$S,RP),ZFI,. AG, RS.,’
*‘4. 7 ’ ~1-r I ,;~~P*~~ JH(j3o).CIGM*(’)52).KIPSEAs7)302).IoeAs(1302)
1C 5 .  711 1 ~,° ‘ “2 1SIYP!.LA ,L~~,!A. .P~~N.LC (~~3),IC~~~ 0O)

-10” . O’)UFIL” P -”-’(IS!ON F (43I)o))
“LAL A( ’CO ).C (’*CO).CVIN.CCND.FR”AX.SUMIPF

~30S- . C
“C’) . “fIMMICP.a OSUM .r)p’RO2).DY.DE.CP,8(3S0 ).X(350),Y(350),YTEMP (350)-.
31 (3. IA .°, IN. iNO .’P’4AX.SUMINF.!CNA )~(i302.2).NAME (2O).
‘I i. IFMP (2C).XTNP ,I TIM ,JIIM ,ITINV .JTI NV.MSTAT,IOBJ. (RQUP,IVI6s.IVOUT.
11?. ,1tTC N T .INV~~RQ .TTML!M.!Fr~~Z.JCOLP.NRCI.I.NCUL.NELEM.NETA.NLELEM.NLETA .
‘1 1. 4~~Gr1 .~~~7’IF.NUEL .NU~ErA .N~4EGO.1,NLINE,;.ISTypE(35O )e
‘i)C. ° L A C 1 , 5 ” ? ) .L~~ ( 2 O 3 2 ) . P U N ( 8 ) .

.‘-!PU~l(.’*a()~~-,,1.N)UAL,NtPI~~ .IS’~~AS,IFCP!H0 1”- . (CO MMON I ”’ . H . IT C H A . !F PI W T . I F N EG , K UU TH  -‘  
-

~ 17. COMMON I*(4000),!E(S000 )

~~~~~ COMM0N/LP1 /~~I (Il-2),X* (1702)020, C,)MM”IP-e/LNCO11S/G1 (350.11 ).Gi(400.IC).OA (350),B)(400) - .

M7 I .  COM’~t’3’-J/ !’.3Xt/ N(J’l(I)).’4i.P- (1-2 ),NL (1C) .MU (LO)
CO MM’)N,1’I- *2, Jh.CIG’4A .K 1NtfAS,1C~~AS .—. -

‘321. C Q M” O N/ S C AL/  (iT,NO .JJ.M,LA ~,.jHP1,P.PD .M?Q.XFUN .kJAC‘324. COM ’~’ ’P-t / 7 ’ I ’~I/ 7’l.N .M ,I(MtJ.<NU .MPI ,NM.ITA IL
02°. , P 5 r  I6.”° (-1 3)
$26. fF (KP-S U .~~-~~.’ D )  63) 10 26
027. ‘)-C) 20 J= I , k P~St J
02P. T O O ”  110).))
‘429. ‘3 411 ‘)N!’A” w f l D C) )

C A L L r - . ’ c ,4 1 1 ( 1 )
“ 3 1.  DCI 25 I~ 1.W
13 2. 2” 6I (?.J) — V (T)

2)3 CONT1NUF
.474 • ~~ C~~7J ~ 4-I !F’9( I . 3)
~~ 1° . CALL r T r 4 p ( I )
‘3’~~~. ‘* r’) 22 I” I.M

2’ -1# ( t )- r  ‘*‘(I) 
- 

—~
03s. I~ ( K’4 U . -:- ) . 0 )  C,’) IC) 140
‘13-, . ‘32) 130 .1”

7O”5~~ ‘4U(J)

--
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TT FO= (3

- 2 ~ is~~r’r: C

I 
91,?, t T ’~~~X t~~~~~+ I
16~~. C ALL (~~~N(J . ç , .X .F )

969.  CALL DEPIVG (O.X,G.?)
910 . 1 I SC.C’ !SGCT+ 3

I 97!. t~~ ( ISGC’ .GT .I14 ) GO TO 300
97?• ~~~~ 7 C ’  t r  1 . 7 4 4

~ I’S(IN — H ( I , T C X )
378 • ~
97° . ‘F  C T rX .1!O.IHPI) GO 1’) 35

L 
‘1)  24 J” !CX,I’- ’

o r ’ . 3 1) j r  J+ 1
‘)‘ ‘3 N 1.141

21 #i(1.J)° I-I(1.JPI)
90(3’ . 24 ‘CON’ !MU”
‘.8 7.  C

1 “42. C’ S”, Vr T’$( L I N~~A -4 5Y ,TE~ ’ ‘C FIP L’ EC TI- ! TA NCiENT TO
L ~~~~~~ 

.“ T~~0 ~~u~~ V F “*r’INF D -3V G**_i(O).
C

“i. 35 CAL ! .  “~~ CsJ MP( t M .’4 .UL )
37 7F (x ~~~:N ~~.NE.1) ~~~ I’)

1” (!CX • F’ )~ 1) 6) ‘10 36
‘OP.  T ” ~~~ ? “'X— I

I C’) “
j x  T i

“ Q l .  (. ‘ 1’) 7
4 C AL l  ~C ’t VE CI~1.UL.~~HS,V2)1 ~~~~~~~ 4”  0” 1’ 1 1.141

-
~~~~~~• 1”” T P’I°I — I
‘,_?c . I~ (XM.L’ .ZCX ) GO TC 41
-4’L .” ~~~ 19 1” 744+ 1

I ~~~~~~ v.~C Z °1 N  v2U’4)L J~~ ‘ . ~~‘~-4 -~ ‘)N’TL’J U~~~~~~~~~~ 4 1  v2 ( IC 7 N  7.3
7F (IT” ~~.CCI .1 ) 6) 10 4~

‘.0(3!. 50M ‘.(3
‘7’ ‘‘ . j r  ( P ~,.’Q.— I) GO TIC’ 110

L 

‘‘1’ .
t~~ 

( J- ’.NF.3) GO TO 104
IF (~~2 (70).GT.0) GC TO 13,

1’.’)l. (“ ' ‘0 7 4 ( 3
1L’ 1-1”~~~. 1C4  1’) 13~ NI l~~’)~~. 

lk .M0+ I
b ~~~~~~~ SuMa SUM+ v 2( t ’ ( ) .G I(J e . ! )

1 ~~ ‘ - ‘ • 103  C O NT I~J Uf
7 3 1 1 .  1c (SU” ' . LT .3 .0 ) ~~O To 140

I I 3 ’. ’. 
___
, )  “ ' I ‘5

— 1’) ’ 1
• ~~~~~~ J’) ?“.-‘4,(J 5)

I C~~4.  t~~ (J I .NF.C) GO TO 1I~
t11’~. 

IF (V~~(1”).C.’. 1) GC 10 133
‘115. 61) ~O 14’)

I ~“11’. 712 70 17 5 Ta t ,KMO
L ’ 11~~~. 

,1j 44 SUM + V 2 ( 1 )~~G2(J B, I)
1)10 . 113 CONTI’ .&JE’

~~~1

13.3

- I
I

- - -
~~ _~~~~~~:~~~~_ ~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~



I -

1 -
1(320 . (3
1~~~2) .  3’ Z N ! ”  I S  TIlE C U.9 VE INDEX; IT TELL S VS W HICH DIRECTION
1(322. (3 T44~ ?AP.,GFN~ 44)-lI P2)111” ~O KEEP GOING IN T41t~ SAME OIPECTION.1021. C
1024. 1’ (SUM .LT. 0.0) 60 10 140
1025. 13° 11111= XD~ T1 126. 60 ‘0 45 —
1) 77 . ‘.4(3 11111: —KOE T -466 ~‘At( . !‘JOPM(V2 ,S1.IHPI )
1(320. 51= C’(D3’T*!NIT)/SL

30.  (1’) 4” N 1.IIIP I
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1 2 3 ’ . I~~~I 7I1 (’ )= X ( I )— ~~~ CC (3 .t)
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1262’°, 1~~ (‘- ‘fl’.~ -).~~ 1 ) GO “3 i~~~)
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1’4’. 17 2  ~~~~~~~~~~~~~
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I “~ 
‘
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72— 7 . SI’” (-0 Cl (JJ )-”OT(l))/OCT(2 )

~ 
) C 0
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70 1 6  1= l,YHPI
l ~~~ - 1 • 1 ’-” ~ ( 1)”  A C  0 3. I) + ) T - ’~~V 7 ( 1 )  - -

- ; O  “0 ? ‘ -~~~
1?6 ” . 10’)  ~~~ j”F (A ,~3 0 1 )

~~~~~~~ -~‘S C r J R M A T ( 1X , ITH E CO RI-ENI QUAO” 1AT IC APPR&IXIMATION TO THE CURVC Is:’
121-55. 1 ./,lX. ° ~~(X) A2 (*IJ)+ A3’)

-‘ SO ~‘O’M ~~” UX .3F17.7)
-

- 12 6 7 .  ) ) 9 4 1 A 1 ( 1X , ’ I T EP A T I ( , N  ‘ .14. ’ X ‘, 9F70.5)
I ?~~ ’. ~3” ORMA Y (IX. 110944 (,(X)N ° ,F1t .6,’ G= ‘,~~P’11.6)J4~~ F f l .”.° A T  (lx,,,.=eu~~AL G,J~~ lIM M ~7OI”.~~E0 wITH SING ULAR JACO8IAN****’)
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12 7’4 . ~~‘- ‘ )  F’3~~~M A 7 ( 1 X . ’.J!-WT2N”S 44 11-OD FAILED TO CONVERGE .’)
12 7”. 511”
l~~ 7~ - . 4 -N ’)
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12-7?. C’ M D L T C  IT  

~~~
‘- “L ’~~ (A—I-l ,’]—2 )
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C
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1 ~~~~~~~~
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C
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I ‘2’ • ) I V “~ ‘- - J ~~~~ v (IC ) • “Cl”)
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~~ I I 7 4 ~~~ •~~~~
‘ • •“OC )I) ,, Ti 1

1 3- 44 .
1 3 3~~.
1’~’’,. C J r4C. C ’ J T T . 4 ~’ G T~)(1- ~L,O.U .~~)1 ~ 7 —  • I’~:~4 IC’” ‘‘f ‘\L ’-~ C -\—- -i , )—Z

T~ J ” ; ’ c  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~7 4 4 ’ - 7 P ’~ ~~ - , j .-~( 4’~ C 7 .r I~. .140 ‘ 5 2 )  , k t  I’ .-A~~( I 3)2) • ID~~AS ( 1302 )
I 4C~ 4 • C’ - ‘ “ /~~‘ - ‘ ‘. “ /  H (  7 ,., • 4 1 ) ,  A ( 1C ) ,  Z (  1C 7’ ~ CC ( 3. 1(3), ULA%i( 1 ~~)

C f”\ 4fl / j I ’.’/ T - , ,\ . V ,KMU. Kg’,L, VP1 ,I’~M , I T A IL
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14~~1. 39 IF ( 10L ..(3. 3) ~E”iJ~~N
1452. IF (TrL.FQ.2) 5’) IC 5)
1433, 1’) 6’: ! l.P4~~II t~~s* . * 0 •.( y p~o~ • ~,= A C (?. I
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14*2. COMM N/’,CAL/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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This report gives programmers information useful for the utilization and modi-
fication of BCA and NRA , two programs for computing economic equilibria. The
BCA implements the bilinear complemeutarity algorithm and NRA a homotopy
retraction algorithm. The report describes the subroutines and variables used
as well as the usual documentation: input format, sample input and output for
two problems, and program listings.
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