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MINIMAX OPTIMIZATION
J. Hald
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J.W. Bandler and W.M. Zuberek

Abstract

This report provides a user-oriented description of a program
package written in Fortran IV for 1linearly constrained minimax
optimization. The new subroutine MMLA1Q is very similar to MINLA1,
which was presented by Madsen and Schjaer-Jacobsen, the main difference
being that MMLA1Q accumulates and uses approximate second-order
information as described by Hald and Madsen. Both routines require
first-order partial derivatives of the nonlinear functions defining the
minimax problem. The 1list of parameters is described herein, and a
listing of the complete program package including the linear programming
part is given. Instead of the revised simplex algorithm used in MINLA1,
a reduced gradient algorithm has been developed. Finally, a couple of
simple examples illustrate the use of the program. The program and

documentation have been adapted for the CDC 170/730 system.
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I. INTRODUCTION

Prepared by J.W. Bandler and W.M. Zuberek

This report gives a user-oriented description of a program package
for linearly constrained minimax optimization of a set of differentiable
nonlinear functions. The package has been developed in Fortran IV by
Jorgen Hald at the Institute for Numerical Analysis of the Technical
University of Denmark in Lyngby*¥ and has been adapted for the CDC
170/730 (System B) installation at McMaster University. Sections II-VII
contain the body of Hald's report edited and arranged for wuse at
McMaster University. Also given is the listing (Appendix) and tests of
the package.

The package is available as a permanent group file in the form of a
library of binary relocatable subroutines. The name of the library is
LIBRMML. The package is 1linked with the wuser's program by the
appropriate call of the main subroutine of the package, namely,
subroutine MMLA1Q. The general sequence of NOS commands to use the
package can be as follows:

/GET(LIBRMML/GR) - fetch the library LIBRMML,

/LIBRARY(LIBRMML) - indicate the library to the loader,

/FIN(...,GO) - compile, load and execute the program.

* J. Hald, "MMLA1Q, a Fortran subroutine for linearly constrained
minimax optimization", 1Inst. for Numerical Analysis, Technical
Univ. of Denmark, Lyngby, Denmark, Report NI-81-01, April 1981.
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The user must prepare programs which should be composed (at least) of:

- the main segment, which prepares parameters and calls the main
subroutine of the package (subroutine MMLA1Q),

- the segment which calculates the values of the nonlinear functions
and their first defivatives w.r.t. all variables at points
determined by the package; the name of this subroutine can be
arbitrary because it is transferred to the package as one of the

parameters.

ITI. GENERAL DESCRIPTION

Given a set of nonlinear functions fi(z), i=1,2,...,my of n
variables, it is the purpose of the package to find a local minimum of

the minimax objective function

F(x) = max f,(x) (1)
1<i<m
subject to the constraints

T

S X+ =0, i=12,..0,80, (2)
'T

c, X+¢c¢, >0, i=2 +1,...,%,

~io~ i= eq

1
where S and c i=1,2,...,2 , are constants.

The algorithm has two stages, as described by Hald and Madsen [11].

The stages are summarized as follows.



Stage 1 (MLA1QS)

At each point the nonlinear functions are approximated by linear
functions using the first-derivative information. The linearized
problem is solved as follows.

An updated steepest descent direction is followed until a minimum
or a step size 1limit has been reached. These steepest descent
directions are reduced gradients [2]. After each linear problem the
step size 1limit is updated according to the goodness of the linear
approximations, as described in [3]. Only first-order information is
used during this stage. However, approximate second-order information
is accumulated (the BFGS updating formula is employed for this purpose)

to be used in case a switch to Stage 2 is made.

Stage 2 (S2LA1Q)

This algorithm is a modified quasi-Newton algorithm, attempting to
solve the set of nonlinear equations which correspond to the Kuhn-Tucker

equations in nonlinear programming [1],[3].

Comments

The iterative procedure is always started in Stage 1. The Stage 2
iteration is introduced in order to speed up the final rate of
convergence for problems which are singular at the solution [11,[31].
For such problems the Stage 1 algorithm may give very slow convergence.
A shift to Stage 2 is made, when certain criteria seem to indicate that
a reasonably good approximation to the solution, 5*, has been obtained.
However, too early a switch is not disastrous, since then a switch back

will be performed. Several switches between the two stages are allowed.
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The main criterion for switching to Stage 2 is based on the current
"active set" of constraints and nonlinear functions. The active set in
a Stage 1 step is defined as the set of constraints and functions, which
are active at the end of the step. When the distance to the solution x*
is sufficiently small, this active set will equal the set which
determines the solution. This means that, if the iteration converges,
the active set will remain constant after some point. Actually, if the
active set has not changed for a user-specified number of successive
steps, and if a few more conditions are satisfied, then a switch to
Stage 2 is made.

Convergence theorems of the Stage 1 algorithm have been proved by
Hald [4], but are identical to those of the algorithm of Madsen and
Schjaer-Jacobsen [3]1, [5]. The convergence properties of a two stage
algorithm for unconstrained optimization have been investigated in [1].
As the algorithm described here is equivalent, the convergence
properties are the same. Normally the final rate of convergence is
either quadratic for regular solutions or superlinear for singular
solutions [4].

The package does not require a feasible starting point, i.e., a
point satisfying the constraints. Initially, a feasible point is found
(in the subroutine FEASI) and after this point feasibility is retained.
This means that the nonlinear functions are only evaluated at feasible
points.

The package is applicable also to unconstrained minimax problems.
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III. STRUCTURE OF THE PACKAGE

A block diagram of the package is shown in Fig. 1. The subroutine
MMLA1Q is the main subroutine, the aim of which is only to simplify the
use of the package. Check of input parameters and subdivision of the
work space (provided by the user) is done in MMLA1Q. The Stage 1
algorithm is implemented in MLA1QS and the Stage 2 algorithm in S2LA1Q.
FEASI finds a feasible starting point, and the linear subproblems of
Stage 1 are solved by MMLPA. Both MMLPA and FEASI use the subroutine
package REGRAD for projected gradient calculations. The subroutine BFGS
is an implementation of the BFGS formula for updating an approximate
Hessian matrix, containing second-order information. LINSYS uses
Gaussian elimination for solving a system of linear equations.

The main program MAIN and the subroutine FDF for evaluation of

functions and derivatives must be supplied by the user.

IV. LIST OF ARGUMENTS

The main subroutine call is
CALL MMLA1Q (FDF,N,M,L,LEQ,C,DC,IC,X,DX,EPS,MAXF,KEQS,W,IW,IFALL)

The arguments of this call statement are defined as follows.
FDF is the name of a subroutine written by the user. It must have

the form
SUBROUTINE FDF(N,M,X,DF,F)
REAL X(N), DF(M,N), F(M)

and must calculate the values of the nonlinear functions fi(g)



MAIN

MMLALG

MLRIGS

FERSI

MMLPA

REGRRDs
HDOCOoL
DELCOL
HECCUM
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and their derivatives at the point x corresponding to
X(1),X2),...,X(N), and store these in the following way:

F(I) = fI(g), I=1,...,M,

DF(I,J) = afI/axJ(z), I=1,...,M, J = 1,...,N.

Note: The name of this user-supplied subroutine, which can be
any name of the user's choice, must appear in an EXTERNAL
statement in the calling program.

is an INTEGER variable and must be set to n, the number of

optimization parameters. Its value must be positive, and it is

not changed by the package.

is the INTEGER variable and must be set to m, the number of

nonlinear functions defining the minimax objective function.

Its value must be positive, and it is not changed by the

package.

is an INTEGER variable and must be set to %, the total number of

linear equality and inequality constraints. Its value must be

positive or zero, and it is not changed by the package.

is an INTEGER variable and must be set to Zeq’ the number of

equality constraints. Its value must be positive or zero and

less than N and 1less than or equal to L. Its value 1is not
changed by the package.

is a REAL array of length IC > L. 1Its elements must be set to

the constant terms in the linear constraints (2), i.e., C(I):cI,

I=1,...,L. The content of C is not changed by the package.

is a REAL two-dimensional matrix of dimensions (IC,N). Its

first L rows must be set to the coefficients of x in the linear

constraints (2), i.e.,
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DX

EPS

MAXF

KEQS

-9 -
(DC(I,1),DC(T,2),...,DC(I, M) = ¢'7 , T = 1,...,L.
is an INTEGER variable which must be set to the number of rows
of the array DC. 1Its value must be equal to or greater than L,
and it is not changed by the package.
is a REAL array of length at least N and must be initialized to

an approximation of the solution, X(I) = xg, I=1,...,N. On exit

X will contain the best feasible solution found by the package.
is a REAL variable which controls the step length of the itera-
tive methods used. If the functions fi are nearly linear, DX
should be set to an approximate value of the distance between
the initial approximation 59 and the solution. But if more
curvature is present, this value may be too large. Normally DX
= O.1*H50u is a reasonable choice, but this is not critiecal,
since the value of DX is adjusted by the package during the
iteration. The value of DX must be positive.

is a REAL non-negative variable which specifies the required
accuracy of the solution. The iteration is stopped when ugkn <
EPS*HEKM , Where Ek is the change given by the algorithm to the

kth approximation x If EPS is chosen too small, the package

K
will return with IFALL = 2, when no better estimate to the
solution can be obtained because of rounding errors. Therefore
EPS = 0 is an acceptable input value. On exit EPS contains the
length of the last step taken in the iteration.

is an INTEGER variable which must be set to an upper bound on
the number of calls of FDF. On exit MAXF contains the number of

times FDF has been called.

is an INTEGER variable which must be set to the number of
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successive approximations to the solution that must have
identical active sets in order that a switch to Stage 2 will be
allowed. Normally KEQS = 3 will give reasonably early shifts.
On exit KEQS contains the number of times a switch to Stage 2

has taken place.

W is a REAL array which is used for working space. Its length is
Iw.
Iw is an INTEGER variable which must be set to the length of W. It

must be at least equal to
IWR = 2%M¥N + S*N¥N + U*M 4+ 8¥N + U*IC + 3.
IFALL is an INTEGER variable which on exit contains information about

the solution that has been found by the package:

IFALL = -1 Erroneous input data.
IFALL = O Regular solution. Required accuracy obtained.
IFALL = 1 Singular solution. Required accuracy obtained.
IFALL = 2 Machine accuracy limit reached or maximum number of
function evaluations reached. The best approxi-
mation to the solution is returned.
IFALL = 3 The feasible region is empty.
V. GENERAL INFORMATION
Use of COMMON: None.
Workspace: Provided by the user; see arguments W and IW.

Other subroutines: MLA1QS, S2LA1Q, FEASI, MMLPA, LINSYS, BFGS, ADDCOL,
DELCOL, UTTRNS, UTRNS, RSOLV, RTSOLV, HACCUM,

LIMIT.



Input/Output:

Restrictions:

Date:

Example 1 [3, Example

Minimize

subject to

where

For this example,

The starting point is

- 11 =

None.
IW>IWR, N>1, M>1, L>0, LEQ>0, LEQ<L, LEQ<N,

DX>0, EPS>0, MAXF>O0.

March 1981.
VI. EXAMPLES
2]:
F(x) = max £, (x)
1€i<3
- 3%, -x,-2520,
2 2
f1 (x) = X, 7+ %7 X%, -1,
f2(5) = sin (X1).
f3(§) = -cos (x2).
N =2
M=3
LEQ = 0
L =1
IC = 1
IW = 67
0 -2
‘)\(‘ =

The function has a minimum at

ICL,
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-25/28
5/28
The extremely fast final convergence is due to the fact that the
solution is determined by the 1linear constraint and the quadratic
function. The problem is singular at the solution, because the number
of constraints and functions being active at the solution is less than
n+1. This means that the Haar condition is not satisfied [1]. Output

data shows that 2 switches to Stage 2 were made before the solution was

found.
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PROCGRAM TIRMML(OUTPUT, TAPE1=0UTPUTY =

J.HALD -~ EXAMPLE 1.

160 FOBMAT(“ PROGRAM TIRMML (J.HALD - EXAMPLE 1) "//
18X, "1y ", 1@X,"X(Z)",IZX,"P(I)",IQX,"F(2)“;1®X,“F(3)")

200

3090 FORMAT( "OIFALL =", I5/" DIINORM= ",E13.6/

400
500

100

1

1

DIMENSION X(2) ,W(67),CC(1),DC(1,2)
COMMON NCOUNT
EXTERNAL FDF
NCOUNT=1

=2

=3

L=1

LE@=0

IC=1
C(1)=-2.5E0
DC(1,1)=-3.E0
DCC1,2)=-1.E0

H1)=-2.E0
H(2)=-1.E0"
D¥=0.1
EpPS=1.0E~10
MAXF=200
KE@S=3
IW=67

WRITE(1, 100}

CALL SECOND(TME)

CALL MMLAIQ(FDF,N,M,L,LEQ,C,DC,I1C,, DX, EPS, MAYT , KEQS, W, IW, IFALL) .

CALL SECOND(TMZ)

CPU=TH2-THM1

WVRITEC1,200) CPU

FORMAT( "OCPU TIME: ", F6.3," SECONDS")
WRITE(1,300) IFALL,EPS,MANF,KEQS

" P EVAL.=", 167" NSHIFT =", 18)
VRITE(1,400) (XH(I1),I=1,1
FORMAT( "OSCLUTION: ", 2(/F20. 10))
VRITE(1,8560) (W(I),I=1,ID

FORMAT( "OFUNCTION VALUES:",3(/F20.10)//):

STOP
END

SUBROUTINE FDF(N,IM, ¥3,DF,F)
DIMENSION X(N) ,F(ID ,DF(IM, I
COMMON NCOUNT

FC1) =20 1) k243 2) w2+30 D xF(2Y~1.E0
F(2)=8IN(XE(1})
F(3)=-CO0B(X(2))
BF¢l, 1) =2. B0 1) +3X(2)
DF(1,2)=2.E0:{2) +X( 1)
BF(2, 13=COS(XE(1))
DF(2,2)=0.E0

PFr(3,1)=0.E0
DF(S,&)-@IN(Y( ))

WVRITEC(1, 100) NCOUNT, (Y(l) I=1,10,(F(I), I=1,ID¢
FORMAT( 13, I5,2(F13.8, 12D, IY,J(IX,FIS 8))

NCOUNT=NCOUNT+ 1
RETURN
END

00000010
00000020
00000030
00000040
00000050
00000060
00000070
00000080
000000986
00000160
00000110
09000120
00000130
00000140
00000150
00000160
Co000170
00000189
00000190
00000200
00000210
00000220
00000230
00000249
00000250
00000260
00000270
066006280
00000220
00060300
000G0310
00006320
000060330
00000340
G000035¢
00000360
00000370
00000380
00000390
0000400
00000410
00000420
0000604306
00000440
00000450
000600460
00000470
60000480
00000499
0000500
00000510
00000520
00000530
006000540
00000550
00000560
00000570
000600580
00000520
00000600
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PROGRAM TIRMML ¢J.HALD ~ EXAMPLE 1)

21 Z(2) ; FCD TFC2) F(3)
1 -2.00000000 ~-1.60000000 7. 6.00000000 . -.90929743 =. 54030231
2 -1.92191312 -.93753030 - 5.37456563 - —,938%8918 =.59178049
3 -1.76529118 - -.81315378 I 4.,21292520 - -.981148548 C=. 68721077
4 -1.45001295 - -.56698384 L 2.24614214 - -,99271455 = . 84352476
8 -. 74458980 < -.29222939 L=, 14166616 1 -, 67767022 F=.95740210
6 -.298954829 - . 46864486 L —.26491290 - -.83577804 -, 82218119
7 -,92630273 = .276820820 T =.32282682 - ~.79940412 . =.96135659
8 -.86305718 08917154 -.32414088 - -.75983364 L=, 99602685
o -.892857 14 . 19887143 ¢ =.330357914 - -.77886689 -. 28409845
10 -.892285714 . 17887143 o =,33038714 - -.77886689 —.98409848

CPU TIHNE: .068.SECONDS

IFALL = 1
DXNORM= .519212E~14¢
F.EVAL.= 10
NSHIFT = 2
SOLUTION: '

-, 89228571429

. 1985714286

FUNCTION VALUES:
-.330357 1429
-.7788668934 -
~.9840984483
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Example 2

This is the antenna array problem of [3, Example 7] and [5]. The
problem is to minimize the side lobes in the radiation pattern from a
15-element linear antenna array subject to constraints on the element
positions. Mathematically, the problem is to minimize with respect to x

the objective function

F(x) = max ‘fi(5)|'
1€i<163
where

f.(x) = r + 2 % cos(2w x. sin 6.)
L R RS " i’

. ; -
ei = 780 (8.5 +10.5) ,1i=1,2,...,163,
x7 = 3.5,

subject to linear constraints

1
> =
1 +
> >
I +
> >
| +
> >
=
| +
> >
+ +
> >
o
1 1 I 1 1 1 [
O o O o o o -
= = = = = = o
Iv v v v v v "
o o o o o o o

+

w
—
v
o

The absolute value operation in F(z) is removed by introducing -fi,
i=1,2,...,163, as extra functions, resulting in

F(x) = max f,(x),
1<i<326
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fi+163 =-f,, i=1,2,...,163.
For this example,

N =256

M = 326

LEQ = 1

L =38

IC = 8

IW = 5479

The starting point is
x =0
, =20
The value of IFALL shows that the required accuracy EPS = 10 has not

been reached due to roundoff errors (IFALL=2). No shifts to Stage 2

have taken place before the solution was found (NSHIFT=0).
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PROGRAM T2RITILCOUTPUT, TAPEG=QUTPUTY
J.HALD - EXAMPLE 2.

DIMENSION AB(8,6),BB(8),X(6),W(5479)
COMMON ICOUNT
EXTERNAL FUN
=6
=326
L=5&
LE@=1
Do 106 I=1,L
Do 10 J=1,N
10 ABCI,J)=0.E0Q
AB(1,4)=-1.E0
AB(1,6)=1.E0
Do 20 I=1,N
ABCI+1,D)=1.E0:
20 AB(CI+2,11=-1.E0

I1AB=8
BB(1)=-1.E0
BO 30 I=1,N

30 BB(I+1)=~.4E0
BB(8)=3. 1E@ '

DO 40 J=1,1
40 X(Jry=0.E0
D¥=.2E0
EPS=1.E-20
IMA¥T= 100
KEQ@S=8
IW=5479
WRITE(6,49)
49 FORMAT( " PROGRAM T2RMML (J.HALD -~ EXAVMPLE 2)"//)
WRITE(G,50)

50 FORMAT("™ ", 113, "X(1)",6X, "X(2)",06X%, "K(3)",63, "3(4)",6X,
1 "¥(8)",06X, "iE(6) ",6X, "FMAX"Y -
ICOUNT=0

CALL SECOND(TIDO)

CALL MMLAIQ(FUN,N,M;L,LEQ,BB, AB, IAB, ¥, DX, EPS, MAXF /KEGS,

1 W, IV, IFALL)
CALL SECOND(TID1)
HCPU=TID1-TIDG
WRITE(6,88) CPU
§5 FORMAT( "OCPU TIME:",F6.3," SECONDS")
WRITE(6,56) IFALL, FPS HAXF KE@S

56 FORMAT("@IFALL =", 157" DXNORIT =" Fll 6/“ F.EVAL.=",I5/
1 " NSHIFT.=",I5)
F =0 .9

Do 606 I=1,M

60 FMAXN=AMANI (FIMAX, ABSCW(I)))
WRITE(G6,70) (XE(I),I=1,10) ,FMAX !

Y0 FORMAT( "0SOLUTION: ",6(/F20.10)~
1 "OFMAX AT THE SOLUTION: "/F20.10//)
STOP
END

00000010
00000020
00000030
00006040
00000050
00000060
00000070
06006080
000060909
00000100
60000110
00000120
0000139
00000140
0020150
00000160
00000170
00000180
00000190
00000200
20000210
00000220
00000230
00000240
00000250
00000260
20000270
00000280
00000220
00000300
00000310
00000320
06000330
60000340
00000350
00000360
00000370
000003806
00000390
006000490
00000410
00000420
00000430
00000440
00000450

- 00000460

00000470
00000439
00000420
02000500
00060510
00000520
0000053

00000540
00000559
60000560
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SUBROUTINE FUN(N,M,,4,B) »
DIMENSION X(IN),ACM,ID,B(ID , XU
COMMON ICOUNT

PI=4 . EQO*ATAN(1.EQ)

MH=M 2

Ni=N+1

Do 106 I=1,N

HECD=XE(I)

H(N1)=3.5E0

THETO=8.5E0

FMA¥=0.E0

Do 30 I=1,MH

IMH=I+MH

THET=PI1/180.EQ*( THETO+I*.5E0) | .
SINTH=S IN({ TEETY ;
B(I)=1.E0/15.E0

Do 206 J=1,N1

U=2. EO#P [HIE(J) S INTH
B{ID)=B(1)+2.E0/15.EO=COS(T)
IF(J.EQ.TI1} GOTO 26

ACT,J) =4 EQ%PI/ 15, EGESINTERSIN(UY |
ACIMH, JY=-AC(I,J)

CONTINUE

BCIMHY =-B(I) :

FMA¥= AMAX1 (FMAY, ABS(B(I}))
ICOUNT= ICOUNT+1
VRITE(G,40) ICOUNT, (X(I), I=1,10), FMAX
FORMAT( " ",16,9(F10.63)

RETURN

END

00000570
00000580
00000590
00000600
00000610
00000620
000006306
00000640
00000650
20008660
00000670
00060689
00000620
00000700
000007 10
00000720
00000730
00000740
00000YS0
00000760
00000YTO
00000780
0000790
00000800
00000810
00000820
00000830
¢0000840
06000850
00000860
00000870



PROGRAM T2RMML (J.HALD - EXAMPLE 23

213
. 400000
. 400000
. 400000
. 400000
. 400000
. 400000

VU1 GO D) =

X2
. 800000
. 815742
- 819776
.8612839
.6129839
. 819839

CPU TIME: 2.226 SECONDS

IFALL = 2
DENORM = . 060000
F.EVAL.= 6
NSHIFT = @
SOLUTION:
. 4000000009
. 8198390735

1.2198390735
1.693928536¢86

2.09308523086
2.6929853086

FMA¥X AT THE SOLUTION:
. 1018308888 -

X(3)
1.200000
1.215742
1.2197Y70
1.219839
1.219839
1.219839
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(4
1.600000
1.714063
1.693954
1.6939288
1.6939285
1.693985

(8
2.000000
2.116120
2.093954
2.093985
2.093985
2.093985

X(6)
2.600000
2.714063
2.693954
2.693985
2.693285
2.693%285

FMAX
. 189267
. 110957
. 101873
. 1901831
. 101831
. 101831
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APPENDIX

LISTING OF THE MMLA1Q PACKAGE

Subroutine Number of Lines Number of Words Listing from Page
(source text) (compiled code)
MMLA1Q 59 301 22
MLA1QS 232 1335 22
S2LA1Q 260 1273 26
FEASI 228 1275 30
MMLPA 280 1454 34
LINSYS 92 315 38
BFGS 42 203 39
ADDCOL 92 332 40
DELCOL 53 212 u2
UTTRNS 35 114 42
UTRNS 32 125 43
RSOLV 21 72 43
RTSOLV 19 67 Ly
HACCUM 54 241 Ly

LIMIT 17 52 45
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SUBROUTINE MMLAIQ (FDF,N,IM,L,LEQ,C,DC, IC, ¥, DX, EPS, MAYF ,KEQS, W, IV, I

IFALLY

IMLAIQ MINIMIZES THE MARIMUM VALUE OF A SET OF NONLINEAR
FUNCTIONS SUBJECT TO LINEAR EQUALITY AND INEQUALITY. CONSTRAINTS.
DERIVATIVES REQUIRED.

FOR A PROGRAM DESCRIPTION SER:

J. HALD: "MMLALIQ, A FORTRAN SUBROUTINE FOR LINEARLY CONSTRAINED
MINIMAX OPTIMIZATION", REPORT NO. NI-81-1, INSTITUTE FOR NUMERICAL
AWALYSIS, TECHNICAL UNIVERSITY OF DENMARK, DKE-2800 LYNGBY, DENMARK,
MARCH 1981.°

THE SUBROUTINES: IMMLPA,FEASI,S2LA1@,BFGS, ADDCOL, DELCOL , HACCUIT,
UTRNS, UTTRIS, RSOLV, RTSOLV, LIMIT, LINSYS MUST BE AVAILABLE.

DIMENSION CG(IC), DGCIC,ID, ID, WIW
EXTERNAL FDF

CHECK INPUT QUANTITIES
IVR= 2%IERIT+HE R NRIT+H 4ok I @ T+ 4k 1G+3

IFALL=-1
IF (IV.LT. IVR.0R.N.LT.1.0R.M.LT. 1.0R.L.LT.0.0R.LEQ.LT.6.0R. LEQ.GT.

1L.OR. LEQ.GT.N.OR. IC.LT.L.OR.DX.LE.9.EQ.OR.EPS.LT.0.EQ.OR. MAXF.LE. 0

2) RETURN -
SPLIT UP THE WORK AREA

Ni=1+1

NN=R+T

Nr=1

NF1=Nr+M
NDF=NF1+I1

NDF 1=HDF+ LN
NX1=NDF 14T
NB=IX1+1
NU=NB-+N:*=IT
NR=NU+NIT
NA=RU
RCL=NA+NITRNN
RWL=NCL+IC
NWLi=NWL+IC
NEEH=NWLI1+IC
NW=NZCHH
RWil=NW+I
NW2=NW1-+IT
RNWM=NW2+I0
NAS=NWI+IT
NKS=NAS+IT1
NESO=NKS+I1
NESTC=NESO+N1
NESTF=NESTC+IC
CALL MLAlG@S (FDF,N,I,L,LEQ,C,DC, IC, ¥, DX, EPS, MAXF, KEQS, N1, NIT, W(NF) ,
IW(NFL) , W(HDE) , WD 1), WO , WONB) , WU, W(NRY , W(INAY , W(NCL) , W(ITWL)

2, WONWL1) , WONEED , WOITW) , WONWLD , WOITW2) , WOHWED , WNAS) , WOKS) , W NKSe) , W

S{NEKSTO) , W(IESTF) , IFALL)
RETURN
END

SUBROUTINE MLA1@S (FDF,N,M,L,LE®,C,DC, I1C,X,D¥, EPS, MAXF ,KEQS, N1, NIV,

1¥,F1,DF,DF1,¥1,B,U,R, A,CLOC, WL, WL1,33, W, W1,W2, Wi, AGET, KSET, ESETO , K

28TATC, ESTATT , IFALL)
DIMENSION G(IC), DOCIC, ), X(ID, FUD, FLOID, WM(M, DF(M,ID, DFi(

000910
000020
60030
000040
000650
000060
000070
000080
000090
000100
0001106.
600120
000130
000140
000150
000160
@00170
000180
000190
600260
000210
000220
000230
G00240
000250
0002606
000270
000280
000290
000300
600310
600320
000330
000340
000350
000360
000370
000380
000320
000400
000410
006420
008430
000440
000450
600460
000470
000480
000490
006500
000510
000520
0G0530

000540 .

000550 .
0ee560
Q0eETE
000580
000520
000500
000610
000620
000630
060640

Q00650 ¢
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1M, 10, EX(NID, X100, U,M, RU,D, BN, I, ANN,ND, CLOCIC), W
2LOICY, WLICICY, WD, Wi(ID, W2(IW), ASET(N1) .

INTEGER ESET(I1) ,ESETO(N1) ,KSTATC( IC) ,ESTATF(ID

LOGICAL DIV4, ACCUM, SHIFT

EXTERNAL FDF

EEPS IS AN EXPRESSION FOR THE MACHINE ACCURACY
SEPS=16.E0%%k(—12)
SLT SOME CONSTANTS

DIv4= . FALSE.
LI=L-LE@

INITIALIZE

EEQSET=0
NCALL=0
NSHIFT=0
NSTEP=0
FITREF=1.EY3
Di0=DX

Do 2 I=1,1
BO 1 J=1,0
B(I,J)=0.EQ
CONTINUE
B(I,I)=1.E0
CONTINUL

FIND A FEASIBLE POINT

IF (L.EQ.0) GO TO 8
B0 4 I=1,L

T=C(I)

DO 3 J=1,N
T=T+DCC I, IR
CONTINUE

CLOC( 13 =T

CONTINUE

HACT=0

CALL TEAGT (CL@G,DG;IC,LE@,LI,N,XX,NACT,KSET,ASET,U,R,WI,WR,WL,WLI

1, W,ESTATG, IFALL, ACCUM, SEPS)
IT (IFALL.TE. Q) RETURN
BO & I=1,H
H(D) =X+ D
CONTINUE
Do 7 I=1,L
T=C(I)

BO 6 J=1,1
T=T+DCC T, I RIECT)
CONTINUE
CLOC( D) =T
CONTINUE

CALCULATE FUNCTION VALUES IN THE FIRST FEASIBLE POINT

CALL FDF (IT,IM,3,DF,F)
FIRMB=F( 13

DO 9 I=1,M
FIMM0=AMAKI(FIDO,FCI) )
CONTINUE

NACTO=0

RCALL=1

000660 -

000670
000689
080690
0e07Toe
0007 10
000720
000730
000740
000750
G00760
G000
600789
000720
600800
000810
000820
000330
000840
000850
600860
000876
000889
008829
000200
000210
000220
000230
000240
000950
090960
000970
606280
060920
001¢00
001010
001020
001039
001640
001050
001060
001070
0010680
001090
001100
©01110
001120
001130
001140
001150¢
001160
601170
001180
001120
001200
001210
001220
001230
001240
001250
001260
Q01270
601280
001290
001300
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10

11

12 CALL MiLPA (F,Dr,CLOC,DC,M,N,N1, IC,LEQ,LI,D¥, 3X¥N, XX, NACT, KSET, ASET
1,U,R,W1,VWa,F1, WM, WL, WL1, K8TATF , KSTATC, W, SEPS , ACCUM, FMM, IFALL)

13

14k

18

19
20

21

- 24 -

ITERATIVE LOOP STARTS HERE

NACT=NACT®

IF (NACT.EQ.0) GO TO 12
Do 11 I=1,NACT
ESET(I}=ESETO( I
CONTINUE

SOLVE THE LINEAR SUBFPROBLEM:

IF (FIM.CGE.FMMO) GOTO 39
CALCULATE FUNCTION VALUES IN THE NEW POINT

Do 18 I=1,0
HICD=XC1+3HE0D)
CONTINUE

CALL FDF (WN,I,X1,DF1,F1)
NCALL=NCALL+ 1

FMMi=F1C 1)

DO 14 I=1,M
FMM1=AMAXI(FIDIL, F1( 1))
CONTINULE

REVISE THE STEP LENGTH!

IF ((FIMMO-FIIIL) .GT. (FIMIG~FMID #4.EQ) GO TO 15
D=0 4. EQ

BIV4=.,TRUE.

GO TO 17

IF (DIV4) GO TO 16

IF ((FMMO-FIMIM1)} .GT. (FIMMO~FIID *0Q.75E0) DX=3CO02.EQ
DIV4=.FALSE.

UPDATE THE HESSIAIN APPROXIMATION

Do 18 J=1,H

W(J}=0.E0

Wit =0.E0

CONTINULE

DO 20 I=1,NACT

E=EKSET( I3

IT (K.LE.L) GO TO 20
EE=K~L

T=—ASET(I}

DO 19 J=1,N
WICTY=W1( ) +TBF 1(EX, J)
WI) =W +THDF (KK, )
CONTINUE

CONTINUE

Do 21 I=1,H
WV2(D=WI{D-¥W(D
CONTINUE

CALL BFGS (B,N,W2,33,W,SEPS)

TEST II' TEE NEW POINT IS ACCEPTABLE
IF ((FMMO-TFIMMLI) .LE.Q.Q1EO®(FIMO-FIID ) GO TO 31
COIMPARE, THE NEW ACTIVE SET WITH THE PRECEDING

I (NACTO.IE.NACT) GO TO 24
Do 238 I=1,NACT

001310
001320
001330
001340
001350
001360
@01370
601380
001320
001400
001410
001420
001430
001440
001450
001460
001470
001489
001420
001500
001510
001520
001830
001540
001550
001560
001870
001589
001590
001600
¢01610
001620
601630
001640
001650
001660
001670
001680
001690
G01700
601710
601720
001730
01740
601750
001760
@B 1e7To
001780
001790
001800
601810
001820
001830
001840
601850
001860
001870
001880
001820
001900
001910
001920
001930
001940
001950
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E=KSET(I)
Do 22 J=1,NACT- .
IF (K.EQ.KSETO(JI>) GO TO 23

2 CONTINUL

GO TO 24
CONTINUE
KEQSET=KE@SET+1
GO TO 25
KEQSLET=1

INTRODUCE THE NEW POINT

NSTEP=NSTEP+1
H=0.E0
FIMG=FTIIL
NACTO=NACT

Do 26 I=1,0

(D =E1(I)

= 34300 1) sk
BO 26 J=1,M
DF(J, I)=DF1(J, I}
HN=8QRT(XID

Bo 2¢ I=1,M
FCIX=F1CID
CONTINUE

Do 28 I=1,NACT®
KSETO( 1) =KSET( ID
CONTINUL

Ir (L.E@.0) GO TO 31
Do 36 I=1,L
T=C(I)

Do 29 J=1,H0
T=T+DGC T, J)RECI
CONTINUE
CLOC( 1) =T
CONTINUE

IF (NCALL.GT.HMAEF)Y GO TO 39

TEST OF CONVERGENCE CRITERION

IF (CEN.LE.EPS®HT GO TO 40
IF (CCM.LE.SEPS®XI « GO TO 39

TEST FOR SWITCH TO STAGE-2
SHIFT=FI0.LE. FMIMREF . AD. KEQSET. GE. KE@S ATND . NSTEP.GE. N

IF (.NOT.SHIFT) GO TO 10
IF (NACT.EQ.N1) GO TO 37

TEST FOR POSITIVE DEFINITENESS OF THE-HESSIAW APPROX. -

IN A RELEVANT DIRECTION.

Do 38 I=1,NACT
E=ESETCD

IF (E.GT.LY GO 'TO 33
T=ASET( D

Do 32 J=1,N :

Wit Iy =Wi(J)+T*DC(K, J)
CONTINUE

CONTINUL

DO 85 I=1,N

T=0.E0

DO 34 J=1,T
T=T+BCI,J)=WI(I)
CONTINUE

001960
0019270
001280
001920
002200
002010
002020
002030
002040
002050
602060
002070
002080
002090
002100
002110
602120
002130
002140
002150
002160
002170
002180
¢02120
002200
602210
002220
002230
002240
002250
002260
002270
002280
002290
002309
002310
¢02320
002380
002340
002350
002360
002370
002380
002390
002400
002410
002420
002430
002440
002450
002460
602470
002480
002490
002500
002510
002520
002530
002540
G0ZE30
002560
002570
002580
0025290
002600
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W(I=T 002610

35 CONTINUE 002620
T=0.E0 002630

Do 36 I=1,I ‘ : 002640
T=T+WODIRWICDY 002650

36 CONTINURE 002660
Ir (T.LE.0.E®) GO TO 10 ' 002670
002680

SHIFT TO STAGE-2 002690
002700

37 NSHIFT=NSHIFT+1 002710
FIIMREF=TFIR0~10. LOxSEPSABS( FIT0) 002720
JOINMAZ= AMARI1 (D0, 2., EGXDID 002730

CALL S2LA1Q (FDF, N, M, L,LEQ, G, CLOG, DG, I1C, ¥, 350TMAY, B, NACT, KSET, ASET, 002740
101, KSTATEF, ISTATC, A, 33, NI, T, DB #Zi,F1, DFﬂ Wi, Wa2,EPS MAXF NCALL,XXN T 062750

aSTEP SEP»,IFALL) 002760
Ir (EFALL.LT.S) GO TO 40: 002776
FMMO=~-1.E73 002780
Do 38 I=1,M 002790
FMMO=ATIAXI(FMMO, F(I) 2 002800

8 CONTINUL 002810
D= AMAXI( DX, X 2. EO) : 002820
KE@SET=1 002830
GO TO 10 602840

002850

RETURN 002860
002870

39 IFALL=2 002880
40 MAXF=NCALL 062890
KEQS=NSHIFT 002200
EPS=3 ‘ 002910
RETURN 002920
END 062920
002940

Q02950

SUBROUTINE S82LA1Q (FDF,N,M,L,LEQ,C,CLOC,DBC, IC, X, XXNMAX, B, NACT,KSET 002960,
1, ASET, N1, K8TATT , K8TATC,DZ, ZZ, NN, I, DF, ¥1,F1,DF1, W, W1, EPS, MAYF, NCALL 002970

a2, XN, NSTEP, SEPS, IFALL) 002280
602920

STAGE~Z (QUASI-NEWTON)  ALGORITHM FOR LINEARLY CONSTRAINED 003600
MINIMAY OPTIMIZATION. 003010
003020

DIMENSION GCIC), CLOCCIC), DCCIC,ID, I, B(N,N), ASET(N1), DZ(NN 003030
1,010, ZZ(NN), F(ID, DF(M,I), XD, FUID, DFICM,ID, WD, WI(ID 003040
IHTEGER.IﬁET(Nl) KGTATF(M) KQTATC(IG) 003050
EXTERNAL FDF 6030660
003070

INITIALIZE 003080
003020

LI=L~-LEQ 003100
LEI=LEG+1 003110
IFALL=0 003129
EESEPS=SORT(SEPS) Ge31389
KKO=ISET({ NACT) ~L 003140
NACT1=NACT-1 003150¢
NZ=N+NACTL 003160
NSTEP2=0 603176
HN=0.E0 603180
BO 1 I=1,M 003128
KSTATT( =0 003200
1 CONTINUE 003210
Ir (L.EQ.Q) GO TO & 003220
Do 2 I=1,L 003230
ESTATC( 1) =0 003249

2 CONTINUL 603250



anoaonaa

ann ann

aan

16
11

13
14
16

16

- 27 -

BO 4 I=1,NACT

=KSET( IJ

IT (K.LE.L) ESTATG(E)=1
IF (K.GT.L) ESTATF(K-L)=1

CONTINUE
ITERATIVE LOOP STARTS HERE -~
SET UP THE ITERATION MATRIX!ANWD THE RIGHTHAND SIDE
Bo 7 I=1,N
Do 6 J=1,1
DZCL,Jy=B(I,J)
CONTINUR
ZZ( 1) =-DF(EKKQ, I}
CONTINUE

IF (NACT.EQ.1) GO TO 18
B8 14 J=1,NACTI
[=ESET(J)

JN=J+N )

IF (K.GT.L) GO TO 9
ZZ(IN) ==CLOC(ID

Do & I=1,N

DZ( T, JN) =DC(K, I
DZCJIN, 1) =DZC I, JW}
CONTINULE

GO TO 11

{K=K~L
ZZCITD =F( KR ~F(KKD) ~

BO 16 I=1,H

DZC L, JN) =DF(KKO, I)-DF(KK, I}
DZ{JIW, D) =DZ I, JID
CONTINURE

Do 12 I=N1,NZ
DEZCI,JN)=0.ED

2 CONTINUE

T=ASET(J)

po 18 I=1,N

ZZCT) =772 1) =TADZ{II I3
CONTINUL

CONTINUR

RES9=0.E0

DG 16 I=1,NZ
RESQ=RESO+ZZ( 1) %=%2
CONTINUE
RESO=SQRT(RES®)

CALCULATE THE QUASI-NEWTON STEP

CALL LINBSYsS (DZ,ZZ,NTN,TNZ,K, SEPRS)
IFT (K.EQ.NZ> €0 TO 17

IFALL=3

RETURN

CONTROL STEP LENGTH

EN1=0.E0

ALFA=1.EQ

pCe 18 I=1,H

SCOTL =300 N+ 22 1) 22

CONTINUE

N1 =SQRTCIHKITL) .

IT (G071, GT. XEITMAD © ALTA=FEIMAR /35071

VILL OTHER CONSTRAINTS OR FUNCTIONS BECOME ACTIVE 9

003260
003270
003280
003220
003800
0038810
003320
603330
008340
603350
003360
003370
603380
003390
003400
603410
003420
003430
093440
003450
003460
003470
00348
0034926
003500
003510
003520
003530
00354¢
803550
603560
003570
003580
003590
003600
003610
003620
003630
003640
003650
003660
803670
003689
603620
003700
603710
003720
003730
003740
003750
003760
GO377To
003780
003790
003800
003810
0038620
003830
003840
003850
003860
003870
603889
003896
003200
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STEP=1.E?8

Ir (LI.EQ.@) GO TO 21
Bo 20 I=LEl,L

IF (ESTATC(I}.NE.Q) GO TO 20
T=0.LE0

Do 19 J=1,01

T=T+ZZ( JI*DC{ I, J)
CONTINUE

IF (T.CE.0.E®) GO TO 20
T=—-CLOC( I} /T

IF (T.GT.STEP)Y "GO TO 20
STEP=T

CONTINUE

T@=0.E0

Do 22 I1=1,0
T@=TO+ZZ{ 1) *DF (KD, 1)
CONTINURE

Fo=F(KKO)

DO 24 I=1,H1

IF (ESTATF(I) .NE.Q) GO TO 24
T=0.E0

Do 23 J=1,N
TeTHZZ( YD CL, )
CONTINUE

T=T0-T

IF (T.GE.0.EQ) GO TO 24
T=(F(D-F®) /T

IF (T.GT.STEP) GO TO 24
STEP=T

CONTINDE

IF (STEP.GT.ALFA) GO TO 25
ITALL=4

ALFA=STEP

SCALLE THE STEP

Do 26 I=1,NZ

ZZC LY = ALFARZZOTY
CONTINUE

N 1=ABS(ALFA) R3OV

CALCULATE FUNCTION VALUES AND RESIDUALS IN THE NEW POINT

 ¥N1=0.E0

28
29

Do 27 I=1,T :
HICD)=38(D+ZZC D)

M 1=ZAT1421C Dy k@
CONTINUE

N1=8QRT(IN1>
NCALL=NCALL+1

CALL FDF (N,M,¥1,DF1,F1)
DASET0=0.E0

I (NACT.EQ@.1) GO TO 29
Do 28 I=W1,NZ

IF (ESET(I-I) .GT.L)  DASETO=DASETO-ZZ{ 1)

CONTINUE

RES=0.E0

T=ASET(NACT) +DASETO

po 30 I=1,H

WD) ==T2DF (KO, 1)

Wi{ 1) =-TaDF1(KE®, 1)
CONTINUE

IF (NACT.EQ.1) €0 TO 35
B0 34 J=1,NACT1

- 28 -

003210
003220
003930
603940
003950
603960
Qo3270
003289
003990
004000
004010
004020
004030
604040
004050
004960
004070
004080
004020
004100
004110
004120
004130
004140
004150
004160
004170
004180
004190
004200
004210
004220
004230
004240
004250
004260
004270
604289
004220
004300
004316
004320
00433
004340
004350
004360
664370
004380
004390
004400
004410
004420
604430
004440
004450
004460
004470
004480

304490
684500
004510
004520
004530
004540
004550
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=KSET(J)

JN=J+IT
T=ASET(J) +ZZ( JID
I (K.GT.LY GO TO 32"
8=C(K)

Do 81 I=1,N
E8=DC(K, D
WLy =W D) +THES
Wiy =Wi( 12+ T%88
S=8+88%Z1( 1)
CONTINUE
RES=RES+Su4:03

GO TO 34

2 K=K-L

Do &3 I=1,N

WD =W -TDF(EK, 1D

Wit D =WIi{( I}=-T%DF1(EK, I}
CONTINUE
RES=RES+(F1(EK®) ~F1{ KK} » 22
CONTINUE

Do 36 I=1,0

RES=RES+WIi( I)%k22

CONTINUE

RES=SQRT( RES?

UPDATE THE HESSIAN APPROXIMATION !
Do 37 I=1,R
WD =Wi(ID-WID)
CONTINUE
CALL BFGS (B,N,W1,ZZ,VW,SEPS)
TEST IF THE RESIDUAL HAS DECREASED
IF (NSTEP2.EQ.0) GO-TO 39
IF (RES.LE.0.999E0*RESOY GO TO 39
I (IFALL.EQ.3) RETURN

IT N0 - TEST FOR MACHINE ACCURACY

I (ZEN1.GT.SESEPSH( ZENMAX+EIN1) . OR. NSTEP2.LT.2) GO-TO 88

IFALL=2
RETURN
IFALL=S
RETURN

IF YES - INTRODUCE THE NEW POINT

NSTEP2=NSTEP2+1

NSTEP=NSTEP+1

HN=0.50

BO 40 I=1,N

HD=XI1(DD

DO 40 J=1.M

DFCJ, I3=DF1¢(J, IJ

=311

Y= 300

FMAN=-1.E73

BO 41 I=1,M

T=F1(I) :

FMAX=AMANI(T, FMAZD

FCIY=T

CONTINUE
ASET(NACT) = ASET(NACT) +DASETO
IT (ASET(NACT).GT.0.E®) IFALL=6G

004560
004570
004580
004590
004600
©04610
004626
004630
004646
004650
004660
004670
004680
004620
004700
004710
004720
004730
004740
004750
004760
04770
004780
004720
004800
004810
004820
604830
004840
004850
004860
004870
©04880
00482@
604200
004910
004220
004920
004240
004250
004260
004970
064280
004290
005000
005010
005620
005030
005040
005050
005660
005070
005089
605090
005100
005110
005120
005130
605140
005150
095160
005170
065180
005196
005200
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IF (NACT.EQ.1) ‘GO TO 43
Do 42 I=1,NACTI1

IN=T1+0

ASET( D) =ASET( I} +ZZ( I
IF (ESET(I).GT.LEQ.AND. ASET(I) GT.0.E®) ! IFALL=6
CONTINUE

IF (L.E&.0) GO TO 4%

Do 45 J=1,L

T=C(JI)

B0 44 I=1,N
T=T+DCCJ, T3 xE(I)
CONTINUR

CLOC(JI»=T

CONTINUE

TEST IF THE ACTIVE SET IS8 COMPLETE

T=FMAZ-RES

DO 46 I=1,M

IF (F(ID).LE.TY GO TO 46
IFALL=Y

RETURN

CONTINUL

TEST CONVERGENCE CRITERION :

IF (COMN.CT.EPS*EI GO TO 48

IF (HACT.LT.N1> IFALL=1

RETURN

IF (¥EN.CT.SEPS#EN. AND. NCALL. LT.MAXF) GO TO 49
IFALL=2

RETURN

I (IFALL.GT.2) RETURN

GO TO &

END

SUBROUTINE FEASI (C,DGC,ICG,LE,LI,N,X,NACT,KSET, ASET, U, R, DL, RIGHT, CU

1P, DLDC, W, KSTAT, IFALL, ACCUHM, SEPS)

THE SUBROUTINE FINDS A FEASIBLE POINT'FOR 4 SET OF LINEAR

EQUALITY AND INEQUALITY CGONSTRAINTS.

DIMENSION €C(IC>, DCCIC,I, (W), ASET(I), UN,I,:
1IGHT(N) , CUP(ICY, DLBCCICY, W(ID

INTEGER ESET(ID ,ESTAT(IC)
LOGICAL ACCUM, OBJECT

INITIALIZE

EPS=( I+ 10} xEEPS
ACCUM= . FALSE.
NACTIN=NACT
HACT=0

LE1=LE+-1
LELI=LE+LI

DO 1 I=1,N
H1)=0.E0
CONTINUR
IFALL=0

IF (LELI.EQ.0) RETURN
oo 2 I=1,LELI
ESTAT(1)=0
CORTINUE

R(W, I,

DLCID,

B

605210
0035220
005230
005240
005250
005260
605270
005280
605290
0805360
005310
605320
005330
005340
005350
005360
005370
085380
005390
005400
005410
005420
005430
005440
0054850
605460
005470
005480
005490
005500
008510
005520
005530
005540
005550
005560
0BE570
005580
005520
0056060
008610
005620
05630

©05640

005650
005660
¢05670
005680
005620
008700
005710
008720
608730
005740
605750
005760
805770
005780
085720
005300
05810
005820
00583¢
065840
005850
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MAKE, ACTIVE THE EQUALITY CONSTRAINTS PLUS OTHER: CONSTRAINTS
AS DEFINED IN KSET

IF (LE.EQ.0} GO TO 5

IF (LE.GT.I) GO TO 41

Bo 4 I=1,LE

RIGHT( I)=-C( 1)

DO 8 J=1,0

RCT, D) =DCCL,J)

CONTINULR

ESET(I)=1

ESTAT(I)=1

CONTINUE

CALL ADDCOL (U,R,N,NACT,LE,RIGHT, W, ACCUM, .FALSE. ,EPS)
IF (NACT.LT.LE) GO TO 41

IF (NACTIN.LT. 1) GO TO &~

B0 7 K=1,NACTIN

K=ESET(ER

IF (EX.LT.LE1.OR.KXK.GT.LELI) GO TQO 7
NACT1=INACT+1

IF (NACT1.€GT.I) GO TO 8

B 6 I=1,N

ROT,NACT1) =DCCKIL, 13 ¢

CONTINUE

CALL UTTRINS (U,N,NACT, ACCUM,RC1,TACT1) , W)
CALL ADDCOL (U,R,N,NACT, 1,RIGHT, W, ACCUM, . FALSE. ,EPS)
IF (NACT.LT.NACT1) GO TO 7
RIGHT(NACTL) =-C( KD

ESET(NACT1) =KK

ISTAT(KIO =1

CONTINUL

CALL RTSOLV (R,N,NACT,RIGHT, I

I (NACT.EQ.IIY GO TO 10

NACT1=NACT+1

DO 9 I=NACT1,N

HID)=0.E0

CONTINUL

CALL UTRNS (U,N,TACT, ACCUM, ¥, W)

UPDATE THE CONSTRAINTS -

IF (LI.EG@.0) RETURN,
Do 12 I=LE1,LELI
T=CG( I

DO 11 J=1,N
T=T+DBCC I, JY#HECI)D
CONTINUR

COPCI) =T

& CONTINUE

INITIALIZE INEQUALITY CONSTRAINT LOOP:

DO 18 I=LE1,LELI
IF (CUP(I) . LT.0.EQ. ATID.KSTAT( 1) .EQ.0) ESTAT(I)=~1"
CONTINUE

ACTIVATE VIOLATED INEQUALITY CONSTRAINTS ONE BY ONE
USE THE STRONGEST VIOLATED AS OBJECTIVE CONSTRAINT

FHIN=1.E73

DO 15 I=LEI1,LELI

IF (ESTATC(I) NE.-1) GO TO 15
IF (CUPCI).GE.FMIN :CO TO 15
FMIN=CUPC I}

NEW=1I

005860
005870
0085889
005820
005200
005910
0059220
005930
005940
005950
005960
008970
005280
0059290
006000
006010
06020
006030
006040
006056
006060
0060706
006080
006090
006100
006110
006120
006130
006140
006150
006160
006170
006180
606190
606200
0062106
006220
006230
006240
006250
606260
086270
006280
006200
006300
006310
006320
006330
096340
006350
006360
006370
006380
606390
006400
006410
006420
006430
0066440
006450
006460
006470
006480
006420
006500
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CONTINUE

IF (FMIN.GE.0.E0) RETURN

Do 16 I=1,N

RIGHT( 1} =DC(NEW, ID

CONTINUE

CALL UTTRNS (U,N,RNACT, ACCUM, RIGHT, W)
ESTAT(NEW) =1

CALCULATE IMULTIPLIERS FOR THE NEW ACTIVE CONSTRAINT AND DROP
CONSTRAINTS WITH POSITIVE IULTIPLIERS. IN ORDER TO ACHIEVE.
THE DIRECTION OF STEEPEST INCREMENT

IF (NACT.EQ.LEY GO TO 22 ;
CALL RSOLV (R,N,NACT,RIGHT, ASET)
AMA¥=~1.E73

DO 18 I=LE1,NACT

IF (ASET(I).LT.AMAX) GO TO 18!
K=1

AMA=ASETCI)

CONTINUE

IF (AMA¥.LT.0.E0) GO TO 22
ESTAT(ESET(EK) =0

Bo 19 I=LE1l,LELI

IF (ESTAT(I) .EQ.-2) (KSTAT(1)=0"
CONTINULE

IF (ACCUID GO TO 20!

ACCUM= . TRUL.

CALL HACCUM (U,HN,NACT, W)

CALL DELCOL (X,U,R,N,NACT,RIGHT, .TRUE.) !
IF (E.GT.NACT) GO TO 17

DO 21 I=K,NACT
ESET( 1) =ESETCI+1)

CONTINUE

GO TO 1%

CALCULATE THE PROJECTED CGRADIENT

T=0.E0

DLN2=0.LE0

IF (NACT.EQ.0). €GO TO 24

DO 23 I=1,NACT

T=T+RIGHT{ I)skk2

DLCI)=0.L¢

CONTINUE

NACT1=NACT+1

IF (NACT.EQ.T . GO TO 26

DO 25 I=NACTI,N
DLE2=DLN2+RIGHT{ I) #:2
DLCI)=RIGHT(I)

CONTINUE

T=T+DLN2

IF (T.GT.0.EQ. AND.DLN2.CT. EPSXEPS®T) GO+TO 28
S=(I+ 1) XABS(CQI(NEW)

Do 27 I=1,T
E=8+ABS(DC(NEV, D *XC DI R(N+3~1)
CONTINUE

IF (CUP(NEW) LT.-EPS%S) GO T0: 41
KSTAT(NEW) =0

GO TO 14

CALL UTRNS (U,N,NACT, ACCUM,DL,W)

PROJECT CRADIENTS ON THE PROJECTED GRADIENT

DO 39 I=LELl,LELI
T=¢.E0

006510
006520
006530
006540
006550
006560
066570
006580
006520
006600
666610
006620
006630
006640
€06650¢
006660
006670
006689
066690
006700
006710
006720
086730
006740
006750
006760
006770
086780
0e6720
006800
006810
006820
006830
006840
006850
006860
006870
606880
0068920
006900
0069210
006920
006230
006940
006950
006260
606970
006986
006220
007080
687010
007020
007O30
007040
807e50
007060
@o7vo7To
007e80
007e%0
007100
007110
007120
007130
007140
007150



aoonan

aoa0n

aan

aao

29
30

81

338

S4

36

37
38

39

40

- 33 -

Do 29 J=1,N
T=T+DL(JY #DCCT I
CONTINUE
DLDBC({ D) =T
CONTINUE

CALCULATE STEP LENGTH "ANES" TO MAKE THE OBJECTIVE CONSTRAINT
EQUAL ZERO, AND CALCULATE THE STEP LENGTH "AMIN®" TO THE
NEAREST INACTIVE CONSTRAINT UNDER CONSIDERATION:

ANES=~-CUP(NEW) /DLNZ!
AMIN=1.E73

Do 82 I=LEI1,LELI

IF (ESTAT(I).NE.0) GO TO 32
T=DLDCC ID

IF (T.CE.0.E®) GO TO 32
T==CUPCI) /T '

IF (T.GT.AMIN) GO TO 32
AMIN=T

K=1

2 CONTINUE

WILL THE OBJECTIVE CONSTRAINT GET ACTIVE 9
IF NOT, MAEE ACTIVE THE CLOSEST

OBJECT=ANES. LE, AMIIT
ALFA=AMITTL C ATIIN, ANES)

NACTI=NACT+1

IF (OBJECT? GO TO 88

Do 33 I=1,0

ROI,NACT1) =DC(K, I

CONTINUE

CALL UTTRNS (U,N,NACT,ACCUM,R(C1,NACTI1) , W)
CALL ADDCOL (U,R,N,NACT,1,RIGHT,V, ACCUM,.TRUE.,EPS)
IF (NACT1.EQ. NAGT) GO TO 34

ESTAT(K) =~2

GO TO 31

ESTAT(K)=1

ESET(NACTY =K

TAKE THE STEP

I (ALFA.EQ.0.E0) GO TO 38

DO 86 I=1,H

Dy =3 1) +ALFAXDLC I

CONTINUE

DO 8¢ I=LE1,LELI

T—GUP(I)%ALFA <DLBCC 1)

IF (ESTAT(I) .EQ.-1.AND.T.GE.0:EQ) KSTAT(I)=
CUP(I)}=T

CONTINUE

IF (.NOT.OBJECTY GOITO 17

ACTIVATE THE OBJECTIVE CONSTRAINT

Do 89 I=1,I
R(I,NACT1) =
CONTINUE
CALL ADDGOL (U,R,N,NACT, 1,RIGHT, W, ACCUIM, . FALSE. ,EPS)
I (NACT.EQ@.NACT1) GO TO 49 ,

ESTAT(NEW) =0

G0 TO 14

ESET(TACT =NNEW

Co TO 14

RIGHT( I3

007160
007170
067180
007120
007200
007210
007220
607230
00?240
07250
007260
007270
607280
007290
007300
007310
007T320
607330
007340
QO7350
007360
007370
007389
607320
007400
007410
007420
007430
007440
007450
007460
007470
007480
007420
807TS00
007510
007520
007530
007540
Q07550
007560
QOTECO
607580
007590
007500
007610
007620
607630
007640
007650
607660
007T6T0
607680
007620
00eeo
007710
Q07TZ0
007730
Q@740
00YTE0
00TT60
Q@TTTO
007780
007T7o0
0078060
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RO FEASIBLE POINTS

IFALL=S
RETURN
END

SUBROUTINE MMLPA (F,DF,C,DC,M,N,IN1, IC,LE, LT, XNMAX, ¥, ¥, NACT, KSET, A
18ET, U, R, DL, RIGHT, FUP, DLDF, CUP, DLDC, KSTATT ,, KSTATC, W, SEPS , ACCUM, FMAX

2, IFALL}

i

6

=]

THE, SUBROUTINE SOLVES A LINEARLY CONSTRAINED

LINEAR MINIMAX PROBLEM.

THE STARTING POINT MUST BE FEASIBLE.

DIMENSION F(ID, DF(M,ID, CCIO),
IR(I, T, DL(NY, RIGHT(ID, FUP(ID,

- 34 -

DCCIC, D,
DLDF(ID.,

INTEGER ESET(ITL) ,KSTATF(IM ,KSTATCC(IQ)

LOGICAL ACCUNM
INITIALIZE

LE1=LE+1
LELI=LE+LI
HMITMAZ2= JITMAS kS
iN2=0.1L0
EPS=N:SEPS
ACCUM= . FALSE.
ITALL=0

Do 1t I=1,N
(I)=0.E0
CONTINUE
FMAM=-1.E73

DO 2 I=1,M
ESTATF(I)=0
T=F(IL)

IF (T.LE.FMAX) GO TO 2
FHAM=T

KEETO=1
FUP(I)=T

IF (LELI.EQ.0) GO TO 4
D0 8 I=1,LELI
ESTATC( 1) =0
CUOPCI}=CC I
CONTINUL

ACTIVATE INITIAL ACTIVE SET

NACTIN=NACT

NACT=0

IF (LE.EQ.0Y GO TO 7
PO 6 I=1,LE

DO S J=1,T

R(J, I)=DCGCI,J)
CONTINUL

ESET(I)=1
ESTATC( I =1

CONTINUE

CALL ADDCOL (U,R,N,NACT,LE,RIGHT, W, ACCUM, ., FALSE. , EPS)

IFT (NACT.EQ.LEY GO TO 7
N=0.E0

IFALL=3

RETURN

I (NACTIN.LT.LE1) GO TO 10
DO 9 K=1,NACTIN

ASET(N1),
CUPCIC); .BLDCCIC),

007810
007820
Q07830
007840
007850
007860
007870

007880 .

007820
007900
@07 10
007220
007930
007240
007250
007960 .
607eTo
607280
Q0700
008000
668010
008020
008030
008249
00680506
008060
008070
008980
008620
068100
¢08110
08120
008130
©0814@
008150
008160
008170
008189
008190
008200
008210
008220
008230
008240
008250
6c8260
008270
008280
008290
008300
068310
©08320
008330
608340
008350
008360
©08370
008380
808320
808400
008410
008420
008430
008440
008450



ann

aaoonan

ana

aan

10

11

13

14

(14

16
1v

18

- 35 -

KER=KSET(K)

IF (EX.LT.LEL.OR. K. GT.LELI} GO TO ©
FACTI=TACT+1

IF (WACT1.CGT.I) GO TO 10

o & I=1,H

ROI,NACT) =DC(EKK, 1) |

CORTINULE

CALL UTTRNS (U,N,NACT,ACCUM,RC1,TACT1Y, W)

CALL ADDCOL (U,R,N,NACT,1,RIGHT,VW, ACCUM,.FALSE.,FP%)

IF (NACT.LT. HAGTI) GO TO 9
EPS=LEPE+SEPS
ESET(NACT1) =KK
ESTATC(IED =1

CONTINUE

TRANSFORI OBJECTIVE FUNCTION GRADIENT:

ESTATF(ESETO) =1

Do 11 J=1,N

RIGHT(J) =~DF(ESET®, J)

CONTINULE

ESETO=KSETO+LELT

CALL UTTRNS (U,N,NACT, ACCUM, RIGHT, W)

ITERATIVE LOOP

CALCULATE MULTIPLIERS AND FIND THE LARGEST

ASETO=-1.LE0
IF (NACT.EQ.0) GO TO 24
CALL RSOLV (R,N,NACT,RIGHT,ASET)
IF (NACT.EQ.LE) GO TO 24
AMA¥=—~1.E?3
Do 18 I=LEIl,NACT
IF (ESET(I) .GT.LELI)  ASETO=ASETO-ASET( 1)
I (ASET(I) . LE.AMAZD GO TO 13:
=1

AMAN=ASET( I
CONTINUE

IF (AMAN.LT.0.E0.AND ASETO.LT.0.E0) GO TO 24

IF (AMAX.GT.ASETO) GO TO 18
CHANGE OBJECTIVE FUNCTION

DO 14 I=LE1,NACT

IF (ESET(I) .LE.LELI) GO TO 14:
K=1

GO TO 15

CONTINUE

5 DO 17 I=1,K

T=R(I, 1D

IT (K.EQ.NACT) GO TO 17

Ki=I+1

B0 16 J=K1,NACT

IF (KSET(J) .GT.LELI) R(I,JI=RCI,N-T
CONTINUE

RIGHT( I} =RIGHT( I2>+T

KK=KSETO

ESETO=ESET(ID

ESET(IO =KK

DELETE ACTIVE CONSTRAINT NUMBER K

EE=KSET(ID
IT (EX.GT.LELI) ESTATF(KK-LELI)=0

008460
008470
008480
008490
608500
608510
008520
008530
008540
008550
008560
008570
008580
008520
008600
008610
008620
0085630
008640
008650
608660
008670
008689
008690
008700
008710
¢e8720
008730
008740
008750
608760
00870
008780
008790
0688060
008810
008820
008830
028840
668850
008860
008870
008880
828826
008200
6882910
008220
¢e8230
008240
©e8950
008260
028970
008289
008220
609000
000010
609020
062030
00040
002650
002060
002070
002089
069620
009160
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IF (EX.LE.LELI} KSTATC(EK)=0Q -

IF (ACCUM) GO TO 19!

ACCUM= . TRUE.

CALL HACCUM (U,N,NACT,W)

CALL DELCOL (X,U,R,N,NACT,RIGHT, .TRUE.)
EPS=EPS+SEPS

IF (K.GT.HACT) GO TO 21

Do 20 I=IL, NACT

ESET{ ) =ESET( I+1)

CONTINUE
DELETE LINEAR DEPENDENCE LABELS
Do 22 I1=1,I

IF (ESTATF(I) .EQ.-2) ESTATF{I1)=0
CONTINUERE

IF (LI.EQ.0) GO TO 12

BO 23 I=LE1l,LELT

IF (ESTATCG(I) .EQ.-2) ESTATC( ) =0
CONTINUL

GO TO 12

IS THERE AN UNBOUNDED SQLUTION ? -
IF (NACT.EQ.I) GO TO 49
CALCULATE THE PROJECTED GRADIENT

K=NACT+1

T=0.E0

DLN2=0.E0

BO 25 1=K, I
DLN2=DLN2+RIGHT( I) k%

DLCD) =RIGHT(I)

CONTINURE

IF (K.EQ. 1) GO TO 2

DO 26 I=1,NACT

T=T+RIGHT( I} %2

DL(I)=0.E0

CONTINUE

T=T4+DLH2

IF (T.CGT.0.L9.AND.DLN2.GT. EPSXEPS®T) G0O+TO 28
IFALL=2

GO TO 49

CALL UTRNS (U,N,NACT, ACCUI, DL, W)

PROJECT GRADIENTS ON THE PROJECTED GRADIENT

Do 30 I=1,H
T=0.E9

BO 29 J=1,0
T=T+DLOI) #DFC I, J)
CONTINUE
DLDF(I)=T
CONTINUR

IF (LELI.EQ.®) GO TO 23
Do 32 I=1,LELI
T=0.E9

Do 31 J=1,01
T=T+DLLI) #*DCCL, I
CORTINURE
DLDCC ) =T

2 CONTINUE

CALCULATE. STEP LENGTH

002110
009120
002130
0091408
0021806
002160
009170
009180
009190
009200
0029210
002220
009230
002240
009250
009260
002270
002280
009220
009300
009310
062320
009330
009340
009350
609360
002370
009380
009320
602400
002410
¢09420
009430¢
009440
009450
009460
002470
0094890
002490
009500
809510
00S520
002530
002540
002850
002560
002870
009589
002520
609600
002610
002620
002630
002640
602650
002660
6092670
009680
002620
QOo7Teo
002710
002720
0097306
009740
6092750
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SMINC=1.E?3

IF (LI.EQ.®) GO TO 35

B0 34 I=LE1l,LELE

IF (KSTATC(I),NE.GE.GO TO 34
T=DLDC( I

IF (T.GE.0.E9®> GO TO 34
T=-CUP( 1) /T

IF (T.GT.SHING) GO TO 34
HNEWC=1I

EMINC=T

CONTINUE

$ SMINF=1,E73

=KSETO-LELI

Te=DLDF (D

Fo=FUP(K)

DO 86 I=1,M

IF (KSTATTF(I} .TE.0) "GO TO 36
T=T@¢~-DLBI( I}

IF (T.GE.0.E8) GO TO 36
T=(FUP(1}-TF0O}/T

IF (T.GT.SMINF) GO TO 36
SMINF=T

NEWF=1I

CONTINUE
STEP=AMIN1(SMINF, SMINC)

IN CASE THE STEP IS TCOO LONG REDUCE AND RETURN

E=8TEP

CALL LIMIT (¥NMA¥Z2,X,X2,DL,DLNZ2,8,1D
II" (8.EQ.8TEPY GO TO 37

IFALL=1

STEP=S8

GO TO 44

INCLUDE THE NEW FUNCTION/CONSTRAINT

NACT1=NAGT+1

KKO=KSETO-LELT

IF (SMINF.LT.SMINC) GO TO 40

DO 88 I=1.1

R{I,NACT1)=DC(NEVC, I}

CONTINUR

CALL UTTRIS (U,N,NACT,ACCUNM,RC1,TACTL) , W)
CALL ADDCOL (U,R,N, NACT, 1,RIGHT, W,ACGUH,‘TRUE.,EPS)
IF (NACT.EQ. NACTi) GO TO 39
ESTATC(HEWG) =~2

GO TO 23

ESTATC(HNEWCY =1

ESET({NACT) =NEWC

GO TO 43

Do 41 I=1,H
R(I,NACT1) =DF{EK0, ID)-DF(NEVF, I

CONTINUL

CALL UTTRNS (U, I, NACT, ACCUM,RO1,HACTLY , W)
CALL ADDCOL (U,R,N,NACT, 1,RIGHT, W, AﬁCUM,«TRUE.,EPS)
IFT (NACT. E@,NACTI) GO TO 42
ESTATF(NEWF)=-2

GO TO 83

ESTATF(NEWF =1

ESET(NACT) =NEWF+LELI

EPS=EPS+EEPS

IF (STEP.LEQ.0.EQ) GO TO 12

002760
00277o
009789
009790
609800
002810
009820
009839
009840
@0c850
0028606
002870
002880
602820
009200
009210
009920
002930
0099249
6092950
009960
00929270
009280
009990
016000
010010
010020
01003¢
010040
010050
010060
018070
016080
010020
910100
010110
010120
010139
010140
010150
010160
Q18170
010180
010190
010200
016210
010220
0162390
010240
010259
010260
010270
010280
010220
010300
016310
010220
0106330
010340
016350
016360
010370
010380
0103920
016400
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TAKE THE STEP AND UPDATE LINEAR FUNCTIONS

FMA¥=-1.E7Y3

N2=0.L0

Do 45 I=1,N

I =3 1) +8TEP#DL ID
MN2=FN24+3 [ ke ‘
CONTINUERE

DO 46 I=1,M

T=FUP( I}+STEPDLDF{ 1)

IF (T.GT.FTMAX) TFTMAMET
FUP(I)=T

CONTINUR

IF (LELI.EQ.0): GO TO 48
DO 47 I=1,LELI

CUP( I =CUP{ I} +STEPX:DLDG(T)
CONTINUE

I (IFALL.EQ.0) GO TO 127

RETURN

HI=8QRT( XN2)
NACT=HACT+1
ESET{NACT) =EKSETO
ASET(NACT) = ASETO
RETURN

ERD

SUBROUTINE LINSYS (A,B, IDIM,IT;NR,EPS)

THE SUBROUTINE SOLVES A SYSTEM OF LINEAR EQUATIONS
USING GAUSSIAN ELIMINATION. .

DIMENSION ACIDIIM, IDIID, B(ID
NR=0

A IS CONSIDERED TO BE OF RANK K~1 IF THE ABSOLUTE VALURE
OF THE K°TH PIVOT IS LESS THAN K:EPS.

Ir (-1 12,1,2

IF (ABS(AC(1,13).LT.1.E-50) RETURN
HR=1

B(D)=BC1) /801,13

RETURN

EQUILIBRATION IN THE INFINITY NORM

2 D0 4 I=1,1

AM=ABS(A{TI,13)

B0 38 J=2,N

E=ABS(ACT,I»

IF (AM.LT.8) AlM=8
CONTINUE

IF (AMLLT.1.E-50) AM=1.E0
B(I)=B(I)/AM

B0 4 J=1,1
ACT,J)=ACL,J) /AN

ELIMINATION
Hi=T-1

DG 9 E=1,N1
R=K~-1

01041@
016429
016430
©1044©
010450
010460
010470
010480
010420
010500
010510
010520
010530
010549
018850
010560
016570
010589
010590
010600
010619
010620
016630
010640
0106806
010660
0165670
010680
010620
010700
0106710
010720
010730
010740
010750
010760
018770
016780
010720
010800
010810
016828
016830
©10840
016850
0108566
0106870
016880
010820
010960
©102910
010220
016230
010240
010950
010260
010270
016289
0109290
011000
011010
011029
011630
011040
011050
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FIND PIVOTAL ROW °

AM=ABSCACK, K )

19=K

Ki=K+1

DO 5 I=KI,N
S=ABS(A(T, K}

IF (S.LE.AM) GO TO &
AT=8

10=1

CONTINUE

IF (AM.LT.2%IC:EPS) RETURN
Ir (I8.EQ.KY GO TQ 7

INTERCHANCGE EQUATIONS K AND! 10O

DO 6 J=K,N
S=ACK,.J)
AK, I =A010,0)
AH010,T)=8
CONTINUE
S=RB(E)
B(E)=B(I®)
B(I®)=8

STORE PIVOT IN AM!AND ELIMINATE IN ROWS E+1 TO N.

AM=ACK, D

Do 9 I=Ki,N

E=ACI,K) /AN

DO 8 J=K1,H

AT, I =ACT, JY=8RACK DD
CONTINUE

B(I})=B{ 1) -8&B(RKD

RNR=N1

IF (ABSCA(N,I) . LT. 2%IBEPSY RETURN .

A HAS FULL RANK
NR=I
BACK SUBSTITUTION:

B(ID =B(IN) /AN, ID
=N

DO 11 I=3,N
Ki=K

=E~1

S=B(K)

Do 16 J=K1.I0
E=8-ACK, ) =BCJI)
CONTINUE
B(E)=S/AK, K
CONTINUE
RETURN

END

SUBROUTINE BFGS (B, N, Y, XX, W, SEPS)

UPDATES A TESSIAIT APPROXIMATION USING BFGS-FORMULA.
DIMENSION BIN, M), V(I , ZEH(ID§ WOID

EPS=(N+ 10} +SEPS
po 2 I=1,N

011060
011070
011089
011090
0111090
011110
011120
011180
011140
011150
011160
011170
011180
011190
011200
011210
011220
011230
011240
011250
011260
011270
011289
011200
011300
011310
011220
011330
011340
011350
011360
011870
011380
011290
011400
011410
011420
0114390
011440
011450
011450
011470
011489
011290
011500
011510
011520
011520
011540
011550
011560
011570
011580
011590
011600
011610
011620
011630
011640
011650
011660
011670
011680
011690
011700
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T=0.E0

Do 1 J=1,H

T=T+B( I, ) RITCID

CONTINUE

W(D=T

CONTINUE

YX=0.10

VEH=0.1E0

YN=0.E0

=0.1L0

WN=0.E0

Do 3 I=1,N

YH=YI+T L) sk

O I3 Ty k2

V=WV 1) 2

VI YIDH-YC Iy R30I

VEE=WER-WO D 2EE(D

CONTINUE

YN=8QRT( ¥}

= SQRT( IO

WH=8@RT{WID

IF (YN.EQ.0.EQ.CR.WN.EQ.0.E0.OR.XXIT. EQ. 0. EQ) "RETURN
I (ABS(VIZED LT.EPSXYIRIDIN RETURI -
IF (ABSOWXZD LT, EPS®WITRIZOD RETURN
DO 4 I=1,0

B(I, I)=B(I, I)+Y( 1)k / VG- 1) 12/ WK
CONTINURE

IF (N.EQ. 1) RETURN

Do 5 I=2,0

Ii=1-1

BO G5 J=1,11

BOI,J=BL I, I3+ YD) BTV AYZE-WOD WT) /W
B(J, 1}=B(I,J)

RETURIT

END

SUBROUTINE ADDCOL (U,R, N, KCOL,EKNEW, RIGHT, W, ACCUM, LRIGHT,EPS)

UPDATES HOUSEHOLDER FACTORIZATION.
THE NEW COLUMNS IMUST HAVE BEEN TRANSFORMED ¢
AS RICHTEAND SIDES.

DIMENSION U(N,I ., R(N,NY, RIGHT(ID, W(NM:
LOGICAL ACCUM, LRIGHT
K1=KCOL+1
K2=KCOL+ENEY
COLUMY LOOP STARTS HERRE

B0 17 K=K1,EK2

§=0.E0
T=0.1L0
IF (K.EQ. 1} €O TO 2.
KE=K-1

Do 1 I=1,EKX
T=T+R{ I, K da
CONTINUR

Do 8 1=K, 0
S=8+R( T, &2
CONTINUE
T=T+8
T=SQRT(T)
E=8QRT(S)

011710
011720
011720
011740
BLIYE0
011760
@L177T0
611789
011790
011890
011810
01162

©11830
011849
611850
011860
011876
011880
011820
0112900
611210
011920
0119380
011240
011950
011260
011970
011289
011999
012000
012010
012020
012030
012640
012050
012060
012070
©1208@
012020
©12100
012110
012120
012120
012140
012150
012160
012170
012180
012190
012200
012210
012220
012230
012240
012250
012260
012270
012280
012290
©12300
012810
012320
012330
012340
012350



Qoo

ana

[ RwNw]

oo

Da00

]

ft et
&

17

- 41 -

RETURN IF THE NEVW/COLUMI DEPENDS LINEARLY ON THE
PRECEDING COLUMNS:

IF (T.EQ.0.EQ0) RETURN
IF (8.LT.T*EPS) RETURN

PERFORYM DOUSEHOLDER TRANSFORMATION

TT=R(E, K}

T=ABS(TT)
ALFA=SORT(Sx(S+T))
BETA=-SICN(S, TT)
R{K,K)=BETA

V() =(TT-BETA) FALFA
IF (K.EQ.IN} GO TO &
K=K+ 1

DO 4 I=KIL,I

WD =R(I,K)/ALFA
CONTINUE

TRATNSFORM THE REMAINING COLUINNS

IF (KE.EQ.KE2) GO TO &
DO ¢ J=KK,IK2

T=0.E0

Do &5 I=K,N
T=T+W(IYER(I, I
CONTINUL

DO 6 I=K,N

ROI, D =ROI,II-TRWC DD
CONTINURE

CONTINUE

TRANSFORY THE RIGHTHAND SIDE!

I ( NOT.LRIGHD> GO'TO 11
T=0.E0

BO o I=K,H
T=T+W(IIRIGHETC I
CONTINULE

DO 16 I=K,N

RIGHTC D =RIGHTCID) ~TRW( 1)/
CONTINUE

ACCUMULATE THE TRANSFORMATIONS IN U
U MUST HAVE BEEN INITIALIZED

IF (ACCUID GO TO 18!
Bo 12 I=K,N
UCE,IO0=WID

2 CONTINUE

GO TO 17

PO 16 I=1,10
T=0.E0

Do 14 J=K, I
T=T+UCI, J)XW(T

I CONTINUE

B0 18 J=K,H
UL, J=0U(1,J)-"T&W(I

5 CONTINULR
& CONTINULE

KOOL=KCOL+1
RETURN
END

012260
012370
612380
012820
012400
012410
012420
012430
012440
012450
012460
012470
012480
0124920
012500
012510
012520
012530
012340
012550
012560
012870
012580
012520
012600
012610
012620
012630
012640
012650
012660
012670
012689
012690
012760
012719
Q12720
012736
¢12740
012750
012760
012770
012780
012720
012800
012810
01282

01283

012840
012850
012860
012870
012880
0128920
6122900
0129190
Q12920
012930
012949
012950
@©12260
012970
©129806
012290
©130060
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SUBROUTINE DELCOL (XK, U,R,N,KCOL,RIGHT, LRIGHT)

DELETES COLUMN NUMBER K IN THE FACTORIZED MATRIX.
K MUST SATISFY 1.LE. K. LE. ECOL
U IMUST HAVE BEEN ACCUMULATED.

DIMENSION U(N,IN), RIN,ID, RIGHT(ID
LOGICAL LRIGHT

DELETE COLUMN NUMBER K¢

KCOL=KCOL~1

IF (K.GT.KCOL) RETURN
DO 1 J=K,KCOL

Ji=J+1

Bo 1 I=1,J1
RCI,=R(E, T

TRANSFORM TO UPPER TRIANGULAR FORNM
USING STANDARD GIVENS TRANSFORMATIONS!

DO 6 KI=K,KCOL
Ki=KK+1

=ROEK, KD
Y=R(K1, KI)
A=SQRTC DRI
C=3r4A

S=Y/4A

ROKIL, KO0 =G-8
IT (EK.EQ.ECOL) GO TO 3
po 2 J=K1,ECOL
H=ROE, D
Y=R(K1,J)
RUEK, J) =CHEHERY
ROKL, J) =G-85

2 CONTINUE

IF ( . NOT.LRICET) CGO'TO 4
ERICGHT(EID

Y=RIGHT(K1L)

RIGHT( KK = CRIHSRY
RIGHET{ K1) =CRV-8%X

ACCUINMULATE THE TRANSFORMATIONS

e &5 I=1,I
=UCTL, KR

Y=U(I, K1)

U( I, KD =C3i-8nY
U, K1) =CuY—-8us
CONTINUE
CONTINULE

RETURN

END

SUBROUTIRE UTTRNS (U,NN,ECOL, ACCUM,R, W)

TRANSFORI THE VECTOR R AS A:RICHTHAND SIDE.:

DIMENSION U, N>, R(ID, W(ID
LOGICAL ACCUM

IF TIE TRANSTORMATIONS HAVE BEEN ACCUMULATED
DO SIMPLE MATRIZ-MULTIPLICATION

0130106
813020
013039
013040
©13050
013060
013070
913085
613090
013100
913110
013120
013130
018148
013150
013160
0131706
013180
©13190
013200
012210
013220
013230
013240
¢13250
013260
0123276
013280
013290
©13300
©13310
013326
018330
013340
013350
013360
©13870
613382
013390
013400
013416
013420
013430
013440
@13450
013460
©13470
013480
013490
©13500
613510
918520
018530
0138540
013550
018560
013870
013580
013520
013600
013610
013620
013630
013640
013650
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ELSE TRANSTORM RICHTHAND SIDES

IF (ACCUID GO TO 4
IF (KCCL.EQ.Q) RETURN
Do 8 E=1,KCOL
T=0.LE0

Do 1t I=K,R
T=T+ROIDIRTCI, D
CONTINUE

Do 2 1=K, 0
RODY=R(D)-TRUCI, K
CONTINUR

CONTINUL

RETURN

Do &6 I=1,N

WD =R(D

CONTINUE

DO ¢ K=1,N

T=0.E0

BO 6 I=1,H
T=T+OCI, D &WCIY
CONTINUE

B =T

CONTINUL

RETURN

END

SUBROUTINE UTRNS (U, N,KCOL,ACCUM, R,

TRANSTFORII THE VECTOR R OPPOSITE A RIGHTHAND SIDE.

DIMENSIONW U(N,I, R(N), W(ID
LOCICAL AGCUNM
Ki=KCOL+1

IF (ACCUM) GO TO 4
IF (KCOL.EQ.0) RETURN
Do 8 KK=1,KCOL
=K1-KK

T=0.L0

Bo 1 J=K,N
T=T+U(J ) ¥RITI
CONTINUE

BO 2 J=K, N
ROIY=R(I) -T*UCT, IO
CONTINUE

CONTINUE

RETURN

po § I=1,H
W(I=R(ID

CONTINUE

Do 7 I=1,0

T=0.L0

DO 6 J=1,0
T=T+UCT, J) =WCTY
CONTINUE

RCI»=T

CONTINUE

RETURN

ERD

SUBROUTINE REOLV (R,N,KCOL,RIGHT,:
PERFORIT BACK SUBSTITUTION ON RIGHT.

013660
013670
013680
013620
013700
013710
013720
013730
013746
013750
6137606
0187¢0
013789
018720
013800
013810
013820
018830
013840
013850
013860
013870
©13389%
013820
013200
013210
013220
013930
0138940
6139850
013960
013970
0189280
013920
014600
014010
014020
014636
014040
014050
014060
014070
014080
014990
014100
014118
014120
01413890
014140
014150
014160
014170
©14189%
014190
014200
014210
014220
014230
014240
014259
014260
014270
©14280
014220
©14380
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DIMENSION R(N,IN), RIGHT(IY, ZC(ID
CALCULATE ALFA USING BACK SUBSTITUTION ON R

KE=ECOL

Ki=K+1

IF (K.E€.0} RETURN
T=RICGHT(ID

IF (K1.GT.ECOLY GO TO 3
Do 2 J=KI,EKC0L
T=T-(JY SR, I
CONTINUE
R =T/ /RO D

Ki=K

{=T-1

GO TO 1

END

SUBROUTINE RTSOLV (R, N, KCOL,RIGHT,D

PERFORIT BACK SUBSTITUTION ON:RIGHT USING THE
TRANSPOSED TRIANGULAR MATRIH..

DIMENSION R(IN, N}, RIGHT(IN, (1D
IF (ECOL.EQ.Q) RETURN
D =RICAT(D/R(L, 1D
IF (ECOL.E@.1) RETURN
Do 2 I=2,KC0L

Ii=1-1

T=RIGOT( 1)

DO 1 J=1,11
T=T-X{J)%R(J, I
GONTINURE

HD=T/7RI, 1
CONTINUL

RETURN

END

SUBROUTINE HACCUM (U,N,ECOL, W)
ACCUMULATES HOUSEHOLDER VECTORS STORED IN LOWER TRIANGLE

OF THOE FIRST ECOL: COLUMNS OF U IN AN ORTHONORMAL, MATRIX UL

THIE HOUSEHOLDER VECTORS MUST HAVE TWO NORM EQUAL TO TWO.
KCOL.GE.1 .

DIMENSION U(IN, )Y, W(ID
INITIALIZE USING LAST TRANSFORMATION

K1=KCOL+1

DO 1 I=ECGOL,N
W(Iy=UC(I,KC0L)
CONTINUL

DO 2 I=KCGOL,H
UCT,Id=1.B0-WCI)skia!

2 CONTINULE

IF (KCOL.EQ.ID GO TO 4
Do 8 I=Ki,I

Ii=1-1

T=¥W{I)

DO 8 J=KCOL,I1
S=—TRWI)

014310
01432¢
01438

014340
014350
014360
014370
014380
014320
014400
014410
014420
014430
014440
014450
014460
014470
014480
014420
014569
014510
014520
014530
014540
914550
014560
014570
614580
0145920
0146900
014610
014620
914639
014640
014650
014669
014670
014680
014690
©14709
014710
014720
014730
014740
014750
014760
014770
014789
014720
0148006
014810
01482@
014830
014840
014850
014860
©14870
01488

014820
014200
014210
014220
014930
014240
914950
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U(I1,J3=8
U(J, 13=8
IF (KCOL.E@. 1) "RETURN

ACCUMULATE. REMAINING TRANSFORMATIONS ¢

DO 10 KE=2,KCOL
K=K1-KIX

BO 5 I=K,N

(D =UCL,
CONTINUE

T=W(E>

EPi=K+1

K, B = 1. BO-Tw:2
D0 6 I=KPI1,N
UL, B =-THW(I
CONTINUE

DO 9 L=KP1,N
E=0.E0

B0 ¢ I=KP1,N
S=g+W(II#U(T,L)
CONTINUE
UK, L) ==T%S

Do & I=KP1,0
UCI,L)=U(I,L)-8%W( I}
CONTINUE
CONTINUR
CONTIRUE
RETURIY

END

SUBROUTINE LIMIT (XTMAXN2,¥,¥N2,P,PN2,ALFA,ID

LIMIT THE STEP LENGTH ALFA..

DIMENSION Z(ID, PUID
HIP=0.LED

Do 1 I=1,N

HTP=3TP+HE( 1) *PCI)
CONTINUL

E=HTP/PH2

T=SQRT( BB+ ( ZNMAX2~3¥I2) /PH2)
AP=T-B

AM=-T-B

IF (ALFA.GT.AP) ALFA=AP
IF (ALFA.LT.AID ALFA=AM
RETURN

END

014960
0149270
014280
01429¢
015000
018010
018020
018030
018040
015050
015060
018870
015089
01850920
015109
015110
015120
015180
018140
01518590
015160
018170
015180
015190
015200
015210
01822

015230
015240
018250
015260
018270
015280
0185220
015300
015810
015320
018330
015340
018350
015860
0185370
018389
015320
015400
015410
¢185420
015430
015440
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Abstract: This report provides a user-oriented description of a program
package written in Fortran IV for 1linearly constrained minimax
optimization. The new subroutine MMLA1Q is very similar to MINLA1,
which was presented by Madsen and Schjaer-Jacobsen, the main difference
being that MMLA1Q accumulates and uses approximate second-order
information as described by Hald and Madsen. Both routines require
first-order partial derivatives of the nonlinear functions defining the
minimax problem. The list of parameters is described herein, and a
listing of the complete program package including the linear programming
part is given., 1Instead of the revised simplex algorithm used in MINLA1,
a reduced gradient algorithm has been developed. Finally, a couple of
simple examples illustrate the use of the program. The program and
docunentation have been adapted for the CDC 170/730 system.
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