GRNLP2

PURPOSE

AUTHORS

PROGRAMMERS

HOW TO USE

A PACKAGE FOR SOLVING NONLINEAR PROGRAMMING PROBLEMS

USING A NEW (MINIMAX) APPROACH WITH EFFICIENT GRADIENT

METHODS

GRNLP2 is a corrected version of GRADNLP to be

used for solving constrainted optimization problems. A
new technique proposed by Bandler and Charalambous [1]

is used to transform the constrained optimization problem
into the minimization of an unconstrained objective
function. The equality constraint must be treated as

two inequality constraints, e.g., WCxl, Xps een 5 X ) =0
will be treated as w(xl, Xos ven xn) > 0 and

-w(xl, Xos «ve xn) > 0. The program is currently limited
to 100 inequality constraints.
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Department of Electrical Engineering
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J.H.K. Chen and V.K. Jha

Set up the input deck as follows (McMaster CDC 6400)

DATA DECK 4

SUBROUTINE FUNCT 3

MAIN PROGRAM 2

CONTROL CARDS 1




1. CONTROL CARDS Use the following set of control cards.

AAAA USER NAME

ATTACH(TAPE, GRNLP2, [IDs****k*#ax MR=1)*

RUN(S”)}’))’X)

LOAD(TAPE)

LGO.
END OF RECORD

PROGRAM TST(INPUT, OUTPUT, TAPES5=INPUT, TAPE6=0UTPUT)

2.  MAIN PROGRAM Write the main program as indicated below

(a) Dimension the following arrays
X(NN), G(NN), X1(NN), X2(NN), G2(NN), PY(NN), ALFA(NN),
P(NN,NN), Y(NN), PE(NN), BIGV(NN), XSTRT(NN), DUMI(NN),

DUM2(NN), EPS(N), H(K)

where N = The number of independent variables
NN =N+ 2
K = N*(N+7)/2

(b) Supply the values of the following parameters

N = The number of independent variables
NN = N + 2
KR = 1 if data deck is to be read

0 if data deck is not to be read always set

it equal to 1 for the first call of GRNLP2.

T . . . . . . '
Appropriate identification parameter ID should be inserted in ******#xw



(c) Call subroutine GRNLP2 as follows
CALL GRNLP2(N, X, XSTRT, X2, X1, G, G2, ALFA, H, P, PY, PE,

B1GvV, EPS, NN, Y, DUMl, DUM2, KR)

(d) Add STOP and END cards.

SUBROUTINE FUNCT This subroutine defines the actual objective function,

the inequality constraints, and the gradients of the objective function
and the constraints. A subroutine FMINIMAX is then called which
combines the objective function and the constraints in a suitable
manner to give the unconstrained objective function F and its gradients.
The subroutine FUNCT should be written as follows. The actual numerical
values of N and NCONS should be substituted in the dimension statements.
NCONS is the number of inequality constraints.

SUBROUTINE FUNCT(N, X, F, G)

DIMENSION X(1), G(1), PH1(NCONS), GU(N), GPiH1(N, NCONS)

U= f(xl, xz,...,xn) [The actual objective function]

PHI(1) = ¢1(x1, xz,...,xnj [The first inequality éonstraint]

PHI(2) = ¢2(x1, xz,...,xn)

PHI(NCONS) = ¢NCONS(x1’ xz,...,xn)

of
GU(1) = 5;1-
of
GUIN) = %ﬁ-;
3¢1
GPHI(1,1) = Y
1
9¢
GPHI(2,1) = —é;(—l—
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3¢1
GPHI(N,1) = T

3¢2
GPHI(N,2) = e

3¢
GPHI(N,NCONS) = —~%§2§§
n

NCONS = Number of inequality constraints
p = The power to be used in the least pth approximation

(set = 1.E5 if no information is available)

EPSPHI = A small number used to determine the margin by which

constraints may be violated (Set=1,E-5 if no information
is available)

CALL FMINMAX(U, GU, PHI, GPHI, N, NCONS, F, G, P, EPSPHI)
RETURN

END

If any other statements are necessary to define the actual objective
function and the constraintsthey may be added to this subroutine, e.g.,
function U may be defined in another subprogram which may then be

called by subroutine FUNCT.

DATA DECK- Parameters to be supplied as data are defined below
MET1 First method to be called by GRNLP2

if MET1=1 New Fletcher method will be called
if MET1=2 Jacobson-Oksman method will be called
if MET1=3 Fletcher-Powell method will be called
if MET1=0 No first method will be called

MET2 Second method to be called by GRNLP2
if MET2=1 New Fletcher method will be called

if MET2=2 Jacobson-Oksman method will be called



MET3

MAX

MODE

IPRINT

IDATA

EST
EPS1

ETA(I),I=1,4

EPS(I),I=1,N

if MET2=3 Fletcher-Powell method will be called

if MET2=0 No second method will be called

Third method to be called by GRNLP2

if MET3=1 New Fletcher method will be called

if MET3=2 Jacobson-Oksman method will be called

if MET3=3 Fletcher-Powell method will be called

if MET3=0 No third method will be called

A parameter to select the starting point; if M=l

same starting point is used by all the methods

called; for any other value of M each method starts

with the optimum left by the last method

Maximum number of permissible iterations

A parameter to choose the stopping criterion for

Jacobson-Oksman method

if MODE=1 criterion will be AF < a small number

if MODE=2 criterion will be llgradientsl] < a
small number

Intermediate output is printed out every IPRINT

iterations; it should be set = 0 if no intermediate

output is desired.

Input data is printed out if IDATA=1; it should be

set=0 if input data is not to be printed out

Minimum estimated value of the objective function

Small test quantity used by the Fletcher-Powell

method

Test quantities used by the Jacobson-Oksman method

Test quantities used by the New Fletcher method



XSTRT(I),I=1,NN Starting values for variables X1 Xpseee,X and

AO

BO

Two extra variables x and x

*n+1? Xneo2o n+1 +2

are required by the Jacobson-Oksman method.
Suggested starting values for X 41 and X .o are
the estimated order of the objective function and
the minimum estimated value of the function
respectively.

Initial value of the positive parameter o used

in the formulation of the unconstrained objective
function., It should be set=1.0, if no information
is available

Initial value of the nonnegative parameter 8 used
in the formulation of the unconstrained objective
function. It should be selected in such a way

that the actual objective function plus B8 is

always positive.

Recommended values for some of the parameters are

MAX = 100
EPS1 = 1.E-6

ETA(1) 1.E-4

ETA(2)

1.E-8

ETA(3)

EPS(I),I=1,N

EST

"ETA(4) = 1.E-16

Each = 1.E-6

A lower bound on the minimum value of the
objective function may be obtained from physical
reasons if the true‘minimum is not known, e.g.,

for approximation problems 9.0 is convenient.



Setting up the data deck

Card No. Format Parameters
1 815 MET1, MET2, MET3, M, MAX, MODE,
IPRINT, IDATA
2 5E16.8 EPS1, (ETA(I), I=1,4)
As many as 5E16.8 EST, (EPS(I), I=1,N)
required ) ’ ’ ’
As many as 5E16.8 (XSTRT(I), I=1, NN)
required ’ ’
Last 2E16.8 A0, BO
COMMENTS

As explained above any number one, two, or all the three methods
and in any order may be called depending upon the values of MET1, MET2 and
MET3 chosen by the user. Similarly by choosing the appropriate values of
IPRINT and IDATA the user may or may not print out the input data and the
intermediate output. Results for some of the problems solved using this
package along with the results obtained using the Fiacco-McCormick
approach have been included in Appendix A. Appendix B shows the general
structure of the package. Though some of the subroutines in this package
have exactly the same names as the ones in GRADMIN they are not exactly
the same, and for this reason the user must treat the two packages
separately and should not try to mix subroutines from one package to

another package.
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APPENDIX A
To minimize (starting points x1=0, x2=0, x3=0, x4=0)
U= xz + x2 + 2x2 + x2

- le - 5x, - 21x3 + 7x

1 2 3 4 2 4’
subject to
- x2 - x2 - X, = x2 - X, *+ X, - X, + X, +8>0
1 2 4 1 2 3 4
- xf - ng - xé - 2xi Xt X, + 10 > 0
- in - xg - xé - 2xl Xyt X, 4 5 >0

A suitable listing of the input deck, and printouts of the
input data and some final results for the Fletcher method are

given in Figs. 1-3.



10.

RSGA. CHEN
ATTACHs TAPF s GRNLP? s ID=GSGARNLFERsMR=1,
PUN(Sss999s9sX)

LNAD(TAPE)
LGOe
' 6400 END OF RFECORD

PROMRAM TST (IMPUTsOUTPUT s TAPES=TNPUTsTAPF&=0UTPUT)
NIMENSTAN X{a) s (gt s XT(AR) XD (B)sG2(A)sDYA)dALFALA)Y sP (A A ) s
TY(R)sPF(R)sRTAVIA) s XSTRT (A sPDUMI(R) sNUMD (A} sFPS(4) s (D)
N=4
NN=N+7?
KR=1
CALL GRNLP?2 (NsXsXSTRT9X2sX19GosG2sALFAIHIP sPYsPFsRIGVeFPSsNNs
1Yo DUMT s DUM2 s KR )
STOP
FND
SURRNUTINE FUNCT (NeXsFoeG)
NDIMFNSTON X{(1)sG(1)sPHTI(2)sGUIL) sGPHTI (433)
UsX{T)#%24X (D) %240 ¥ X (R)F#D4X {4 )#%D -5 %X (1) -5 ,%X{2)
1 =216*¥X(3)+7.,%X{4)
PHI(1)==X(1 ) %% -X(2)##2-X{3)#%2-X{4)#x2-X{1)+X(2)-X(2y4X {4 )+5,
PHI(2) ==X 1 )##*D2 =2 ¥ X (D) #¥2=X(B)#%D =D # X {4 )3#¥2+X (1) +X(4)+10
PHTI( 2y =D ¢ # X (71 %%#0=X (D) ¥ #2=X{2)%%0-2 X {11+ X{( D)+ X{L)+8,
GU1 )= %X 1)-5,
GUI2)=2e#X(2)-5,
GUIB) =4 %X (32) =21
GUIG)=2%¥X({4)+7,
GPHI(191) ==2%X{1)=1,
GPHI(261)==2e#X(21+1,
GPHI(361) ==2%X{3)~-1,
GPHI(4915=-70*X(Q)+1.
GPHI{]92)==2e#X (1) 416
GPHI(2 62 )=~bexX{2)
GPHI (32 )==24%X(3)
GPHI (492 ) ==t oe*X (47416
GPHI (193 )==4e%¥X(1)=2,
GPHI(2s3)==2e%X(2)1+1s
GPHI (353 )==2¢%X(3)
GPHI(493)=10
NCONS=3
P=1.F5
FPSPHI=1F-5
CALL FMINMAX (UsUsPHT sGPHT sNsNCONSsFsGoPsFPSPHT)

RFTURN
FND
! 6400 END OF RFCORD
1 0 0 1 100 ? 1 1

TNONNANNNONF NG 1 0NNNACNONEANA 1, NNANNONNE—NR 1, 000NNNONE T 1 "NNAOANANE L4

0, 1NOOONNOOENE 1 ,0N0000NNE-NF 1eNOONLONNE NE 1 IPalatalatalatelal —R At
Oe 0. Oe 0s
10, 100

' FND OF FILF

cnp 10T 0053

Fig. 1
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12.

FOLLOWING IS THE OPTIMUM SOLUTION

D Gn GR DD OGP R D D D D W G SR W P wn D GRS D GB WD AP TH e D

ARTIFICIAL UNCONSTRAINED FUNCTION F = 5,67 04490E+01
ACTUAL OBJECTIVE FUNCTION U = -4,39397505E4+01
X{ 1)= =-8,02472573E-06
X{ 2)= 4.080 J3257E+02
X( 2)= 1.,99393038E+07
. . X{ 4)= =-9,93831535F~{1
TVEQUALTTY CONSTRAINTS

PHI( 1)= 1,08773855E-04
PHI( 2)= 1,00011221E+G0
PHI( 2)= 7,03719762E=-(5

NUMBER JF FUNCTION EVALUATIONS = 96

FINAL VALUZ OF THE PARAMETER ALPHA
FINAL VALUZ OF THE PARAMETFR BETA

1.00.03030E+01
1.00 3J000E+D2

L]

EXECUTION TIME IN SECONDS= 1.94600

Fig., 3



13.

APPENDIX B

To minimize (starting points x1=0.5, x2=0.5, x3=0.5)

2 2 2
U=9 - 8x1 - 6x2 - 4x3 + 2x1 + 2x2 + x3 + 2xlx2 + 2x1x3

subject to X, 2 0, X, 20, Xz 2 0 and Xy Xy + 2x5 <3

A suitable listing of the input deck, and printouts of the
input data and some final results of the Fletcher-Powell

method are given in Figs. 4-6.



14.

ATTACHeTAPF o GRN|L P2 ¢ IN=GSGARNLFRsMR=1,
DI (C9sa090909¢X)
| NAD(TAPF)

r-ahAa CHEN

AREIAN
' £40C FND OF RECORD
prArRAM TST (INDUTonUTPUT o TAPFS=TNPUT s TAPF&6=0UTPUT)
NIMENSTAN X{g)srn(8)sXT1(5)YsX2(8)sn2(8)sPY(B)sALFA(R) sP (555
1Y (e)ysPE(e) e TaAVB) s XSTRT(R) sNUMI (R) sNUMD ()Y 4FPS () s (15)
N =2
MR =N 4D
vp=]
CALL GRMEDD (Mg X g XSTRT o X2 X1 9GsG29AL FAsH P sPYsPE sRTIGVeFP S eNNsY
IDUMT s DUMD 41 P )
STnp
FND
SHRPAUTINE ELUNCT (NgX ¢F o3 )
NTMEMSTAN X (1) o~ (1Y sPHT(4)sQUIRY o APHT (254
e gm0 g2 X L1 ) = g ¥ X2 ) =2y g #X L 2) 4D ¥ X {1 ) R#DE2 XX {2y #8244 X {2y %%
T e HFX (VY RKAD2 Y42 o HX (T %X ()
PHT {1)=X(1)
PDHT(?2)=X(?)
PHI(3)=X(2)
PHI(4)=34=X(1)=X(2)=2e%*X(73)
GUET Y ==0 402X (1142 o %X (D) +2 ¢ #X (3)
FlI(P ) = h g+l g ¥X (2542 g #X (1)
AR 2elh 42 o #X (V4D %X (1)
COHT {1 e1Y= 1,
GPHT(2a13= Ty
ADHT(2,71)y= 0O,
CPHTI(T1e2)= U
GPHI{(?2e72)= 1w
CDHT (242y=0,
GPHTI(1s2)= T,
ADHT(242y= O
GDHY(’)”)): Te
GPHT (1 e6s)y==14
GDHT(?’Q’:‘] ®
COHT (294 y==2,
MOONS =4
PD=]1eF*&
EDSPHT =1 F=5
CALL FMINMAX (sl sPHT s GPHT sNoNCONS sFasPsFRPAPHT )
RETURM
sy SR
' (400 END OF RECORD
2 0 0 1 100 2 1 1
1.ﬁﬂﬂﬂhhﬁﬂr_ﬂg 1.ﬁﬁhﬁﬂnﬁﬂp_ﬁ6 1.nnannnnn:-ng TeNNNANNArRE Y4 ]eAnmAﬂm~n:*jh
“‘ 1T, NNNNNNANNE LN 1.°NNNANNANELNR 1., NN ANANAELAg
Neh Ne5 Neb
Te Ne
0 FMD NF FTF

chD TOT 0057
Fig. 4
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16.

FOLLOWING _IS_THZ J2TIMU4 SOLJTION

ARTIFICIAL UNCONSTRAINED FUNJTION F =_

ACTJA . NBJUECTIVE FUNITION

X (
X (
X(

(s
"

N>
N
LI E I 1

14111417032=31

1e111114232-301

1,3333338432+403
7« 777774692-01
be444436712-01

INEQUA_ITY CONSTRAINTS

24I( 1) =
2HI( 2)=
24I( 3)=
PAI( &)=
o NJMBER 2 FUNCTTON EVALJATTONS =

FINAL VALUE JF THE PARAMETZIR ALPHA =

FINAL vALUZ JF THE PARAMETZIR 3ZTA

EXZCUTINON TIME IN SICON

0s=

|
I

e
® o & &
O N
S E NG
Vel o F oY)
NN
[l r e
[GESTT)
N D
R IR I ENT AL ]
(IR 2
Lo X o ] ot X &8
OV e

1

(=T« BN Nl ST Y]

1.000006032+¢0v0

Jo

-« 70800

Fig. 6



APPENDIX C

The general structure of the package is

MAIN PROGRAM

INPUT DATA GRNLP2
New Jacobson- Fletcher-
Fletcher Ok sman Powell
FUNCT
FMINMAX

Attached is the complete FORTRAN listing of the package.

17.
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18.

SUBROUTINE FMINMAX (UsGUsPHI sGPHI sNsNCONSsFsGeP sEPSPHI ! 1
DIMENSION GU(1)s PHI(1)s GPHI(Ns1)s G(1)s A(101!sQUA(L0O]L 2
COMMON /SPL/ ALPHASBETASIFLAGASIFLAGB s ICHEK sAB sKKK 3
CONMMON /BLK2/ URSNCsPPHI(100) 4
UR=U 5
NC=NCONS 6
IFLAGA=0 7
SUM=0,0 8
IFLAGB=1.0 9

—
(@}

UU=U+BETA
IF (UU.GE+0Q.) IFLAGR=0 |

IF (NCCNSeEQeOsOReALPHAGEQeOe) GO TO 8
N0 1 I=1,NCONS

b=
W N

A(I)=UU-ALPHA®PHI(T) 14
CONT INUE 15
NT=NCONS+1 16
A(NT)=UU 17

—
[eg

DO 2 I=1eNT

IF (A(I)eGEs0s) IFLAGR=0 19
CONT INUE 20
IF (IFLAGB.EQe1l) GO TO 7 21
UM=0, 22

N
N

DO 3 I=1sNT
UM=AMAXTI(UMSALTI))
CONTINUE

0O 4 1=14NCONS
QUAIT)I=AMAX1I(DesA(I))
QUAD=QUA(TI) /UM
QUADP=QUAD**pP
SUM=SUM+QUADP
CONTINUE
UU=AMAX1(0esUU)
SUMT=SUM+ ( (UU/UM) #%pP )

NN N
CoOo~NOoWwm p

w W
N —

33

F=UM* ((SUMT*x(1./P)) ) 34
DO 6 I=1sN 35
SUM2=0,.0 36

37
38

PO 5 J=1sNCONS -
TEMP=QUA(J) 7UM

SUMZ=SUMZ2+ (TEMP*¥ (P=1e ) ) * (GU(T)=ALPHA*GPHI ([ sJ)) 39
CONTINUF 40
GEI)=((SUMT %% (1e/P=1e ) )3 ((((UU/UM)*%(P=1e))%*GU(I))+5UM2) 41
CONT INUE 42
GO TO 11 43
CONT INUE 44
RETA=RFTA+AR 45
GO TO 11 46
[F (IFLAGB.EQe1) GO TO 10 47
F=Uu 48
O 9 I=1sN 49
GlI)=6UI(l]) 50
CONT INUE 51
GO TO 11 52
RETA=BFTA+AR 53
CONT INUF 54

55
26
57
58
59

IF (ICHEKeEQe0) GO TO 13
PO 12 I1=1sNCONS
PPHI(I)=PHI(I)
PHIT=PHI(I)+EPSPHI

IF (PHIT2LTs0e) IFLAGA=1

)>]>)>)>J>)>J’>'J>)>>J>>)>)>J>)>Z>)>}>)>)>J>J>)>3>)>)>3>J>)>)>)>3>)>}>J>)>3>>)>3>3>>)>)>3>1>>)>)>)>)>)>)>J>)>J>)>)>
W
o
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) )

CONTINUE
CONT INUE
RETURN
END

CD TOT

0063

19.

> > > >

60
61
62
63~
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oy

SUmRAUT ITNE ARNE DD
TN s Y e NUMT g NIIMO oK R)
COMMON /RILK/ KO
COMMON

FXTFRNAL FUNCT
LOGTICAL CAMVSUNTTH

NIMENSTON DUMI{1)Ys NDUM2(1)
NIMENSTAN X{1) s XSTRT(1)s X2(1)s X1(1),
Te PINMe1Ye Y{(T1)s PY(1)s DF{(1)s RTIGVI(71),
UNMTTH=TRUF

TCHEK =0

TF (KR.FN,0)Y a0 To

CALL DATA
1TTeFPSeANRD)

AR=RM

MO 2 T=1 4NN

X{T)1=XSTRT (1)

CONTINLUIF

IF (MFT1,FN.0) MFT1=4
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