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Apéndice: Programa de minimizac&o de funcbes com
restricdo tipo caixa

* Fkkk * * *

program MainOtim

BEGIN PROLOGUE MainOtim

Date Written: 18 Oct 2007

Revision Date:

Programmer: Eduardo Perez
Purpose: Slot Die Geometry Otimization

INCLUDE FILES
Include

parameter (NProjVarMax = 10)

EXTERNAL ARRAYS

integer NProjVar,OutBound,LowActRtr(NProjVarMax
+ HghActRtr(NProjVarMax),iterMain,iterTotal

real*8 Hess(NProjVarMax,NProjVarMax),Proj\zld(NProjVarMax),
+ ProjVar(NProjVarMax),GradObFct(NPrajiax),
+ LowBound(NProjVarMax),HighBound(NProjiéax),
+ MinBoundRange,MaxBoundRange, TrtRegLowBoNRa¢j\VarMax),
+ TrtRegHighBound(NProjVarMax), TrtRegSQ@aadIni,QuadFin,
+ ObijFctlni,ObjFctFin,alpha,LowBoundOraégProjVarMax),
+ HighBoundOmega(NProjVarMax),NegPrjGhierojVarMax),
+ QuadProjVar(NProjVarMax),QuadLowBound€ga(NProjVarMax),
+ QuadHighBoundOmega(NProjVarMax), Tkaxstor(NProjVarMax)

o o o o

* * * * * Khkkkkkkkkkkkkhkkkkk
ITERACTION COUNTER

* * * * * *hkkkkkkkkkkkkhkhkkkk
iterMain=0

kkkkkkkkkkkkkkkkkkkk

PRINT HEADINGS

kkkkkkkkkkkkkkkkkkk
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c
write(*,100)
c
Cx** * * * * *kkkkkkkkkkkkkkkkkk

¢ INITIAL TRUST REGION SIZE FACTOR

C kkkkkkkkkkkkkkkkkkk

TrtRegSize=1.0

Cx** * * * * kkkkkkkkkkkkkkkkkkk

¢ PROPORTION OF THE QUADRACT FUNTION DECREASE REQUIRED ACEPT

c  x(k+1)
Cx** * * * * *kkkkkkkkkkkkkkkkkk
c

alpha=0.3
c
CH** * * * * *kkkkkkkkkkkkkkkkkk
c TEST DATA
CH** * * * * *kkkkkkkkkkkkkkkkkk
c

Include 'Userlinfo.i'

CH** * * * * *kkkkkkkkkkkkkkkkkk

¢ VERIFY IF INITIAL PROJECT VARIABLES ARE INSIDE BOUNARIES

C *kkkkkkkkkkkkkkkkkk

call BoundChk(NProjVarMax,NProjVar,LowBound,HighBoyRdbjVar,
+ OutBound)

if (OutBound.eq.1) then

write(*,*)"Project Variable(s) out of Range "

pause

goto 1000

end if

kkkkkkkkkkkkkkkkkkk

* * * * * *kkkkkkkkkkkkkkkkkk

Cc
C
¢ EVALUATE OBJECT FUNCTION VALUE ON x0
Cc
Cc

call ObjFctEval(NProjVarMax,ProjVar,
+ ObjFctlni)
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O O o o o

O o o o

O O o o o

O o o o
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*kkkkkkkkkkkkhhkhhkhk
CALCULATE THE GRADIENT OF THE OBJECT FUNCTION ON x0
* * * * * *kkkkkkkkkkkkkkkkkk
call GradObjFctEval(NProjVarMax,ProjVar,
+ GradObFct)
*kkkkkkkkkkkkhhkhhkhk
CALCULATE THE HESS OF THE OBJECT FUNCTION ON x0
*kkkkkkkkkkkhkhkhhkhk
call HessObjFctEval(NProjvVarMax,ProjVar,
+ Hess)
* * * * * *kkkkkkkkkkkkkkkkkk
EVALUATION OF THE APROXIMATING QUADRATIC FUNCTION ON x0
*kkkkkkkkkkkkhhkhhkkk
Quadlni=ObjFctlni
* * * * * *kkkkkkkkkkkkkkkkkk
VERIFY ACTIVE RESTRICTIONS ON x0
*kkkkkkkkhkhkkkhhkhhkhk
call ActRestr(NProjvVarMax,NProjVar,LowBound,HiBound,ProjVar,
+ LowActRtr,HghActRtr)
* * * * * *kkkkkkkkkkkkkkkkkk
CALCULATE THE NEGATIVE PROJECTED GRADIENT FOR THE OBJEGEUNCTION
*kkkkkkkkhkkhkhkhhkhhkhkx
call NegPrjGradObFct(NProjVarMax,NProjVar,LAetRtr,
+ HghActRtr,GradObFct,
+ NegPrjGrad)
*kkkkkkkkhkhkkkhhkhhkhk
CALCULATE THE NORM OF THE NEGATIVE PROJECTED GRADIENT
* * * * * *kkkkkkkkkkkkkkkkkk

GradNorm = dnrm2(NProjVar, NegPrjGrad, 1)

*kkkkkkkkkkkkkkkkkk

BEGIN LOOP

* * * * * *kkkkkkkkkkkkkkkkkk
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do while (GradNorm>0.000001)

CH** * * * * *kkkkkkkkkkkkkkkkkk

¢ DETERMINATION OF THE BOUNDARIES OF THE TRUST REGIND

C kkkkkkkkkkkkkkkkkkk

c
2000 call TrtRegBound (NProjVarMax,NProjVar,ProjViatRegSize,
+ TrtRegLowBound, TrtRegHighBound)

kkkkkkkkkkkkkkkkkkk

o

DETERMINATION OF THE BOUNDARIES OF OMEGA, THE INBRSECTION BETWEEN
TRUST REGION AND PROJECT VARIABLES RANGE

* * * * * *kkkkkkkkkkkkkkkkkk

O o o o

call Omega(NProjVarMax,NProjVar, TrtRegLowBound,
+ TrtRegHighBound,LowBound,HighBound,
+ LowBoundOmega,HighBoundOmega)

* * * * * *kkkkkkkkkkkkkkkkkk

DETERMINE THE NARROWER AND THE WIDER BOUNDARY RANGEBF OMEGA

* * * * * kkkkkkkkkkkkkkkkkkk

O o o o o

call MinMaxBndRng(NProjVarMax,NProjVar,LowBoundOmega
+ HighBoundOmega,
+ MinBoundRange,MaxBoundRange)

Cc kkkkkkkkkkkkkkkkkkk

¢ KEEP THE LAST ACCEPTED VALUE OF PROJECT VARIABLES

C kkkkkkkkkkkkkkkkkkk

call OpProjVar(NProjVarMax,NProjVar,ProjVar,
+ ProjVarOld)

* * * * * *kkkkkkkkkkkkkkkkkk

DETERMINATION OF THE SUITABLE INITIAL VALUE OFTHE PROJECT VARIABLES
TO PROCEED TO MINIMIZATION OF APROXIMATING QUADRTIC FUNCTION IN
THE NEW REGION OMEGA

* * * * * *kkkkkkkkkkkkkkkkkk

O O o o o o o

call IniProjvar (NProjVarMax,NProjVar,LowBod®mega,
+ HighBoundOmega,Hess,Grad@®bF
+ ProjVvar)
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O O o o o

O O o o o

O o o o o

*

*

DEFINE VARIABLE (x-xk) AND ITS BOUNDARY TO BE MINMIZED
IN THE QUADRATIC APROXIMATING FUNCTION

*

*

*

*

*

*

kkkkkkkkkkkkkkkkkhkk

*kkkkkkkkkkkkkkkkkk

call ProjVarLessProjVarOld(NProjVarMax,NPr@&¥ProjVar,
ProjVarOld,LowBoundOmega,HiglundOmega,

+

+ QuadProjVar,QuadLowBoundOmega,QuadHighBaumelga, TransFactor)

*

*

*

*

kkkkkkkkkkkkkkkkkhkk

183

CALL CONJUGATED GRADIENT METHOD TO MINIMIZE A BWNDED QUADRATIC

FUNCTION THAT APROXIMATES THE REAL FUNCTION CLOSTO xk

*

*

*

*

*kkkkkkkkkkkkkkkkkk

call QuadBoundMin(NProjVarMax,NProjVar,Hess,GradOhF
QuadLowBoundOmega,QuadHighB@mega,

+

+

+

MinBoundRange,MaxBoundRange,
QuadProjVar,iterTotal)

*

*

*

*

UPDATE PROJECT VARIABLES

*

*

*

*

*kkkkkkkkkkkkkkkkkk

*kkkkkkkkkkkkkkkkkk

call BackProjVar(NProjVarMax,NProjVar,QuadRraj, TransFactor,

+

ProjVvar)

CALCULATION OF THE VALUE OF THE QUADRATIC FUNCTI® ON u*=(x*-xk)

*

*

*

*

*

kkkkkkkkkkkkkkkkkkk

*kkkkkkkkkkkkkkkkkk

call QuadValue (NProjVarMax,NProjVar,Hess,BobFct,

+

+

QuadProjVar,ObjFctini,

QuadFin)

*

EVALUATE OBJECT FUNCTION ON x(k+1)

*

*

*

call ObjFctEval(NProjVarMax,ProjVar,

+

ObjFctFin)

*

CRITERIA TO DECIDE IF ACEPT x(k+1)

*

*

*

*

*

*

*

*

*kkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkk

*kkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkhkk
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if (ObjFctFin.le.(ObjFctini+alpha*(QuadFin-Quad)j)ithen

c IF A GOOD DECREASE ON OBJECT FUNCTION WAS GOT, INCREABSEUST
¢ REGION SIZE FOR THE NEXT ITERATION

if (ObjFctFin.le.(ObjFctini+(0.9)*(QuadFin-Quad)y) then

TrtRegSize=2*TrtRegSize

end if

c

C
¢ CALCULATE THE GRADIENT OF THE OBJECT FUNCTION ON x(i&¥
C

c
call GradObjFctEval(NProjVarMax,ProjVar,
+ GradObFct)

CALCULATE THE HESS OF THE OBJECT FUNCTION ON x(k+1)

O O o o o

call HessObjFctEval(NProjVarMax,ProjVar,
+ Hess)

¢ VERIFY ACTIVE RESTRICTIONS ON x(k+1)

call ActRestr(NProjvVarMax,NProjVar,LowBound,HiBound,ProjVar,
+ LowActRtr,HghActRtr)

CALCULATE THE NEGATIVE PROJECTED GRADIENT FOR THE OBJEGUNCTION
ON x(k+1)

O O O o o o

call NegPrjGradObFct(NProjVarMax,NProjVar,LAetRtr,

+ HghActRtr,GradObFct,

+ NegPrjGrad)
c
c
¢ CALCULATE THE NORM OF THE NEGATIVE PROJECTED GRADIENT



DBD
PUC-Rio - Certificação Digital Nº 0510823/CA


PUC-RIo - Certificagdo Digital N° 0510823/CA

GradNorm = dnrm2(NProjVar, NegPrjGrad, 1)

ObjFctlni=0bjFctFin
Quadlni=ObijFctlni

iterMain=iterMain+1

PRINT RESUME OF THIS ITERACTION

o o o o

write(*,*) " !
write(*,*) " "
write(*,*) "lteraction #:",iterMain
write(*,*) "Norm of function gradient:",Gradim
write(*,*) "Object Function Value:",ObjFctFin

write(*,*) "# iteractions of quadratic minization:",iterTotal

c
do 10 iProjVar=1,NProjVar
c
write(*,*) "Project Variables:",ProjVar(iPrapar)
c
10 continue
c
c
c
else
c
c

¢ REDUCE TRUST REGION SIZE

c
c
TrtRegSize=(0.8)*TrtRegSize
c
c
¢ RETURN TO xk
c
c

call OpProjVar(NProjVarMax,NProjVar,ProjVar|
+ ProjVvar)

185
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goto 2000

end if

¢ END OF LOOP

end do

¢ FORMAT STATEMENT

orr — x %
c
100 format (/2x, /,
+ 2x,'SLOT DIE GEOMETRY OTIMIZATIONY/,
+ 2x,' COAT - 2007 I,
+ 2X,"' Eduardo Perez ',
+ 2x," Marcio S Carvalho 'l
+ 2x,"** * **[)
c
Crr — x %
¢ PRINT RESUME
c
c
write(*,*) Hkkk ko *
write(*,*) " "

write(*,*) "Critical Point Found."
write(*,*) "Number of iteractions:",iterMain
write(*,*) "Object Function Value:",ObjFctFin

write(*,*) " "

c
do 70 iProjVar=1,NProjVar

c
write(*,*) "Project Variables:",ProjVar(iPragpar)

c

70 continue

c
pause

c

1000 end

c

kkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkk

c**** MainOtim ends here

C*** Fkkk * *

*kkkkkkkkkkkkkkkk

186
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(9]

O O o o o

* Fkkk * * *

subroutine ActRestr(NProjVarMax,NProjVar,LowBmljHighBound,
+ XProjVar,
+ LowActRtr,HghActRtr)

BEGIN PROLOGUE ActRestr

Date Written: 18 Oct 2007

Revision Date:

Programmer:Eduardo Perez

Purpose: Check active restrictions on cuvehte of project

variable

INTERNAL & EXTERNAL ARRAYS

integer iProjVar,NProjVar,LowActRtr(NProjVarMp
+ HghActRtr(NProjVarMax)

real*8 XProjVar(NProjVarMax),LowBound(NProjMdiax),
+ HighBound(NProjVarMax)

RESET VARIABLES

do 1 iProjvar=1,NProjVar

LowActRtr(iProjVar)=0

HghActRtr(iProjvar)=0

1 continue

do 2 iProjvar=1,NProjVar

if(XProjVar(iProjVar).eq.LowBound(iProjVar)) then

LowActRtr(iProjVar)=1

elseif(XProjVar(iProjVar).eq.HighBound(iProjVarén
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HghActRtr(iProjvar)=1

else

LowActRtr(iProjVar)=0
HghActRtr(iProjvar)=0

c
endif
c
2 continue
c
end subroutine
c

c**** ActRestr ends here

C*** Fkkk * * *

c
subroutine ActRestrChg(NProjVarMax,NProjVar, l&stRtr,HghACctRtr,
+ LowActRtrNew,HghActRtrive
+ RtrChgFlag)

C*** Fkkk * * *

¢ BEGIN PROLOGUE ActRestrChg
¢ Date Written: 18 Oct 2007

¢ Revision Date:

¢ Programmer:Eduardo Perez

¢ Purpose: Verify if active restrictions chadge

¢ INTERNAL & EXTERNAL ARRAYS

integer iProjVar,NProjVar,LowActRtr(NProjVarMp
+ HghActRtr(NProjVarMax),LowActRtrNew(N&VarMax),
+ HghActRtrNew(NProjVarMax),RtrChgFlag

RtrChgFlag=0

do 1 iProjvar=1,NProjVar

if (LowActRtrNew(iProjVar).ne.LowActRtr(iProjVar)dr.
+ (HghActRtrNew(iProjVar).ne.HghActRtr(iProj¥3 then

RtrChgFlag=1

188
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end if
c
1continue
c
endsubroutine
c
cr** ActRestrChg ends here ok * ko

C

subroutine BackProjVar(NProjVarMax,NProjVargiirojVar,
+ TransFactor,

+ ProjVvar)

BEGIN PROLOGUE BackProjVar

Date Written: 18 Oct 2007

Revision Date:

Programmer: Eduardo Perez

Purpose: Do ProjVar=QuadProjVar-Transfactor

INTERNAL & EXTERNAL ARRAYS

O O O o o o o o o o o

integer NProjVar,iProjVar

real*8 ProjVar(NProjVarMax),
+ QuadProjVar(NProjVarMax), TransFadwfPfojVarMax)

do 1 iProjvar=1,NProjVar

ProjVar(iProjvVar)=QuadProjVar(iProjVar)-Trarector(iProjVar)

1 continue

end subroutine

Cc

cx** BackProjVar ends here * * * ok

Cx** * * * * *kkkkkkkkkkkkkkkkhkk

C*** Fkkk * * * *

subroutine BoundChk(NProjvVarMax,NProjVar,LowBm,HighBound,
+ XProjVar,
+ OutBound)
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Cc

c**** BoundChk ends here

c

BEGIN PROLOGUE BoundChk

Date Written: 18 Oct 2007

Revision Date:

Programmer:Eduardo Perez

Purpose: Verify if the project variables argide the boundaries

integer iProjVar,NProjVar,OutBound

real*8 XProjVar(NProjVarMax),LowBound(NProjMdax),
HighBound(NProjVarMax)

+

INTERNAL & EXTERNAL ARRAYS

OutBound=0

do 1 iProjvar=1,NProjVar

OutBound=1

endif

continue

end subroutine

if (XProjVar(iProjVar).lt.LowBound(iProjVar)).or.
+ (XProjVar(iProjVvar).gt.HighBound(iProjVaj))hen

subroutine ChpGradCalc(NProjVarMax,NProjVamlAzTtRtr,
+ HghActRtr,GradQuad,
+ ChpGrad)

*

Fkkk *

BEGIN PROLOGUE ChpGradCalc

Date Written: 18 Oct 2007
Revision Date:

*

190
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(9]

(9]

O o o o

c

Cc

c

cr*** ChpGradCalc ends here

c

Programmer:Eduardo Perez

Purpose: Calculation of the choped gradient

INTERNAL & EXTERNAL ARRAYS

integer iProjVar,NProjVar,LowActRtr(NProjVarMp

+ HghActRtr(NProjVarMax)

real*8 GradQuad(NProjVarMax,2),ChpGrad(NPrajMax)

CALCULATION OF THE CHOPED GRADIENT

* Fkkk * *

do 1 iProjVar=1,NProjVar

if (LowActRtr(iProjVar).eq.0).and.
+ (HghActRtr(iProjVvar).eq.0)) then

ChpGrad(iProjVar)=0

elseif ((LowActRtr(iProjVar).eq.1).and.
+ (GradQuad(iProjVar,1).gt.0)) then

ChpGrad(iProjVar)=0

elseif ((HghActRtr(iProjVar).eq.1).and.
+ (GradQuad(iProjVar,1).1t.0)) then

ChpGrad(iProjVar)=0

else

ChpGrad(iProjVar)=-GradQuad(iProjVar,1)

endif

1 continue

endsubroutine

kkkkkkkkkkkkkkkkkkk

*kkkkkkkkkkkkkkkkkk

* Fkkk * *

191
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c
subroutine ConjGrad(NProjVarMax,NProjVar,H&=sdObFct,
+ ProjVar,StepDir)

c

c

¢ BEGIN PROLOGUE ConjGrad

¢ Date Written: 18 Oct 2007

¢ Revision Date:

¢ Programmer:Eduardo Perez

¢ Purpose: Unrestricted Minimization using Cogaite Gradient Method

c INTERNAL & EXTERNAL ARRAYS

integer iProjVar,jProjVar,NProjVar,iter
real*8 GradQuad(NProjVarMax,2),Hess(NProMax,NProjVarMax),
+ ProjVar(NProjVarMax,2),GradObFct(NPfarMax),
+ StepDir(NProjVarMax,2),GradQuadNew(Nj arMax),GradNorm,
+ GradTGrad,HessStep(NProjVarMax), StéedsStep,
+ StepLenght,GradTGradNew,BetaStepLenght

c
C * * * * * *kkkkkkkkkkkkkkkkkk
¢ CALCULATION OF THE QUADRATIC FUNCTION GRADIENT gHx+b
C *kkkkkkkkkkkkhkhhkhkx
c

do 5 iProjVar=1,NProjVar
c

do 10 jProjvVar=1,NProjVar
c

GradQuad(iProjVar,1)=Hess(iProjVar,jProjVar)*Prej\jProjVar,1)+

+ GradQuad(iProjVvar,1)
c
10 continue
c
GradQuad(iProjVar,1)=GradQuad(iProjVar,1)+@daFct(iProjVar)
c
5 continue
c
Crr — * % P———————
¢ DIRECTION OF THE FIRST MINIMIZATION d0=-g0
Crr — x x P
c
do 15 iProjvVar=1,NProjVar
c

StepDir(iProjVar,1)=-GradQuad(iProjVar,1)

192
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15 continue

iter=0

kkkkkkkkkkkkkkkkkkk

NORM OF THE QUADRATIC FUNCTION GRADIENT

kkkkkkkkkkkkkkkkkkk

0O 9 o o

do 17 iProjVar=1,NProjVar

GradQuadNew(iProjVar)=GradQuad(iProjVar,1)

c
17 continue
GradNorm = dnrm2(NProjVar, GradQuadNew, 1)

c

C *kkkkkkkkhkkkhkhhkhhkkk

c CALCULATION OF g'g TO BE USED ON DETERMINATIONSTEPLENGHT
C * * * * * *kkkkkkkkkkkkkkkkkk

c

GradTGrad=0

do 20 iProjVar = 1,NProjVar

GradTGrad=GradTGrad+GradQuad(iProjVar,1)*GradQilrxd{Var,1)

C

20 continue

C kkkkkkkkkkkkkkkkkkk

¢ CALCULATION OF dk'Hdk: IF LESS THAN OR EQUAL T@ERO THERE IS NO
¢ MINIMUM IN dk DIRECTION, OTHERWISE LOOK FOR MINMIUM ON dk DIRECTION

C kkkkkkkkkkkkkkkkkkk

StepTHessStep=0

do 18 iProjVar=1,NProjVar

do 19 jProjvar=1,NProjVar

HessStep(iProjVar)=Hess(iProjVar,jProjVar)*Stepfi#rojVar,1)+

+ HessStep(iProjVar)

c
19 continue
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StepTHessStep=StepTHessStep +

+ StepDir(iProjVar,1)*HessStep@f¥/ar)
c
18 continue
c
Crr — x % ——————

¢ BEGIN OF LOOP

Cc kkkkkkkkkkkkkkkkkkk

do while ((GradNorm>0.000001).and.(StepTH&gzsS0).and.
+ (iter.1t.10))

StepLenght=GradTGrad/StepTHessStep

GradTGradNew=0

c

C *kkkkkkkkhkkkhkhhkhhkkk

¢ CALCULATION OF x(k+1)=x(k)+a*dk AND g(k+1)=g(kha*H*dk

Cx** * * * * *kkkkkkkkkkkkkkkkkk
do 35 iProjvVar=1,NProjVar

c

ProjVar(iProjVar,2)=ProjVar(iProjVar,1)+
+ StepLenght*StepDir(iProjVBr

GradQuad(iProjVar,2)=GradQuad(iProjVar,1)+
+ StepLenght*HessStep(iProjVa

GradTGradNew=GradTGradNew+

+ GradQuad(iProjVar,2)*GradQuad(iRfaj,2)
c
35 continue
c
c P
c

BetaStepLenght=GradTGradNew/GradTGrad

GradTGrad=GradTGradNew

kkkkkkkkkkkkkkkkkkk

NEW DIRECTION TO MINIMIZATION d(k+1)=-g(k+1)+Btk

* * * * * *kkkkkkkkkkkkkkkkkk

o o o o

do 40 iProjVar=1,NProjVar
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StepDir(iProjVar,2)=-GradQuad(iProjVar,2)+
+ BetaStepLenght*StepDir(iPraj\l)

40 continue

C kkkkkkkkkkkkkkkkkkk

¢ VARIABLES UPDATE FOR THE NEXT ITERACTION

C kkkkkkkkkkkkkkkkkkk

do 45 iProjVar=1,NProjVar

StepDir(iProjVar,1)=StepDir(iProjVar,2)
ProjVar(iProjVvar,1)=ProjVar(iProjVar,2)
GradQuad(iProjVar,1)=GradQuad(iProjVar,2)
GradQuadNew(iProjVar)=GradQuad(iProjVar,2)
HessStep(iProjvar)=0

c
45 continue
c
C * * * * * *hkkkkkkkkkkkkkkhkkkk
¢ CALCULATION OF dk'Hdk: IF LESS THAN OR EQUAL T@ERO THERE IS NO
¢ MINIMUM IN dk DIRECTION, OTHERWISE LOOK FOR MINMIUM ON dk DIRECTION
C * * * * * *hkkkkkkkkkkkkkkkkkk
c

StepTHessStep=0

do 50 iProjvVar=1,NProjVar

do 55 jProjvar=1,NProjVar

HessStep(iProjVar)=Hess(iProjVar,jProjVar)*Stepli®rojVar,1)+
+ HessStep(iProjVar)
c
55 continue
c
StepTHessStep=StepTHessStep +

+ StepDir(iProjVar,1)*HessStep@f¥/ar)
c
50 continue

c

Cx** * * * * *kkkkkkkkkkkkkkkkkk
¢ NORM OF THE QUADRATIC FUNCTION GRADIENT

C *kkkkkkkkkhkkhkhhkhhkhx
c

GradNorm = dnrm2(NProjVar,GradQuadNew, 1)
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iter=iter+1

end do

¢ PRINT RESUME

if ((GradNorm.It.0.000001).and.(iter.1t.10)) then

write(*,*) "Critical Point Found."

write(*,*) "Number of iteractions:",iter

do 60 iProjvar=1,NProjVar

write(*,*) "Project Variables:",ProjVar(iProjVar)2
c

60 continue
c

end if

if (StepTHessStep.It.0) then

write(*,*) "Direction of Negative Curvature Found"

write(*,*) "Number of iteractions:",iter

do 65 iProjvVar=1,NProjVar

write(*,*) "Step Direction:",StepDir(iProjVar,2)
c

65 continue
c

do 70 iProjvar=1,NProjVar

196

kkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkk

write(*,*) "Last Project Variable Value:",ProjVaRrojVar,2)

C

70 continue

end if

pause

*kkkkkkkkkkkkhkkkhkk
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endsubroutine

Cc

cr¥** ConjGrad ends here

C*** Fkkk * * * *

C*** F*kkk * * * *

subroutine DirCurvature(NProjVarMax,NProj\asd,

+ dTHd)
c
c
¢ BEGIN PROLOGUE DirCurvature
c Date Written: 18 Oct 2007
¢ Revision Date:
¢ Programmer:Eduardo Perez
¢ Purpose: Verify if the direction is of pogéior negative
c curvature
c
c
c INTERNAL & EXTERNAL ARRAYS
c
integer iProjVar,jProjVar,NProjVar
c
real*8 H(NProjVarMax,NProjVarMax),d(NProjVardk),Hd(NProjVarMax),
+ dTHd
c
c R

¢ CALCULATION OF dk'Hdk

Cx** * * * * *kkkkkkkkkkkkkkkkkk
Cc

dTHd=0
Cc

do 1 iProjvar=1,NProjVar

do 2 jProjvar=1,NProjVar

Hd(iProjVar)=H(iProjVar,jProjvar)*d(jProjVar)+Hd@rojVar)
c
2 continue
c
dTHd=dTHd+d(iProjVar)*Hd(iProjVar)

Hd(iProjvar)=0
c
1 continue
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c
end subroutine
c
c**** DirCurvature ends here Hohkk Hokokk Hokokk *
c
double precision function dnrm2 ( n, dx, ihcx
integer i, incx, iX, j, n, next
double precision dx(*), cutlo, cuthi, hitesum, xmax,zero,one
data zero, one /0.0d0, 1.0d0/
c
¢ euclidean norm of the n-vector stored in awh storage
c incrementincx .
c if n.le. O return with result = 0.
¢ ifn.ge.1thenincx must be .ge. 1
c
c c.l.lawson, 1978 jan 08
¢ modified to correct failure to update ix, 3/22.
¢ modified 3/93 to return if incx .le. 0.
c
¢ four phase method using two built-in ¢danss that are
¢ hopefully applicable to all machines.
c cutlo = maximum of dsqrt(u/eps) ovéikabwn machines.
c cuthi = minimum of dsqrt(v)  ovefllahown machines.
c where
c eps = smallest no. such that eps + 11.gt
c u = smallest positive no. (underfliomit)
c v =largest no. (overfldimnit)
c
¢ brief outline of algorithm..
c
¢ phasel scans zero components.
¢ move to phase 2 when a component is nonzetdea cutlo
¢ move to phase 3 when a component is .gb cutl
¢ move to phase 4 when a component is .gei/cguth
¢ where m=n for x() real and m = 2*n for cdenxp
c
¢ values for cutlo and cuthi..
¢ from the environmental parameters listechaimsl converter
¢ document the limiting values are as follows..
¢ cutlo, s.p. uleps =2**(-102) for honeylvetlose seconds are
c univac and dec at 2**(-103)
c thus cutlo = 2**(-51) = 4.44Q8%6
¢ cuthi, s.p. v =2**127 for univac, honeyland dec.
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c thus cuthi = 2**(63.5) = 1.3@3.9

c cutlo, d.p. uleps = 2**(-67) for honeywatid dec.

c thus cutlo = 2**(-33.5) = 8.2d-11

¢ cuthi,d.p. same as s.p. cuthi =1.30488d1

¢ data cutlo, cuthi/8.232d-11, 1.304d19/

¢ datacutlo, cuthi/ 4.441e-16, 1.304e19/
data cutlo, cuthi/ 8.232d-11, 1.304d19/

c
if(n .gt. 0 .and. incx.gt.0) go to 10
dnrm2 = zero
go to 300
c

10 assign 30 to next
sum = zero
i=1
ix=1
c edgin main loop
20 go to next,(30, 50, 70, 110)
30 if( dabs(dx(i)) .gt. cutlo) go to 85
assign 50 to next

Xmax = zero

c phase 1. sum is zero

50 if( dx(i) .eq. zero) go to 200
if( dabs(dx(i)) .gt. cutlo) go to 85

c
c prepare for phase
assign 70 to next
go to 105
c
c prepare for phdse
c

100 continue

iX=]j

assign 110 to next

sum = (sum / dx(i)) / dx(i)
105 xmax = dabs(dx(i))

go to 115

phase 2. sum is small.
scale to avoid destie underflow.

o o o o

70 if( dabs(dx(i)) .gt. cutlo ) go to 75

199
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c common code for phases 24and
c in phase 4 sum is large.lestmavoid overflow.
c

110 if( dabs(dx(i)) .le. xmax ) go to 115
sum = one + sum * (xmax / dx(i))**2
xmax = dabs(dx(i))
go to 200

c

115 sum = sum + (dx(i)/xmax)**2

go to 200
c
c
c prepare for phase 3.
c

75 sum = (sum * xmax) * xmax

for real or d.p. set hitest = cuthi/n

for complex  set hitest = cuthi/(2*n)

O O o o o

85 hitest = cuthi/float( n)

c
c phase 3. sum is mid-range seaing.
c
do 95j=ix,n
if(dabs(dx(i)) .ge. hitest) go to 100
sum = sum + dx(i)**2
i=i+incx
95 continue
dnrm2 = dsqrt( sum)
go to 300
c

200 continue
iX=ix+1
i =i+incx

if(ix .le. n) go to 20

end of main loop.

O O o o o

dnrm2 = xmax * dsqrt(sum)
300 continue
return

end

compute square root and adjustdalirsg.

200
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c
subroutine FstGradQuad(NProjVarMax,NProjVeoj®Par,Hess,
+ GradObFct,LowActRtr,HghActRtr,
+ GradQuadAdj,GradQuad)

c

c

¢ BEGIN PROLOGUE GradQuad

c Date Written: 18 Oct 2007

¢ Revision Date:

¢ Programmer:Eduardo Perez

¢ Purpose: Calculation of the quadratic functicedient for the

c first step in the actual subspace.

c

c

c INTERNAL & EXTERNAL ARRAYS

c

integer iProjVar,jProjVar,NProjVar,LowActRtrfNojVarMax),

+ HghActRtr(NProjVarMax)

real*8 Hess(NProjVarMax,NProjVarMax),

+ GradObFct(NProjVarMax),
+ GradQuadAdj(NProjVarMax,2),GradQuad(bjFarMax,2),
+ ProjVar(NProjVarMax)

c
C *kkkkkkkkhkkkhkhhkhhkhk
¢ RESET VARIABLES
C * * * * * *kkkkkkkkkkkkkkkkkk
c

do 1 iProjvar=1,NProjVar
c

GradQuad(iProjVar,1)=0
c

GradQuadAdj(iProjvar,1)=0
c
1 continue
c
C * * * * * *kkkkkkkkkkkkkkkkkk
c CALCULATE QUADRATIC FUNCTION GRADIENT ON FULL MNIMIZATION
SUBSPACE

C * * * * * *kkkkkkkkkkkkkkkkkk
c

do 3 iProjvar=1,NProjVar
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do 5 jProjvar=1,NProjVar

GradQuad(iProjVar,1)=Hess(iProjVar,jProjVar)*

+ ProjVar(jProjVar)+GradQudei@®jVar,1)
c
5 continue
c

GradQuad(iProjVar,1)=GradQuad(iProjVar,1)+@daFct(iProjVar)

c

GradQuadAdj(iProjVar,1)=GradQuad(iProjVar,1)
c
3 continue
c
orr — x % ——————
c CALCULATE QUADRATIC FUNCTION GRADIENT ON ACTUALMINIMIZATION

SUBSPACE

Crr — x x —————
c

do 7 iProjvVar=1,NProjVar
c

if (LowActRtr(iProjVar).eq.1).or.
+ (HghActRtr(iProjVvar).eq.1)) then

GradQuadAdj(iProjVvar,1)=0

c
endif
c
7 continue
c
end subroutine
c
c*** EstGradQuad ends here * * ok *
c
subroutine GoChpGradDir(NProjVarMax,NProjVaedd,ChpGrad,
+ ChpGradNorm,ProjVar,LowBound,
+ HighBound,theta,MinBoundRange,
+ LowActRtr,HghActRtr,ProjVarNgtwerTotal)

* Fkkk * * * *

c
c
¢ BEGIN PROLOGUE GoChpGradDir
c Date Written: 18 Oct 2007

c

Revision Date:
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¢ Programmer:Eduardo Perez

¢ Purpose: Define the steplenght on chopedemadirection, and
c the new value of the project varalih this direction

c

c

c INTERNAL & EXTERNAL ARRAYS

integer iProjVar,jProjVar,NProjVar,LowActRtrfNojVarMax),
+ HghActRtr(NProjVarMax),OutBound,iterabt

real*8 Hess(NProjVarMax,NProjVarMax),
+ ProjVar(NProjVarMax),ProjVarNew(NPgrMax),
+ LowBound(NProjVarMax),HighBound(NProjiXéax),
+ ChpGrad(NProjVarMax),ChpGradNorm,ChpGitddssChpGrad,
+ ChpDirStpLength,MinBoundRange,theta

* * * * * *kkkkkkkkkkkkkkkkkk

CHECK IF DIRECTION OF CHOPED GRADIENTE HAS POSITNER NEGATIVE
CURVATURE

* * * * * kkkkkkkkkkkkkkkkkkk

O O o o o o

call DirCurvature(NProjVarMax,NProjVar,Hessyrad,
+ ChpGradTHessChpGrad)

if (ChpGradTHessChpGrad.gt.0) then

C kkkkkkkkkkkkkkkkkkk

¢ CALCULATE THE OPTIMUM STEP LENGHT TO MINIMIZE QADRATIC ON
¢ CHOPED GRADIENT DIRECTION

C kkkkkkkkkkkkkkkkkkk

ChpDirStpLength=(ChpGradNorm*ChpGradNorm)/(ChpGrad TdddgpGrad)

c
c E—
¢ CALCULATION OF x(k+1)=x(k)+t*gc
o - x x T
c

do 1 iProjvar=1,NProjVar
c

ProjVarNew(iProjVar)=ProjVar(iProjVar)+
+ ChpDirStpLength*ChpGrad(iRfaf)

1 continue

CH** * * * * *kkkkkkkkkkkkkkkkkk
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(9]

CHECK IF x(k+1) IS INSIDE THE BONDARIES, IF NOPROCEED LINEAR
¢ SEARCH TO BRING IT INSIDE BONDARIES

C kkkkkkkkkkkkkkkkkkk

OutBound=1

do while (OutBound.eq.1)

call BoundChk(NProjVarMax,NProjVar,LowBoundghiBound,

+ ProjVarNew,
+ OutBound)

* * * * * *kkkkkkkkkkkkkkkkkk

LINEAR SEARCH TO BRING x(k+1) INSIDE BONDARIES

kkkkkkkkkkkkkkkkkkk

O O o o o

if (OutBound.eq.1) then

c
call LinSearch(NProjvVarMax,NProjVar,ProjVautBound,
+ ProjvVarNew,theta)
c
end if
c
end do
c
o - x x E——————

¢ MINIMIZATION IF CHOPED GRADIENT DIRECTION HAS T POSITIVE CURVATURE

Cc kkkkkkkkkkkkkkkkkkk

elseif (ChpGradTHessChpGrad.le.0) then

CH** * * * * *kkkkkkkkkkkkkkkkkk

¢ CALCULATION OF x(k+1)=x(k)+t*gc

C kkkkkkkkkkkkkkkkkkk

do 3 iProjvar=1,NProjVar

ChpDirStpLength=MinBoundRange/ChpGradNorm

ProjVarNew(iProjVar)=ProjVar(iProjVar)+
+ ChpDirStpLength*ChpGrad(iRfaf)

3 continue

CH** * * * * *kkkkkkkkkkkkkkkkkk
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¢ END CHECK OF CURVATURE

C *hkkkkkkkhkhkkhkhkkkk
c
end if
c
C *hkkkkkkkkhkkhhkkkk

¢ UPDATE ACTIVE RESTRICTIONS

C kkkkkkkkkkkkkkkkkkk

call ActRestr(NProjvVarMax,NProjVar,LowBound,HiBound,

+ ProjvVarNew,

+ LowActRtr,HghActRtr)
c
Cx** * * * * *kkkkkkkkkkkkkkkkkk
¢ UPDATE PROJECT VARIABLES
Cx** * * * * *kkkkkkkkkkkkkkkkkk
c

do 5 jProjvar=1,NProjVar

c

ProjVar(jProjVar)=ProjVarNew(jProjVar)

c
5 continue
c
iterTotal=iterTotal+1
c
endsubroutine
c

c*** GoChpGradDir ends here

C*** Fkkk * * * *

C*** Fkkk * * * *

subroutine GradObjFctEval(NProjVarMax,Proj\Var
+ GradObFct)

* Fkkk * * * *

BEGIN PROLOGUE GradObjFctEval
Date Written: 18 Oct 2007

Revision Date:

Programmer:Eduardo Perez

Purpose: Evaluation of the gradient of thattfunction on xk

INTERNAL & EXTERNAL ARRAYS

O O O o o o o o o o o
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real*8 ProjVar(NProjVarMax),X1,X2,X3,X4,X5,
+ GradObFct(NProjVarMax)

¢ RESET VARIABLES

C
c

Include 'UserGradFctinfo.i'
c

end subroutine
c

c*** GradObjFctEval ends here

C*** Fkkk * * * *

C*** Fkkk * * * *

subroutine GradQuadNew(NProjVarMax,NProjVesjParNew,Hess,H,d,
+ StepLenght,GradObFct,
+ GradQuadAdj,GradQuad@radNew)

BEGIN PROLOGUE GradQuadNew
Date Written: 18 Oct 2007

O o o o o

Revision Date:

(9]

Programmer:Eduardo Perez
¢ Purpose: Calculation of the quadratic functicedient for the

c next step. In the actual minimizatgubspace.

c INTERNAL & EXTERNAL ARRAYS

c
integer iProjVar,jProjVar,NProjVar
c
real*8 H(NProjVarMax,NProjvVarMax),Hess(NPra@g¥Max,NProjVarMax),
+ d(NProjvVarMax),Hd(NProjVarMax),GradO&tENProjVarMax),
+ GradQuadAdj(NProjVarMax,2),GradQuad(bjFarMax,2),
+ StepLenght,dkTGradNew,ProjVarNew(N®arjMax)
c
Crr — x x P
¢ CALCULATION OF Hdk
orr — x x ———————
c
do 1 iProjvar=1,NProjVar
c

do 2 jProjvar=1,NProjVar
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Hd(iProjVar)=H(iProjVar,jProjvar)*d(jProjVar)+Hd@rojVar)
c
2 continue
c

1 continue

C kkkkkkkkkkkkkkkkkkk

¢ CALCULATION OF g(k+1)=H*x(k+1)+b IN THE FULL MNIMIZATION
¢ SPACE

C kkkkkkkkkkkkkkkkkkk

do 3 iProjvar=1, NProjVar

c
GradQuad(iProjVar,2)=0
c
3 continue
c
do 4 iProjvVar=1,NProjVar
c
do 5 jProjvar=1,NProjVar
c

GradQuad(iProjVar,2)=Hess(iProjVar,jProjVar)*

+ ProjVarNew(jProjVar)+GradQif#erojVar,2)
c
5 continue
c
GradQuad(iProjVar,2)=GradQuad(iProjVar,2)+@daFct(iProjVar)
c
4 continue
c
Crr — x % ——————

¢ CALCULATION OF g(k+1)=g(k)+a*H*dk IN THE ACTUALMINIMIZATION
¢ SUBSPACE

CH** * * * * *kkkkkkkkkkkkkkkkkk

do 6 iProjvVar=1,NProjVar

GradQuadAdj(iProjVar,2)=GradQuadAdj(iProjVar,1)+
+ StepLenght*Hd(iProjVar)

dkTGradNew=dkTGradNew+
+ GradQuad(iProjVar,2)*GradQuad(iRfaj,2)
c
6 continue
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C kkkkkkkkkkkkkkkkkkkk

¢ RESET Hdk

Cx** * * * * kkkkkkkkkkkkkkkkkkkk

do 7 iProjvar=1,NProjVar

Hd(iProjvar)=0

c
7 continue
c
end subroutine
c
c**** GradQuadNew ends here ** * *
c P
subroutine HessFctGrdAdj(NProjVarMax,NProj\Hess,GradObFct,
+ LowActRtr,HghActRtr,
+ HessAdj,GradObFctAdj

C*** Fkkk * * * *

¢ BEGIN PROLOGUE HessFctGrdAdj
¢ Date Written: 18 Oct 2007

¢ Revision Date:

¢ Programmer:Eduardo Perez

¢ Purpose: Adjust the Hessian and gradierft@bbject function

c based on active restrictions

c

c

c INTERNAL & EXTERNAL ARRAYS
c

integer iProjVar,jProjVar,NProjVar,LowActRtrfNojVarMax),
+ HghActRtr(NProjVarMax)

real*8 Hess(NProjVarMax,NProjVarMax),GradObfProjVarMax),
+ HessAdj(NProjVarMax,NProjVarMax),GrabEctAdj(NProjVarMax)

HessAdj AND GradObFctAdj WILL CHANGE BASED ONHE CURRENT
MINIMIZATION SUBSPACE

o o o o


DBD
PUC-Rio - Certificação Digital Nº 0510823/CA


PUC-Rio - Certificacéo Digital N° 0510823/CA

c
c

do 1 iProjvar=1,NProjVar
c

do 2 jProjvar=1,NProjVar
c

HessAdj(iProjVar,jProjVar)=Hess(iProjVar,jProjVar)

2 continue

GradObFctAdj(iProjVar)=GradObFct(iProjVar)

c
1 continue
c
c
c
do 3 iProjvar=1,NProjVar
c

if (LowActRtr(iProjVar).eq.1).or.
+ (HghActRtr(iProjVvar).eq.1)) then

do 4 jProjvar=1,NProjVar

HessAdj(iProjVar,jProjVar)=0
HessAdj(jProjVar,iProjVar)=0

4 continue

GradObFctAdj(iProjvar)=0

c
endif
c
3 continue
c
end subroutine
c

cr** HessFctGrdAdj ends here

C*** Fkkk * *

Crr . x x
subroutine HessObjFctEval(NProjVarMax,ProjVar

+ Hess)

Crr sk x x
¢ BEGIN PROLOGUE HessObjFctEval
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c Date Written: 18 Oct 2007
¢ Revision Date:
¢ Programmer:Eduardo Perez

¢ Purpose: Evaluation of the Hessian of theatfjunction on xk

c
c
c INTERNAL & EXTERNAL ARRAYS
c
real*8 ProjVar(NProjVarMax),X1,X2,X3,X4,X5,
+ Hess(NProjVarMax,NProjVarMax)
c
c
¢ RESET VARIABLES
c
Include 'UserHessFctinfo.i'
c
end subroutine
c
c**** HessObjFctEval ends here * ko ok
subroutine IniProjVar (NProjVarMax,NProjVaowBound,HighBound,
+ Hess,GradObFct,
+ ProjVar)

C*** Fkkk * * * *

¢ BEGIN PROLOGUE IniProjvar
¢ Date Written: 18 Oct 2007

¢ Revision Date:

¢ Programmer: Eduardo Perez

¢ Purpose: Determine the suitable initial vadtuproject variables

c INTERNAL & EXTERNAL ARRAYS

integer NProjVar,iProjVar,jProjVar,OutBounejitotal,yes

real*8 Hess(NProjVarMax,NProjVarMax),HessAbsFsum(NProjVarMax),
+ NorminfHess,ProjVarAux(NProjVarMax)dfvar(NProjVarMax),
+ GradObFct(NProjVarMax),LowBound(NProjiax),
+ HighBound(NProjVarMax)

o o o o

* * * * * kkkkkkkkkkkkkkkkkkk
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¢ SUM OF THE ABSOLUTE VALUES OF THE ROW ELEMENTSF HESSIAN MATRIX

C kkkkkkkkkkkkkkkkkkk

do 1 iProjvar=1,NProjVar

HessAbsRowSum(iProjVar)=0

do 5 jProjvar=1,NProjVar

HessAbsRowSum(iProjVar)=HessAbsRowSum(iProjVar)+

+ ABS(Hess(iProjVar,jPraify)

c

5 continue
c

1 continue
c
Crr — x % ———————
¢ NORM INFINITY OF THE HESSIAN MATRIX ON xk
Crr — x % ——————
c

NorminfHess=HessAbsRowSum(1)

do 10 iProjVar=1,NProjvar

if (HessAbsRowSum(iProjVar).gt.NorminfHess) then

NorminfHess=HessAbsRowSum(iProjVar)

end if

C

10 continue

C kkkkkkkkkkkkkkkkkkk

¢ DETERMINATION OF THE SUITABLE VALUE OF THE PR@LT VARIABLES

CH** * * * * *kkkkkkkkkkkkkkkkkk

do 15 iProjvVar=1,NProjVar

c
ProjVarAux(iProjVar)=ProjVar(iProjVar)-
+ GradObFct(iProjVar)/NdnfHess
c
15 continue
c
Crr — x x P

¢ CHECK IF x(k) IS INSIDE THE BONDARIES, IF NOT, RRECT IT ON THE
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c BONDARIES

C kkkkkkkkkkkkkkkkkkk

call BoundChk(NProjVarMax,NProjVar,LowBoundghiBound,
+ ProjVarAux,
+ OutBound)

if (OutBound.eq.1) then
call PrjOnBound(NProjVarMax,NProjVar,Hess,@@bFct,
+ LowBound,HighBound,

+ ProjVar,ProjVarAux,iterTotgs)

end if

* * * * * *kkkkkkkkkkkkkkkkkk

UPDATE INITIAL VALUE OF PROJECT VARIABLES

*kkkkkkkkkkkkkkkkkk

O O o o o

do 20 iProjvVar=1,NProjVar

ProjVar(iProjVar)=ProjVarAux(iProjVar)

20 continue

CH** * * * * kkkkkkkkkkkkkkkkkkk

end subroutine

c

c**** [niProjVar ends here

C kkkkkkkkkkkkkkkkkkkk

C kkkkkkkkkkkkkkkkkkkk

subroutine LinSearch(NProjVarMax,NProjVar j®iar,OutBound,
+ ProjVarNew,theta)

kkkkkkkkkkkkkkkkkkkk

BEGIN PROLOGUE LinSearch

Date Written: 18 Oct 2007

Revision Date:

Programmer:Eduardo Perez

Purpose: Linear Search in direction specified

O O O o o o o o O

INTERNAL & EXTERNAL ARRAYS

212
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c
integer iProjVar,NProjVar,OutBound
c
real*8 ProjVar(NProjVarMax),ProjVarNew(NPragvMax),theta
c
c
c
theta = 0.9
c
if (OutBound.eq.1) then
c
do 1 iProjvar=1,NProjVar
c
ProjvVarNew(iProjVar)=ProjVar(iProjVar)+
+ theta*(ProjVarNew(iProjVaryapVar(iProjVar))
c
1 continue
c
endif
c
endsubroutine
c
c**** LinSearch ends here Hokokk *
c
c
subroutine MinMaxBndRng(NProjVarMax,NProjVariBound,HighBound,
+ MinBoundRange,MaxBoundggn
c

¢ BEGIN PROLOGUE MinBndRng
¢ Date Written: 18 Oct 2007

¢ Revision Date:
¢ Programmer: Eduardo Perez
¢ Purpose: Determine the narrower boundaryaafgroject variables
c
c
c INTERNAL & EXTERNAL ARRAYS
c
integer NProjVar,iProjVar
c
real*8 BoundRange,MinBoundRange,MaxBoundRange,
+ LowBound(NProjVarMax),HighBound(NProjVa&)
c
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BoundRange=0

c
MinBoundRange =HighBound(1)-LowBound(1)
MaxBoundRange =HighBound(1)-LowBound(1)

c
do 1 iProjvar=1,NProjVar

c

BoundRange =HighBound(iProjVar)-LowBound(iProjVar)

c

if (BoundRange.It.MinBoundRange) then

MinBoundRange=BoundRange

else if (BoundRange.gt.MaxBoundRange) then

MaxBoundRange=BoundRange

end if

1 continue

end

Cc

c*** MinMaxBndRng ends here

Cx** * * * * *kkkkkkkkkkkkkkkkhkk

C*** Fkkk * * *

subroutine NegPrjGradCalc(NProjVarMax,NProjVawActRtr,
+ HghActRtr,GradQuad,
+ NegPrjGrad)

(9]

BEGIN PROLOGUE NegPrjGradCalc
Date Written: 18 Oct 2007

Revision Date:

Programmer:Eduardo Perez

Purpose: Calculation of the negative projegtadiient *

INTERNAL & EXTERNAL ARRAYS

O O O o o o o o o

integer iProjVar,NProjVar,LowActRtr(NProjVarMp
+ HghActRtr(NProjVarMax)

214
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real*8 GradQuad(NProjVarMax,2),NegPrjGrad(bjiFarMax)

CALCULATION OF THE NEGATIVE PROJECTED GRADIENT

do 1 iProjVar=1,NProjVar

if (LowActRtr(iProjVar).eq.1).and.
+ (GradQuad(iProjVvar,1).gt.0)) then

NegPrjGrad(iProjvar)=0

elseif ((HghActRtr(iProjVvar).eq.1).and.
+ (GradQuad(iProjVar,1).1t.0)) then

NegPrjGrad(iProjvar)=0

else

NegPrjGrad(iProjVar)=-GradQuad(iProjVar,1)

kkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkk

c
endif
c
1 continue
c
endsubroutine
c
c**** NegPrjGradCalc ends here * ok * *
c
c
subroutine NegPrjGradObFct(NProjVarMax,NPaj\.owActRtr,
+ HghActRtr,GradObFct,
+ NegPrjGrad)

O O O o o o o o O

BEGIN PROLOGUE NegPrjGradObFct

Date Written: 18 Oct 2007

Revision Date:

Programmer:Eduardo Perez

Purpose: Calculation of the negative projegtadiient

INTERNAL & EXTERNAL ARRAYS

215
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integer iProjVar,NProjVar,LowActRtr(NProjVarMp
+ HghActRtr(NProjVarMax)

c
real*8 GradObFct(NProjvVarMax),NegPrjGrad(NRtarMax)
c
Cx** * * * * *kkkkkkkkkkkkkkkkkk

¢ CALCULATION OF THE NEGATIVE PROJECTED GRADIENT

C kkkkkkkkkkkkkkkkkkk

do 1 iProjvVar=1,NProjVar

if (LowActRtr(iProjVar).eq.1).and.
+ (GradObFct(iProjvar).gt.0)) then

NegPrjGrad(iProjvar)=0

elseif ((HghActRtr(iProjVar).eq.1).and.
+ (GradObFct(iProjVvar).lt.0)) then

NegPrjGrad(iProjvar)=0

else

NegPrjGrad(iProjVar)=-GradObFct(iProjVar)

c
endif
c
1 continue
c
end subroutine
c

c*** NegPrjGradObFct ends here

c

c
subroutine ObjFctEval(NProjVarMax,ProjVar,
+ F)

c

¢ BEGIN PROLOGUE ObjFctEval

c Date Written: 18 Oct 2007

¢ Revision Date:

¢ Programmer:Eduardo Perez

¢ Purpose: Evaluation of the object functiorxkn
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c INTERNAL & EXTERNAL ARRAYS

real*8 ProjVar(NProjVarMax),X1,X2,X3,X4,X5,F

¢ RESET VARIABLES

c
c

Include 'UserFctinfo.i'
c

end subroutine
c

c**** ObjFctEval ends here

C*** Fkkk * * * *

C*** Fkkk * * * Fkkk

subroutine Omega(NProjVarMax,NProjVar, TrtRegBound,
+ TrtRegHighBound,LowBound,HighBdu
+ LowBoundOmega,HighBoundOmega)

C*** Fkkk * * * Fkkk

c BEGIN PROLOGUE Omega
¢ Date Written: 18 Oct 2007

¢ Revision Date:

¢ Programmer: Eduardo Perez

¢ Purpose: Determine the intersection betweest tegion and

c project variables range

c

c

c INTERNAL & EXTERNAL ARRAYS
c

integer NProjVar,iProjVar

real*8 LowBound(NProjVarMax),HighBound(NProjkk4ax),
+ TrtRegLowBound(NProjVarMax), TrtRegHighBwi{NProjVarMax),
+ LowBoundOmega(NProjVarMax),HighBound@ag\NProjVarMax)

kkkkkkkkkkkkkkkkkkk

DETERMINATION OF THE BOUNDARIES OF OMEGA, THE INBRSECTION BETWEEN
TRUST REGION AND PROJECT VARIABLES RANGE

o o o o
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CH** * * * * kkkkkkkkkkkkkkkkkkk

do 1 iProjvar=1,NProjVar

LowBoundOmega(iProjVar)=LowBound(iProjVar)
HighBoundOmega(iProjVar)=HighBound(iProjVar)

c
1 continue
c
c
do 10 iProjvVar=1,NProjVar
c

if (LowBound(iProjVar).lt. TrtRegLowBound(iProjVar)hén

LowBoundOmega(iProjVar)=TrtRegLowBound(iProjVar)

end if

if (HighBound(iProjVar).gt. TrtRegHighBound(iProjVaren

HighBoundOmega(iProjVar)=TrtRegHighBound(iProjVar)

c
end if
c
10 continue
c
end subroutine
c
c**** Omega ends here ** * *
c P
c
subroutine OpProjVar(NProjvVarMax,NProjVar,RfarY,
+ ProjvarX)

* Fkkk * * * *

BEGIN PROLOGUE OpProjVar
Date Written: 18 Oct 2007
Revision Date:

Programmer: Eduardo Perez

Purpose: Do ProjVarX=ProjvVarY

INTERNAL & EXTERNAL ARRAYS

O O O o o o o o o O
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c
real*8 ProjVarY(NProjvVarMax),ProjVarX(NPropfMax)
c
c
do 1 iProjvar=1,NProjVar
c
ProjvarX(iProjVvar)=ProjVarY (iProjVar)
c
continue
c
end subroutine
c
c**** QpProjVar ends here **** ok * ok
c P
c
subroutine PrjlOnBound(NProjVarMax,NProjVar,sl€radObFct,
+ LowBound,HighBound,
+ ProjVar,ProjVarNew,itetal,yes)
c
Crr — x % %
¢ BEGIN PROLOGUE PrjOnBound
¢ Date Written: 18 Oct 2007
¢ Revision Date:
¢ Programmer:Eduardo Perez
¢ Purpose: Orthogonal projection of externah{soon project
c variables boundary
c
c
c INTERNAL & EXTERNAL ARRAYS
c
integer iProjVar,jProjVar,NProjVar,iterTotgds,count
c
real*8 Hess(NProjVarMax,NProjVarMax),ProjViifrojVarMax),
+ ProjvVarNew(NProjVarMax),GradObFct(NRfarMax),
+ LowBound(NProjVarMax),HighBound(NProj\kéax),
+ ProjVarTHessProjVar,ProjVarNewTHes§PaoNew,
+ GradObFctTProjVar,GradObFctTProjVarNew
+ HessProjVar(NProjVarMax),HessProjVan{sProjVarMax),
+ Quad,QuadNew,theta,ProjVarAux(NProMak)
c
c

integer NProjVar,iProjVar
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theta=1
flag=1
yes=1
count=0

do while (flag.eq.1)

c
do 1 iProjvar=1,NProjVar
c
ProjVarAux(iProjVar)=ProjVar(iProjVvar)+
+ theta*(ProjVarNew(iProjVaryapVar(iProjVar))
c

if (ProjVarAux(iProjVar).Ilt.LowBound(iProjVar)) the

ProjVarAux(iProjVar)=LowBound(iProjVar)

elseif (ProjVarAux(iProjVar).gt.HighBound(iProjVarhen

ProjVarAux(iProjVar)=HighBound(iProjVar)

endif

1 continue

C *kkkkkkkkkkkkkkkkkk

¢ CALCULATION OF THE VALUE OF THE QUADRATIC FUNCTI® ON xk AND x(k+1),
¢ q(x(k+1)) MUST BE LOWER THAN q(xk)

C kkkkkkkkkkkkkkkkkkk

ProjvVarTHessProjVar=0
ProjVarNewTHessProjVarNew=0
GradObFctTProjVar=0
GradObFctTProjVarNew=0

do 2 iProjvar=1,NProjVar

do 3 jProjvar=1,NProjVar

HessProjVar(iProjVar)=Hess(iProjVar,jProjVar)*
+ ProjVar(jProjVvar)+HeseR/ar(iProjVar)

HessProjVarNew(iProjVar)=Hess(iProjVar,jProjVar)*
+ ProjVarAux(jProjVar)+Hegssi/arNew(iProjVar)
c
3 continue
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c

O O o o o

Cc

c

C

Cc

Cc

c

ProjVarTHessProjVar=ProjVarTHessProjVar +
+ ProjVar(iProjVar)*Hessvar(iProjVar)

ProjVarNewTHessProjVarNew=ProjVarNewTHessProjVasNe
+ ProjVarAux(iProjVar)*HeRmojVarNew(iProjVar)

GradObFctTProjVar=GradObFctTProjVar+GradObFct(j?an)*
+ ProjVvar(iProjVar)

GradObFctTProjVarNew=GradObFctTProjVarNew+GradQfiPoojVar)*
+ ProjVarAux(iProjVar)

2 continue

RESET VARIABLES

do 4 iProjvVar=1,NProjVar

HessProjVar(iProjVar)=0
HessProjVarNew(iProjVar)=0

4 continue

Quad=(0.5)*ProjVarTHessProjVar+GradObFctTProjVar
QuadNew=(0.5)*ProjVarNewTHessProjVarNew+GradObRetijVarNew

if (QuadNew.It.Quad) then

do 5 iProjvar=1,NProjVar

ProjvarNew(iProjVar)=ProjVarAux(iProjVar)

5 continue

flag=0

else

theta=theta*0.8
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¢ WAY TO GET OUT OF THE LOOP IF QuadNew NEVERUESS THAN Quad

count=count+1

c
if (count.gt.20) then
c
do 10 iProjvVar=1,NProjVvar
c
ProjvarNew(iProjVar)=ProjVarAux(iProjVar)
c
10 continue
c
goto 1000
c
end if
c
c
c
end if
c
end do
c

iterTotal=iterTotal-1
c
1000 end subroutine

C

c**** PriOnBound ends here *

Cc

subroutine ProjVarLessProjVarOIld(NProjVarMéRyojVar,ProjVar,
+ ProjVarOld,LowBoundOmega,HighBound&gya,
+ QuadProjVar,QuadLowBoundOmega,QuadHighBGumelga, TransFactor)

BEGIN PROLOGUE ProjVarLessProjVarOld
Date Written: 18 Oct 2007
Revision Date:

Programmer: Eduardo Perez

boundaries of QuadProjVar

Purpose: Do QuadProjVar=ProjVar-ProjVarOld define the

O O O o o o o o O

222
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¢ INTERNAL & EXTERNAL ARRAYS

integer NProjVar,iProjVar

real*8 ProjVar(NProjVarMax),ProjVarOld(NPksgrMax),

+ QuadProjVar(NProjVarMax), TransFadifPfojVVarMax),
+  QuadLowBoundOmega(NProjVarMax),LowBoundsaNProjVarMax),

+ QuadHighBoundOmega(NProjVarMax),HighBoundQa{&lProjVarMax)
c
C * * * * * *kkkkkkkkkkkkkkkkkk
c DEFINE THE NEW VARIABLE (x-xk)
C *kkkkkkkkkhkkkhhkhhkhk
c

do 1 iProjvar=1,NProjVar
c

QuadProjVar(iProjVar)=ProjVar(iProjVar)-PragvOld(iProjVar)
c

1 continue

c
C *kkkkkkkkkkkkhhkhhkhk
c DEFINE THE BOUNDARIES OF THE TRUST REGION OF (k}x
C * * * * * *kkkkkkkkkkkkkkkkkk
c

do 5 iProjvar=1,NProjVar
c

TransFactor(iProjVar)=ProjVar(iProjVar)-2*ProjValdjiProjVar)

c
QuadLowBoundOmega(iProjVar)=LowBoundOmega(iPaoj+
+ TransFactor(iPrajy
c
QuadHighBoundOmega(iProjVar)=HighBoundOmega(j\Parr)+
+ TransFactor(iRfaf)
c
5 continue
c
end subroutine
c
c*** ProjVarLessProjVarOld ends here ** * ke *
c P
c

subroutine QuadBoundMin(NProjVarMax,NProjVaedd,GradObFct,
+ LowBound,HighBound,MinBoundRarMaxBoundRange,
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ProjVar,iterTotal)

(9]

O O o o o

O o o o o

BEGIN PROLOGUE QuadBoundMin
Date Written: 18 Oct 2007
Revision Date:
Programmer:Eduardo Perez
Purpose: Quadratic Bounded Minimization usdugjugate Gradient
Method. It is a subproblem of theibded minimization of a general function.
Quadratic to be solved is:
q(u)=(1/2)uT*H*u+bT*u
where H=hessian of objective funttio *

b=gradient of objective functi

INTERNAL & EXTERNAL ARRAYS

integer iProjVar,jProjVar,NProjVar,iter,Low#Rtr(NProjVarMax),

+

+

+

HghActRtr(NProjVarMax),LowActRtrNew(N&jNarMax),
HghActRtrNew(NProjVarMax),RtrChgFlag,Bound,iterTotal,
yes

real*8 GradQuad(NProjVarMax,2),GradQuadAdijfdjVarMax,2),

+ Hess(NProjVarMax,NProjVarMax),neta,

+ ProjVar(NProjvVarMax),ProjVarNew(NPgrMax),

+ GradObFct(NProjvVarMax),StepDir(NPrajWax),

+ StepDirNew(NProjVarMax),GradNorm,

+ dkTGrad,StepTHessStep,StepLenght, did@Sew,

+ BetaStepLenght,LowBound(NProjVarMax),

+ HighBound(NProjVarMax),HessAdj(NProjWéax,NProjVarMax),

+ GradObFctAdj(NProjVarMax),NegPrjGriidRrojVarMax),

+ ChpGrad(NProjvVarMax),ChpGradNorm,MinBdRange,

+ MaxBoundRange,NegCurvStpLength,StepBinNtheta,NPv
neta=0.8
iterTotal=0

* * * * *kkkkkkkkkkkkkkkkkk

CHECK FOR INITIAL ACTIVE RESTRICTIONS

* * * * kkkkkkkkkkkkkkkkkkk

call ActRestr(NProjvVarMax,NProjVar,LowBound,HiBound,ProjVar,

+

LowActRtr,HghActRtr)
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C kkkkkkkkkkkkkkkkkkk

¢ ADJUST OF HESSIAN AND OBJECTIVE FUNCTION GRADIENTO MINIMIZATION
¢ SUBSPACE

C kkkkkkkkkkkkkkkkkkk

c
1000 call HessFctGrdAdj(NProjVarMax,NProjVar,H&sdObFct,
+ LowActRtr,HghActRtr,
+ HessAdj,GradObFctAdj))

kkkkkkkkkkkkkkkkkkk

o

CALCULATION OF THE QUADRATIC FUNCTION GRADIENT gHx+b IN THE
FULL MINIMIZATION SPACE AND IN THE ACTUAL MINIMIZATION SPACE

* * * * * *kkkkkkkkkkkkkkkkkk

O o o o

call FstGradQuad(NProjVarMax,NProjVar,Proj\less,

+ GradObFct,LowActRtr,HghActRitr,
+ GradQuadAdj,GradQuad)
* * * * * *kkkkkkkkkkkkkkkkkk

CALCULATION OF THE CHOPED GRADIENT

* * * * * kkkkkkkkkkkkkkkkkkk

O O o o o

call ChpGradCalc(NProjVarMax,NProjVar,LowActRitr,
+ HghActRtr,GradQuad,
+ ChpGrad)

C kkkkkkkkkkkkkkkkkkk

¢ CALCULATION OF THE NEGATIVE PROJECTED GRADIENT

C kkkkkkkkkkkkkkkkkkk

call NegPrjGradCalc(NProjvVarMax,NProjVar,LowRtr,

+ HghActRtr,GradQuad,

+ NegPrjGrad)
CrHr - * x T ———
¢ NORM OF THE NEGATIVE PROJECTED GRADIENT
CrHr Kk * x T ———
c

GradNorm = dnrm2(NProjVar, NegPrjGrad, 1)

* * * * * *kkkkkkkkkkkkkkkkkk

NORM OF THE CHOPED GRADIENT

* * * * * *kkkkkkkkkkkkkkkkkk

O o o o o
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ChpGradNorm = dnrm2(NProjVar,ChpGrad, 1)

C *kkkkkkkkkkkkkkkkkk

¢ |IF NORM OF THE CHOPED GRADIENT GREATER THAN NETAYORM OF THE

226

¢ NEGATIVE PROJECTED GRADIENT), MINIMIZE ON CHOPEGRADIENT DIRECTION

C kkkkkkkkkkkkkkkkkkk

500 if (ChpGradNorm.gt.(neta*GradNorm))then
c
call GoChpGradDir(NProjVarMax,NProjVar,Hess,Grad,

+ ChpGradNorm,ProjVar,LowBound,
+ HighBound,theta,MinBoundRange,
+ LowActRtr,HghActRtr,ProjVarNaterTotal)
c
goto 1000
c
else I CHOPED GRADIENT IS NOT GRATER THAN NETA*PROJEED GRAD

* * * * * *kkkkkkkkkkkkkkkkkk

*kkkkkkkkkkkkkkkkkk

Cc
Cc
¢ DIRECTION OF THE FIRST MINIMIZATION d0=-gO
C
Cc

do 10 iProjVar=1,NProjvar

StepDir(iProjVar)=-GradQuadAdj(iProjVar,1)
c
10 continue
c
iter=0

C kkkkkkkkkkkkkkkkkkk

¢ CALCULATION OF -dk'g TO BE USED ON DETERMINATIO®F STEPLENGHT

C kkkkkkkkkkkkkkkkkkk

dkTGrad=0

do 15 iProjVar = 1,NProjVar

dkTGrad=dkTGrad+
+ (-1)*StepDir(iProjVar)*GradQuad(iPxér,1)
c
15 continue

Cc

CH** * * * * kkkkkkkkkkkkkkkkkhkk

¢ CALCULATION OF dk'Hdk: IF POSITIVE,PROCEED TO CONGATE GRADIENT
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¢ METHOD, IF NOT, PROCEED IN dk DIRECTION UNTIL REACBOUNDARY

C kkkkkkkkkkkkkkkkkkk

call DirCurvature(NProjVarMax,NProjVar,HeswggDir,
+ StepTHessStep)

CH** * * * * kkkkkkkkkkkkkkkkkkk

¢ BEGIN OF LOOP - CONJUGATE GRADIENT METHOD

Cc kkkkkkkkkkkkkkkkkkk

do while ((GradNorm>0.000001).and.(StepTH&gzsS0).and.
+ (iter.1t.10))

StepLenght=dkTGrad/(StepTHessStep)

dkTGradNew=0

c
c S——
¢ CALCULATION OF x(k+1)=x(k)+a*dk
o - x x T
c

do 20 iProjvVar=1,NProjVar
c

ProjvVarNew(iProjVar)=ProjVar(iProjVar)+

+ StepLenght*StepDir(iProjYar
c
20 continue
c
iterTotal=iterTotal+1
c
c R

¢ CHECK IF x(k+1) IS INSIDE THE BONDARIES, IF NOPROJECT IT ON THE
c BONDARIES

Cc kkkkkkkkkkkkkkkkkkk

call BoundChk(NProjVarMax,NProjVar,LowBoundghiBound,

+ ProjVarNew,
+ OutBound)
c
if (OutBound.eq.1) then
call PrjOnBound(NProjVarMax,NProjVar,Hess,@@bFct,
+ LowBound,HighBound,
+ ProjVar,ProjVarNew,iterTotas)
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end if

C *kkkkkkkkkkkkkkkkkk

¢ UPDATE ACTIVE RESTRICTIONS

C kkkkkkkkkkkkkkkkkkk

call ActRestr(NProjvVarMax,NProjVar,LowBound,HiBound,ProjVarNew,
+ LowActRtrNew,HghActRtrNew)

CH** * * * * kkkkkkkkkkkkkkkkkhkk

¢ CHECKIF ACTIVE RESTRICTIONS CHANGED, IF NOT, CONTWNE MINIMIZATION
¢ IN THE SAME SUBSPACE, IF YES, CHANGE MINIMIZATIN SUBSPACE

CH** * * * * *kkkkkkkkkkkkkkkkkk

call ActRestrChg(NProjVarMax,NProjVar,LowActRighActRtr,
+ LowActRtrNew,HghActRtrNew,
+ RtrChgFlag)
if (RtrChgFlag.eq.1) then
do 25 jProjVar=1,NProjVar
ProjVar(jProjVar)=ProjVarNew(jProjVar)
LowActRtr(jProjVar)=LowActRtrNew(jProjVar)
HghActRtr(jProjVar)=HghActRtrNew(jProjVar)
c
25 continue
c
if (yes.eq.1) then
iterTotal=iterTotal+1
end if
yes=0

goto 1000

end if

* * * * * *kkkkkkkkkkkkkkkkkk

CALCULATION OF g(k+1)=H*x(k+1)+b IN THE FULL MNIMIZATION

O O o o o o

* * * * * kkkkkkkkkkkkkkkkkhkk
* * * * * *kkkkkkkkkkkkkkkkkk
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¢ CALCULATION OF g(k+1)=g(k)+a*H*dk IN THE ACTUALMINIMIZATION
¢ SUBSPACE

C *kkkkkkkkkkkkkkkkkk

call GradQuadNew(NProjVarMax,NProjVar,ProjMaw,Hess,HessAdj,

+ StepDir,StepLenght,GradObFct

+ GradQuadAdj,GradQuad,dkT Glad)
c
C *hkkkkkkkkhkkkhkhkkkk
c

BetaStepLenght=dkTGradNew/dkTGrad

dkTGrad=dkTGradNew

c

C *kkkkkkkkhkhkhkkhkhhkhk

¢ NEW DIRECTION TO MINIMIZATION d(k+1)=-g(k+1)+Btlk

C * * * * * *kkkkkkkkkkkkkkkkkk
do 30 iProjVar=1,NProjVar

c

StepDirNew(iProjVar)=-GradQuadAdj(iProjVar,2)+

+ BetaStepLenght*StepDir(iPrajy
c
30 continue
c
Crr Kk * x T ———

¢ VARIABLES UPDATE FOR THE NEXT ITERACTION

C kkkkkkkkkkkkkkkkkkk

do 35 iProjvVar=1,NProjVar

StepDir(iProjVar)=StepDirNew(iProjVar)
ProjVar(iProjVar)=ProjVarNew(iProjVar)
GradQuad(iProjVar,1)=GradQuad(iProjVar,2)
GradQuadAdj(iProjvar,1)=GradQuadAdj(iProjVvar,2
c

35 continue

* * * * * *kkkkkkkkkkkkkkkkkk

* * * * * *kkkkkkkkkkkkkkkkkk

Cc
Cc
¢ CALCULATION OF THE NEGATIVE PROJECTED GRADIENT
Cc
Cc

call NegPrjGradCalc(NProjVarMax,NProjVar,LowRtr,
+ HghActRtr,GradQuad,
+ NegPrjGrad)
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C kkkkkkkkkkkkkkkkkkk

¢ CALCULATION OF THE CHOPED GRADIENT

CH** * * * * kkkkkkkkkkkkkkkkkhkk

call ChpGradCalc(NProjVarMax,NProjVar,LowActRitr,
+ HghActRtr,GradQuad,
+ ChpGrad)

CH** * * * * kkkkkkkkkkkkkkkkkhkk

¢ NORM OF THE NEGATIVE PROJECTED GRADIENT

C kkkkkkkkkkkkkkkkkkk

GradNorm = dnrm2(NProjVar,NegPrjGrad, 1)

c
C * * * * * *kkkkkkkkkkkkkkkkkk
¢ NORM OF THE CHOPED GRADIENT
C *kkkkkkkkkkkkhkhhkkk
c
ChpGradNorm = dnrm2(NProjVar,ChpGrad, 1)
c
C * * * * * *kkkkkkkkkkkkkkkkkk
¢ IFNORM OF THE CHOPED GRADIENT GREATER THAN NET&ORM OF THE
¢ NEGATIVE PROJECTED GRADIENT), MINIMIZE ON CHOPEGRADIENT DIRECTION

*kkkkkkkkkkkkkkkkkk

(9]

if (ChpGradNorm.gt.(neta*GradNorm))then

call GoChpGradDir(NProjVarMax,NProjVar,Hess,Grad,

+ ChpGradNorm,ProjVar,LowBound,
+ HighBound,theta,MinBoundRange,
+ LowActRtr,HghActRtr,ProjVarNaterTotal)
c
goto 1000
c
else I CHOPED GRADIENT IS NOT GRATER THAN NETA*PROJEED GRAD

* * * * * *kkkkkkkkkkkkkkkkkk

CALCULATION OF dk'Hdk: IF POSITIVE, CONTINUE ORONJUGATE GRADIENT
METHOD, IF NOT, PROCEED IN dk DIRECTION UNTIL REACBOUNDARY

* * * * * *kkkkkkkkkkkkkkkkkk

O O o o o o

call DirCurvature(NProjVarMax,NProjVar,HestfDir,
+ StepTHessStep)
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O O o o o o

O O o o o o

Cc

c

O O o o o o

iter=iter+1
endif
end do
* * * * * *kkkkkkkkkkkkkkkkkk
END OF LOOP - CONJUGATE GRADIENT METHOD
*kkkkkkkkkkkkhhkhhkhk
end if ' END IF 500
* * * * * *kkkkkkkkkkkkkkkkkk
IF CURVATURE IS NEGATIVE, GO IN dk DIRECTION UNTIREACH THE
BOUNDARY
* * * * * *kkkkkkkkkkkkkkkkkk
if ((StepTHessStep.le.0).and.(GradNorm.g@0®1)) then
* * * * * *kkkkkkkkkkkkkkkkkk
CALCULATION OF x(k+1)=x(k)+factor*t*dk. THE FACOR IS TO MAKE
SURE THAT x(k+1) WILL BE OUT OF THE BOUNDARIES
* * * * * *kkkkkkkkkkkkkkkkkk

StepDirNorm = dnrm2(NProjVar,StepDir, 1)
NPv=NProjvar

do 55 iProjvVar=1,NProjVar

NegCurvStpLength=MaxBoundRange/StepDirNorm

ProjvarNew(iProjVar)=ProjVar(iProjVar)+
+ sqrt(NPv)*NegCurvStpLength*Sber{iProjVar)
55 continue

iterTotal=iterTotal+1

* * * * * *hkkkkkkkkkkkkkkkkkk
CHECK IF x(k+1) IS INSIDE THE BONDARIES, IF NOPROCEED LINEAR
SEARCH TO BRING IT INSIDE BONDARIES

* * * * * *hkkkkkkkkkkkkkkkkkk

OutBound=1
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do while (OutBound.eq.1)

call BoundChk(NProjVarMax,NProjVar,LowBoundghiBound,
+ ProjVarNew,
+ OutBound)

CH** * * * * kkkkkkkkkkkkkkkkkkk

¢ LINEAR SEARCH TO BRING x(k+1) INSIDE BONDARIES

Cc kkkkkkkkkkkkkkkkkkk

if (OutBound.eq.1) then

c
call LinSearch(NProjvVarMax,NProjVar,ProjVautBound,
+ ProjvVarNew,theta)
c
end if
c
end do
c
o - x x P
¢ ONE STEP BACK TO BRING x(k+1) SLIGHTLY OUT OF THEOUNDARIES
o - x x ——————
c
do 60 iProjVar=1,NProjVar
c

ProjVarNew(iProjVar)=ProjVar(iProjVar)+

+ (ProjvarNew(iProjVar)-ProjV#e¢ojVar))/theta
c
60 continue
c
call PrjOnBound(NProjvVarMax,NProjVar,Hess,@@bFct,
+ LowBound,HighBound,
+ ProjVar,ProjVarNew,iterTotads)
c
Crr — x % ——————
¢ UPDATE ACTIVE RESTRICTIONS
c R
c
call ActRestr(NProjvVarMax,NProjVar,LowBound,HiBound,
+ ProjVarNew,
+ LowActRtr,HghActRtr)

kkkkkkkkkkkkkkkkkkk

UPDATE PROJECT VARIABLES

* * * * * *kkkkkkkkkkkkkkkkkk

O o o o
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c
do 65 iProjVar=1,NProjVar
c
ProjVar(iProjVar)=ProjVarNew(iProjVar)
c
65 continue
c
iterTotal=iterTotal+1
c
goto 1000
c
end if
c
orr — x % ——————
¢ END OF x(k+1) CALCULATION
Crr — % % P
c
c P
c
endsubroutine
c
c**** QuadBoundMin ends here *** *
Crr — x % %
Crr — x % %
subroutine QuadValue (NProjVarMax,NProjVarsei&radObFct,
+ QuadProjVar,ObjFctini,
+ Quad)
c
¢ BEGIN PROLOGUE QuadValue
c Date Written: 18 Oct 2007
¢ Revision Date:
¢ Programmer:Eduardo Perez
¢ Purpose: Value of the aproximating quaddatiction on x(k+1)
c q(x(k+1)-xk)=(1/2)*(x(k+1)-xk) T*H*(x(k+1)-xk)+b T(x(k+1)-xk)+f(xk)
c
c
c INTERNAL & EXTERNAL ARRAYS
c

nteger iProjVar,jProjVar,NProjVar

real*8 Hess(NProjVarMax,NProjVarMax),

+

+

GradObFct(NProjVarMax),ProjVarTHessNa,
GradObFctTProjVar,HessProjVar(NProjMax),Quad,
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+ QuadProjVar(NProjVarMax),ObjFctini

¢ RESET VARIABLES

do 1 iProjvar=1,NProjVar

HessProjVar(iProjVar)=0
c

1 continue

* * * * * *kkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkk

Cc
Cc
¢ CALCULATION OF THE VALUE OF THE QUADRATIC FUNCTI® ON x(k+1)
C
Cc

ProjVarTHessProjVar=0
GradObFctTProjVar=0

do 5 iProjvar=1,NProjVar

do 10 jProjvar=1,NProjVar

HessProjVar(iProjVar)=Hess(iProjVar,jProjVar)*
+ QuadProjVar(jProjVar)+HesgW ar(iProjVar)
c
10 continue
c
ProjVarTHessProjVar=ProjVarTHessProjVar +
+ QuadProjVar(iProjVar)*H&ssjVar(iProjVar)

GradObFctTProjVar=GradObFctTProjVar+GradObFct(j?an)*
+ QuadProjVar(iProjVar)
c
5 continue
c

c
c
Quad=(0.5)*ProjVarTHessProjVar+GradObFctTProjVabjfztini

end subroutine

c

c*** QuadValue ends here *** ok * ok *
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* * *

subroutine TrtRegBound (NProjVarMax,NProjVaojRiar, TrtRegSize,
+ TrtRegLowBound, TrtRegHighid)

C*** F*kkk *

* * *

¢ BEGIN PROLOGUE TrtRegBound

¢ Date Written: 18 Oct 2007
¢ Revision Date:

¢ Programmer: Eduardo Perez
¢ Purpose: Determine the trust region boundarie
c
c
c INTERNAL & EXTERNAL ARRAYS
c
integer NProjVar,iProjVar
c

real*8 TrtRegLowBound(NProjVarMax), TrtRegHighBwl{NProjVarMax),
+ ProjvVar(NProjvVarMax),TrtRegSize

kkkkkkkkkkkkkkkkkkk

* kkkkkkkkkkkkkkkkkkk

c
c
c
c
¢ DETERMINATION OF THE BOUNDARIES OF THE TRUST REGND
Crr — x
c
do 1 iProjvar=1,NProjVar
c
TrtRegLowBound(iProjVar)=ProjVar(iProjVar)-TrtR&ge
TrtRegHighBound(iProjVar)=ProjVar(iProjVar)+TrtB8ize
c
1 continue
c
end subroutine
c

c*** TrtRegBound ends here

C*** Fkkk *

* *kkkkkkkkkkkkhkkkhkk

Include file UserFctinfo

BEGIN PROLOGUE
Date Written: 27 Oct 2007
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¢ Revision Date: 23 Sep 2008

¢  Programmer:

[ Eduardo Perez
¢ Purpose:
[

c DESCRIPTION
c USER routine

c Itis problem dependent.

¢ Evaluate the an analitic objective functionxK

(9]

REFERENCES *

END PROLOGUE START *

* Fkkk * * *

ATRIBUTE VARIABLES

* Fkkk * * *

X1=ProjVar(1)
X2=ProjVar(2)
X3=ProjVar(3)
X4=ProjVar(4)
X5=ProjVar(5)

O O o o o o o o o o o o o

(9]

¢ OBJECT FUNCTION DEFINITION

C*** Fkkk * * *

C  F=X1*3+(X2+1)**2+X1*X2

¢ MANUAL INPUT

C*** Fkkk * * *

F=0.1311
Cc

C*** Fkkk * * *

c**** UserFctinfo ends here

C*** Fkkk * * *

c Include file UserGradFctinfo
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Crr — % %

c BEGIN PROLOGUE

¢  Date Written: 27 Oct 2007

¢ Revision Date:

¢  Programmer:

c Eduardo Perez

¢  Purpose:

c

c DESCRIPTION

¢ USER routine

c Itis problem dependent.

c

¢ Evaluate the gradient of the object functorxK

c REFERENCES

c END PROLOGUE START

Crr — x %

c

Crr — x x

c ATRIBUTE VARIABLES

c

¢ Xl1=Projvar(l)

c X2=Projvar(2)

c X3=Projvar(3)

c X4=ProjVvar(4)

¢ X5=Projvar(5)

c

c

¢ OBJECT FUNCTION DEFINITION

c

¢ GradObFct(1)=3*(X1**2)+X2

¢ GradObFct(2)=2*(X2+1)+X1

c

c

c MANUAL INPUT

Crr — x %
GradObFct(1)=-9.42d-4
GradObFct(2)=2.25d-2

c

c

c**** UserGradFctinfo ends here **** Hokokk

orr — x x

* Fkkk * *
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Include file UserHessFctinfo

Cc

CH**

c**** UserHessFctInfo ends here

BEGIN PROLOGUE
Date Written: 27 Oct 2007
Revision Date:
Programmer:

Eduardo Perez

Purpose:

DESCRIPTION
USER routine

It is problem dependent.

Evaluate the Hess of the object functiorxkin
REFERENCES
END PROLOGUE START

Fkkk * *

Fkkk * *

ATRIBUTE VARIABLES

X1=ProjVar(1)
X2=ProjVar(2)
X3=ProjVar(3)
X4=ProjVar(4)
X5=ProjVar(5)

HESSIAN EVALUATION

Hess(1,1)=6*X1
Hess(1,2)=1
Hess(2,1)=1
Hess(2,2)=2

Fkkk * *

MANUAL INPUT

Fkkk * *

Hess(1,1)=0.533d-0
Hess(1,2)=0.754d-0
Hess(2,1)=0.754d-0
Hess(2,2)=1.00d-0

Fkkk * *
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Include file UserFctinfo

(@]

Fkkk * * *

BEGIN PROLOGUE
Date Written: 27 Oct 2007
Revision Date: 23 Sep 2008
Programmer:

Eduardo Perez

Purpose:

DESCRIPTION

USER routine

It is problem dependent.

Define manually # of project variables anitial guess.
REFERENCES

END PROLOGUE START

Fkkk * * *

O O O o o o o o o o o o

OPTIMIZATION FLAG (0-MANUAL INPUT 1-CFD TIED)

Fkkk * * *

OptFlag=0

Fkkk * * *

# OF PROJECT VARIABLES

(9]

(9]

(9]

(9]

(9]

NProjVar = 2

Fkkk * * *

LOW AND HIGH LIMIT FOR THE PROJECT VARIABLES (ONY.POSITIVE #)

*

LowBound(1)=1.2

LowBound(2)=0.16
LowBound(3)=-1
LowBound(4)=-1
LowBound(5)=-1

HighBound(1)=4.4

HighBound(2)=4.333
HighBound(3)=1
HighBound(4)=1
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c HighBound(5)=1

¢ INITIAL GUESS

ProjVar(1)=2.653
Projvar(2)=1.0

c Projvar(3)=2

c Projvar(4)=-1

c Projvar(5)=1

Cc

Cc

c**** UserFctinfo ends here * * kKRR e

C*** Fkkk * * F*kkk *
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