AN N-DIMENSIONAL FUNCTION - ONLY CODE FOR NON-LINEAR UNCONSTRAINED
OPTIMIZATION
c. sutti ¥ ¢ rovortine!®

1. Introduction. -

The present report documents a code, compiled in the two versions OTLSSS

and OTLSSD, for minimizing n-dimensional functions.

This routine is to beinserted in a library which will be provided from the CNR,
SOFMAT Project, to solve a wide range of mathematical and statistical pro-
blems arising in a variety of fields such as applied mathematics, physics,
chemistry, engineering, biology, economics, manageral science, market research,

governement, agricultural and medical research.

Such library will be available in FORTRAN language for minicomputers, na-
mely for PDP 11/40. It will cater for both the novice and the experienced
programmer, therefore the documentation of all routines must be comprehensive,
detailed anc clear. Moreover the selection and the implementation of the algo
rithms and the choice of the test problems must reflect the aim of the library

which tends to possess efficiency, usefulness, accuracy and reliability.

2. Routine document, -

The two codes GTLSSS and OTLSSD, written in FORTRAN language for the PDP
11/40 computer, are tw& versions of the same program respectively compiled in
single and in double precision. This program has.been developed to solve the
problem of non-iinear uncostrained optimisation having the following mathema-
tical description
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The first three characters OTL refer to the field of unconstrained optimization,
the fourth character S mentions the used Sutti's method, the fifth.S indicates
that this one is the second implementation of Sutti's method,and the final S
and D distinguish the versim in single precision from the version in double
précision. OT1SSS and OTLSSD and':the related subroutines differ only for same

declarative stetements and for same library functions.

OTLSSS and OTLSSD read and print the following input parameters: dimension
of the variable space, initial approximation of the minimizer, stopping toleran-
cés, initial stép lenght of the line search, maximum allowed number of function
evaluations. Moreover these routines read the index of printing, then they

call réspéétively the subroutines CNS and CNSD.

CNS and CNSD search for a minimum of a n-dimensional function by the Sutti's
method, using function values only (1). This method is intended for quadratic,
strictly convex and non-convex functions {(1,2,3). It computes a sequence of
points of descent by moving along sets of n linearly normalized independent
directions. The initial set, consisting of the n coordinate axes, is modified
in order to build mutually coniugate directions with respect to the hessian
matrix of a quadratic objective function. CNS calls the subroutines SEARCH and
CALFUN and CNSD calls SEARD and CALFUD. SEARCH and SEARD search for a minimum
of an one-dimensional function by a method using function values only, which is
based on quadratic interpolation (3). The method computes a point set bracketing
the minimum of the cbjective function along the search direction and sets the
position of the minimum in the vertex of the interpolating parabole. Safeguards
to avoid spurious stationary points are provided. SEARCH and SEARD call respe-
ctively CALFUN and CALFUD.

CALFUN and CALFUD compute the function value in a required point. These

subroutines must be supplied from the user.

The argument lists are the following:
SUBROUTINE CNS (XA,N,F,DIR,EPS,EPS1,EPS3,EPS4,IFMAX,XMU,IPRINT)
SUBROUTINE CKSD(XA,N,F,DIR,EPS,EPS1,EPS3,EPSE, IFMAX XMU,IPRINT)
with
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XA,real n-dimensional vector containing, on entry, the user's
estimate of the minimizer and, on exit, the computed minimizer;

N,integer variable specifying the number n of independent variables: N
must be assigned before entry;

F,real variable containing function value in the current point, on
exit F contains the estimated value of the minimum;

DIR,real matrix of the search vectors: DIR is built in OTLSSS and in
OTLSSD;

EPS,EPST,EPS3,

EPS4,real variables containing the accuracies, to be assigned before
entry: EPS and EPS1 must be to the relative accuracies to
which the minimizer and the minimum are required, EPS4 and
EPS3 scale EPS to the different accurancies EPS2 required
in the line searches respetively along the 1-st, 2-nd,...,
(n-k)-th direction and along the (n-k+1)-th,...,n-th direction.
To make consistent these accuracies, EPS4 should be not
smaller than 1 and not biger than 10, while EPS3 should be not
smaller than 102 and not biger than 103, whenever EPS and
EPS1 are set to 10-5;

IFMAX, integer variable containing the maximum allowed number of function
evaluations: IFMAX must be assigned before entry. It depends
from the behaviour and from the dimension of the objective function
and from the required accuracies: in the performed proofs
IFMAX is set to 104;

XMU,real variable containing the initial step lenght for the line
search, to be assigned less or equal to 1 before entry;

IPRINT,integer parameter controlling print as follows: for IPRINT=1 the
current values and the final ones of the cycle index, of the
iteration index, and of the minimizer and minimum approximations

are printed; for IPRINT=0 only the final values are printed.
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SUBROUTINE SEARCH (D,IFMAX1,EPS2,X0,N,FO,MU,X,IFUN)

SUBROUTINE SEARD (D,IFMAX1,EPS2,X0,N,FO,MU,X,IFUN)

with

D,real n-dimensional vector to be computed before entry;

IFMAX1,integer variable containing the difference between IFMAX and IFUN to
be computed before entry;

EPSZ,real variable containing the accuracy to which the position of the
one-dimensional minimum is required:EPS2 must be calculated

before entry;

X0,real variable containing the actual approximation of the minimizer;
FO,real variable containing the function value in X0;

MU,real variable containing the step lenaht on entry;

X,real variable containing the step lenght on exit;

IFUN,integer variable containing the total number of function evaluations;

SUBROUTINE CALFUN (X,N,F,IFUN)
SUBROUTINE CALFUD (X,N,F,IFN)

with

X, real variable containing the point at which the function value is
required;

N,integer variable specifying the number of independent variables;

F,real variable containing the function value in X;

IFUN,integer variable containing the total number of function evaluations.

The lenght of the codes, i.e. the total number of statements in OTLSSS and in
OTLSSD are respectively 309 and 313, The size of the problems for which the codes
has been designed is n < 50. The related required storage is of 9.132 words
(9.132x16 bits) for OTLSSS and 14.986 words (14.986x16 bits) for OTLSSD. In the

above sums none care is taken or af the subroutine CALFUN or of CALFUD.

The test problems solved by OTLSSS and OTLSSD on the PDP 11/40 of 32K words,
at the Mathematical Institute, University of PARMA (ITALY), were the minimizations

of the following functions:



1 - Extended Rosenbrock
- Extended Powell
- Oren's Quartic
- Penalty I

- More first function

2

3

4

5

6 - Trigonometric

7 - More second function
8 - Brown almost linear
9 - Mancino

0 - Watson

11 - Penalty II

12 - Chebyquad

For the mathematical description of the above functions with the related

starting points XO = (Xoi),i =1,...,n, see ref.(4).

The proofs have been performed for n = 4,10 and for n = 4,8 for the

Extended Powell function. Moreover the following initial approximations of the

minimizer were assumed: X] = (X .),X2 = (X, +4.) with a, = 10-3(1+]X 1)
o 0i’’"0 0i i i 0
and X3 = (10 X ), i
0 o1

1,...,n. The other input parameters were assigned as
above described.

In the annexed listing 1 and 2mwe present the executions of the programs
OTLSSS and OTLSSD, with IPRINT = 0, for the sample problem

. , 2,2 2 _
min 100(x2~x]) + (1-x]) Xy = (-1.2,1 )
X b'}‘:rv
1772
i t1 wmji.; ‘:| . = . = -o
having analytical solution Xin (1,1) , Fmn 0

The annexed numerical tables 3 and 4 visualize the results obtained by OTLSSS
and OTLSSD. The parameter NPROB 1% the number of the objective function in the
above sequence, N is the size of the problem, XZERO indicates which starting
vector is tested, CYC is the total number of the performed cycles, ITER the number
of the iterations in the final cycle, IFUN the total number of function evalua-

tions and F the computed minimum.
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QUESTZ FROGRAMMA ESEGUE LA MINIMIZZAZIONE OI Ut FUNZIGHE OBIETTIVO
H-DIMENSIONALLD NON VINCOLATA CON LA SECONDA IMPLEMENTAZIIONE
DEL »ETOD0 DI SUTTICL?73) IN SINGOLA FRECISIONE

IFRINT=0 FRESeEWRTA Lia STAMFA DEI SUll RISULTATI FINALT
IPRINT=1 PREZZNTA ANCHE LA STAMFA DI RISULTATI INTERMEDI

N RAFFRESENTA LA DIMENSICHE DEL DOHMINIO DELLA FUNZIONE DA MINIMIZZARE

IFMAX RAFPFPRESENTA IL MASSIMO NUMERO DI VALUTAZIONI
DI FUNZIGKE CONSENTITO
XMU RAFFRESENTA IL FASS0 INIZIALE PER LA RICERCA DI LINEA
EFS E’ Léa FRECISIONE SUL FUNTO DI MINIMO
EFS1 E’ LA FRECISIONE SULLA FUNZIOKE
EFZZ,EF34 S0MO I FPARAMETRI FER DEDURRE LA FRECISIONE
MORCLIMERSIONALE DALLA PRECISIONE N-SIMENSICONALE
X RAFFRESENTA L FPUNTG INIZIALE
DIR RAFFRESENTA LA MATRICE DELLE DIREZIONI DI RICERCA
DIMENSION X(SQ)»DIR(S0,50)
READCS 14) IFRINT
14 FORMAT(I1)
100 FREAD(Ss2INr IFMAXy XMUYEFSEFS1
2 FORMAT(2IS,IF10.5)
READ(S»3IEFSIHIEFSY
3 FORMAT(Fi10.3,F10.3)
READ(S»4)(X(I)»TI=1sN)
4 FORMAT(10F7.3)
WRITECO#1IN
i FORMAT(LIH1»3HN =,13)
WRITE A2 10) IFMAXy XMU
10 FORMATC/» LXs 7HIFHAX =2 162 727X SHXMU =+E14.7)
WRITE(S»15)EFSIEFSL
15 FORMAT(/ 2 1XsSHEFS =2E13.6rSX»6HEFS1 =9E13.6)
WRITE(&6213)EFSIPEFS4
13 TFORMAT(/»1XySHEFS3=+1E13.,62SX»4HEFS4 =»E13,46)
WRITE{(&s168)
16 FORMAT(/» LX922HX=)
WRLTE S L70(X(I)sI=1sN)
17 FORMAT(4(2X»EL14.7))
00 & I=1+50
00 8 J=1+50
8§ UIRCI»JI=0
00 9 I=1+50
¢ LIR(LeI)=1
CALL CNS(XsNsFsDIRIEFPSEFS1+EPSIEFS4» IFNAXs XMU» IFRINT)
3 STOFP
END

SUBROUTINE CNS(xartsFyDIRYEFSyEFS1EFS3vEFS4y IFMAXy XMU» LIFRINT)
QUESTO SCTTOFROGRAMHA ESEGUE LA RICERCA N-DIMENSIDNALE
ALFHA RAPFRESENTA IL PASS0 ARBITRARIO
DIKL E‘ TL VETTORE FOSTO NELLA L-ESIMA COLONNA DELLe #ATRICE [IR
IFMAX1 RAFFRESENTA IL NUMERD DI VALUTAZIONI DI FUNZIONE
ANCORA DISFONIBILI
I E’ L'INDICE DI CICLC
K E* L/INDICE DI ITERAZIONE CHE NON SUFERA N~1

DIMENSION X(50)sX0(50)s0(50) ,

DIMENSION XA(S0) s XE(S0) »XAL(S50) »DIRK(S0+50) » DIRNLSO0)

S3=xHU

IFUN=0

CALL CALFUN(XAsN»FAs IFUN)

I=0

1 I=I+1

IF(IFRINT) 32,33,32
32 ' CONTINUE

WRITE(60eB80)I
80 FORMAT(/+/s/3/ v/ 91Xy CICLO I="»13)

33 CONTINUE
K=0
2 K=K+1 .

IF(IFRINT) 34,3%,34
34 CONTINUE

WRITE(A288)K
B8 FORMAT(/1/91%Xs ' ITERAZIONE K=':13)

35 CONTINUE
[0 3 .II=1sN
3 DIRNCII)=DIRCIIN)

IFMAXLI=IFMAX~TFUN



C MINIMIZZAZIONE LUNGO DIRL CON L=N
IF(IFRINTI3&» 37936

36 CONTINUE
WRITE(H2 ¥4 (XA(IR)Y»IB=1,N)

G4 FORMAT(IXs 2HX=,10E12.5)

WRITE(&sB87)FA

89 FORMAT(1IXsZHF=yE14,.,77
WRITE(S6»93)

P33 FORMATIIXs MINIMIZZAZIONE MONODIMEMNSIONALE’)

37 CONTINUE
EFS2=EFSAEFST
CalLl. SEARCHI{LIRNs IFMAX1/EFSZ1XAINsFA»XMU»SCy IFUN)
IF(IFRINT)38, 39,38

38 CONTINUE
WRITE(SrP4) (XA(IB)Y+IEB=19iy
WRITE(or8%) Fa

39 CONTINUE
IFCIFUNLZGT.IFMAX) GO TO 1001
i.=0

4 L=L+1
C ESECUZIONE DEL FASS0 ALFHA LUNGO DIRL L=1r...N-K
IF(L.GT.(N=-K)) GO TO 45
00 41 II=1sN
41 DIRN(II)=DIRCIINL)
ALFHA=AMAX1 (ABS(SCY*¥0.5,0.0001)
{0 42 II=1sN
42 RA1(IL)=XA(II)+ALPHAKXDIIRNCII)
CALL CALFUN(XAL,NsFALs IFUN)
_IFCIFUNL.GTL.IFMAX) GO TG 1001
AL =AMAXL(EFS ] yERFSLRARSFA )
IFCORa=FALY 3T ommaxX¥0. 000y GG T alX
IO 44 [[=1snN
DISNCIF)==0lxni Il
44 AL (I =X (I ) +AlFLAXDIRN(IL)
CALL CALFUN(X&Ls Ny TAL - IF N
IF(IFUHL.GE.IFMAX) GO 0 1001
AMAX=AMAX1(EFS1+EFS1XARS(FA))
IF((FA-FAL1) .CT.AMAXX0.,001) GO TO 43
GO TO0 4
43 CONTINUE )
C MINIMIZZAZIONE LUNGO DIRL CON L=i..aeN-h FER FALLIMENTO FrS550 oL
L.=0
S L=L+1
IFCL.GTLIN=K), G0 10O 1000
00 51 1I=1sN
91 DPIRNCII)=DIRCIIPL)
00 851 II=1sN
ROCID)=XA(II)
FO=Fa
IFMAX1=1FMAX~[FUN
EFS2=EFSXEFS4
CALL SEARCH(HIRH!IFHﬁXIvEPSErKD-N;FOr¥NU9SQ-IFU%)
CFAIFRINTY 31.433.31

31 CO'TLNUE
WRITE(Hs?S)

93 FORMAT(1X, ‘MINIMIZZAZIONE MONODIMENSIONALE IN GUANTO FALLTTA Le K

ACERCA DI UN FASS0 AREBITRARIO DI DISCESA’)
WRITE(HrP4) (XUCIEY s IB=1+N)
WRITE(6989)F0
433 CONTINUE
IF(IFUN.GE.IFMAX? GO TO 1001
C ESECUZIONE DEL CRLTER! [’ARFRESTO

IF(ARS(S2) .6T.EFS) GO TG 113
AMAX=AMAXL1{EFS1EFS1KARS(FAY )
IFCFa-FD) 6T, aMAY) GO 10 113
GO TO 5

113 CONTINUE
I 553 [I=1sN

553 XALCIL)=XOC(IIs
Fal=sFOD
GO TO &6

43  CONTINUE
IFCIFRINT )20 21,20

20 CONTINUE
WRITE(46+99)

99 FORMAT(1X» "RICERCA RIUSCITA DI Unr FASSO ARBITRARID DN [DIICT3A
WRITE(S»Pa4) (XN1(IB)yIB=1yN)
WRITEC(&L»8F)FAL

21 CONTINUE

66 CUNTINUE
C MINIMIZZAZIONI LUNGO DIRL COH L=N-h+1l...M
J=N-K
6 J=J+1
DO &1 II=1sN
61 DBIRN(II)=DIR(TI )
IFMAXI=IFHAX~TFLN

o
w
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EPSO=CPOREPSS
CALL SEARCH(DIRNs IFMAX1sEFS2yXAlsNsFalsXMU»SCr IFUND
IF (IFRINT)22,23,22
CONT INUE —
WRITE(6,93)
WRITE(6194) (XALCIE)» IB=1sN)
WRITE(6189) FAl
23 CONTINUE
[F(IFUNJGE.IFHAX) GO TO 1001
IF(JJ.EQ.N) GO TO 62
GO TO 6
62 CONTINUE
C CALCOLO LELLA NUQVA MATRICE DELLE DIREZIONI DI RICERCA
XMOD=0,0
DO 8 II=1,N
8 XMOD=XMOD+(XA1(IL)=XACII))K%2
XMOD=SGRT (XHMOI
D0 7 JJ=1sN
IF(JJ.LT.L) GO TO 7
IFC(JJ.EQ.N) GO TO 71
00 72 II=1,N
72 DIRCII,JN=DIRCIIsJJ+1)
50 T0 7
71 DO 73 II=1sN
73 DIR(II»JJ)=XA1(II)=-XACII)
7 CONTINUE
00 8i II=1sN
XACIL)=XA1¢II)
81 DIRCIIFN)=DIRCII»N)/XMOD
Fa=FAL
147 IF(K.EQ.(N-1)) GO TO 1
GO TO 2
1001 WRITE(4+104)
104 FORMAT(1H1»14HIFMAX EXCEEDED)
GO TO 1002
1000 WRITE(6s100)IFUNsIsK
100 FORMAT(/3/+1Xs19HOPTINUM FOUND AFTER»IS»1SHFUNCTION CALLS»+
115y 7HCYCLES»» 1S 11HSIMFLE IERy)
1002 CONTINUE
WRITE(6,101)
101  FORMAT(/»1Xs2HX=)
WRITE(69102) (XACI)»I=1yN)
102 FORMAT(4(2XsE14.7))
WRITE(62103) FA
103 FORMAT(/»1X»24HMININUM FUNCTION VALUE =sE14.7)
"RETURN
END

rJ
r3

SUBROUTINE SEARCHOD» IFMaXireralexGrnisriis

C QUESTO 30TTOPROORAMMA ESEGUS Lé RICERCH mdo

COEFS2 E- La FRECISIONE NELLe RICE SreLi

ML RAFFRESENTA L FPASS0 INIZIALE FER e RIGE Tt
DIMENSION XJ(50)s IS0 s X1 /50
REAL MU '
ITEST=3

MU=AMAX1 (ABS(X) v 1 .SXEFS2)
XSTEF=SIGN(riUyX>
x=0.0
F=FO
C CALCOLO DEI FUNTI DA INTERFULARE
51 GO TO 2000
2100 GO TO(1,2y33%,336) [TEST
1 OO0 70 I=1sN
720 X2 (D)=X0CD+XxD(I)
CALL CALFUN(X1sNsFsIFUN)
G0 70 51
2 CONTINUE
C CALCOLD DEL MINIMO MONODIMENSIONALE
D0 377 I=1sn
377 X1(I)=XO0CI)+DVXkD{ L)
CALL CALFUNCX1sN»FUs IFUN)
IF(F-FU)50s50,59
59 F=F\
x=nt
S0 IF(F.LT.FO) GO TO &0
F=FO0
X=0.0
123 FORMAT (1XrI14)
GO TO 2200
60 DO 20 I=1.N
30 XO0C(I)=XO0CI)+xXxD(I)
FO=F
GO TO 2200

cy o



335 CONTINUE
GO TD S0
336 WRITE(69122)
122 FORMAT(1H1, 14HIFMAX EXCEEDEL)
60 TO 50
2000 CONTINUE
GO TO(91,222,222),ITEST
222 18=6-1TEST
[TEST=1
LINC=1
XINC=XSTEF +XSTEF
MC=15-3
IF(HMC) 414415
3 MC=MC+HL
IF CIFMAXL-MC) 12,159,153
C CASO IN CUI E‘ STATO RAGGIUNTO IL MASSIA0 NURMERD DI vellilaZ lfe
D1 FUNZIONE
12 ITEST=4
43 X=0k
F=FHk
IF (FE=FC) 15+15,44
44 X=LC
F=FC
GO TG 2100 B
30 TO (S5v6:7+8)¢18

Lo

vie]

C CONFROHNTO TRA VALORE DELLA FUNZIONE NEL FUNTO INIZIALE E NEL
C PUNTO ATTUALE
7 IF(FC-F) 9210s11
10 X=X+XINC
XINC=XINC+XINC
Gd 10 3
? LEB=X
FhB=F
XINC==XINC
GO TO 13
11 LE=DC
FE=FC
0C=x
FC=F
13 A=LC+DLC-DB
18=2
G0 T0 3
é& DA=DE
LR=0C
FA=FD
FB=FC
32 LC=x
FC=F
GO TO 14
S IF(FBE-FC) 16917417
17 IF(F-FE) 18+32,32
18 FA=FE
DA=[Z
19 Fik=F
Dig=x
GO TO 14
16 IF(Fa-FC) 21+21+20
20 XINC=Fa
FA=FC
FC=xINC
XINC=0LA
a=DC
LC=XINC
XINC=DC )
IF(COV-DRIX(DV-DC)Y ) 32,22,22
IF(F=Fa) 23+24»24
FC=FR
LC=0kB
GO T0 19
Fa=F
dAa=x
14 IF(FB-FC) 25,25,29
295 IINC=2
XINC=DLC
IF(FE=-FC) 27:45,29
C CALCOLO DELL'ASCISSA DEL VERTICE DELLA FARABOLA INTERFOLANTE
29 DY=(FA-FE)/(DA-DE)=-(FA=-FCJ)/(LA-DLT)
IF(DVR(DB-0C) )33:33+37
37 DV=0.3X(DR+LC-{FRB-FC) /L)

)
-

0
(2 8]
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ESECUZIUNE DEL CRITERIO UGI ARRESTO CUON FRECISIONE #530LUTH ©
56 JTF{NES{IV-X)-ABS(EFS2) )34+ 342335 N
35 [F(ABSC(IV=-X)-aBS (LVRXEFSZY) R3r34r00
34 11EST=2
GO 70 43
36 1S=1
X=Dy
IFCCDA-DCIX(DC-DV) ) 3226938
38 IS=2
GO TO (3+40),1IINC
33 I8=2
GO TO (41+42),IINC
41 X=[C
G0 T0 10
40 IF(ABS(XINC-X)-ABS(X~DC)) 42,423
42 X=0,5% (XINC+LLC)
IFCOXINC=X)k(X~DC)) 2612643
43 X=0.S%(LE+DC)
IF({LB-X)X(X-0C)) 26+26+3
26 ITEST=3
GO TO 43
2200 CONTINUE
RETURN
EMD
SUBROUTINE CALFUN{Xsn rFy [F UM
QUESTO SOTTOFROGRAMMA CALCOLE i FUNZIGNE o MirIn Il
ATTUALE
X RAFFRESENTA QL FUNTC IN Cil VIENE CRrLCOLaTh ua Filed
N RAPFRESENTA La DIMEASIONE DEL DOMINIG LELLA FUNZION
F_RAFFRESENYA LA UNZTONF OFILTTIVO

OoCGoGon

DIMENSION X(50)

IFUN RAFFRESENTA IL NUMERO DI VALUTAZI

RELn: LVYF

LR

e
i Mt imii, ot

ONI DI FUNZIONE ESEGUITE

F=100.*(X(2)—X(1)*X(1))*(X(E)-X(l)*X(l))+(1-K(1))*(1—X(1))

IFUN=IFUN+1
1000 CONTINUE

RETURN
END

o= 2

IrnaX = L0000

EFS = 0,100000E-04 EFS1 =
EFS3= 0.100000E 03 EFS4 =
X=

-0.1200000E 01 0+1000000E 01

OFTIMUM FOUND AFTER 283FUNCTION CALLS,

X=
0.1000002E 01 0.+1000005E 01

MINIMUM FUNCTION VALUE = 0.26B4430E-10

AMU = 0.5000000E 00

0.100000E-04

0.100000E€ 01

12CYCLES,
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OTLSSD
QUESTO FROGRAMMG ESEGUE La MINIMIZZAZIONE LI UNA FUNZIOME OEIETTIVO
N-DIMENSIONALE NON VINCOLATA CON LA SECONDA INFLEMENTAZIONF
DEL METOLO DI SUITTI(i975) IN DOFFIA FRECISIONE
IFRINT=0 FRESENIA LA STAMFA DEI SOLI RISULTATI FINALI
IFRINT=i FRESENTA ANCHE LA STAMFA D1 RISULTATI INTERMELI
N RAFFRESENTA LA DIMENSIONE DEL LOMINIO DELLA FUNZIONE DA MINIMIZZARE
IFMAX RAFFRESENTA IL MASSIMO NUMERD DI VALUTAZIONI
[I FUNZIONE CONSENTITO
XMU RGFFRESENTA IL FASSO INIZIALE FER L& RICERCA DI LINEA
EFS E' LA FRECISIONE SUL FUNTO DI MINIMO
EFSL E’ Lé FRECISIONE SULLA FUNZIONE
EFS3sEFS4 SONO I FARAMETRI FER DEDURKRE LA FRECISIONE MONODIMENSTONALE
LALLA FRECISIONE N-DIMENSIONALE
X RAFFRESENTA IL FUNTO INIZIALE
DIR RAFFRESENTA LéA MATRICE DELLE DIREZIONI DI RICERCA
DIMENSION X(50) sDIR(S0rS0)
UOUBLE FRECISION XsFsDIRsXMUsEPSIEFSI
REAL(S»14) IFRINT
14 FORMATCIL) _
100 READ(S,2)Ny [FHAXY XMUYEPS»EFST
2 FORMAT(215,3015.5) '
READ(Sy4)EFS3VEFS4
READ(S4) (XCI) s I=isN)
4 FORMAT(4DiS.5)
WKITE(6s1)N
I FORMATC(iHir3HN =,13)
WRITE (710> LFiHAX s XMU
10 FORMAT(/1iXs7HIFMAX =916 7XySHXMU =sDid.7)

WRITE(6910)EFS,EFSL

13 FORMAT(/ 21Xy SHEFS =»D0i3.695Xs6HEFSL =»013.6)
WRITE(6»13)EFS31EFS4

13 FORMAT(/» IXsSHEFS3=»[1i3.695Xr6HEFS4 =y[113.6)
WRITE(Sr16)

ié6 FORMAT(/21iXs2HX=)
WRITE(Sr17)2(X(T)sI=1sN)
17 FORMAT(4(2X»D1i4.7))
00 8 I=1+%90
0o 3 Jd=1+50
DIRCIeJ)=0
DU 9 1=1,950
DIRCI»ID=1
CALL CNSI(XsN+sF+DIR,EFSYEFSLIyEFS3IyEFPSAs IFMAX s XHU s IFRINT)
?S STOF
END

*0’03

SUBROUTINF CHSD(XANyFsIREFSsZFS1sEFSIrarS4y IFHAX» ANUy IFRINT )
QUESTO SOTTOFROGRANMA USEGUE LA RICERCA N-DIMENSIONALE
DIRL E’ IL VETTORE FOSTO NELLA L-ESIdA COLONNA IIELLA MATRICE DIK
ALFhA RAFFRESENTA IL FASY0 ARBRITRARIO
IFMAX1 RAFPFRESENTA IL NUMERO DI VALUTAZIOWI DI FUNZIONE
ANCORA DISFONIEBILI
I E/ LINDICE I CICLO
K E* L/IHDICE DT ITERAZIOWE CHE NON SUFERA N-i
DIMENSION X(50)XO(S0)D(350)
DIMENSION XAa{S0)sXE(S50)rXA1{50) yNIR(S0sS0)s DIRN(SO)
DGURLE FRECISION XArFeDIRSEFSPEFSLyX6iU
LOUELE FRECISION XeXOsDeXEBr XAl DIRN:SCoEFS2sFaraLFHAPFAL
DOUBLE FRECISION aMAX»FO»XMOD
SC=XMU
IFUH=0
cALL CALFUD(XArNsFAr IFUN)
I=0
i I=I+i
IFCIFRINT) 32,33+32
32 CONTTNUE
WRITH (6,801
BO FO"MwuT(/ss9/9/+/9iXs’CIC.0 I=7+13)
33 COdTINUE
K=0
K=K+1i
[F(IFRINT) 34+35.34
34 CONTINUE
WRITE(4,88)K
868 FORMAT(/»/9iX» " ITERAZIONE h="+13)
15 COMNTINUE

28]



DO 3 II=1sN
3 DIRNCII)=DIRCIINND
IFMax1=1FMAX-IFUN
C MINIMIZZAZIONE LUNGO DIRL CON L=N
IFCIFRINT)36:37236
36 CONTINUE
WRITE(6994) (XG(IE) » IR=19N)
94 FORMAT(iXs2HX=24015.5)
WRITE(4y89)FA
89 FORMAT(1XsZHF=yDX0,20)
WRITE 16¢63)
93 FORMAM(1Xs 'MINIMIZZAZIONE MONODIMENSIONALE )
37 CONTINUE
EFS2=EFSKEFS3
CALL SEARD{(DIRNyIFMAX1rEFS2sXhrNsFA» XMU»SCr IFUN)
IF(IFRINT)38»39+38
38 CONTINUE
WRITE(6594) (XACTRY » [B=19N)
WRITE(618%) Fa
39 CONTINUE
: [FCIFUN.GT.IFMAX) BG TO 1001
L=0
4 L=L+i .
IF(L.GT.(N=K)) GO TO 45
C ESECUZIONE DEL FASSDO ALPHA LUNGO DIRL L=1r...H-K
DO 41 II=isN
41 DIRN(II)=DIRCII,L)
ALPHA=DMAX1 (DAKS(SCI%0.Sr1.0-4)
DO 42 II=isN
42 XAL(ID =Xa(II)+ALFHAKDIRNCIT)
ChALL CALFUD(XALlsNsFALs»IFUN)
IFCIFUNLGGT.IFMAX) GO TO 1001
atax=IMAX1(EFS1,EFS1KDARS(FA))
IF{(FA-FAL) GT.AMAX*¥0.001) GO TC 43
0N 44 II=1,N
DIRN(II)==DIRN(II)
44 XA1(ID)=Xa(II)+ALPHARDIRNC(IL)
CaALL CALFULIC(XALsNsFALsIFUN)
IF(IFUN.GE.IFMAX) GO TO 1001
AMAX=DMAX1(EPSiEPSiXDARS(FA))
IF((FA-FAL1).GT.AMAXX0.001) GO TO 43
GO TO 4
S CONTINUE
C MININIZZAZIONE LUNGD LIIRL CON L=1....N-K PER FALLIMENTD FASSO ALFHA
L=0
S L=bL+i
IF(L.GT.(N-K)) GO TO 1000
D0 Si II=1sH
S1 DIRNCIIV=DIRCIIsL)
[0 SS1 II=isN
551 XO(II)=Xai{Il)
FOG=Fh
IFMaX1=1FMAX-IFUN
EFS2=EFSKEFS4
CaLL SEARD(DIRN,IFMAX1»EFS2¢X0sNsFOrXMU»SCr IFUN)
IFCIFRINT) 319433931
31 CONTINUE
WRITE (65 95)
95 FORMAT(LIX, WINIMIZZAZIONE MONODIMENSIONALE IN GUANTO FALLITA LA RI
ACERGA DI UN FAS50 ARERITRARIO DI DISCESA’)
WRITE(SrP4) (XOCIE) s LR=19N)
WRITE(&+89)F0
433 CONTINUE
IF(IFUN.GE,1F4AX) GO TO 1001
C ESECUZIONE DEI CRITERI D‘ARRESTO
IF(D&ES(SC)Y WGTLEFS) GO TO 113
ANAX=DMAXL(EFS1EFS1XDABS(FA))
IF({(FA-FDB).GT.AKGX) GO TO 1i3

GO 70 S
113 CONTINUE
DO 393 II=1sN
553 XAl(II)=X0(II)
Frai=FQ
GO TO oé

43 CONTINUE
IF(IFRINT20:21,20
20  CONTINUE
WRITE(4¢99) .
9% FORMAT(LIX, "RICERCA RIUSCITA DI UN FASSDO ARBITRARIO LI LISCESA’)
WHITE(SsP4) (XAL(IER) v IEB=1sN?
WRITE(&6+BY)FRL
214 COrt INUE
66 CONTINUE
C MINIMIZZAZIONI LUNGO DIRL CON L=N-K+i..N
NEILEN
& JTatl



r
r

62

EFSZ=EFSKEFS3

Call SEARDCDIRNy JFMAXKI-EFSZ2s YAl sMrFALr XMU»SC» IFUN)
IFCTFRINT) 2223422

CONTINUE

WRITE(H9F3)

WRITE(S»T4) (XALCIB) » IB=iviN)
WRITE(6:89) FAL

CONTINUE

IF(IFUN.GE.IFMAX) GO TO 1001
IF(J.EQ.N) GO TO &2

GO TO &

CONTINUE

C CALCOLO DELLA NUGVUA MATRICE DELLE DIREZIONI LI KRICERCA

71
73

81
147

1001
104

1000
100

1002

101

102

XHMoL=0,0

D0 8 Il=isN
XMOD=XMOI+(XA1(II)~-XAC(II) IXK2
XMOD=0SQRT (XMOD)

DO 7 JJ=1isN

IFCJJ.LT.L)Y GO TO 7
IFCJJ.EQ.N) GO TO 71

DO 72 II=1»iN

DIRCLIIs JJ)=NIRCII»JJ+1)

Gt TO 7

N0 73 Il=iyiu
ODIRCII»JdJ)=XAL(IIX=-XA(11)
CONTINUE

DO 81 II=1isi

XA(II)=X&ai(II)
DIRCIIPN)=DLIRCIINNY/ZXMOL
FaA=FaAl

IF(KJEQ.(N=-1)) GO TO i

GO TO 2

WRITE(S6y104)

FORMATC1IHLy 14HIFMAX EXCEEDELD)
GO TO 1002
WRITE(S69s100)IFUNPIK
FORMATC/ 9 /9 iXe i9HOPTIMUM FOUNLD AFTER» ISy iSHFUNCTION CrlLLS»»

1I5» /HCYCLES»»IS»11HSIMFLE IER+)

CONT INUE

WRITE(&2101)

FORMAT( /s 11Xy ZHX=)

WRITE(6+102) (KACL)eI=1isN)

FORMATCA4(2XyDIL4.7))

WrITZ(69103) FA

FORMAT(/» 1 Xy 24HMNINIMUM FUNCTION VAGLUE =,L14 7)
RETURN

END

SUBROUTINE SEARD(Dy IFMAXL+EFS2: X0sNrFOr MU Xy IFUN)

C QUESTO SUITOPROGRAMMA ESEGUE LA RICERCA MONODIIMENSIONALE

C mu

RGHFFRESENTA IL FASS0 INIZIALE FER LA RICERCA HMONODIAENSIONALE

C EFS2 E’ LA PRECISIONE NELLA RICERCA MONOLIMENSIONALE

DIMENSION XO(S0)sL(30)»X1(50)

DOUBLE FRECISION LrEFS2¢X0sFOsMU XrFyXioLVeFVeDEFER
LOUELE FRECISION FCyDCsXSTEF v XINC»DAsFA

ITEST=3

HU=DHAX1(DABS(X)r 1« SKEFPS2)

XSTEF=DSIGN (MU X)

X=0.0

F=FO

C CALCOLO DEI FUNTI D'A INTERPOLARE
51 GO TO 2000
2100 GO TO(1»2r335,334) ¢ ITEST

i

L0 70 I=1sN

70 X1(ID)=X0C(D)+XkD(I)

2

CALL CALFUD(X1sNsFs IFUN)
GO TO 5i
CONTINUE. -

C CALCOLO LEL MINTMO MONODIMENMSIONALE

DO 377 I=1sN

377 X1(1)=X0(I)+DVkDCI)

CALL CALFUL(X1»N:FVU»IFUN)
IF(F=-FVU)50+,50:59

59 F=FV

X=[I

50 IF(F,LT.FO) GO TO &9



F=Fo

X=0,0 _
123 FORMAT (iX»14)
60 TO 2200

60 D0 30 I=1sN
30 XO(I)=X0CI)+XKDCI)
50 TO E200
335 CONTINUE
GO TO S50
336 URITE(69122)
122 FORMAT(LH1»14HIFMAX EXCEEDED)
GO TO 50
2000 CONTINUE
GO TO(91,222,222)»1ITEST
222 I8=6-1TEST
ITEST=1
IINC=1
XINC=XSTEF+XSTEF
MC=18-3
IF(HC) 4r4,15
3 MC=MC+i
IFCIFMAX1I=MC) 12915915
C C CASD IN CUI E’ STATO RAGGIUNTO IL MASSIMO NUMERO DI VALUTAZIONE
C DI FUNZIONE
12 ITEST=4
43 X=DE
F=FR
IF(FEB-FC) 1S:13r44
44 X=DLC
F=FC
15 GO 70 2i00
91 GO TO (Gré9798)918
8 I8=3
4 OC=X
FC=F
X=X+XSTEF
GO TO 3 ,
C COWFRONTO TRA VALORE DELLA FUNZIONE NEL FPUNTO INIZIALE E NEL
C FUNTO ATTUALE _
7 IF{FC-F) %»10-il
10 X=X+XINC
XINC=XINCH+XINC
Go 70 3
9 DE=X
FE=F
XINC==XINC
GO TO 13
11 DE=LC
FR=FC
DC=Xx
Fr=F
13 X=1C+DC~-D%
IS=2
GO TO 3
6 DAa=0DER
DE=DC
Fa=FE
FE=FC
32 DbC=X
FC=F
GO TO 14
S IF(FB-FC) 16917417
17 IF(F=FEB) 18:32+32
18 Fa=FB
DA=DER
19 FEB=F
DB=X
GO TO i4
16 IF(FA-FC) 21+21i:20
20 XINC=FA
Fa=FC
FC=X1INC
XINC=Dg
Da=0C
DE=XINC
21 XINC=DC
IF((DV=-DEYR(DV-DT) ) 32,22,22
22 IF(F-FA) 23+s24,24
23 FC=FE
DC=DEk
GO TO 19
24 FA=F
Lia=X
14 IF(FE-FC) 25,25:29
2% IINC=2
XINC=DC



- 1o -

IFCFE-FC) 29%:45529
C CALCOLO DELL‘ASCISSA DEL VERTICE DELLA PARABOLA INTERPOLANTE
29 DU=(FA-FB)/(DA-TB)-{FA-FC)/(DA-DC)
IFCDVX(DB=-DC))33933,37
) 37 DV=0.SX(DE+DC-(FE-FC)/IV)
C ESECUZIONE DEL CRITERIO DI ARRESTO CON FRECISIOME ASSOLUTA O RELATIVA
Sé IF(DAES(DV-X)-DABS(EFS2))34»34,35
35 IF(DAES(DV=X)~DAESC(DVXEFS2))34r34:36
34 ITEST=2
GO TO 43
36 IS5=1
X=[V
IF((DA-LCIR(DC-IV))3+26+38
38 IS=2
GO TO (3,40)»11INC
33 15=2
GO TO (4i+42),1INC
41 X=DC
GO TO 10
40 IF(DABS(XINC-X)-DAEBS(X-DC)) 42s42,3
42 X=0,3%(XINC+LC)
IF((XINC=X)KR(X-DC)) 26126+3
45 X=0,5%(DB+0C)
IFCCDB-X)¥{(X=DC)) 2612613
26 ITEST=3
G0 TO 43
2200 CONTINUE
RETURN
END

SUBROUTINE CALFUDR(XsN FeIFUN)
GUESTO 30TTOFROGRAIMMA CAL "OLA LA FUNZIONE DA MINIMIZZARE NEL FUNTO
ATTUALE
X RAFFRESENTA IL PUNTO IN CUL VIENE CALCOLATA LA FUNZIOME
N RAFFRESENTA LA DIMENSIONE DEL DOMINIO DELiLA FUNZIONE DA MINIMIZZARE
F RAFFRESENTALA FUNZIONE OBIETTIVO
IFUN RAFFRESENTA IL NUMERO DI VALUTAZIONI DI FUNZIONE ESEGUITE
UOUELE FRECISION X(S0)oF
IFUN=IFUN+1
FelOO k(X2 =X (L RX (IR IX(2)=-X(1IkX (1)) +(1=-X(i)Ikii-X(i))
1000 CONTINUE

oaogoaoc

RETURN
END
W= 2
IFHAX = 10000 XMU = 0.50000000 00
EFS = 0.,100000D-04 EFS1 = 0.,1000000-04
EFS3= 0,100000D 03 EFS4 = 0.100000D 01
xX=
-0.12000000 01 0.1000000D Oi
OFTIMUM FOUND AFTER 268FUNCTION CALLEs 12CYCLES» 1SIMPLE IER,
X=

0.,1000002D 01 0.10000035D 01
MININUM FUNCTION VALUE = 0.2554003D0-1i0
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IFUN

oS00
53
@92
335
325
289
200
197
158
502
243
783
243
242
280
179
209
207
44
89
&8
253
204
229
137
178
206
197
193
197
190
i28
239
218
210

523

IFUN

7879

2420
5610
1814
1997
2665
1286
1887
1323
2832
2347
1073
3538
2951
4790
722
L4E4
1021
129
257
138
1171
2176
519
1110
770
1276
&9
776
A&
2033
1581
1634
1207
1151
2934

TFMP

NN OO0 0O

e
VONW>O

?7
33
131
28
29
a8
22
33
23
47
42
21
68
&y
8Y
43
’g
o7
(?
i2
10
29
q49
i02
520
364
598
237
263
237
i%
118
130
84

19S5

0.6853185E-11
0.1694644E-10
0.,492868BUE~-10
0.4614324E-10
0.1663981E-08
0.4884158E-04
0. 1043268E-22
0.3690958E-22
0. 9999406E-13
0291110904
0.2802328E-04
0.0000000E 00
Q.1776357E-13
C.1705203E-12
0,4571443E-10
0.1149114E-10
0.3028162E-03
0.26646667E 01
0.2666667E 01
0.26656667E 01
0.5430652E-12
0.4867218E~12
0.,6373639E 00
0.3829702E-07
0.3902016E-08
Q0.1164722E-09
) OFUBT773E-D1
0.6%58733E-01
0.6938773E-01
0.9537200E-05
0.954708BE-039
0.9715007%-03
0.1008360E-11
0.5739833E~-13

0.,1447365E-09

F

Q.15a47767E-01
0.,133i713E 00
0,1971987% 00
0.,35319635E-08
0.2412440E-05
Q0.1i38272&E 01
Q. 1671677146
G Z008SYEE-1L3
Q0.8378724E-18
0.7836072E~-04
0.8022473E~04
Qe D69ELZE-0VL
Q557407 aE-0F
Q53836750807
Q. 37118:5E~-08
Ve332BL3cE-05
V334958507
Qe 37C2BYTE-CT7
Qvala2BL7E Qi
D4 142857E UL
Qo< i4280EE U1

UL

Q. 10498230 -08
Q7770643 E-07
Qe740Li312E~uA
G 6785064804
Ve 7461 3L2E~Un
O 2F44974E-00
Qe 27457 &aE -0,

04277 F3GHE~D
0.4 B4TTEEC
044321 340E-0
0.2152653E-y



Table 4§

NPROB N XZERO -CYC ITER IFUN TEMF F

1 4 1 8 1 438 i8 0.18853370-14
1 4 2 7 3 406 18 0,709 35250-11
1 4 3 15 2 810 30 0.52982470~10
2 4 1 7 3 390 19 0,41753560-13
2 4 2 8 3 470 22 0,2444547D~13
2 4 3 5 3 300 16 0,60975240-04
3 4 1 4 1 199 11 0.9424900D-23
3 4 2 3 1 199 12 0,45505250-22
3 4 3 3 i 143 11 0.37741130-14
A 4 i é 3 375 20 0.29099310~04
4 4 2 é 3 375 20 0.290996601-04
4 4 3 11 3 776 3¢ 0+25091310-04
S 4 1 4 1 193 14 0.22326960-21
5 4 2 4 1 193 14 0,45213840-21
5 4 3 4 1 211 15 0.15263550~-14
& 4 1 4 1 205 52 0.23282900-15
é 4 2 4 1 205 S1 0.35312290-15
6 4 3 4 3 219 S4 0.30282410-03
7 4 i 1 1 29 7 0.2666667D 01
7 4 2 1. 1 S0 8 2426666671 01
7 4 3 1 1 33 8 0.26666670 01
& 4 1 4 1 175 12 0.36277900~-11
8 4 2 4 1 194 13 0.45909150~11
8 4 3 4 1 197 14 0.63736400 00
3 4 1 3 1 128 105 0.69617230-08
9 4 2 3 1 126 104 0.46537921-07
9 4 3 4 1 180 146 0.35015500-12
10 4 1 4 3 227 156 0.49587720-01
10 4 2 4 3 227 160 0.69587720-01
10 4 3 4 3 227 156 6.6958772D-01
11 4 1 2 3 87 27 0.9720844D-05
1 4 2 2 3 106 41 0.94999480-05
i1 4 3 3 2 152 44 0,97147040-05
L2 4 1 4 1 191 21 0.6416760D-13
2 4 2 4 1 188 28 0+21908300-13
12 4 3 7 i 449 39 0+1317098D-12
NFROE * XZERO cve ITER IFUN TEMF F
i 10 : 14 . 3637 222 0.i747iiil 00
1 i0 2 7 . 2435 i53 0.33236%60-01
1 10 3 10 ? 2313 163 0.27771950 00
2 8 1 9 7 1693 - 105 041821409008
2 8 2 10 7 1887 1i8 0.34750350-07
2 8 3 19 7 3558 234 0.93111450-10
3 10 i 3 2 696 45 D.1536921D0-20
3 io 2 3 2 696 45 0.15460870~-20
3 10 3 2 S 718 4i 0,3342667D0-13
4 i0 i 10 g Ri4z 239 0.89649730-04
4 10 2 8 7 2480 190 0.74153520-04
4 10 3 é 7 1858 144 0.102199i6-03
5 10 1 5 1 1245 109 0,13648370-13
5 10 2 5 8 1420 i1t 0.8588377D-10
5 10 3 6 3 1633 124 0,70620400-10
4 10 1 S 8 1340 723 0.44738920-06
6 10 2 5 é iz82 693 0.3214894D~10
6 i0 3 4 8 1092 591  0.768i4830-i0
7 10 i i 1 124 25 0.41428571 01
7 i0 2 1 1 217 39 0.,41426570 0i
7 10 z 1 1 211 36  0.4142857D 0i
8 i0 1 ? é 2278 180 0.17731740-09
8 10 2 10 i 2451 194 0.63355590-42
8 10 3 it 2 3179 252 035788800 01
-9 10 i 3 1 570 %241 0.11062920~16
9 10 2 2 1 298 1697 0.11640620-04
9 10 3 4 9 1072 6099 0.46126460-06
10 10 1 2 9 552 679 0.95209440-04
10 10 2 2 ? 555 951 0.74083880-04
10 10 3 2 9 552 679 0.95209440-04
11 10 1 10 9 3447 2694 0.25456440-02
11 10 2 8 g 2666 1863 0,29438350~03
11 10 3 9 8 2974 2052 0.29526270-03
12 10 i ¢ i 2149 602 0.47777140-02
12 i0 2 5 8 1294 366 044777713002
12 10 3 12 5 4379 1186 0.6718247D-01
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