
~ N-D1MENSIONAL FUNCTION-ONLY CODE FOR NON-LINEAR UNCONSTRAINED

OPTIMIZATION

l. l~du~n. -

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

and OTLSSO, 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 wil1 be available in FORTRAN language for minicomputers, na­

mely for POP 11/40. lt 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 alg~

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. Rautine do~~ent. -

The two codes OTLSSS and OTLSSO, written in FORTRAN language for the POP

11/40 computer. are two versions oi the same pro~ram respectively compiled in

single and in double precision. This program has ~n developed to solve the

problem of non-linear uncostrained optimisation hà~"ng the following mathema­

tical description

min F(x)
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The first three characters OTL refer to the fie1d of unconstrained optimization,

the fourth character S mentions the used Sutti's method, the fifthcS indicates

that this one is the second implementation of Sutti's IIlE!thod,and the fina1 S

and D distinguish the versian in single precision fram the version in doub1e

precision. onsss and OTLSSD and:the related subroutines differ on1y for same

declarative stetements and for same 1ibrary functions.

OTLSSS and OTlSSD read and print the fol1owing input parameters: dimension

of the variab1espace, initial approximation of the minimizer, stopping toleran­

ces, initia1 step 1enght of the 1ine search, maximum a1lowed number of function

eva1uations. Moreover these routines read the index of printing, then they

call respective1y the subrautines CNS and CNSD.

CNS and CNSD search for a minimum of a n-dimensiona1 function by the Sutti's

method, using function va1ues 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 a10ng sets of n linear1y normalized independent

directions. The initia1 set, consisting of the n coordinate axes, is modified

in order to build mutua11y coniugate directions with respect to the hessian

matrix of a quadrati c objective function. CNS ca11s the subrautines SEARCH and

CALFUN and CNSD cal1s SEARD and CALFUD. SEARCH and SEARD search for a minimum

ofar.one-dimensional function by a method using function values only. which is

based on quadrati c interpolation (3). The method computes a point set bracketing

the minimum of the objective function a10ng the search direction and sets the

position of the minilwum in the vertex of the interpo1ating parabole. Safeguards

to avoid spurious stationary points are provided. SEARCH and SEARD ca11 respe­

ctively CAlFUN anrl CAlFUD.

CAlFUN and CAlFUD compute the function va1ue in a required point. These

subroutines must be supplied from the user.

The argument lists are the fo11owing:

SUBROUTINE CNS (XA.N,F,DIR,EPS,EPS1,EPS3,EPS4,IFMAX,XMU,IPRINT)

SUBROUTINE CNSD(XA,H,F,DIR,EPS,EPS1,EPS3,EPS4,IFMAX,XMU,IPRINT)

with



XA.rea1

N. i nteger

F. rea l

DIR.real

EPS.EPS1,EPS3.

EPS4.real
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n-dimensiona1 vector containing. on entry. the user's

. estimate of the minimizer and. on exit. the computed minimizer;

variable specifying the number n of independent variab1es: N

must be assigned before entry;

variable containing function va1ue in the current point. on

exit F contains the estimated value of the minimum;

matrix of the search vectors: DIR is built in OTLSSS and in

OTLSSD;

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 1ine searches respetive1y along the l-st. 2-nd •... ,

(n-k)-th direction and a10ng the (n-k+1)-th, ...• n-th direction.

To make consistent these accuracies. EPS4 should be not

sma1ler than

sma 11 er than

EPS1 are set

1 and not biger than 10, while EPS3 should be

102 and not biger than 103, whenever EPS and
-5to 10 ;

not

IFMAX, i nteger

XMU.real

IPRINT •i nteger

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
4IFMAX is set to 10 ;

variable containing the initial step lenght for the line

search. to be assigned less or equal to l before entry;

parameter controlling print as follows: for IPRINT=l the

current values and the final ones of the cyc1e index. of the

iteration index. and of the minimizer and minimum approximations

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

SUBROUTINE SEARO (D,IFMAX1,EPS2,XO,N,FO,MU,X,IFUN)

with

D,rea1

IFMAX1,integer

EPS2,rea1

XO,rea1

FO,rea1

MU,rea1

X,rea1

IFUN, i nteger

n-dimensiona1 veetor to be eomputed before entry;

variab1e eontaining the differenee between IFMAX and IFUN to

be eomputed before entry;

variab1e eontaining the aeeuraey to whieh the position of the

one-dimensiona1 minimum is required:EPS2 must be ealeu1ated

before entry;

variab1e eontaining the aetua1 approximation of the minimizer;

Yal"iab1e eontaining the funetion value in XO;

variab1e eontaining the step 1enght on entry;

variab1e eontaining the step 1enght on exit;

variab1e eontaining the tota1 number of funetion eva1uations;

SUBROUTINE CALFUN (X,N,F,IFUN)

SUBROUTINE CALFUD (X,N,F,IFN)

with

X, rea1

N. integer

F,rea1

IFUN,integer.

variab1e eontaining the point at whieh the funetion va1ue is

requi red;

variab1e speeifying the number of independent variab1es;

variab1e eontaining the funetion va1ue in X;

variab1e eontaining the tota1 number of funetion eva1uations.

The 1enght of the eodes, i.e. the tota1 number of statements in OTLSSS and in

OTLSSD are réspective1y 309 and 313. The size of the prob1ems for whieh the eodes

has been designed is n ~ 50. The re1ated 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 6f the subroutine CALFUN or of CALFUD.

The test ptòb1ems solved by OTLSSS and OTLSSD on the PDP 11/40 of 32K words,

at-the Mathematica1 Institute, University of PARMA (ITALY), were the minimizations

of the following funetions:
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1 - Extended Rosenbrock

2 - Extended Powe11

3 - Oren's Quartic

4 - Pena lty I

5 - More first function

6 - Trigonometric

7 - More second function

8 - Brown a1rnost 1inear

9 - Manci no

10 - Watson

11 - Penalty II

12 - Chebyquad

For the mathematica1 description of the above functions with the related

starting points X = (X .),i = 1, ... ,n, see ref.(4).o 01

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

Extended Powe11 function. Moreover the fol10wing initia1 approximations of the
1 2 -3

minimizer were assumed: X = (X .),X = (X . + ~.) with ~. = 10 (l+IX I)o 01 o 01 l l o
3and X = (10 X .), i = 1, ... ,n. The other input parameters were assigned as
o 01

above described.

In the annexed 1i sti ng 1 and 2#le present the executi ons of the prograrns
OTLSSS and OTLSSD, with IPRINT = O, for the samp1e prob1em

2
+ (l-xl) x = (-1.2,1 )o

having ana1ytica1 solution x. = (l,l) , F. = O.mln mln

The annexed numerica1 tab1es 3 and 4 visua1ize the resu1ts obtained by DTLSSS

and OTLSSD. The pararneter NPROB is the number of the objective function in the

above sequence, N is the size of the prob1em, XZERO indicates which starting

vector is tested, CYC is the tota1 number of the performed cyc1es, ITER the number

of the iterations in the fina1 cycle, IFUN the tota1 number of function eva1ua­

tions and F the computed minimum.
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L18Ung l

C O~'LbSS

l: QUESTe F'R03Rr.:I''lM~·t ESEGUE LA MINIMIZZAzrONE in Ur~A i="l;raIO;i[ OBIETTI'JO
c (-l-V:i'iEN5ION.iLC NON \JINCOLATA CON LA SECONDH IMF'LEMENT;"ZIONE
c DEL METOOO DI SUTTl(1975) IN SINGOLA PRECISIONE
C If'i,It~~·=o F'F\:ESaHA Lt=. STAMPA IlEI SOl.I RlSU'_ri~Tr FINAL:
c IF'R:rH=l F'RES~NTA ANCHE LA ST~MF'A (Il R';;SULTAl I INTE,MEDI
C N f~AF'?;::ESENTA LA DHiENSIOtlE DEL !IOMINIO DELLA FUNZIONE rlA MINIMIZZARE
c lFHtiX F:AF'F'RESENTA IL MASSlliQ NUMERO [II VALUTAZIONI
C tI! FWaletJE CONSENTITO
c XMU RAPPRESENTA IL PASSO INIZIALE PER LA RICERCA DI LINEA
C EPS E' LA PRECISIONE SUL PUNTO DI MINIMO
C EPSl E' LA PRECISIONE SULLA FUNZIONE
C EPS3,EPS·j sono l F'';RAMETRI ;:-E'R rlEtluRRE LA PRECISIONE
C ~~OfH:;:;IhE:'~3rO:';AL::: r)f.lLL'·1 PRECISIONE N-DIMENSIONALE
C X RA~'PRESENTA IL PUNTO INIZIALE
C DIR f..:AF'PRéSENTA LA MATRICE DELLE [IIREZIONI DI RICERCA

DIMi::NSIOU X(50),DIR(50,50)
READeS,14)IPRINT

14 FORMAT(Il>
100 RE,W(S,2)N,IFMAX,XMU,(PS,EPS1

2 ~ùRMHT(215,5F1Ò.5)

REHO(5,3~EPS3,EPS4

3 fORMAT(F10.3,Fl0.3)
READ(5,4)(XCI),{~1,N)

4 FORMATC10F7.3)
:JRlrE~6d)N

l FORnATC1Hl,3HN ~,I3)

WRITE(o,10)IFMAX,XMU
10 FORMATe/,lX,7HIFMAX =,I6,7X,SHXMU =,EI4.7)

~RITEC6,15)EPS,EPSI

15 FO~MAT(/,lX,5HEPS =,E13.6,5X,6HEPSI =,E13.6)
WRITE(6,13)EPS3,EPS4

13 rORMAT(/,lX,5HEPS3=,E13.6,5X,6HEPS4 =,E13.6)
WF:ITE(6,16)

16 FGRMAT(/,lX,2HX=)
~RliE(6,!7)CX(I),I=1,N)

17 FORMAT<4C2X,E14.7)·)
DO 8 1.:::1,50
i)O 8 J=1,50

S D1RCI,J)=O
i)O 9 1=1,::;0

li' .i:JIR":~,l)=.L

CALL CNS(X,N,F,DIR,EPS,~PS1,EPS3,E?S4,IFMAX,XHV,IPRINT)

)'5 STOF'
EMI

SU,lROUT 1t~'E CNS (,K;:':p f'ohF, (t H, , EPS, EF'Sl , EPS3, EPS4, IF"AX, XMU, l F'R INT)
C QUESTO SOTTOr'ROGR~iMMA C:SEGUE LA RICERCr' N-DIMENSIONALE
c ALF~;' RAPPRESENTA IL P{:.SSO AREiITRA:-,IO
C l'IRL E' IL VETTORE f'OS! o NELLA L-ESIMI, COLONNA 0=:)..1,.•• ,'AiRICE l'IR
o: IfMAXl RAPPRESENTA IL NUMERO DI VALUTI<ZIONI III Fu~l'1oNE
C ANCORA DISPONIBILI
C I E' L'INDICE DI CICLO
C K E' L'INDICE DI ITERAZIONE CHE NON SUPERA N-l

DIMENSION XCSO),XO(SO),DCSO)
DIHENSION XA(50),XB(50),XA1C50),DIR(SO,50),DI~(50)

SC=XHU
IFUll=O
CALL CALFUN(XA,N,FA,IFUN)
1=0

1 1=1+1
IF(IPRINT) 32,33,32

32 . CONTI NUE
lIl'\:ITE(g,80>I

80 FORHAT(/,/,/,/,I,lX,'CICLO 1=',13)
33 CONTINUE

1(=0
2 K:zK+l

1F(IF'RINT) 34,~,,34

3" CONT I NUE
Wr=:ITE-(6,88)t\

es FORMAT(/,I,lX,'ITERAZIONE K=' ,13)
3S CONTINUE

[lO 3·II-=1,N
3 ~!RN(II)~DIRCI1,N)



C H!NIMIZZAZ IONE LUNGO" DIRL CON L=N
IF(IPRINI)36,37,36

36 CONTlNUE
~RITE~6,941(XA(IB),IB=1,N)

94 FO~MAT(1X,2HX=,10E12.5)

W~ITE(6,89)FA

89 FORMAT(lX,2HF=,E14.7)
WRITE(6,93)

93 FORM?"r"lX, 'MINIMIZZAZIONE MCNOrJIMEi'!SIONALE')
37 CùNTINUE

EPS2=EPS-iEF'S3
CALL Si:ARCH \ [IIRN, IFMAXl , EPS2, XA, N, FA, XMU, se, IFUN)
IF<I~RINT)38,39,38

38 CONTINUE
~RITE\6,94)<XA(IB),IB=1.hJ

~jRITE\o,89) F~

39 CONfINUE
IF(iFUN.GT.IFMAX) GO ro 1001
l.=O

4 L=L+I
C ESECUZIONE {IEL PASSO ALPHA LUNGO IlIRL L=I •••• N-K

IF<L.GT.(N-K» GO TO 45
[IO 41 I1=1,N

41 DIRN(II)=OIR(II,L)
ALPHA=AHAX1(ABS(SC)*0.5,O.OOOl)
DO 42 lI=l,N

42 XAl(II,=XA(II)+ALPHA*DIRN(II)
CALL CALrUN(XA1,N,FAl,IFUN)
IF(IFUN.GT.IFMAX) GO TO 1001

- (.;-tfA-;: .:~AM'A);: 1 (E"F'S 1 , Et-'S:' :tA'8'5-(F ç, ') )
IF(~~~-FA1).Gr.~"M~X*O.001) G0 r0 43
r·o 44 I{""~,N

DI~N(II)=-DI~h(II)

4" }.A1([IJ=X'I(II)+t-"LF'I.A*tll"N<II)
~ALL CALFUN(Xkl,N,~Al·IFuN~

IF(IFUN.GE.IFhAX) GO ro lODI
AMAX=AMAXl(EPSI.EPSl*A~S(FA»

IF«FA-FAI).GT.AMAX*O.OOI) GO TO 43
GO T,J 4

45 CONTINUE
C MINIM[ZZAZIONE LUNGO DIRL CON L~l ..•• N-~ PER FAL~!MiNTO P~SSJ r,L~'~

L=O
5 L=L+l

IF<L.GT.<N-K») GO TO 1000
DO 51 !l=l,N

51 DIR~(ll)=DIR(II,L)

(IO 55.1 II=1, N
551 XO(Il)~XA(II)

FO=FA
IFMAXl=IFMAX-IFUN

EF'S2=EPS*EF'S4 ,
CALL SEARCH (rIIRN, IF'MAX1 , Er'S2, xO, N, FO, 1:MU, SC., lFU~O
~F~HRlt-tTi 31...433.31

31. Cùi'T .a.NUE
WRiTE(6,95)

95 FORHAT(lX,'HINIMIZZAZIONE MONODIM~NSIONALE IN Q~ANTO ;~LL~TA L~ ~

ACERCA DI UN PASSO AREiITRARIO ['I [IISCESA')
WRITE(6,94)(XO(I~),IB=1,N)

WRITE(o,89)FO
433 CONTINUE

IF<IFUN.GE.IFMAXI GO TO 1001
C ESECUZI0N~ [lc.I CF;:t·TERI Il~ARRESTO

IF(ABS(SC).GT.~PS) GO Te t13
AMA)(=~t'lAX1(EPS1,EF'Sl).ABS(FAj)

IF«F~-FO).Gl .AMnx) GO 10 113
GO TO 5

113 CONTINUE
Dù 553 I1=l,N

553 ~A1(rI)=XO(IIj

FAI=FO
GO ro ()6

43 CONTINUE
IF(;p~rNl)20,2\,'O

20 CONTINUE
lJRITE(6,99,

99 FORHAT(1X,'RI~ERCA RIUSCITA DI ~~ P~SSO A~BITRA~In D~ D:3CE3A i

~RITE(6,94)(Xo1(IB),ID=1,N;

WRITE(6.89)FAl
21 CONTINUE

66 CONTINUE
C MINIM!Zj~AZI0NI LUNGO l'IRL CON L=N-t...+l ••• N

J:rN-t(
6 J=J+1

[IO 61 Il:::1,N
61 DIRH(II)=UIRill,J)

IFHAXl~IFMAx-rFUN



EPS2=~P'S*EPS3
CALL SEARCH(DIRN, IFMAXl ,Et='S2,XAI ,N,FAi, XMiJ,BC, IF'UU l

IFeipRINT)22,23,22
22 COtll HIUE:

WRITE<o,9.3)
WRITE(6,94)(XA1(IB),IB=1,NJ
WF:ITE(6,89) FAI

23 COtn::::NUE
IFCIFUN.GE.IFMAX) GO TO 1001
IF<J.EG.N) GO TD 62
GO TO 6

62 CONTINUE
C CALCOLO DELLA NUOVA MATRICE DELLE DIR~ZIONI DI RICERCA

XMOII~O .0
DO 8 II=I,N

8 XMOD-XMOD+CXAICII)-XACII)**2
XhO[I=S(iRT (XMO[I)
[lO 7 JJ=l,N
IFCJJ.LT.L) GO TO 7
IFCJJ.EO.N) GO TO 71
[lO 72 II=1,N

72 DIReII,JJ)=DIR(II,JJ+1)
GO TO 7

71 DO 73 Il-I.N
73 DIRCII.JJ)-XAl(II)-XACII)

7 CONTINUE
DO Bl .1!=1,N
XAe Il )~XAl CIl)

81 DIR(Il,N)=DIR(II,N)/XHOD
FA=FAI

147 IF(K.EO.(N-l») GO TO l
GO TO 2

1001 WRITEC6.104)
104 FORMATC lHl.14HIFMAX EXCEEIlE!I)

GO TO 1002
1000 WRITE(o,lOO)IFUN,I,K
100 FORMAT(/,/,lX,19HOPTIMUM FOUND AFTER,I5,15HFUNCTION CALLS"

lI~,7HCYCLÉS,,15,11HSIMPLE IER,)
1002 CONTINUE

WRITE(o,101)
101 FQRMAT(/,lX,2HX=)

WRITE(6,102) (XA(I),I=l,N)
102 FQRMAr(4(2X,EI4.7»

WRITE(6r103) FA
103 FORMAT(/,1X,24HMINIMUM FUNCTION VALUE =,E14.7)

RETURN
·END

SUbRDUTINE SEA~CH(D,IrMAX1,EPS2'À

C QUEsro 31)TTOPROGRAMMA ESEGU~ l~ RICER
C EPS2 E' I.A F';;':;:::CISIONE Nt:Lu·\ ;;"ICE:I':;(":' r~

C MU f\APF'r':ES~N r,:, IL F'{Y53D IrHZlr·)L.E t~'~t~

[IIMEN5rON x")i50), H50>,Xl':.CI)
REAL HL!
lTE5T=3
HU=AMAX1'A~S(X),1.S~EPS2)

XSTEf'=SIGNCi'lU.X)
x"o .. o
F""FO

C CALCOLO !lEI F'UNT I [lA INTERF'OLARE
51 GO fO 2000

2100 GO TO<1,2,335,336),ITEST
1 [lO 70 I=1,N

70 XIC!)=XOC!)+X*DCl)
CALL r.ALFUN(Xl,N,F,IFUN)
GO TO 51

2 CONTINUE
C CALCOLO f1EL MINIMO MONODIMENSIONALE

00377 1.=1,N
377 X1(I)=XO(I)+DV*D(I)

CALl CALFUN(Xl,N,FV,IFUN)
IF(F-F~)50,~0,59

59 FrFI..
X:·~ll ...

~O Ir(F.LT.FO) GO ro 60
F~FO

x=o.o
123 FORMA T <1X,I4)

GO TO 2200
60 DO 30 1=1,11.1
30 XO(I)=XO(I)+X*D(I)

FO=F
GO rD 2200

l'. nÙI ']1)

r,OLI: [I,(

H f\[ ~':'::;:

~ ;.;" J. ~ :''; )
E;~;::;t:J;~f.LE

Ùi-.j.,,_~

'''(l''(:~! l (";ft,:) J O" ",:.::~



335 CONTI NUE
GO TO SO

336 WRITE(6,122)
122 FORMAT(lHl,14HIFHAX EXCEEDED,

GO ro 50
2000 COIH I NUE

GO TO<91,222,222),ITEST
222 rS-=6-ITEsr

lTF.:5T=1
I I Ne= 1
XINC-XSTE"XSTEP
MC=IS-3
IF{MC> 4,4,15

3 MC=HC+I
IF(lFMAXI-HC> 12,15,15

C C CASO IN CUI E' STATO RAGGIUrHù IL M'~SS!11(j rWnEr,o [I! \.Jet 1:1 AZ:O'..::
C [11 FuraroNE

12 lTEST=4
43 X=(lB

F=FB
IF{FB-FC> 15,15,44

44 X=lIC
F=FC

..tS_G.o _IO 2100
S'l GO TQ(S,-6,7,S);is·

8 lS=-,3
4 (!e=A

X-=XtASTEF'
GO 10 3

C CONF~OIHO TRA VIILORE DELLA FUNZIONE NEL PIJNTO INIZIALE E NEL
C PUNTO ATTUIILE

7 IF{FC-F) 9,10,11
lO X=X+XINC

XWC=XINC+XINC
GO TO 3

9 (lB=X
F~=F

XINC=-XINC
GO TO 13

Il DB=(IC
FB=FC
(IC=);,

FC=F
13 X=,;C+OC-DB

15..2
GO TO 3

6 [IA=(I[4

l.,iI;[IC
FA.:·': ,l
f[l=FC

32 DC::X
FC=F
GO ro 14

5 IF(F~-FC) 16.17,17
17 IF(F-F~) 18,32,32
la FII=FB

[lA=D~

19 Fa=F
[ll1=x
GO ro l'

16 IF(FA-FC) 21,21,20
20 XINC-FII

f';I:.FC
FC==>..LNC
XINC=DA
Dtt..::(lC
DC-XINC

21 XINC=l)C
IF(eDV-Di>*CDV-DC» 32,22,22

22 IF(~-FH) 23,24,24
23 FC.::'rto

OC+[IB
GO To 19

:4 FA~F

i)H=}(
14 IF(F&-FC) 25,25,29
2S I It~C=2

XINC=[lC
IF(FB-FC) 29,45,29

c CALCOLO !lEi.. L .. ASC I SSA nEL VE;;: T!CE [IEi..LA PARABOLA INTERF'OLANTE
29 IN- (FA-FB) I ([lA-Oh) - (FA-FC) I ([IA-IIC)

lF(~V*(DB-DC)33,33,37

37 DV~O.S.(~B+tC-{FB-FC)/DV)



"'=-=::::-::;C;-:::-:;:--;:;:;--;:;;-;-;;;:;;~;-'";.;7-:;:;:r:;:-;;m[ F •. " CI r • oNE I ; S .3 OLLJ Tn G t~El... t'O .. .l. V~C ESECUZlùt.lE l/EL C:::ITERID CLI ARRESTO .CON "ne. 6~ ,.
56 IF(nBS(DV-X)-ABS(EPS2»~4,34,3~

3~ ~F(ABSnlV-X)-'tBS<r·V*EF'S2»):~4,3~,:~6

34 11(;3T=2
GO TO 4~

36 .i S'·· 1
X=I)I)
IF«DA-DC>*(DC-DV»3,26,38

38 15=2
GO fO (3.40), IlNC

33 18=2
GO TD (41,42),IINC

41 X=[lG
GO TO lO

40 IF(ABS(XINC-X)-ABS(X-OC» 42,42,3
42 X=O.5t(XINC+DC>

IF«XINC-X)*(X-D~» 26,26,3
45 X=O.5*CDB+DC)

IF«D8-X>*<X-DC» 26,26,3
26 LTE5T=3

GO IO 43
2200 CONTINUE

RETU-<N
p'I1

SUBROUTINE CHLFU~(X,~,~,IFU~)

C QUESTO SOTTOPROGRAMMA CALCOl.~ l.H Fu~ZrO~~ _,l'; ~rr~I~:::;~Pc !.~L ~L
C f~TTUr'LE

C 'I. RAF'FRr.:SEtHA ~L PUNTC IN ..... IJI ',',:E:NE" c...:i..CùU.. TI-! Ll\ F:_:~'::lO;~::':
C N RA?F'RfSENT() LH [IIMEi\3rONE [lE:.. nOi":tNIO [,E!....LA FUNZlm>tE r::~; Mlf•.:r-:.~Z. ',f.;f
C F RAPPRESEN1"A LA ?UNZiONf OBI~TTIVO

C IFUIl RAPPRESENTA IL NùME;O [II VALUTAZIONI !II FUNZIONE ESEGUITE
[lIMENSION xeso)
F=100.*CX(2)-Xlll*Xll)l*(X(2l-Xll)*X(I»+(I_Xll»*(I_X(1»
IFUN=IFUN+l

1000 CONTINUE
RETURN
END

IFi1ltX = 10000

"PS = 0.100000E-04

EPS3a O.IOOOOOE 03

XMU = o.SOOOOOOE 00

EPSI = 0.100000E-ù4

EPS4 0.100000< 01

OPTIMUM FOUN[I AFTER 283FUNCTION CALLS.

x=
-0.1200000E 01

x=
O.100\>002E 01

0.1000000< 01

O.lOOOOOSE 01

12CYCLES,

MINIMU" FUNCTION VALUE = 0.2684430E-l0



L1.t~ 2

c orLS5n
c QUESTO PROGRAMMA ESEGUE L~ MINIMIZZAZIONF DI UNA FUNZIOt(E OFIETTIlQ
C N-(lIMENSrONALE NON VINCOUlTA CON l'l SECON[.A lMF'LEMEt;TAZIONF
C DEL METO[IO [Il SUTTI (1975) IN DOF'PIA PRECISIONE
C lPRINT=O PRESEN"IA LA STAMPA DEI SOLI RISULTATI FINALI
C IPRINT=i PRESENTA ANCHE LA STAMPA DI RISULTATI INT~RMEDI

C N RAPPRESENTA LA I1IMENSIotlF I1EL IIDMINIO I1ELLA FUNZIONE IlA MINIMIZZ/,RE
C IFMAX RApopoRESEIHA IL MASSIMO NUMERO DI V/:LUTA7.10NI
C [II FUtarONE CI)NSENTITO
C XMU RAPPRESENTA IL PASSO INIZIALE PER LA RICERCA DI LINEA
C EPS E' LA PRECISIONE SUL PUNTO DI MINIMO
C EPSI E' LA PRECISIONE SULLA FUNZIONE
C EPoS:;, EPS4 SONO I PARI,METF'I PER DEDURRE LI. PRECISIONE MONOI'IMENS IONALE
C DALLA PRECISIONE N-DIMENSIONALE
C X RAPPRESENTA IL PUNTO INIZIALE
C DIR RIIF'f'F.:E5ENTA u~ l'IATRICE DELLE' DH:EZIONI [II RICERCA

D;MENSION X(50),DIR(50,50)
lIQUE\LE PRFCISION X,F,DIR,XMU,EPS,EPSi
READ(S,14)IPRINT .

14 FORri~tT(Ii)

100 READ(S,2)N,IFMAK~XMU,EPS~EPSl

2 FORMAT(2I5,3D15.S)
Rf~D<5,4)EPS3,EPS4

READ<5,4)(X(I),r~i,N)

4 FORM~T(4D15.5)

WRITE(6,UN
1 FORMAT(lHi,3HN ~,I3)

WRITE(6,iO)lFMAX,XMU
lO FORMHT(/,iX,7HIFMAX =,I6,7X,SHXMU =,D14.7)

WRITE(6,1~)EPS,EPSl

1S FORMAT(/,lX,SHEPS =,D13.6,SX,6HEPSi ~,D13.6)

WRITE(6,131EPS3,EPS4
13 FORM~T</,lX,5HEPS3=,D13.6,5X,6HEPS4=,D13.6)

WRITE<6d6)
16 rORMAT(/,iX,2HX=)

WRITE<6,17)(X(I),I=1,N)
17 FORMAf<Q<2X,Di4.7»

(IÙ 8 1:.1,:50
[lO a J= i, SO

B [liR{I.J)=O
.]A. [ta 9 1=1,50
9 [IIR< I, I )=1

CALL CNS[I(X,N,F,DIR,EPS,EPS1,EPS3,EPS4,iFMAX,XMU,I?RINT)
95 STOP

EN[I

SUB~OUTll~~ C~SD'XA.N,F,DIR.EPS,~PS!,EPS3,EPS4,IFMAX,XMU,lPRINT)

C QUES 1o sorTOV,OGR~MliA ~5EGUc. Ui RICt:RCA N-[ll MENSI ONriLE
C DIRL E' IL VETTOf.:l POSTO iELL?1 L-ESI,,?) CùLONNf", IIELLH MATRICE [lIh
C ~LPh~ RAPPRESENTA IL PASSO AR~ITRAR!O

C IFMAXI RAPPRESENTi, IL NUMERO DI VALUTAZIONI DI FUNZIONE
C ANCORA DISPONIBILI
C I E' l'INDICE DI CICLO
C K [' L'IrlDICE DI ITERAZIONE CH~ NON SUPERA N-i

DIMENSION X(SO),XO(SO),D(SO)
DIHENSION XA(50),XB(SO),XA1(SO),DIR(SO,50),DIRN(SO)
DOU~LE PRECISION XA,F,DIR,EPS,EPS1,XMU
[IQUflLE PRECISION X,XO,[I,XB,XAi ,ItIl;:N,SC,EPS2,FH,?tLPHA,FAl
[IOU1'LE PRECISIDN AMHX ,FO, XtiOD
SC=XMU
IFUlJ=O
~ALL CALFUD(XA,N,FA,IFUN>
I-O
1'"'1+i
IFCIPRINT) 32,33,32

32 CONTlNUE
WRITI (6,8(;)1

80 F.y:·r. ... TI/,/ ,1,/,/dX, 'CI(.:...O 1=', (3)
33 COIH INUE

K=O
2 I\=I<+!

lF<IPR1NT) 34,35,34
34 CONTINUE

WRI r(b.88H(
88 FORMAT(/,/,lx,'ITERAZIONE ~=' ,13)
3S CONTINUE



DO 3 II=l,N
3 DIRN(II):=DIRCII,N)

IFMAXl"IFMAX-IFUN
C HINIMIZZ~ZIONE LUNGO DIRL CON L~N

IF(IPRINT)36,37,36
36 CONTINUE

WRITE(6,94)(XhCIB),lB~1,N)

94 FORMAT(lX,2HX=,4DlS.5)
WRITE(6,89)CA

89 FORMAT(1X,2rlF=,D~O.20)

WRITE:6,~'3)

93 FORMP(lX, 'HINIM!ZZAZIONE M~NODIHENSIONALE')

37 CONTINUE
EF'S2=EF'St.EF'S3
C~LL SEARII(DIRN,IFMAXl,EPS2,XA,N,FA,XMU,SC,IFUN)
lF(IPRINT)3S,39,38

38 CONTINUE
WR I TE (6,94) (X{l ( I Et) ,! B:::.: 1, hl)
lJRITEC6,S'i) F(.l

39 CONTINUE
[F(IFUN.GT.IFMAX) GO TO 1001
L~'O

4 L""L+i
IF(L.GT.(N-K» GO TD 4~

C ESECUZIONE DEL F'flSSO ALF'HA LUNGO (IIRL L::"l, ••• N-I'(
(IO 41 II::.:i,H

41 DIRN(II)~UIR(II,L)

ALF'HA=Drl/'1Xi (DABS (se) *0.5,1. (1-4)
DO 42 II=l.N

42 XAl(II)~XA(II)+ALPHA*DrRN(II)

CALL CALFUII(XAl,N,FAi,IFUN)
IFeIFUN.GT.IFMAX) GO TO 1001
MI?lX::.:LJtl{IX 1 ( EF'S l , EPS 1*IJAFlS (F lI) )
IF«FA-FAi).GT.hMAX~O.OOi) GO rD 43
III) 44 II=I,N
UIRNCIII=-DIRN(II)

44 XA1(II)=XA(II)+ALPHAtDIRN(II)
CALL CALFU~(XAi,N,FAl,IFUN)

IF<IFUN.GE.IFMAX) GO TO 1001
AMAX=[lMAX1(EPSi,EPS1*DAI«S(FA»
IF < (FA-FAI) .GT .AMAX*O.OOI) GO TO 43
GO lO 4

45 COIHINUE
C MINIMIZZAZIONE LUNGO DIRL CON L=I •••• N-t( PER FI.LLIHENTO PASSO ALf'HA

L=O
~ L=L+i

IF'L.GT.<N-t() GO TO 1000
110 5J. II''·l,l~

51 DIRN(II)~IIIR(II,L)

llQ 55! II:;.:l,N
551 XO(II)~XA(II)

FO=F{.
lFMHX1=IFMAX-IFUN
Ef'S2=EF'S*EF'S4
CALL SEARIl (ItI RN, IHIAX1, EPS2, XO, N, FD, XMU, se, IFUN)
IF(IPRINT) 31,433,31

31 CONrlNUE
WRITE(6.95)

9~ FORMAT<iX. 'I<INIMIZZAZIONE HONODIMENSIONI.LE IN QUANTO FALLITA LA RI
"CER~" l'I UI~ f'ASSO I.RBITRARIO DI DISCESA')
WRIlE(6,94)(XO(IB),lB~i,N)

WRITE(6,89)FO
433 CONTINUE

IF(IFUN.GE.IFMAX) GO TO 1001
C ESECUZIONE DEI CRITERI [l'ARRESTO

IF<D~BS(SC),GT.Ef'S) GO TO 113
I-ll'h':IX=[t~lt,X1 (EF'S 1 , EF'S 1*[IH&S (F t'l) )
IF«FA-FO).GT.AMAX) GO TO 113
GO TO 5

113 CONTINUE
[la S~3 II:..::l,N

553 X~l(II)=XO(II)

Ft'-u=FO
GO ro 06

43 CONTINUE
IF(!PRINT)20,21,20

20 CONTINUE
lJRITEUn99)

99 FOR~\I,T<IX. 'RICERCA RIUSCITA DI UN PASSO I.RBITRARIO [il DISCESA')
WRITE<o,94)(XA1(IB),I9z 1,N)
1rJ,:;;r TE (6, 89 )F~l

21 cm! l lNllE
66 CONTINUE

C MINiMIZ4AZIONI LUNGO DIRL CON L=N-K+l ••• N
J..;:'~-"

o J:o.J+ 1



EF'S2=EPS*EPS3
C~LL SEARD(DIRN,JFMAX1.EF'S2,XAi,~,FAl,XMU,SC,IFUN)

IF(tPRINT)22,~3,22

22 CON'llI'WE
WRITE(6,9:;)
WRITE(6,94'(XA1(I~),IB=i,N)

WRITE(6,89) FAi
23 CONTINUE

IFlIFUN.GE.IFMAX) GO TO 1001
IFlJ,EO,N) GO TO 62
GO TO 6

62 CONTINUE
C CALCOLO ['ELLA NUOVA MATRICE [IELLE DIREZIONI [II RICERCA

XMO[l=O.O
[lO 8 Il::''i,N

8 XHOD=XMOD+(XA1(II)-XA(II»**2
XHOD=DSORTlXHOD)
DO 7 JJ=l,N
IFlJJ.LT.L) GO TO 7
IFlJJ.EO.Nl GO TO 71
[IO 72 II==l,N

72 ~IR(lI,JJ)=nIR(II,JJ+l)

GO TO l-
71 [IO 73 Il:.oJ ,11
73 DIR(II,JJ)=XAi(II~-XP(II)

7 CONTINUE
(IO 81 II=l,l~

XA( II )~.;:XAl (I I)
81 [lIR(II,N)=DIR(II,N)/XHOD

FA=FAI
J47 IF(K.Ea.(N-l» GO TO 1

GO TO 2
100i WRITE(6,i04)
104 FORM'IT(lHl,14HIFHAX EXCEEDED)

GO TO 1002
1000 WR!TE(~,100)IFUN,I,K

100 FORri'IT(/,/,iX,19HOf'TIMUM FQUN[I AFTER,lei,i5HFUNCTION C~LL5"

lIS,/HCYCLES"I5,11HSIMPLE IER,) ,
1002 CONTINUE

WRITE(6,101)
101 FORHAT(/,IX,2HX~)

YRITE(6,102) (XA("l),I::"l,N)
102 FORM IT(4(1X,[114. 7»

lrJr.Xri(6,103) FA
103 FO';':~iHT(/tlX,24HMINIHUHFUNCTH1N vr"LUE =,[114 7)

RETURN
END

SUf;ROUTII~F. SE/1RD( D, IFHAXI ,EPS2 ~ XO,N,FO,MU,X, rFUt>l)
C OUESTO SU, rOPROGRAHMA ESEGUE LA RICERCII II0NOfoIIiENSIQt,ALE
C MU RAPf'RESENTA IL PASSO INIZIALE PER LA RICERCA HONODI.1ENSIONALE
C EPS2 E' LA PRECISIONE NELLA RICERCA 1i0NODIHENSIONALE

[lIHENSION XO(Sù),[l(SO),Xl(SO)
OOU&:LE F'RECIS l OH Il, Ef'S2, XO, FO, HU, X,F, Xl, OV,FV, DIh FEI
[IOU~LE f'RECISION FC,[lC,XSTEr',XINC,[lA,FA
ITEST=3
HU==[lt1AX l (IrABS (X) ,1. 5:t:Ef'S2)
XSTEF'=[lS l Gì" (HU, X)
X=O,~

F=FO
C CALCOLO DE I PUNTI DA INTERPOLARi

51 GO TO 2000
2100 GO TO(i,2,J~~,336),ITEST

1 (lO 70 I=I,H
70 Xl(I)=XO(!)+X*D(I)

C~LL CkLFU[I(Xl,N,F,IFUN)
GO TO 51

2 CONTI NUE. '
C CALCOLO "EL "I;,!HO HONODIME~SIONALE

DO 377 I~~l,N

377 X1(I)=XO(I)+DV*D(i)
CALL CALFUD<Xl,N!FV,IFUN)
IF<F-FV)50,50,59

59 F"'FV
X=(IV

SO IF(F.LT.FO) GO TO 60



F=FO
X=O.O

123 FORMAT (lX,141
GO To 2200

60 DO 30 I=!',N
30 XO(ll,XO(II+X*O(11

FO~F .
GO TO 2200

335 CDtHINUE
GO TO SO

336 WR!TE(6,1221
122 FORMAT(IHl.14HIFMAX EXCEEDEDI

GO TD SO
2000 CONTI NUE

GO TO(91.222,222).ITEST
222 IS=6-!TEST

!TEST=1
IlNC=l
XINC=XSTEP+XSTEP
MC=IS-3
IF<HC) 4,4,15

3 MC=MeH
lF<IFMAXl-MC) 12,lS,lS

C C CASO IN ClII E' STATO RAGGIUNTO IL MASSIMO NUMERO DI VALIITAZIONE
C DI FUNZIONE

12 ITEST=4
43 X=OIl

F=F{c
IF<FB-FC> 15,15,4.<\­

H X=OC
F=FC

15 GO "iO 2iOv
91 GO TO <~,6,7,~),IS

8 IS=3
4 (IC=X

FC=F
X=X+XSTEP
GO TO 3

C CO;jFRONTO TRI. v(,LORF. [IELLA FUNZIONE NEL PUNTO INIZIALE E NEL
C PUNTO I.TTUALE

7 IF(FC-F) 9,10,11
lO X=X+XINC

XINC=XINC+XINC
GO TO 3

9 [l {c;:; x
FI!=F
XINC=-XINC
GO TO 13

11 I1&=[IC
FB=FC
OC=X
Fr.=F

13 )(:;. .)(.+[IC-D-j
15=2
GO TO 3

6 OA=OB
(I&=I1C
FA=FB
FI!=FC

32 (IC=X
FC"'F
GO IO 14

5 IF(F&-FC) 16,17,17
17 IF<F-FB) 18,32,3~

18 FI"FI!
[IA=DEl

19 FIl=F
DI:l=X
GO TO 14

16 IF<FA-FC) ~1,21,20

20 XI~C=FA

FA·Fr.
FC=XINC
XINC=OA
OA=OC
OC=XINC

21 XINC=OC
IF<~DV-DB)~(DV-DC» 32,22,22

22 IF<F-FA) 23,24,24
23 FC=FB

DCr-D&
GO TO 19

24 FA=F
tIH=X

14 IF<FB-FC> 25,25,29
2'5 IINC-::;2

XINC=[IC



- 1:1 -

IFCF9-FC) 2~,45,29
C CALCOLO DELL'AsçISSA DEL VERTICE DELLA PARABOLA ~KTERPOLAN<E

29 DV=IFA-FB)/IOA-OB)-IFA-FC)/IOA-OC)
IFeùV*IOB-DC»~3.33.37

37 DV=0.5*eDBtDC-(FB-FC)/DV)
C ESECUZIONE DEL CRITERIO DI ARRESTO CON PRECISIOIIE ASSOLlJTA O RELATIVA

56 IFIDABSeOV-X)-DABSCEPS2»3~.3~.35

35 IFeOABSeDV-X;-OABSIOV*EPS2»3~.3~.36

34 ITEST=2
GO TO ~3

36 rS=l
X~:-[IV

IFCIOA-DC)*IOC-DV»3.26.38
38 15=2

GO TO (3,40),IINC
33 15:;2

GO Ta (41,42),IINC
41 X=OC

GO TO 10
40 IFeDABseXINC-X)-DABSeX-DC» ~2.42.3

42 X=O.~*(XINC+DC)

IFeIXINC-X)*eX-DC» 26.26.3
45 X=O.5*CDB+DC>

IFeeOB-X)*e~-oc» 26.26.3
26 ITEST=3

GO TO 43
2200 CONTINUE

r~ETURN

ENll

SUBROUTINE CALFUD(X,N,F,IFlIN)
C (WE3TQ 30TTOPRO&RAI'.ti{l C'IL ",OLA LA FUNZIJNE [1(-\ MINIMIZZAr.:E NEL PUNTO
C ATTU(iLE
C X RAPPRESENTI. IL PUNTO I~ Clii VIENE CAt.COLATA LA FUNZIO,IE
C N RAPPRESENTA LA [IIMENSIONF. DEL DOMINIO DELLA FUNZIONE [Ii. MINIMIZZI.RE
C F RAPPRESEIHAl.A FUNZIONE OBIETTIVO
C IFUN RAPPRESENTA IL NUtlERO DI VALUTAZIONI DI FUNZIONE ESEGUITE

uOUBLF PRECISION X(SO)~F

IFUN=rFUN+1
F~jOo.*ex(2)-Xel)*XC1»*eXI2)-Xll)*Xll»tel-Xll»*(1-XCl»

1000 CONTINUE
RETURN
END

N = 2

IFMAX 10000 XMU = 0.5000000D 00

EPS = 0.1000000-0~ EPSI = 0.1000000-04

EPS3= 0.1000000 03 .PS4 = 0.1000000 01

X=
-0.12000000 01 0.10000000 01

OPTIMUM FOUNO AFTER 268FUNCTION CALL~. 12CYCLES. lSlMPLE IER.

x-
0.1000002D 01 0.1000005D 01

MINIMUM FUNCTION VALUE = 0.25540030-10



Table 3

-----
J."jPRQEt N XZERO eye ITER IFUN TFMP F

l 4 l 8 3 500 8 0.6853185E-11
l 4 2 9 3 539 9 0.169464·IE-I0
I 4 3 16 3 Q92 12 Oo·l92868i.lE-I0
2 4 I 6 l 335 9 0.46.14324E-10
2 4 2 6 3 325 9 0.1663981E-08
2 4 3 S 2 289 9 0.4886158E-04
~ 4 I 4 I 200 8 0.104:0.268[-22
3 4 2 4 I 197 7 O. 369b'.:I58E -22
3 4 3 2 3 158 7 0.99'19406(-13
4 4 l 6 3 502 lO O.2Ylll09E-04
4 4 2 13 3 943 14 0.2 /116260E-04
4 4 3 lO 3 783 13 O.:::~~2328E-04

5 4 1 4 1 248 7 O.OOOOOOOE 00
5 4 2 4 1 242 8 0.1776357E-13
5 4 3 5 1 280 9 C.1705303E-12
6 4 l 3 3 175 Il 0.4571443E-10
6 4 2 4 l 209 11 0.1149114E-I0
6 4 3 4 2 207 11 O.302B162~-03

7 4 1 1 l 46 6 O.2666667E 01
7 4 2 1 1 89 6 O.266666i'E 01
7 4 3 1 1 68 7 0.2666667E 01
8 4 I 5 l 253 9 0.5435652E-12
8 4 2 4 2 204 8 0.4867218[-12
8 4 3 4 I 22'f 8 0.6373639E 00
9 4 1 3 2 13J 15 0.5829702(-07
9 4 2 3 3 173 20 0.3902016[-08
9 4 3 4 1 206 20 0.116... 722E··09

lO 4 1 4 3 197 33 ).ù9~8773E-'.)1

l') 4 2 4 2 193 32 O.6YS87J3E.-Ol
lO 4 3 4 3 19;' 33 0.69;:;8773[-01
11 4 l 3 3 190 Il 0.9537200E-05
1.1 4 2 2 3 128 lO 0.9547088E-05
Il 4 3 3 2 239 13 O.9715007~-O~

12 4 l 4 1 218 lO 0.1008360E-ll
12 4 2 4 l 210 11 0.5739853E-13
12 4 3 6 2 523 15 O.1447365E-09

NPRO~ N >:ZER,) CYC nER IF<JN l EliP F

l lO 1 31 .. 7879· 97 O.15·~7769E-Ol

l lO 2 S 1 2420 33 O.1331713E 00
1 lO J 21 8 5610 131 O,j 971989F. 00
2 8 1 lO 7 1814 28 O.3519635E-OS
2 8 2 9 7 1597 25 0.2412440E-0'";
2 8 3 12 5 2665 38 O. J. 3827::ec 01
3 lO l 2 6 :1.286 22 v.u:'71677E-JO
3 IO 2 7 '. L887 ;)3 O. 2'')085y~E-i la
3 lO 3 3 9 1323 23 O.8S7B72·,E-LB
4 lO l 7 7 2830 47 0.783607::(-04
4 lO 2 7 9 2347 42 0.8022 JI73(-0·,
4 lO 3 l 9 i073 21 0.:569622E-02
5 lO 1 14 1 3538 08 O.5594ù]oE-\19
5 lO 2 12 5 29S 1 :".9 O. 5a307~,;.~-",'t
5 lO 3 19 7 4790 89 O.39118;~E-,j8:

6 lO 1 3 9 7"-" 43 O.3326136E.-·)5
6 lO 2 6 5 14é4 78 v.38'195B!:·E-07
6 .0 3 4 7 1021 ~7 0.37~'.28~/E-v7

7 lO 1 1 129 9 O.·llF.:~8tJ7E 0,
7 lO ~ 1 2 257 12 ).4142857E ,j J.

7 lO 3 1 2 138 iO O.·!L"t28:;8F. Ol
8 10 l 5 3 ii7l 29 u.B728691~-.j2

8 lO 2 9 8 2196 49 O.3''jù0701E-0~

8 lO J 20 2 515 102 Q.93290oSl VI
9 ,0 l 3 9 1111) 520 O.922';'SSi8f'_-.;ò
9 'O 2 3 1 77~ 364 O.1~'l98::3l-08

9 lO 3 5 1 1276 598 0.7 796o-l3E -\)9
lO lO l 3 2 696 237 O.7-4oi3t2E-v"
lO lO 2 3 8 770 263 0.6 i'&506'lL -V-I
lO lO 3 3 2 696 237 0.7';o13J2E-\)"
Il lO 1 5 2 2033 159 O.29'1·I?'Y4E-0::'
Il 10 2 4 9 1581 118 O. ~'~45:'6oE-o)~
Il lO 3 3 3 1634 130 O. 2':'7'7'3~j8€.--0
12 lO l 5 8 1209 84 O.4:'8475ot:-\"
i2 lO 2 5 3 l151 a, O./\:331.34vS-,J
12 iO 3 7 9 298" 195 O.21.52653E-·v



~a1tle ..
NPRO& N XZERO eye ITER IFUN TEMI' F

l 4 1 8 1 ·138 18 0.18853370-14
1 4 2 7 3 406 18 O.7U9Y525[l-11
1 4 3 15 2 810 30 0.529824)0-10
2 4 1 7 3 390 19 O. 4175356[1- ~ 3
2 4 2 8 3 470 2~ 0.2444'547D-13
2 4 3 5 3 300 16 0.6097524['-04
3 4 1 4 1 199 11 0.94249000-23
3 4 2 4 1 199 12 0.45'50525D-22
3 4 3 3 1 143 11 0.3774113[1-14
4 4 1 6 3 375 20 0.29099310-04
4 4 2 6 3 375 20 0.2909966[1-04
4 4 3 11 3 776 3( 0.2509131(1-04
5 4 1 4 1 193 14 0.2232696D-21
5 4 2 4 1 193 14 0.45213840-21
5 4 3 4 1 211 15 0.15263550-14
6 4 1 4 1 205 52 0.23282900-15
6 4 2 4 1 20'5 51 0.35312290-15
6 4 3 4 3 219 54 0.3028241;)_03
7 4 1 1 1 29 7 0.26666670 01
7 4 2 1. 1 50 8 ·J.26666670 01
7 4 3 1 1 33 8 0.26666670 01
fJ 4 1 4 1 175 12 0.36Z7 7900-11
8 4 2 4 1 194 13 O.4S90~1'5D-l1

8 4 3 4 1 197 14 0.63736400 00
9 4 1 3 1 128 105 0.69617230-08
9 4 2 3 1 126 10~ 0.46537920-07
9 4 3 4 1 180 146 0.35015500-12

lO 4 1 4 3 227 156 0.69587720-01
lO 4 2 4 3 227 160 0.69587720-01
10 4 3 4 3 ;:27 156 0.6958772D-01
11 4 1 2 3 87 27 0.9720844D-05
11 4 2 2 3 106 41 0.9499948[1-05
11 4 3 3 2 152 44 0.97147040-05
.1.2 4 l 4 1 191 21 0.64167600-13
12 4 2 4 1 108 28 0.21908300-13
12 4 3 7 l 449 39 0.1317098D-12

--- --" . ._.- _._-----_ .
."PRO& li XZERO eye ITER IFUN TEMI' F

i lO : 1'- 3637 222 O.i7·~·Iij,H: vv
1 lO 2 " • 243~ 153 O.332;3690rl-V.L
1 lO 3 lO 7 2(113 163 0.277'71950 00
2 8 1 9 7 1693 105 0.1821409TJ-OS
2 8 2 lO 7 1887 118 0.34750850-07
2 8 3 19 7 3~58 234 0.93111450-10
;5 lO l 3 2 696 45 ·).15369210-20
3 lO 2 3 2 696 45 0.1546087[1-20
3 lO 3 2 5 718 41 0.33426670-13
4 lO 1 lO 9 ~'142 239 0.8964973[1-04
~ lO 2 8 7 2480 190 0.7415362[1-04
4 lO 3 6 7 1858 144 0.10Z1991D-03
5 lO 1 5 1 -1245 1'09 0.13648370-13
5 lO 2 5 8 1420 111 0.8588377D-10
5 lO 3 6 3 1633 124 0.70620~00-10
~ lO 1 5 8 1310 723 0.4471892[1-06
6 lO 2 5 6 1282 693 O.3~1.q896[1-10

6 lO 3 4 8 1092 591 0.7681483[1-10
7 lO l 1 l 124 2::; 0.4142857[1 01
7 lO 2 l l 217 39 0 .....'142857D 01
7 lO ~ 1 1 211 ~6 .0.41428'57[. 01
8 lO 1 / 6 2278 100 0.177317')(1-09
8 lO 2 lO l ~451 194 o.e3~98SQfI-.l.2

8 lO 3 11 2 3179 252 v.3B98SB":>!1 01
'9 lO l 3 1 570 :'~24i O.11,,)6292D-16

9 lO 2 2 1 298 1697 O.1166062D-04
9 lO 3 4 9 1072 6099 0.4612646[1-00

lO lO 1 2 9 552 679 0.9520944[1-04
lO lO 2 2 9 5~5 951 0.7608388D-04
lO lO 3 2 9 552 679 0.9520944[1-04
11 lO l lO 9 3447 2694 0.2,'45644[1-03
11 lO 2 8 e 2666 1863 0.2943835D-03
11 lO 3 9 8 2974 2052 0.2952027(1-03
12 lO 1 9 l 2169 602 0.477:1714D-02
12 lO 2 5 8 1294 366 0.4777713D-02
12 lO 3 12 5 4379 1186 ()..o"l18247D-Ol .
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